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RESUMEN

1. Antecedentes y objetivos centrales de la presertesis doctoral

El consumo de verduras esta considerado por lan@a@on Mundial de la
Salud (OMS) como esencial para el mantenimiento de un buenlesle salud y para
la prevencion de enfermedades, en general (OMS2)20De hecho, la OMS
recomienda un consumo diario de400 g para toda la poblacion. Por otra parte, el
consumo de verduras durante la infancia previenaparicion de enfermedades
infantiles, tales como el sobrepeso infantil, uedak problemas de salud publica mas
preocupantes en todo el mundo (OMS, 2009) y dificlds respiratorias (Antova et al.
2003). Ademas, el consumo de verduras en la irdaiasiorece el desarrollo cognitivo
(Contento, Bronner, Lytle, Maloney, Olson y Swadei®95) y previene el desarrollo
de enfermedades en la edad adulta, tales comertrastcoronarios, hipertension y
cancer (Van Duyn y Pivonka, 2000).

Sin embargo, y a pesar de los beneficios derivalbsconsumo infantil de
verduras que acabamos de comentar, lo cierto edagiasa de consumo infantil de
verduras no se corresponde con las recomendadienkEs OMS ni con las nacionales
en Estados Unidos (Johnson y Kennedy, 2000) y Euf@pgve et al. 2005).

Esta tesis se centra en el estudio de los factm&sminantes del consumo de
verduras en niflos y nifias pequefios como su pribjetiv central. Dado que, debido
a diversos factores, tales como el poco desarmdignitivo de los nifios y nifias
pequefos, lo que comen los nifios y nifias pequefibasa en sus preferencias por el

sabor de los alimentos, es decir, en lo que lekagusio les gusta comer, esta tesis

! Las referencias en relacion con las publicaciateels OMS aparecen en la lista de referencias lcon e
acronico Inglés de la OMS, es decir, WHO.
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intenta responder a la pregunta ¢ por qué los wiii$as pequerios tienen determinadas

preferencias alimenticias? Esta pregunta equivédepaegunta ¢ por qué les gusta o no

le gusta la verdura? Por otra parte, esta tesisrstea en el desarrollo y evaluacion de la

efectividad de una estrategia que favorezca elemento del consumo infantil de

verduras que se pueda aplicar en el ambito es@lacpncreto, en los comedores, asi

como en la casa familiar, como un segundo objetrdral.

2. Metodologia

Para el estudio de los factores determinantes aleumo de verduras en nifios y

nifias pequenos, hemos llevado a cabo una inveigiighasa en la revision sistematica

de la literatura cientifica publicada sobre losiggtes aspectos:

VI

1. Elimpacto que la variacion genética individuallae nifios y nifias pequefios en

relacion a la sensibilidad hacia el sabor amarglsiglucosinolatos contenidos
en las verduras, indicado por la sensibilidad hatieomponente quimico 6-n-
propylthiouracil (PROP), puede tener en el consuteoverduras de nifios y
nifas pequenos asi como en indice de masa cogmwrafos y nifias pequefios
(ver capitulo dos).

Identificacion de periodos sensibles de desard#lpreferencias por los sabores
mediante técnicas de neuroimagen (ver capituld tres

Identificacion de las representaciones cerebradesalor heddnico en respuesta
a sabores, olores y comidas en poblacion en délsafver capitulo tres) para
comprobar la correspondencia entre estas represamga cerebrales especificas

y las representaciones cerebrales de las emociones.



4. El impacto que la experiencia con sabores, oloremnjidas, especialmente
durante periodos sensibles, puede tener en elrdésay aprendizaje de las

preferencias por sabores y alimentos en nifiosasnier capitulo cuatro).

Para el desarrollo y evaluacion de la efectividadina estrategia que favorezca
el incremento del consumo infantil de verduras gaepueda aplicar en el ambito
escolar, en concreto, en los comedores, asi conta egsa familiar, hemos llevado a
cabo, en colaboracién con el grupo de investigad®na Dra. Milagros Gallo de la
Universidad de Granada y con el Dr. Kees De GradadJniversidad de Wageningen
de los Paises Bajos, un estudio experimental ercdosedores escolares de cuatro
colegios de Granada (Espafa), basado en la pro\adigs nifios y nifias pequefios de la
oportunidad de que puedan elegir la verdura quergmicomer durante la comida, es

decir, en la provision de eleccion (capitulo cinco)

3. Resultados

1. Nuestra revision sistematica del conjunto de Isultados aportados por los
estudios que han examina@o hoc la relaciéon entre la variacidon genética
individual en relacion a la sensibilidad hacia @@ amargo de los nifios y
nifias pequefios y su aceptacion de verduras (capis) indica que cuanto mas
sensible es un nifio 0 una nifia al sabor amargosdgllicosinolatos contenidos
en las verduras, menor sera su aceptacion de asrdbxisten indicaciones de
gue el calcio de las verduras pueda ser otra diuésdes de su sabor amargo.
En el futuro, habria que investigar la posible aiélia causal entre el nivel de

calcio contenido en las verduras y el nivel de t&mgn y rechazo por las
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mismas en nifios y nifias pequefios. Por otra paréstna revision sistematica
del conjunto de los datos aportados por los estuglie han examinadal hoc

la relacion entre la variacion genética individeal relacion a la sensibilidad
hacia el sabor amargo de los nifios y nifias pequegi®s indice de masa
corporal (capitulo dos) indica que dicha relacidn no esta clara, y que habria
que investigar en el futuro si el estatus socioéovco de los nifios y nifias
pequefios puede modular dicha relacion.

Existen indicaciones de que los periodos sensiddedesarrollo de preferencias
por los sabores, olores y comidas se pueden igmtihediante la aplicacion de
las técnicas de neuroimagen (capitulo tres). Ron@p, Poncelet et al. (2010)
encontraron patrones de activacion cerebral eruestp a un olor (té de menta)
diferenciados en una muestra de adultos jovenesfumeion de si habian
experimentado este olor en fases tempranas deldaovho. Concretamente, los
participantes provenientes de una cultura argdlammocesa, que tuvieron una
experiencia temprana con este olor mostraron l@erfe2 mas largas que los
participantes europeo-franceses, los cuales noamat@nido tal experiencia
temprana con dicho olor. Si existe un periodo démsdurante el que la
exposicion al olor de menta induciria tal patrénadgvacion cerebral debe ser
investigado en el futuro. También debe ser invadtigen el futuro si la
exposicién a sabores y comidas durante periodasbées induce patrones de
activacion cerebral especificos de dicha exposicion

El capitulo tres muestra que el procesamiento calretel valor heddnico
(placentero vs. no placentero) de los saboresrg®len poblacion de desarrollo
es lateralizado. Concretamente, los sabores ylueeenteros se procesan en

el hemisferio izquierdo, mientras que los saboresloyes no placenteros se



procesan en el hemisferio derecho. Esta later&bzacerebral del valor
hedonico de los sabores y olores se correspondiadenria del procesamiento
cerebral de las emociones expuesta por Gray (19919, es igualmente
lateralizado, en tanto que las emociones positheaprocesan en el hemisferio
izquierdo y las emociones negativas en el hemsféerecho. Los sabores y
olores son estimulos que elicitan emociones (R&65). Esta correspondencia
neuronal evidencia que las emociones juegan un palpgante en el consumo
de verduras de los nifios y nifias. Concretamengs, t¢rminos de la teoria de
regulacion cerebral de la conducta de Gray (1987as verduras provocan una
emocion negativa en el nifio porque su sabor es,nedtm provocara la
activacion del sistema conductual y neuronal inbrtm en el nifio, impidiendo
Su aproximacion a las verduras.

El capitulo cuatro revela que la gran variedad xjgeeencias con sabores y
olores que tienen lugar durante el desarrollo pugueducir modificaciones en
las preferencias por los sabores y por las condéaks nifios y nifias. Estas
experiencias tienen lugar en diferentes fasesegitalales como en la etapa
prenatal del desarrollo y el periodo lactante diggrentes contextos, tales como
el colegio o la casa familiar. Investigacion futudabera revelar si estas
experiencias inducen una invariabilidad en lasgquegicias por los sabores y por
las comidas observable durante la adultez madura.

El capitulo cinco muestra por primera vez que lavigién de eleccién, como
Gnica estrategia, en el contexto de una intervenesgcolar centrada en la
comida servida en el comedor escolar, produce enrenmento en el consumo de
verduras en nifios y nifias de entre 2 y 6 afos a &bta estrategia es de facil

aplicacion para los padres y demas figuras cuidadde los nifios y nifias



pequefios en la casa familiar. Investigacion futielaera examinar los efectos a

largo plazo de esta estrategia en relacion coarswmo infantil de verduras.

4. Conclusiones

Diversos factores determinan el consumo de verdemasifios y niflas pequefios.
Los mas destacables son:

1. El grado con el que el nifio estd genéticamenteigmeesto a sentir el sabor
amargo de las verduras y, por tanto, a rechazewrssumo.

2. La maduracion del sistema nervioso, de la que dkpeentre otras cosas, el
desarrollo cognitivo del nifio o nifia.

3. La gran variedad de experiencias con sabores,sojooemidas que el nifio o nifia
ha tenido a lo largo de su desarrollo en diferectmstextos. En este sentido,
destaca el papel de las personas adultas, tale® q@mdres, cuidadores de
comedores escolares, etc. como principal respaesald tales experiencias, en el
sentido de que tales personas adultas suelenirdesidabores, olores y comidas
con las que los nifios y nifias van a tener talesrexias.

4. Las emociones de agrado o desagrado que se gameehamifio 0 nifia al consumir
verduras.

Estos factores operan en paralelo, unos a otraslopgue sus fuerzas se pueden
compensar entre si. Por ejemplo, un nifio o ninalewstar altamente predispuesta
genéticamente a ser sensible al sabor amargo deddsras, lo que le puede producir
un gran rechazo a la hora de comer verduras, yasfaeoredispuesto o predispuesta a
sentir una emocion negativa al probar las verdiBasembargo, la repetida exposicion

de este nifio 0 nifla a las verduras en la casaidamilen el comedor escolar de los



colegios puede modificar la expresion fenotipicadda predisposicion genética, es
decir, que puede favorecer un incremento en latacép de las verduras de este nifio o
nifa.

Por otro lado, la provision de eleccién a nifiosiijag pequefios, como unica
estrategia, en el contexto de una intervencionlascentrada en la comida servida en
el comedor escolar es eficaz para incrementarredwoo de verduras en nifios y nifias

pequefios, al menos en la region de Granada (Espafia)

Xl



SUMMARY

1. Background and main objectives of thisthesis

The consumption of vegetables is considered by\tbdd Health Organization
(WHO) as essential for maintaining a good healtth prevention of disease in general
(WHO, 2002). In fact, consumption of vegetableschldhood promotes cognitive
development (Contento, Bronner, Lytle, Maloney, ddls& Swadener, 1995) and
prevents the development of diseases in adulthagzh sas coronary disorders,
hypertension and cancer (Van Duyn & Pivonka, 20B@wever, despite the benefits of
children’s consumption of vegetables just discussi@ fact is that children’s
consumption rate of vegetables does not correspaiidthe recommendations of the
WHO or the national recommendations in U.S. (Johr&d&ennedy, 2000) and Europe
(Yngve et al. 2005). This thesis focuses on thdystf the determinants of vegetable
consumption in young children as the first mainechye of this thesis. Specifically,
this thesis attempts to answer the question whigrem like or do not like vegetables?
As a second central objective, this thesis focasethe development and evaluation of
the effectiveness of a strategy to encourage aease in the vegetable consumption of

young children.

2. Methodology

To study the determinants of vegetable consumptigioung children, we have
conducted an investigation based on a systematieweof the published scientific

literature regarding the following aspects:

Xl



1. The impact that young children’s individual geneataziation in their bitter taste
sensitivity may have on their vegetable consumptma body mass index
(BMI).

2. ldentification of sensitive periods of developmait preferences for flavors
through neuroimaging techniques.

3. Identification of brain representations of the h@dovalue in response to tastes,
smells and foods in developing populations, in orde check the
correspondence between these specific brain repgedsms and the brain
representations of emotions.

4. The impact that experience with flavors, smells &ads, especially during
sensitive periods may have on development and iteprof taste and food
preferences in children.

For the development and evaluation of the effeo#s of a strategy to
encourage increases of vegetable consumption ingyohildren, we have conducted, in
collaboration with the research group of Dr. MilegrGallo of the University of
Granada and Dr. Kees De Graaf of the UniversitWafeningen in the Netherlands, an
experimental study in the school canteens of foven@dian schools based on the
provision to young children of the opportunity tboose the kind of vegetables, they

wanted to eat at lunch, that is, on the provisiba wegetable choice.

3. Results

1. The more sensitive is a child to the bitternesshef glucosinolate content of
vegetables, the lower is its acceptance of vegetalochapter two). Furthermore,

there are indications that calcium from vegetaldlas be another source of
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2.

bitterness. In the future, the possible causalticglship between the level of
calcium in vegetables and the level of childrentxeptance of vegetables
should be investigated. In addition, the relatigpdbetween individual genetic
variation in relation to sensitivity to the bitte&ste of children and their body
mass index (chapter two) remains still unclear srghould be investigated in
the future if the socioeconomic status of youngdcbh may modulate that
relationship.

There are indications that the sensitive period$eoklopment of preferences for
flavors, smells and foods can be identified by nseameuroimaging techniques
(chapter three), in view of the results obtainedPloycelet et al. (2010). Indeed,
these authors found differentiated brain activatmatterns in response to an
odor (mint tea) in young adults as a function ofetiler they had experienced
the smell in early stages of life or not. Howewse still need confirmatory
evidence regarding usefulness of neuroimaging tqoks for identifying
sensitive periods of development of those prefergnc

Chapter three shows that pleasant tastes and @derprocessed in the left
hemisphere, while unpleasant tastes and odors @reegsed in the right
hemisphere. This brain lateralization of the hedoralue of tastes and odors
corresponds to Gray’'s theory of emotional braincpssing (Gray, 1987). This
theory states that positive emotions are processdte left hemisphere and
negative emotions in the right hemisphere. Tastek sanells elicit emotions
(Rolls, 2005). This correspondence indicates tmabt®ns play an important
role in children’s vegetable consumption. Specificaand in terms of Gray’s

theory, if the “bad” taste of vegetables cause®@ative emotion in children,



then, children’s behavioral and neuronal inhibitsggtem will be activated, so
that children will not approach vegetables.

4. Chapter four shows that the variety of experienadés tastes, smells and flavors
that may occur during development may induce medalifons in children’s
preferences for flavors and foods. Future reseahciuld reveal whether these
experiences may induce an invariance in the preftee for flavors and food

that is observable in middle adulthood.

4. Conclusions

Results of the research developed in the contegtadforation of this thesis led

us to present the following conclusions:

On the one hand, several factors determine theuogpison of vegetables in

young children. The most noteworthy are:

1. The degree to which a child is genetically predsgubto feel the bitter taste
of vegetables and, therefore, to reject this kihfibod.

2. Maturation of the nervous system, on which depeadsng other things,
the cognitive development of the child.

3. The variety of experiences with flavors, smells &malds that the child has
got over its development in different contexts. this regard, it should
highlight the role of adults such as parents amgrotaregivers as the main
determining factor of such experiences, as thosdtsatend to decide the
flavors, smells and foods with which children hawvey experience.

4. The emotions of pleasure or displeasure generatéldei child when eating

vegetables.
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These factors operate in parallel to each othethattheir forces can offset each
other. For example, may be genetically predispdsdae highly sensitive to the bitter
taste of vegetables, which can produce high rejecit the time of eating vegetables.
However, repeated exposure of the child to the teddes in the family home or in the
school dining halls may modify the phenotypic esgien of that genetic
predisposition, which may encourage an increasledaracceptance of vegetables of this
child.

On the other hand, the provision of choice to yodmidren as the only strategy
in the context of a school intervention focusedtlom food served in school meals is
effective in increasing vegetable consumption iangchildren, at least in the region of

Granada (Spain). This strategy can be also egylyeal by parents at home.
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CHAPTER 1

GENERAL INTRODUCTION

1. Introduction

This Ph.D. thesis studies the primary determinahtgegetable consumption in
young children and develops a flexible school- omk-based strategy to increase
vegetable consumption in a sample of children gvimGranada, Spain.

Data showing that children do not meet World He&tiganization (WHO) or
national recommendations for vegetable intake natd this thesis. The WHO (2003)
recommends a daily intake of at least 400 g of tedgles. Spanish recommendations for
daily vegetable intake in children less than 6 yedd, children between 6 and 8 years
old, children between 9 and 11 years old, and odmld 2 years and older are 150 g, 200
g, 220 g, and 250 g, respectively (Aranceta Batriat al., 2008). Dutch
recommendations for daily vegetable intake in gkidbetween 4 and 8 years old and
children between 8 and 12 years old are 100-150dy1%60-200 g, respectively (The
Netherlands’s Nutrition Center, 2008). However, thetual average vegetable
consumption of Spanish children between 2 and Esyeld is estimated to be 66.1
g/day (Serra Majem & Aranceta Bartrina, 2002). Rertnore, a study carried out in
Granada revealed that children between 6 and 11k yé@ had a daily vegetable intake
of 116 g and that vegetable intake varied as atiomof location (the school cafeteria
vs. home; Lépez-Frias, Nestares, lafiez, De la HiguMataix & Llopis, 2005).
Children consumed 126 g/day of vegetables at schablonly 109 g/day at home.

Actual vegetable consumption in Dutch children lestw 4 and 6 years old is as low as
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44 gl/day (Ocke et al., 2008). Several reports halge informed of low vegetable
consumption rates in young children in the Unite¢dt€s (Johnson & Kennedy, 2000;
Lorson, Melgar-Quinonez & Taylor, 2009) and Eurd@agve et al., 2005). Therefore,
research on the factors that determine low vegetabhsumption in children and the
strategies that might improve consumption has sifieand social relevance.

Our research focuses on human food consumptionebenyvdata derived from
animal research have also been included when theydate human behavior. Indeed, a
finding in animal research may or may not be regpéd in research using human
subjects (personal communication with Dr. Seiq@dth July 2010). Our thesis also
examines brain representations related to foodkéntéhe brain detects sensory stimuli
such as tastes and smells, facilitates the peasepfirelevant food-related information,
and controls behaviors such as feeding (Longs2805).

Our research targeted young children. Based on $Boid Daum & Tepper
(2007), we considered children young if they weseérs old or younger. The rationale
for selecting this age range as our target pomurat based on the following facts.
First, young children’s vegetable consumption cetadts childhood obesity
(Lakkakula, Zanovec, Silverman, Murphy, & Tuuri,0&), one of the most serious
public health problems in the world (WHO, 2009)danh prevents illnesses such as
cancer and vascular disease in adults (Maynardn€iirEmmett, Frankel, & Davey
Smith, 2003; Mikkild, Rasénen, Raitakari, Pietin&rViikari, 2004; Ness et al., 2005).
Secondly, preferences for foods—including vegetabland eating habits are usually
established in early childhood, determining positor negative eating behavior until at
least young adulthood (Nicklaus, Boggio, Chabamet|ssanchou, 2005; Pearson,

Biddle, & Gorely, 2009). Nevertheless, we incluggadfrom older children and adults
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whenever they facilitate the understanding of thetexdnining factors of young
children’s vegetable consumption.

The present thesis tries to answer a basic quesiibly do young children have
flavor (i.e., taste and odor) preferences? The doduldren consume directly match
their taste and olfactory preferences (Nasser, 280densen, Mdller, Flint, Martens &
Rabens, 2003; Zeinstra, Koelen, Kok & De Graaf, 200ennella & Beauchamp,
2010). The flavor of a food is its most salienttfea (Beauchamp & Mennella, 2009).
The termpreference refers to the choice of one item over another it differs from
liking, which refers to a positive affective reacti(Rozin & Vollmecke, 1986). Young
children eat what they like; they prefer—and thwad—efoods that taste and smell
“good” rather than “bad” (Birch, 1979; Birch, 199Burguess-Champoux, Marquart,
Vickers & Reicks, 2006). Therefore, the terpisference andliking are equivalent for

young children.
2. Thesisstructure

This thesis is divided into six chapters. The ftlsee chapters, after this introduction ,
review the published literature on three topic9: tfle genetic determinants of bitter
taste sensitivity (the typical taste of vegetabl€) sensitive periods in development for
flavor preferences based on neuroimaging technjcares (3) the effects of experience
on the development and acquisition of flavor prefiees in children. Chapter 5 presents
an experimental study on the effectiveness of aadbased intervention to increase
vegetable consumption through provisions of chigatable choice. The final chapter
discusses the general results and conclusionsi®ofsthdy. Here, we summarize the

central topics of each chapter and detail the aintsobjectives of our thesis.
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The second chapter reviews the literature examinivg impact of genetic
variation in bitter taste sensitivity on vegetalleceptance (either preference for or
consumption of vegetables). Specifically, thera generalized innate predisposition for
children to like sweet foods and reject bitter offddennella, Pepino & Reed, 2005). For
example, cruciferous (green) vegetables such axtliaand spinach tend to be rejected
by young children due to their bitter taste (AntikBartoshuk, Ferris & Hooks, 1991;
Aranceta & Pérez Rodrigo, 1996; Cooke & Wardle, ®00However, vegetable
rejection may vary due to (among other factorsidcen’s genetic level of sensitivity to
6-n-propylthiouracil (PROP), which accounts for tltterness of some green
vegetables (Wardle, Sanderson, Gibson, & Rapo@0@]). This chapter also reviews
literature on the genetic variation in bitter taseémsitivity and body mass index (BMI)
in young children. In fact, young children prefer éat foods high in sugar and fat
instead of vegetables (Knai, Pormerleau, Lock, &Kge, 2006).

The third chapter presents and discusses applsatiof neuroimaging
technigues to identification of sensitive developtaé periods for flavor preferences.
Sensitive periods of development, although oftefltected in behaviors such as
expressions of flavor/food preferences, are proggerof neural circuits (Knudsen,
2004). Therefore, we review studies published m ldst 10 years on brain activation
patterns of taste and olfactory systems in devefpmopulations. We describe the
biological basis of human taste and olfactory patioa in this chapter as well as the
neuroimaging techniques utilized. We devote sevseations of this chapter to the
hedonic processing of gustatory and olfactory dlinmudeveloping populations. The
subjective sensation of pleasantness or repellencesponse to a taste, odor, flavor or
food is commonly designated as the item’s hedoalaes(Bahn, 1989; Stoeckel, Cox,
Cook, & Weller, 2007; Robert & Lundy, 2008). Morewy because hedonic value is an

4
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emotion-related dimension, it is also referredsdemotional valence”, which refers to
the feeling it elicits (e.g., pleasantness vs. eagphntness; Koestler, 1999; Bachorowski
& Owren, 2003). Gustatory and olfactory stimulickuas flavors and foods, can elicit
emotions (Bahn, 1989; Rolls, 2002; Rolls, 2005} thiay important roles in young
children’s food preferences (Bahn, 1989) and fondke (Stoeckel et al., 2007).

The fourth chapter discusses learning flavor pegfees through experience. We
describe several experience-related mechanism$yding parental and scholastic
influences, which may alter flavor preference dgrtievelopment. Experience refers to
contact with foods or flavors in any context (ead.home or school, watching TV, etc.).
Some flavor- or food-linked experience-related naetéms may operate prenatally
(Budge, Gnanalingham, Gradner, Mostyn, Stepheng&dymonds, 2005; Mennella &
Beauchamp, 2002; Skinner, Carruth, Wendy, & Zied2®02) or during breastfeeding
(Mennella, 2001). These early experiences withdiavor foods contribute to the
establishment of stable food preference patterasrttay last until young adulthood or
beyond (Haller, Rummel, Henneberg, Polimer, & Kiste999; Nicklaus, Boggio,
Chabanet, & Issanchou, 2004). Furthermore, earjtige or negative experiences may
have health-related effects in adults (Gidding, m&on, Brich, Daniels, Gilman,
Lichtenstein, et al., 2005). Thus, this chaptercdbses and discusses flavor- or food-
linked experience-related mechanisms in early life.

The fifth chapter examines the effectiveness ofirgervention to increase
vegetable consumption in young children. Teachingng children healthier eating
habits, such as those related to vegetable intakelld benefit children’s health
(Warren, Parry, Lynch & Murphy, 2008). This expeemtal study was conducted in
collaboration with Professor Milagros Gallo and hmsearch team at Granada
University (Spain) and Professor Kees De Graaf atg&ingen University (The

5
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Netherlands). Our intervention was school-basedcbuld also be applied at home. The
intervention focused on school lunch and manipogathe degree of choice provided to
young children (range: 2 to 6 years old). This ¢égpvhich is currently in the process
of being published, summarizes the interventioierdific antecedents, hypotheses,
methodology, results, and discussion.
The last chapter provides a general discussioheobverall findings and tries to

integrate the different factors that contribute ftiod preferences and vegetable
consumption in young children. The chapter endé aidiscussion of future research

perspectives, which are followed by a list of thestrelevant conclusions.
3. Specific aims and objectives

The preset thesis has the following aims and obvgesxt

1. To perform a critical analysis of the role ofngéc variation in bitter taste
sensitivity in young children’s vegetable acceptaanad body mass index (BMI). As
mentioned before, dislike for bitter-tasting foodisietuding green vegetables—seems
to be related to genetic variation in bitter tasemsitivity (Tanaka, Reed & Ordovas,
2006). In addition, current child eating patterfigomds high in sugar and fat typically
lead to childhood obesity (Garcia-Bailo, Toguri,yE& EI-Sohemy, 2009). Thus,
variation in bitter taste sensitivity might be oot the major determinants of child
vegetable consumption.

2. To perform a critical analysis of the literatdihat identifies sensitive periods
of postnatal taste and smell by analyzing brainvasbn patterns in developing
populations. Gustatory and olfactory neural systgmiseive tastes and smells. This
knowledge may help predict the course of differegnsitive periods for the gustatory

6
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and olfactory systems, leading to the design ofenedfective interventions to increase
children’s vegetable consumption. Thus, the excstenf sensitive periods in the
gustatory and olfactory systems might help deteenviegetable consumption in young
children.

3. To perform a critical analysis of the literatdhat identifies brain structures
that process the hedonic value (pleasant vs. usguhealike vs. dislike) of tastes and
smells using neuroimaging techniques to examinectireespondence between these
specific brain structures and emotions. Gustatony alfactory cues elicit emotions
(Rolls, 2005), and young children base their fooefgrences and intake on liking or
disliking (Burguess-Champoux, Marquart, Vickers &i€ks, 2006). Thus, the existence
of such neural correspondence would support themeohat emotions also play a role
in the consumption of vegetables in young children.

4. To perform a critical analysis of the literatwe the impact of experience,
including parental influence and school-basedatiites, on the development of food
and drink preferences. Young children tend to emid$ they prefer (Burguess-
Champoux et al., 2006), and such experiences infpadtpreferences as a function of
development (Liem & De Graaf, 2004). Thus, changdkavor and food preferences in
children based on exposure will provide evidencsupport of early experience as a
determining factor in child vegetable consumptidhis evidence will also provide the
basis for the experimental study conducted in tesgnt thesis.

5. To perform an intervention that provides youhgdren with choices between
different green vegetables in school meals in dartefo increase vegetable intake.
Current data indicate that most children do not &t recommended amount of
vegetables (Lopez-Frias, Nestares, lafiez, De laddig Mataix & Llopis, 2005).
School-based interventions, however, may increasgetable consumption (Hendy,

7
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Williams & Camise, 2005). Indeed, school dininglfiare susceptible to initiatives

aimed at educating children about healthy eatirfmts@#Aranceta Bartrina et al. 2008).
6. To integrate the preceding information into Aarent theoretical model that

explains the relationships between the determifactprs of vegetable consumption in

young children.



CHAPTER 2

INSIGHTS INTO THE IMPACT OF GENETIC VARIATION IN Bl TTER
TASTE SENSITIVITY ON YOUNG CHILDREN'S ACCEPTANCE OF

VEGETABLES AND BODY MASS INDEX: AN UPDATE

Abstract

Vegetable consumption by young children does notetmeational
recommendations in either the United States oniroge due in part to the bitter taste
of vegetables. Cruciferous vegetables contain ahtinitter-tasting substances
(glucosinolates) that share the same chemicaltsteias phenylthiocarbamide (PTC)
and its chemical derivative 6-n-propylthiouracilR®P). The degree to which the
bitter taste from PTC/PROP is perceived is genkyiaetermined and individual
food likes are associated with this genetic tregfpecially in children. Therefore, a
critical analysis of the impact of young childreiPI C/PROP taster status on their
vegetable acceptance is required. Human adultghgstregarding bitterness of
vegetables correlates with their calcium (Ca) contéfhe ability to taste Ca
influences the ability to taste the bitterness efeatables, and therefore vegetable
acceptance in rats but this has not yet been studigoung children. On the other
hand, evidence that young children typically depetibesity because of their high
consumption of high calorie content foods insteddvegetables requires critical
analysis of the same impact on young children’sybmadss index (BMI). This two-
fold analysis found conflicting results in studigsat have examinedd hoc the
relationship between PTC/PROP taste sensitivity godng children’s vegetable

9
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acceptance and BMI. Genetic variation in the abiif young children to taste Ca
might modulate the relationship between PTC/PRQRe taensitivity and vegetable
acceptance in young children while socioeconomatust (SES) might modulate the
relationship between PTC/PROP taste sensitivity Blad. Thus further research on

these possible modulations is recommended.

Keywords: young children, vegetable consumption, PTC/PR@§tet sensitivity,

genetics and obesity.
1. Introduction

The taste of a food is the main determinant of flikds and dislikes in
humans and, especially in children, of food choiaed food consumption (Nasser,
2001; Sorensen, Moller, Flint, Martens, & Raber2®einstra, Koelen, Kok, & De
Graaf, 2007; EI-Sohemy et al. 2007; Brug, Tak, Bd€, Bere, & De Bourdeaudhuij,
2008). This principle is based on the strong cati@hs between alimentary
preferences and consumption that have been foumdsgarch on human nutrition
(Baxter, Thompson, & Davis, 2000) and is of patacumportance when dealing
with vegetable intake (Resnicow et al. 1997; Blattzh& Brug, 2005; Rasmussen et
al. 2006). Indeed, it has been established thatahgsnare universally predisposed at
birth to like sweet tastes and reject bitter orieez{n & Vollmecke, 1986; Looy &
Weingarten, 1995; Beauchamp & Mennella, 2009). Rewborns, sweetness is
synonymous with a “good” taste of food, while hittess signifies a “bad” taste of
food. The differentiated pattern of intense faeigbressions, already found in preterm
and full term newborns, in response to those diffeiflavors confirms this natural

10
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human characteristic (Steiner, 1979; Rosenstein #&te) 1988; Mennella &
Beauchamp, 1998a; Ganchrow & Mennella, 2003). feantiore, several authors have
suggested that this natural liking for sweetnesd egjection for bitterness is a
response that provides an evolutionary advantagevmyring the satisfaction of two
needs: an adequate intake of calories from nutfeads and a protection against food
poisoning derived from the ingestion of toxic sapstes which typically taste bitter,
such as some xenobiotica-related substances (Dwveskno& Rock, 1995;
Glendinning, 1994; Hladik, Pasquet, & Simmen, 20B&hrens & Meyerhof, 2006).
This bipolar taste-based food classification caatds an instinctively programmed
criterion for food acceptance, which enhances faatisn of both of the mentioned
needs (De Belloy, 2007) and thus promotes survival.

It has also been established that the extent tahwaitaste is perceived as
sweet or bitter depends, among other factors, ennitiividually programmed genetic
sensitivity to tastes, which influences whetheroadf is liked or rejected (Reed,
Tanaka, & McDaniel, 2006). That means that tasteiseity is a hereditary trait and
that different individuals perceive tastes accaydio their differentiated inherited
ability to taste gustatory stimuli (Rao & Morton977). Since there is genetic
variation in taste sensitivity, the natural humaimaation to sweet, and withdrawal
from bitter tastes is an issue of the differentattegree to which a person is
genetically predisposed to perceive a sweet ortterbiaste as “good” or “bad”,
compared to other persons, rather than a questiooniversal tendencies that
characterize human taste affecting all humans ggudius, individuals live together
in separate taste-related sensory worlds.

The most studied case of genetic variation in tastasitivity concerns the
bitter taste of phenylthiocarbamide (PTC) and ierivhte 6-n-propylthiouracil

11
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(PROP) (Guo & Reed, 2001). Knowledge in this iskas been gained through
vitro studies and through the Human Genome Project,haioed to identify human
structural genes (United States’ Department of @yer2009). Indeed, both
approaches have provided valuable information hggrthe possible genes that
underlie individual variability in bitter gustatorgerception and have led to the
discovery of the TAS2R38 gene (and its high polyphism degree) as the
responsible gene for that individual variabilityifiK& Drayna, 2004; Drayna, 2005).
Meanwhile, genetic variation in sensitivity to Cashbeen found with the taste
receptor gene TAS1R3 explaining 7-13% of the phgotvariation in the preference
for Ca and magnesium in rats (Tordoff, 2008; Tor@dfal. 2008; Tordoff & Sandell,
2009). A strong correlation has been observed keiviza content in vegetables and
ratings of perceived bitterness in adult humansrddi® & Sandell, 2009).
Furthermore, there is genetic variation in humareetwvand umami taste receptors,
which is associated with the taste receptor gemsilis TAS1R and TAS2R
(Bachmanov & Beauchamp, 2007), while PKD1L3 and RKDhave been proposed
as candidate sour taste receptors (Ishii et al9R00D36 as a candidate fat taste
receptor (Laugerette, Gaillard, Pasilly-DegraceptNi& Besnard, 2007), and the
amiloride-sensitive epithelial sodium channel (Epa€a candidate salt taste receptor
(Kim, Breslin, Reed, & Drayna, 2004).

Based on the genetic variation in bitter taste isigitg, individuals who are
sensitive to PTC/PROP can be classified as b&aggrs, medium tasters or even
supertasters, while those not sensitive to these substancesbeariassified ason-
tasters (Bartoshuk, Duffy, & Miller, 1994). Furthermore,heightened sensitivity to
the chemical compounds PTC and PROP has been assbuiith a reduced liking
for bitter-tasting foods, such as cruciferous, greemd high glucosinolate content

12
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vegetables, high fat content foods, green tea,psogiucts, alcohol and foods with a
general strong taste, such as sharp cheeses (Bay#thderson, & Drewnowski,
1997; Drewnowski, Henderson, Levine, & Hann, 19B8wnowski, Henderson, &
Barratt-Fornell, 2001a; Tanaka, Reed, & Ordova$)820epper et al. 2009). In the
specific case of vegetables, it is assumed thair tassociated glucosinolate
compounds have a thiourea moiety, this being onbekources of their bitter taste
(Tordoff & Sandell, 2009). Examples of glucosinelabntent vegetables are:
broccoli, Brussels sprouts, cabbage, cauliflowek, ¢hoy, radish, rutabaga and turnip
(Troyer, Stephenson & Fahey, 2001). Another sowtdheir bitter taste is Ca
(Tordoff & Sandell, 2009). The contrary patternli&fng is observed in individuals
with PTC and PROP insensitivity, as non-tastersvavee likely to prefer edibles with
these sensory properties (Goldstein, Dun, & Tepp@0,7). As a consequence, food
intake and food choices may be influenced by thiiited trait (Duffy & Bartoshuk,
2000; Drewnowski et al. 2001a; Garcia-Bailo, Toglgy, & EI-Sohemy, 2009).
Taste ability decreases as individuals advancgén(iojet, Christ-Hazelhof,
& Heidema, 2001; Segovia, Hutchinson, Laing, & 3inR002). In the specific case of
the ability to taste PTC or PROP, changes througti®ulife span have been reported
as a function of age. While it is high in youngldhen, it progressively diminishes as
individuals become mature and age (Whissel-BuetB90; Schiffman et al. 1994a;
Navarro-Allende, Khataan, & EI-Sohemy, 2008). Sarlil, the association between
PTC/PROP sensitivity and food preferences has bhewn to be more pronounced
in children than in adults (Mennella, Pepino, & Be2005a; Navarro-Allende et al.
2008), although experience may modify childrensnggbehavior patterns (Gibson &

Bruston, 2007).
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Children typically reject vegetables (Baxter & Sudter, 1997; Drewnowski,
Henderson, & Shore, 1997a; Rasmussen et al. 20@bVeagetables are their least
preferred kind of food (Lamb & Ling, 1946; Harpd963). This rejection has been
mainly attributed to the bitter taste from greem @muciferous vegetables, such as
spinach, broccoli and Brussels sprouts (Drewnowskock, 1995; Gibson, Wardle,
& Watts, 1998; Visser, Kroeze, Kamps, & BijleveldD00; Wardle, Sanderson,
Gibson, & Rapoport, 2001). Indeed, natural biti#dostances from many cruciferous
vegetables, which are usually glucosinolates, isoflanates and goitrin, share the
same chemical group as PTC and PROP, namely N-Kag§(s, 1971; Jerza-Latta,
Krondl, & Coleman, 1990; Engel, Martin, & Issanch@006), and therefore taste
bitter. Furthermore, high correlations between lidung rates for vegetables and low
vegetable intake in young children have been oleske(iranceta et al. 2008; Lorson,
Melgar-Quinonez, & Taylor, 2009). It is not surpmg then that vegetable
consumption in young children does not meet natim@mmendations in the United
States (Krebs-Smith et al. 1996; Johnson & Kenn2@9p; Lorson et al. 2009) or in
Europe (Yngve et al. 2005). This is especially winig since vegetable consumption
in young children counteracts childhood obesityk@lkula, Zanovec, Silverman,
Murphy, & Tuuri, 2008), one of the most serious lpubealth problems throughout
the world (Weker, 2006; WHO, 2009) and preventsetigyment of cancer and
vascular disease in adulthood (Maynard, Gunnellmietty Frankel, & Davey Smith,
2003; Mikkila, Rasanen, Raitakari, Pietinen, & \Aik 2004; Ness et al. 2005).
Furthermore, young childhood is the life phase ihiclw preferences for foods,
including vegetables, and eating habits are masiylito be established, and thus
determines positive or negative eating behavioreatt until young adulthood
(Nicklaus, Boggio, Chabanet, & Issanchou 2005argeea Biddle, & Gorely, 2009).
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Young children typically prefer, and tend to congrsweet and snack foods,
instead of vegetables (Douglas, 1998; Knai, Poragrld.ock, & McKee, 2006;
Warren, Parry, Lynch, & Murphy, 2008). These eatadpits have been observed to
produce childhood obesity (Skinner, Bounds, Carritorris, & Ziegler 2004).
Children who prefer fruits and vegetables are, umnnt less likely to become
overweight (Lakkakula, Zanovec, Silverman, Murp&yTuuri 2008).

Since perception of the bitter taste of foods isegjieally determined and since
food preferences and eating habits are establishgolung childhood and maintained
in adulthood (Nicklaus et al. 2005a; Pearson et2@09), a systematic review of
studies in which the impact of young children’s PFROP taste sensitivity on their
liking for vegetables has been examimedoc (Anliker, Bartoshuk, Ferris, & Hooks,
1991) is warranted. On the other hand, since cup@mg children’s eating behavior,
among other factors, typically leads to obesityrf@aBailo et al. 2009), a systematic
review of studies investigating the same impactBdfl (weight/heighf) in young
children is also warranted. Therefore, the preseview is mainly concerned with a
critical discussion of the involvement of genetariation in PTC/PROP taster status
in both young children’s acceptance of vegetabhestheir BMI. Based on Goldstein
et al. (2007), young children will be here consatkas being 6 years-old or younger.
Firstly however, a review of the history of reséaon genetic variation in PTC/PROP
sensitivity and its association with human fooa$ikand dislikes will be presented as

well.
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2. The discovery of genetic variation in PTC tasteensitivity and the consequent

research on genetic determinants of taste sensitiyi

Bitter taste constitutes the original focus of #tedy of the genetic variation
in taste sensitivity and goes back to Fox’s discpwe 1931 that there is a universal
bipolar distribution of individuals based on thegnsitivity to the bitter taste of the
chemical compound phenylthiocarbamide (PTC). Smpadiy, he found that some
persons perceived PTC as bitter, while some otperseived it as tasteless (Fox,
1932). This discovery was serendipitous in nataréhat Fox was preparing PTC in
his laboratory when the crystals spread througtathand were unavoidably tasted by
him and his colleague (Dr. C.R. Noller). Intereghin the crystals tasted bitter to Dr.
Noller, while they had no taste for Dr. Fox. Thegel that PTC contained the
chemical group N-C=S that had been previously desdrby Berlinerblau (1884) as
being quite bitter. Dr. Fox then began to expldnes tgustatory difference across
different populations and concluded that, regasdigisany demographical variable,
there was a universal bimodal distribution of induals in relation to their perception
of the bitter taste of the mentioned substancestersaand non-tasters or taste blinds-,
and therefore concluded the genetic origin of thatribution (Fox, 1932; Blakeslee
& Fox, 1932).

Numerous subsequent efforts aimed to ascertain dpecific genetic
contribution to this variability in the perceptiofthe bitter taste. By means of family
studies, it was soon proposed that taste sengitmit insensitivity to PTC was
inherited as a two-allele trait within a simple Mefian model of inheritance, with
these two alleles being recessive in the case efirtherited insensitivity to PTC
(Snyder, 1931; Blakeslee, 1931). However, the nesipte gene and its chromosomal
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location were then unknown. The Mendelian modetaste sensitivity inheritance

proposes that PTC sensitivity relies on the dontirsdliele T, so that tasters inherit
their taste efficiency as one (tT/Tt) or two-donmitrallele trait (TT), while non tasters
inherit their taste deficiency as a recessive isgiee allele trait (tt) (Bartoshuk,

Duffy, Reed, & Williams, 1996; Kim et al. 2004). ssequent family studies observed
robust correlations between the sensitivity degoeBTC of parents and that of their
children (Blakeslee, 1932; Merton, 1958; Rao & Mart 1977), thus reinforcing

Snyder’s and Blakeslee’s hypothesis of a Mendefirendel of inheritance of bitter

taste sensitivity.

However, the original simple Mendelian model of PEated sensitivity
inheritance could not explain the results of sevetlaer studies. For example, other
genetic issues and non-genetic factors were alswmudstrated to have an impact on
the inherited taste sensitivity to PTC (Morton, @an Corey & Nance, 1981;
Bartoshuk, et al. 1996; Drayna, 2005). Furthermibngas found that children of non-
taster parents were taster, which contradicts giaeation based in a one-locus
model (Das, 1958) and is better explained by adtéra models, such as two-locus
and multiple loci models (Olson, Boehnke, Neiswangoche, & Siervogel, 1989).
In view of these conflicting results, the search fobe gene responsible for the
variation in PTC taste ability became the prioobjective of the first linkage studies
on this trait, although these efforts added morglmbing results to the debate (Kim
& Drayna, 2004; Drayna, 2005). For example, some¢heke studies demonstrated
linkage to the chromosome 7q (Chautard-Freire-MaR/4; Conneally, Dumont-
Driscoll, Huntzinger, Nance, & Jackson, 1976), whd subsequent study didn’t
replicate this finding (Spence et al. 1984) andhadt showed linkage to the

chromosome 5q (Reed et al. 1999).
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The controversy derived from those conflicting teswstimulated further
research on the topic through linkage studies asdlted in the publication of two
significant discoveries. The Utah family linkageidt (Drayna et al. 2003) found
involvement of a single major locus in chromosome & the main candidate gene
for the variation in PTC-related bitter taste petamn, although a second gene located
on chromosome 16p appeared to be responsible &rviriation in some of the
studied families (n=26). Meanwhile, Kim et al. (3)Qeported the existence of a
gene within chromosome 7q, designated as TAS2R88beaing responsible for
individual variation in gustatory sensitivity to ET(Kim et al. 2003). Moreover, Kim
et al. (2003) found the implication of three fuocial alleles of TAS2R38 in the
variation of PTC perception as a result of the digk analysis of the participating
human families. These three alleles configure twanndifferent haplotypes (PAV
and AVI), also called genotypes. A haplotype cassig a group of alleles that tend
to be inherited together (Reed, 2004). These hgpdstare different from each other
because of the polymorphic nature of their corradpag constituent amino-acids, as
these amino-acids vary at three positions: 49 i{@aor proline), 262 (valine or
alanine) and 296 (isoleucine or valine) (Kim et24l03).

The corresponding phenotype of the PAV haplotypdescribed as theajor
taster form and the phenotype of the AVI haplotype is describe themajor non-
taster form. Thus, the major taster form corresponds to th@otygpe that contains a
proline, an alanine and a valine (PAV) at thoseo8itpns respectively, while the
major non-taster form corresponds to the haplotijpé contains an alanine, a valine
and an isoleucine (AVI) (Kim et al. 2003). Indivimle carrying twice the PAV
haplotype (PAV/PAV) are the most sensitive to PTi@lividuals who carry both
kinds of haplotypes (PAV/AVI) have an intermediansitivity (Bufe et al. 2005;
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Navarro-Allende et al. 2008), and those homozygous AVI (AVI/AVI) are the
least sensitive. Furthermore, different combinatiohamino acids at those positions
(haplotypes), such as AAIl, AAV, and PVI yield a ater range of PTC taste
sensitivities (Kim et al. 2003; Kim et al. 2004; W¢bng et al. 2004) in addition to the
two most frequent combinations. The bitter-tasteeptor gene TAS2R38 and its
genotypes have also been found to be responsibiedividual variation in gustatory
sensitivity to the bitter taste of glucosinolatextzoning cruciferous vegetables —a
natural kind of food-, such as turnip or brocc@atdell & Breslin, 2006), besides
PTC, thus providing evidence to the hypothesizedrahselection of the sensitivity
to the bitter taste as a via to detect toxins witbbds.

The TAS2R38 gene belongs to the TAS2Rs family, edderred as Ht2Rs, of
human bitter taste receptor genes (Adler et al0OROTAS” is associated with a taste
receptor gene while “2” indicates a bitter tasteegTepper, 2008). The human
TAS2Rs family consists of 25 bitter taste recemenes, which are grouped within
the chromosomes 5p, 7g and 12p, and with TAS2R88téd on chromosome 7q
(Kim et al. 2003; Tepper, 2008).

It is assumed that each of the human TAS2Rs maynbelved in the
recognition of a vast range of similarly structuletier substances, thus responding to
a great diversity of potentially harmful compour{@®auchamp & Mennella, 2009),
although there is also at least one bitter tastepter, namely hTAS2R14, which is
activated in response to structurally diverse rathitter compounds (Behrens et al.
2004; Behrens & Meyerhof, 2006).

While TAS2Rs genes produce bitter receptors, TASpRsluce sweet and
umami receptors (Drayna, 2005). Salty and souesaasre mediated by ion channels
serving as receptors (Beauchamp & Mennella, 200®)humans, TAS2Rs and
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TAS1Rs constitute the two most known gene families encoding gustatory
receptors residing on the surface of taste celtbimithe taste buds of the tongue,
called G-protein coupled receptors (GPCRs) (Adleraé 2000; Matsunami,
Montemayeur, & Buck, 2000). GPCRs mediate the sweer and umami tastes by
means of their expression in taste cells withirtetdsuds (Drayna, 2005). Once
GPCRs come into contact with water-soluble tastéeoutes, taste cells are activated
and taste transduction takes place, which is falbwy neural taste processing and
taste perception (Conte, Ebeling, Marcuz, Nef, &fgs-Barquin, 2002; Beauchamp
& Mennella, 2009). There are multiple bitter tasteeptors, through which humans
can identify multiple bitter compounds, so thatdsittaste transduction is dependent
on the specific bitter compounds (Drewnowski, 2001)

The existence of the two main forms of phenotypipression of the
TAS2R38 gene, namely the major taster form andrth@r non-taster form, has been
consistently observed throughout the world. IndesVeral studies have examined
the ratio of tasters to non-tasters worldwide (€&e® & Reed, 2001 for a review)
yielding the conclusion that 75% of the populatjperceive bitterness intensively,
while the remainding percentage of the populati®riess sensitive to it (Kim &
Drayna, 2004; Garcia-Bailo et al. 2009). Furtheemdhere are some differences in
such proportions between regions. For example, ewhnl the United States and
Europe, 30% of the adult caucasian populationssnsitive (Tepper, 1998; Keller &
Tepper, 2004; Lumeng, Cardinal, Sitto, & KannanP&0Yeomans, Prescott, &
Gould, 2009), in West Africa only 3% of the popidatis insensitive (Garcia-Bailo et
al. 2009), and in Japan, China and Sub-Saharanafti0-20% is insensitive (Guo &
Reed, 2001). In India, 40% or more of the popurai® insensitive (Tepper, 1998;
Garcia-Bailo et al. 2009) although this proporti@mies between Indian regions (see
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Bhasin, 2006 for a review). Interestingly, theramsabsence of bitter non-tasters in a
small community of Brazilian Indians (Delwiche, Btit, & Breslin, 2001).

Other TAS2Rs genes show a similar variation to 8falAS2R38, although
variation is regional rather than worldwide (Drayr2905). This is the case, for
example, of the human bitter taste receptor TASZRilltich encodes GPCRs in
response to amygdalin, salicin and many biftglucopyranosides, which was the
first bitter taste receptor gene to be identifisdb&ing responsible for sensitivity to
natural bitter compounds (Bufe, Hofmann, KrautwuRaguse, & Meyerhof 2002;
Soranzo et al. 2005; Sausenthaler, Kohlhammer, flech&oletzko, & Koletzko
2006). Specifically, while both its alleles, namehe less sensitive and the more
sensitive, coexist with high frequency in Africaopulations, only the more sensitive
allele is observed in most other populations (Sowaet al. 2005; Behrens &
Meyerhof, 2006).

This regional diversification of bitterness sendiyi and insensitive might be
the product of Darwinian adaptation to the regibnallifferentiated existing
vegetation (Shi, Zhang, Yang, & Zhang, 2003). Tim&ans that genes would have
evolved that favor adaptation to regional condsitimat are specifically related to the
presence of toxins in vegetables (Reed et al. 200@yeover, balancing natural
selection of the two previously mentioned main feraf genetic variation of bitter
taste sensitivity (PAV for tasters and AVI for ntasters) appears to be the most
convincing mechanism through which that geneticatimn can be explained (Kim et
al. 2004; Wooding et al. 2004; Drayna, 2005; Lahi€px, Gigli, de la Rasilla,
Fortea, & Rosas, 2009). The main evidence supgmpttis mechanism refers to the
demonstrated fact that the non-taster allele doeemnive from mutation of the normal
taster allele (Drayna, 2005). At the same times thct has yielded the hypothesis that
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the AVI allele might encode a functional receptor éther, as yet to be identified
toxic bitter substances (Kim et al. 2004) that nieey present in the surrounding
environment. Alternatively, the other two proposeglanatory mechanisms for the
high frequency of the non-taster allele are gendtift, on the one hand, and
population subdivision, on the other hand (Drayg®95). While genetic drift refers to
hypothesized random fluctuations as a cause ofat@m in gene frequencies,
population subdivision refers to the hypothesig tha high frequency of the non-
taster allele is limited to one population. Howe\wsth of these proposals have been
scientifically ruled out because the two majoresitiaste haplotypes are too common
in all populations (Drayna, 2005).

The identification of TAS2R38 as the single genspomsible for the
phenotypic variation in PTC sensitivity confirmduktMendelian model of inheritance
for most of the bimodal phenotypic expression ofCHElated bitter perception,
although not as a simple recessive model for th€-Related insensitivity (Drayna,
2005). Nevertheless, the finding from Drayna et(2003) that chromosome 16p is
implicated in variation in bitter taste sensitiyiip addition to chromosome 7q, has
led several authors to suggest that PTC’s genesicse explained by a mixed model,
based on a Mendelian and a complex trait (Kim &\De 2004; Drayna, 2005).
However, recent research has found a robust ctoelaetween the Ca content of
certain vegetables and the perception of theiebttiste in humans (r = 0.93). This
has been supported through animal research with obtdifferent genetically
determined sensitivity to Ca and choice tests betweegetables with a high Ca
content and vegetables with low Ca content (Tor@&o8andell, 2009). Furthermore,
it has been shown that the taste receptor TAS1R&®s a 7-13% of the phenotypic
variation in the preference for Ca and magnesiumrddff, 2008; Tordoff et al.
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2008). Thus, individual variation in bitter tastergeption might be due to a
combination of genes, rather than one gene, althougre research is needed to
establish the role of genetic variation in Ca d@nsi on bitter perception.

Apart from PTC, its derivative 6-n-propylthiouragiPROP) has also been
described as showing a differentiated distributisithin and across populations
(Barnicot, Harris, & Kalmus, 1951). PROP, like PTedntains the typical chemical
structure of “thioureas” —N-C=Swhich tastes bitter (Barnicot et al. 1951; Tepper
1998). Furthermore, PROP taster status was foure teignificantly correlated with
PTC taster status (Barnicot et al. 1951; Harris &mus, 1949). The question that
then emerged was whether PROP and other substaviteshe same chemical
structure and with bimodal distribution were alsyqeived through the operation of
the same taste receptor (Kim et al. 2004). In $kisse, it was confirmed via vivo
andin vitro studies that the taste receptor TAS2R38 also rresdiasponses to PROP,
although it has been found that PTC matches witteiter (Drayna, 2005; Tepper,
2008). Thus, the TAS2R38 receptor responds toidirlsubstances if they belong to
the thioureas.

Genetic studies on taste then began to use PRQ®&efrdy as a substitute for
the potentially toxic effects and the sulfur oda@daTC (Fischer & Griffin, 1964;
Lawless, 1980), and therefore most of the worldwabtiservations regarding genetic
variation in bitter taste sensitivity have beenit from studies in which PROP has
been used, instead of PTC. However, humans do eatepe both compounds
identically and they are not interchangeable. Foangle, bitterness perception
thresholds for PTC are lower than for PROP andRME’s perceptive spectrum is
more extensive than is PROP’s (Tepper, 2008). Aatthtly, the distribution of the
phenotypic expression of bitterness sensitivitPROP within the population is “tri-
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modal” rather than bimodal, as cases of PROP sagiers have been found (Reedy,
Bartoshuk, Miller, Duffy, & Yanagisawa, 1993; Bastwk et al. 1994; Reed,
Bartoshuk, Duffy, Marino, & Price, 1995). Furthemmapit has been shown that the
density of taste receptors in the tongue —tastes lmahtained within fungiform
papillae- correlates significantly with the perceived hitiess intensity of PROP
(Bufe et al. 2005; Drayna, 2005; Tepper, 2008) WAROP supertasters showing the
highest rates of fungiforrpapillae and thus perceiving the most extreme degree of
bitterness (Prutkin et al. 2000; Bartoshuk, 2008apertasters also perceive the most
intense thermal and tactile sensations derived fi@mds, such as food creaminess,
viscosity or burn within the oral cavity becausénpand touch neurons also innervate
fungiform papillae (Bartoshuk, 2000b). Interestingly, a gender eftacthe density of
taste buds has been observed with women havinghiaimber of thesgapillae and
taste buds than men (Reedy et al. 1993; Bartoshuat. 4994; Reed et al. 1995).
Consequently, most adult tasters and supertasters@nen (Bartoshuk, 1980). This
gender-related distribution of tasters and noretass not observed in young children
(Keller, Steinmann, Nurse, & Tepper, 2002; Mennetllal. 2005a; Tepper, 2008) but
from the beginning of puberty onwards (Whissel-Bue& Wills, 1989; Goldstein et
al. 2007). Thus, based on Drayna (2005), phenotyigicibution of taste sensitivity to
PROP, especially the supertaster phenotype, isenfled by other factors in addition

to genetic control.
3. Methodology for the evaluation of PTC/PROP tastestatus
There is no standardized protocol for the evalmatibPTC/PROP sensitivity

status. On the contrary, a variety of methods Hmeen used across research work on
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the topic to obtain reliable measures of individuahste sensitivity to PTC/PROP
compounds. A profound analysis of the psychophysiethods is beyond the scope
of this text, and readers are recommended to recmwprehensive publications on
this topic (Bartoshuk, 2000b; Tepper, ChristensenCao, 2001; Bartoshuk et al.

2004; Snyder, Prescott, & Bartoshuk, 2006). Furtioee, the work of Lawless (1980)
shows an in-depth comparison of the effectivendsdifterent methods in making

that evaluation. Rather, a short description ofrtteen methods for the evaluation of
PTC and PROP taster status will be here presented.

Research protocols examining differences in bitéste perception and its
genetic nature, prior to the discovery of the TAS8R)ene, have included twins as
subject samples or have used PTC/PROP screenitg) (féavarro-Allende et al.
2008). The importance of twin designs relies ondhariori assumption that twin
pairs, either monozygotic or dizygotic, live togetlunder the same stimuli exposure
conditions, so that any difference in taste peroapis potentially attributed to
differences of genetic nature (Reed et al. 2006)ee&hing tests, on the other hand,
can be classified into two global categories: thoé$ and supra threshold methods
(Tepper, 2008). Both are aimed to establish indizided PTC/PROP detection
thresholds by exposing participants to these snbseta using PTC-soaked filter
papers placed on the tip of the tongue (Drewnowskstal, & Cohen, 2001b) or by
them swallowing PTC content liquid forms. Threshoidthods measure individuals’
bimodal variation in PTC/PROP sensitivity based their responses to single
concentrations of these substances. Thus, suljjaegts only to affirm whether they
perceive the taste solution or not, and thus tleeyle classified as either tasters or
non-tasters (Boughter & Bachmanov, 2007). Suprestiwld methods or Supra-
threshold scaling techniques, introduced by Ste\@889), are based on the serial
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presentation of different PTC concentration samples “forced choice blind tests”
(Kim & Drayna, 2004), so that further subdivisioosthe degree to which subjects
perceive PTC or PROP can be addressed and medstenstand supertasters can be
classified (Bartoshuk et al. 1996; Prutkin et &i0Q@).

The discovery of the TAS2R38 gene has led to thssipdity of measuring
genetic variability in PTC/PROP sensitivity dirgcthrough genomic DNA extraction
and allele genotypification of the TAS2R38 gene fella et al. 2005a; Navarro-
Allende et al. 2008). All these PTC/PROP tastertustaelated measurement
techniques have been used with adults as well thsoildren as young as 3 years old

(Turnbull & Matisoo-Smith, 2002).

4. Genetic variation in PTC/PROP taster status andits association with

perception of different substances, other tastes drother oral sensations

The main characteristic of PTC/PROP tasters ig thigility to perceive low
concentrations (i.e. 0.001M) of any bitter compo@sdaversively bitter, as opposed
to non-tasters, who either cannot taste the be#tsrof that substance or would need
high concentrations of it to be able to recognike bitter taste (Maier, 2007).
Medium tasters perceive the bitterness of PTC/PRAitiPa lesser degree of aversion,
than do tasters (Prescott, Ripandelli, & Wakeligg01a) and super tasters perceive
an extreme bitter taste from PTC/PROP (Precott @081; Tepper, 2008).

Examples of typically bitter-tasting substancesytoch humans may respond
differently as a function of their sensitivity toT€/PROP, are: caffeine, urea and
quinine (Drewnowski & Rock, 1995; Hall, Bartoshukain, & Stevens, 1975; Leach
& Noble, 1986; Mela, 1989), although Yokomukai, Goty & Beauchamp (1993)
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found no correlation between PROP sensitivity aneauwr quinine. Furthermore,
some authors have found that the intensity of ikterbtaste of potassium chloride,
sodium benzoate and potassium benzoate is alstedeta PROP taster status
(Bartoshuk, 1979; Bartoshuk, Rifkin, Marks, & Hoop#988; Yackinous & Guinard,

2002; Pronin et al. 2007).

On the other hand, PTC/PROP sensitivity has beewrshio be associated
with sensitivity to other tastes. For example, FHRDP tasters typically perceive the
sweetness of low concentrations of sucrose anchadocas intensively sweeter than
non-tasters (Blakeslee & Salmon, 1935; Bartosh@k91 Gent & Bartoshuk, 1983;
Looy & Weingarten, 1992; Drewnowski & Rock, 199Blpwever, genetic sensitivity
to PROP did not predict sweetness intensity ratorgsedonic response to sweetness
for sucrose solutions in a subject sample of yoiemgales of different ethnic origin
(Drewnowski, Ahltrom, & Barrat-Fornell, 1997b). €d acid has also been shown to
be perceived as sourer by tasters than non-tg$tartkin, Fast, Lucchina, Snyder, &
Bartoshuk, 1999) and sodium chloride as more s@grtoshuk, Duffy, Luchina,
Prutkin, & Fast, 1998; Duffy & Bartoshuk, 2000).thdbugh PTC and PROP are not
natural bitter chemical compounds of foods, genedigability in perception of their
tastes has been shown to be strongly correlatddtaste sensitivity to other natural
bitter and sweet compounds that are present irsf@khkeslee & Salmon, 1935; Hall
et al. 1975; Bartoshuk, 1980; Garcia-Bailo et A09). Furthermore, sensitivity to fat
and creaminess of foods has also been observed torbelated with PROP taster
status (Tepper & Nurse, 1997; Kirkmeyer & Tepp@€02).

Several gustatory sensations, other than pure taste also been shown to be
correlated with PTC/PROP status. For example, paat (Anliker et al. 1991), oral
irritation produced by citric acid (Prescott, S@ampbell & Roberts, 2004) and the
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burning sensation caused by the capsaicin in peppers have been also shown to be
perceived more intense by tasters than non-tagiémsrer & Bartoshuk, 1991,
Drewnowski & Rock, 1995; Tepper & Nurse, 1998). Hantly, PROP tasters have
been found to perceive the intensity of ethyl atamore strongly than non-tasters
(Bartoshuk et al. 1993). The vast variety of orahsstivities which correlate with
PTC/PROP taster status have led several authoastribute a role of general oral

marker to the PTC/PROP taster status (Ly & Drewrkoviz)01; Tepper, 2008).

5. Genetic variation of PTC/PROP taster status andts association with food

likes and dislikes: evidence of age effects

The importance of this genetically determined gasyavariability relies on
the manifest effects it has on individuals’ eatingbits. The main effect is the
predisposition to establish individualized patteafsnutritional behavior, including
food choices, preferences and intake patterns,usecadividuals’ hedonic value of
foods, and therefore food likes and dislikes, vasya function of PTC/PROP taster
status (Bartoshuk, 2000b; Drewnowski, 2001). Sofnthe products that have been
shown to be more disliked and less preferred bietsaghan non-tasters are dairy
products, such as milk or cheese, cruciferous abigs, such as spinach, broccoli,
and Brussels sprouts (Anliker et al. 1991; Drewnowsrock, 1995), alcohol (Duffy
et al. 2006), and high-fat-content foods, sweets meats (Tepper, 1998; Duffy &
Bartoshuk, 2000). Moreover, it has been shownRi&/PROP tasters tend to dislike
strong tasting foods in general and exhibit mowafdislikes, while PTC/PROP non-
tasters display higher acceptance of a greateetyadf foods in adults (Fischer,
Griffin, England, & Garn, 1961; Glanville & Kaplari,965) as well as in children
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(Korslund & Eppright, 1963; Anliker et al. 199910y & Weingarten, 1992; Tepper,
1999; Keller et al. 2002).

Interestingly, the ability to taste PTC/PROP isghétned in young children
and progressively decreases as people become QWhissel-Buechy, 1990;
Schiffman et al. 1994) and the association betWw&BG/PROP taster status and food
likes and dislikes appears to be stronger in chrldthan in adults (Mennella et al.
2005a). Specifically, Mennella et al. (2005a) répdrthat children with high
sensitivity to PROP, that is, with PAV/PAV genotgp®r with moderate sensitivity
to PROP, that is, with PAV/AVI genotypes, preferegtvbeverages and foods more
than children with less sensitivity to PROP, while correspondence between
TAS2R38 genotypes and sweet preferences was oblseraglults. In agreement with
these findings, it has also been reported thabtibéter-tasting foods increases with
increasing age (Lindgren, 1962; Pao, Fleming, Chent& Mickle, 1982; Navarro-
Allende et al. 2008).

Taste ability, in general, has been shown to dishiras an individual ages
(Mojet et al. 2001; Segovia et al. 2002) and asequence, taste perception of foods
is compromised in older subjects when comparedaong adults (Rolls, 1999).
Causes of the decrease in ability to taste haven batributed to use of
pharmaceuticals as well as to an age-related Bsigee lost of taste receptors
(Navarro-Allende et al. 2008). These findings, glavith the lack of an association
between TAS2R38 genotypes and sweet preferencguitsgMennella et al. 2005a),
have led some authors to suggest that, as indigiduature, cultural influences and
physiological factors, such as the loss of tasteptrs as people age, exert a more
important influence on food preferences and intéhk&n taste sensitivity-related
genetic influences (Mennella et al. 2005a; Nav#itende et al. 2008). The strong
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genetic impact of PTC/PROP sensitivity on younddrkn’s food preferences can be
overcome if enough repeated exposure —at leasty8- da any food, including
vegetables, is applied (Birch & Marlin, 1982; Bird®99; Wardle, Herrera, Cook. &
Gibson, 2003; Forestell & Mennella, 2007) and magt luntil, at least, young
adulthood (Nicklaus et al. 2005a).

Based on these findings, we can conclude thatdbeger an individual is, the
higher the impact of PTC/PROP taster status on itidividual’s food likes and
dislikes will be. Furthermore, the more sensitivethie bitter taste a person is, the
higher the proportion of foods that are dislikedl Wwe, while those less sensitive will
prefer a wider spectrum of foods, and especialgghtsugar- and high-fat-content
foods. However, see Drewnowski, Henderson, & CdtK&907)for a contrary point
of view.

Sensitivity to other tastes, such as sweet, saltgoor tastes has not been
found to be related to food likes or dislikes (Rsc& Griffin, 1961; Fischer, Griffin,

& Kaplan, 1963; Drewnowski & Rock, 1995; Donalds&gnnett, Baic, & Melichar,
2009). However, human genetic variation in swestetperception has recently been
found, in addition to findings of strong correlattobetween the allelic polymorphism
of TAS1IR3 and sweet taste sensitivity to sucrosesliign, Simons, Slack,
Manichaikul, & Drayna 2009). Further research i®ded to ascertain if there is
genetic variation in the perception status of otastes, and therefore, its association

with the hedonic value of foods, as well as poss#ge-related modulations.
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6. Impact degree of young children’s PROP taste ssitivity on their vegetable

acceptance (preference and/or intake)

Several studies have examinad hoc the relationship between PROP taste
sensitivity and acceptance of bitter vegetableghsas cruciferous and non-
cruciferous vegetables, in young children. Anliletral. (1991) conducted a study
with children aged between five and seven and faimadl PROP tasters reported a
lower preference for raw broccoli, cooked brocewid raw spinach, which are bitter-
tasting vegetable from thehenopodiaceae vegetable family (Jerza-Latta et al. 1990)
than non-tasters in a food-preference questionnaimnbull & Matisoo-Smith (2002)
observed that sensitivity to PROP predicted loweptance of raw spinach in children
aged between three and six. Another subsequeny stutucted in four and five
year-old children (Keller et al. 2002) concludedttPROP taster children reported a
lower acceptance of raw broccoli than did non-tasteldren. Tepper & Steinmann
had previously observed this pattern of vegetabteptance in children, in view of a
set of unpublished data (Tepper, 1998 p. 1272)il&irfindings were replicated in a
study of consumption of raw broccoli in three tarfoyear-old children (Bell &
Tepper, 2006). Furthermore, non-tasters ate mogetables, including more raw
bitter vegetables (cucumber, broccoli and blackesl) than did tasters and ate more
bitter than non-bitter vegetables (carrots andpeppers). These findings, taken as a
whole, suggest an inverse relationship between PREIE sensitivity and acceptance
of vegetables in young children, although theresame contradictions among some
of those studies that need to be highlighted. kample, while Anliker et al. (1991);
Keller et al. (2002) and Bell & Tepper (2006) fouadch a positive relationship
regarding raw broccoli in young children, Turnb&llMatisoo-Smith (2002) did not.
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Furthermore, Turnbull & Matisoo-Smith (2002) didtnfind that relationship for
cooked broccoli, besides raw broccoli in youngadieih.

We speculate that one of the causes of this l&ekhnstness might be that
the amount of the glucosinolate content of vegetabked in the different mentioned
studies varied from each other. Indeed, differagetables and even different species
of the same kind of vegetable differ from each ptheheir bio-chemical composition
(Dole Food Company, Mayo Clinic and University ddlifornia, 2002). Moreover, a
vast variety of factors, such as horticultural e;ognvironment, cultural practices, and
agrichemicals might affect the plant development therefore the taste of the final
vegetable (Mattheis & Fellman, 1999). For examgble,raw broccoli used by Anliker
et al. (1991) and Keller et al. (2002) might haweib cultivated in differently than
that used by Turnbull & Matisoo-Smith (2002), ahdd the raw broccoli used by the
two former research teams might have been enoutgr ko elicited a differentiated
degree of taste sensitivity as a function of PR@d®et status, in comparison to the
raw broccoli used but the last research group. arheunt of the Ca might also have
varied among the vegetables used in those diffestmties. Indeed, Ca is another
source of vegetables-related bitterness (Tordofbahdell, 2009). Moreover, it has
been found a strong correlation (r = 0.93) betwienCa content of a great variety of
vegetables and the vegetable bitterness ratingstegpby adult humans (Tordoff &
Sandell, 2009). Furthermore, genetically predisgas#s to consume Ca «probably
due to mutations in taste receptor genes [whicth tats to not perceive the bitterness
of Ca] » (Tordoff & Sandell, 2009, p. 499) have mdeund to prefer significantly
high-Ca-content-vegetables, in comparison to notimaitation-free) rats (Tordoff &
Sandell, 2009), which tend to avoid Ca becausdsofssociated aversive bitterness
(Tordoff et al. 2008), within a causative relatibips The taste receptor gene that
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appears to be responsible for individual variapiih sensitivity to Ca in rats is
TAS1R3 (Tordoff, 2008; Tordoff et al. 2008).

The data regarding the correlative relationshipwben the Ca content of
vegetables and human adults’ ratings of perceivitbrbess and the causative
relationship between genetic predisposition to g@egec Ca and acceptance of
vegetables in rats, together with the data reggrdimolvement of TAS1R3 as the
taste receptor gene for individual variability iensitivity to Ca in rats extracted by
Tordoff and colleagues open the question whetheetiye variation in the sensitivity
to Ca might impact vegetable acceptance within @satie relationship in young
children. This has not yet been studied, and thezethe genetic variability in
sensitivity to Ca has not been taken into acconrgtiidies that have examined the
association between bitter taste sensitivity angetable acceptance in young
children. Thus, since previous research pointsitassociation between sensitivity to
Ca and vegetable acceptance in rats (Tordoff, 2008joff et al. 2008; Tordoff &
Sandell, 2009), it would be interesting to exantime role of genetic variation in Ca
taste sensitivity in bitter taste perception ofetedples and its connection to vegetable
acceptance in young children, as a combinationatifi lraits, the trait underlying
sensitivity to the bitter taste of glucosinolatesl @he trait underlying sensitivity to the
bitter taste of Ca, and therefore more than onee ga@iAS2R38 + the human
equivalent of TAS1R3) might underlie the individaall pattern of responsiveness to
the bitter taste of vegetables, and therefore abdetacceptance in young children.
However, that evidence-based opened line of reasrcurrently difficult to develop
due to both, a current lack of suitable researclhous adapted to that line of
research and a lack of knowledge regarding the cutde basis of Ca perception
(Tordoff & Sandell, 2009).
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7. Impact degree of young children’s PROP taste ssitivity on their BMI

Studies examining the suspected association betw#@P and BMI in
young children have vyielded conflicting results.ll&e & Tepper (2004) reported
contradictory relationships between BMI and PRC&ust according to gender, in
four to five year-old children, as non-taster beyowed higher BMIs than taster
boys, and taster girls showed higher BMIs than taster girls. Furthermore, in a
sample of low-income three to six year-old childrencorrelation between PROP
taster status BMI z-scores was found and the peecal of overweight children was
higher in the taster group (Lumeng et al. 2008).ti@nother hand, other studies have
found no difference in weight or BMI as a functiohPTC/PROP sensitivity status in
the same age range of four to five years (KellealeR002; Bell & Tepper, 2006).
Goldstein et al. (2007), in a study of pre-adolesaghildren (age = 7-11 years),
examined the hypothesis that PROP sensitivity mighience the eating behavior of
young children, but that that differences in bodsight emerge later in development,
and concluded that there was no association betRB&P status and body weight in
their subject sample. These conflicting findingsggest the existence of a
confounding factor that might be exerting an infloe on this relationship. Although
Keller & Tepper (2004) found a gender effect, thes never been replicated and
gender is unlike to be such a confounding fact@ci&@conomic status (SES) is
however, a more likely candidate. The rationaletlids claim is offered by Lumeng et
al. (2008) who state that, with the exception @frtlown work in which subjects were
of low SES, previous studies, such as those ofeKeit al. (2002), Keller & Tepper
(2004), and Bell & Tepper (2006) were conductechvahildren of above average
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SES. Indeed, all children who participated in thetedies were enrolled in the
Rutgers University Nutritional Sciences Preschoahich is a very exclusive

nutrition-related educational program of the Stdtaversity of New Jersey that is
focused on preschool children. Furthermore, Barahkovet al. (2009) found a

significant PROP sensitivity by SES interactionmefP = 0.010) in children aged
between nine and ten and adolescents aged betwaantsen and eighteen,
regardless any other demographical variable. Spaltif, supertasters showed the
largest BMI percentile and Z-score, but only amamg children with highest SES.
However, no study has yet considered SES as amendent variable in order to
examine whether the relationship between PROPrtatttis and BMI could change
as a function of an individual’'s SES in young cteld, that is, children aged 6-year-
old or younger. Thus, future research examining fossible influence in young

children is warranted.
8. Final conclusions and future research

This review has aimed to critically discuss theerof genetic variation in
bitter taste sensitivity in young children’s vedséa acceptance and BMI and to
achieve this aim, it was necessary to review trstohy of the study of genetic
variation in PTC/PROP sensitivity and its assooratvith human food preferences.
The scientific consensus in a broad sense is thaetg variation in PTC/PROP
sensitivity determines human food likes and digikeuffy et al. 2006), and that this
genetic determination is modulated by age. Spedific a stronger genetic
determination of food likes has been observed mngochildren than in adults and
older individuals (Mennella et al. 2005a; NavarribeAde et al. 2008), which
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suggests that experience with foods modifies obildr eating behavioral patterns
(Gibson & Bruston, 2007). Cultural and physiologicanditions, combined with a

negative correlation between age and chemo-sehgitand taste sensitivity in

particular (Bartoshuk et al. 1996; Navarro-Allerateal. 2008), may explain the lower
impact of taste genetics on food preferences iruraaand older subjects than in
younger subjects.

Regarding the specific case of vegetable acceptangoung children, the
present review revealed that several reports cdediuat young children’s acceptance
or rejection for vegetables depends on their gealkyti determined sensitivity to the
bitter taste, which is indicated by the particigaROP taster status. In these studies,
young children characterized by a low PROP tastsigeity accepted vegetables,
especially raw broccoli and raw spinach, more fgatian did children characterized
by higher PROP taste sensitivity (Anliker et al919 Turnbull & Matisoo-Smith,
2002; Bell & Tepper, 2006). However, there are sam@radictions among some of
these studies regarding that dependency relatipnshieed, while Anliker et al.
(1991); Keller et al. (2002) and Bell & Tepper (B)Ofound such a positive
relationship regarding raw broccoli in young chédy Turnbull & Matisoo-Smith
(2002) did not. These conflicting results might Hee to differences in the
glucosinolate and/or Ca content of the vegetabdesl in those different studies, and
we think that these differences regarding the hientical content of vegetables are
probably due to differences in the conditions inalihthe different vegetable-leading
plants were cultivated identified by Troyer et @001). Thus, this should be taken
into account in future review research.

Apart from genetic variation in PROP taster stafyenetic variation in Ca
taster status has also been shown to exert areitifuon the degree to which the
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bitterness from vegetables is perceived, and tdaexpndividual differences in
preference for vegetables in rats (Tordoff, 2008rddff et al. 2008; Todoff &
Sandell, 2009). Furthermore, a strong correlati@iwben the Ca content of
vegetables and the degree, to which vegetablesstagter has been found in human
adults (Tordoff & Sandell, 2009). The associaticgtween sensitivity to Ca and
vegetable acceptance has not been studied in ychildyen. Therefore, it would be
interesting to examine the association between galiidren’s Ca taster status and
their vegetable acceptance. To develop this neeareh line is an arduous task, as
there are currently great methodological obstadss well as lack of proper
information about the molecular basis of Ca peiocaptvhich would guide selection
of the proper method of research for that reselimenTordoff & Sandell, 2009). The
confirmation of this association would also confirtime claim that a probable
combination of at least both of these geneticdraitstead of one unique genetic trait,
may underlie the individualized pattern of respwesess —sensitives. insensitive- to
the bitter taste of vegetables, and therefore afepence for vegetables, thus
improving the current state of scientific knowledg®ut determining factors of child
vegetable consumption.

Since the bitter taste is the main determinantrégection of consumption of
vegetables in young children (Visser et al. 200@rdfle et al. 2001) and since the
process of debittering vegetables through differeathanisms is possible (Heany &
Fenwick, 1980; Heany, Fenwick, & Mullin, 1983), fbascience would be well
advised to make vegetables less bitter if yountgldm are to increase their vegetable
consumption. This recommendation is independentthef influence of genetic
variation in bitter taste sensitivity on young dnén’s vegetable intake. However,
natural bitter compounds occurring in vegetableshsas glucosinates are important
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cancer-preventive substances (Zhang, Thalalay, &iosner, 1992; Troyer et al.
2001). Thus, according to Drewnowski & Gomez-Caweg2000), a solution to this
dilemma is needed. Another strategy that can béeabiw improve young children’s
vegetable consumption is the experience-relateatesty of repeated exposure —
without any reinforcement- to vegetables. Inde¢dais been shown that repeated
exposure of young children to particular foods cehkilong lasting preferences for
them (Wardle et al. 2003; Nicklaus et al. 2005agBtell & Mennella, 2007).
Conflicting results have been observedenv examining the relationship
between PROP taster status and BMI in young chldvghile some studies have
found positive correlations, others have found tiegacorrelations, gender-related
contradictions, or have found no relationships lat Ia has been suggested that
confounding variables, such as SES might exert rdlnence on the mentioned
relationship in old children, that is, children dg&ine-year-old or older and
adolescents (Baranowski et al. 2009). However, 3@S never been used as
independent variable in studies examining theigiahip between PROP and BMI in
young children and all young children in which thatationship has been studied
have been of high SES. The exception is the stiidyumeng et al. (2008), which
examined the relationship between PROP tastersstatd BMI in a sample of low-
income three to six year-old children. Thus, furthesearch on SES as a possible

factor modulating that in young children, is needed
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CHAPTER 3

POSTNATAL AND LATER DEVELOPMENT OF THE TASTE AND
OLFACTORY SYSTEMS IN LIGHT OF THE HUMAN BRAIN MAPPI NG

APPROACH: AN UPDATE!

Abstract

Gustatory and olfactory functions are already presg birth, although a full
development of both systems takes place postnatBkystence of early postnatal
sensitive periods throughout the development coafsensory systems, including the
taste and olfactory, has been well documented. fbenal postnatal and later
development of any sensory function parallels dgwalent of the central nervous
system and the development of its basic units,iSpaty white matter and gray matter.
This development is associated with developmemtedl plastic changes, such as
myelination and axonic pruning, which is the typickevelopment-related plastic
change that occurs during sensitive periods. Thistic changes ensure the increasing
efficiency of neural communication that takes plabeoughout development and
correlate with signal changes acquired by meanseofoimaging techniques. In this
paper, we review papers published in the last earsywith two related aims. We aim to
ascertain the way in which developmental plastenges within the taste and olfactory
systems have been reflected in signals obtainezgir neuroimaging techniques, in

order to identify sensitive periods of gustatorg atfactory development by conducting

| am very grateful to Dr. H. Lelieveld; Dr. R. Hemand to Mr. M. Saltmarsh for their interesting
suggestions regarding the English language ofctépter.
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a systematic review research on brain activatidteps of taste and olfactory systems
of developing populations that have been measumenigh neuroimaging techniques.
The main contribution of the present review isttelation of three obstacles that have
partially limited achievement of these objectiviesorder to overcome these limitations,
further research on developmental brain mappintheftaste and olfactory systems in
newborns, children and adolescents, and on theciatism between developmental
plastic changes and imaging signals, is neededadtiition, further developmental
research based on longitudinal designs is requidedpite these limitations, this review
has however, revealed relevant insights into yoadglts’ gustatory and olfactory

systems.

Keywords: neuroimaging techniques, development, sensitiveggrtaste system,

olfactory system, developing populations.
1. Introduction

Flavor is the property of foods and drinks thatmsinly generated by the
integrated processing of two kinds of sensory mi@aion —gustatory and olfactory-,
once tastes and odorants are detected by bothctegpgensory systems (Beauchamp &
Mennella, 1998; Simpson & Sweazey, 2006), besidaesr somatosensory information,
such as temperature and texture (Small & Pres26f5; Beauchamp & Mennella,
2009). Specifically, orthonasal or retro nasaledton of the smell sense, depending on
the input entry, relies on the detection of odasdny olfactory receptors cells (ORCs)
that are located either on the nasal mucosa onakepharynx (Espinosa Diaz, 2004;
Simpson & Sweazey, 2006). Similarly, the senseasfet is activated whenever taste
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receptor cells (TRCs), located in the tongue, déimautated by contact with food or
drink particles (Gottfried et al. 2006). After cant between receptor cells and these
stimuli has occurred, neural activity takes planerésponse to that contact, thus
allowing our taste and olfactory perception anddfare flavor perception (Smith &
Vogt, 1997).

In addition to the gustatory and olfactory systethsge other sensory systems
are also involved in flavor perception. The someassry system is responsible for the
sensation of thermal and tactile cues associatdéidl feods, such as food temperature
and food texture (Simpson & Sweazey, 2006), thaalisystem processes food-related
visual cues, such as color and shape (Delwiche4;2@0Doherty, 2002), and the
auditory system deals with food-related auditorgs;usuch as sounds associated with
the action of chewing (Verhagen & Engelen, 200&) tre sound of foods (Small et al.
2004). Furthermore, human tasting implies the @siog of several cognitive aspects,
such as mental images of foods (Kikuchi et al. 200kamoto & Dan, 2007) and
processing of the hedonic value of foods —pleasantaversive- (O’Doherty, 2001).
Human flavor perception is, therefore, a very camphatural phenomenon. The
primitive phylogenetic and ontogenetic origin ofethaste, and by extension, the
olfactory systems, has been often misinterpretdzeasy simple (Gallo, 2008).

The scientific community has traditionally conseld there to be five taste
gualities which are able to be perceived by humawset, salty, bitter, sour and umami
—the taste of monosodium glutamate (MSG) - (Yoshedaal. 2006), but see Erickson
(2008) for a contrary point of view. In additiornete may be different transduction
mechanisms for these five basic tastes (Medler826®per, 2006). The number of
odors that can be discriminated by humans has beBmated to be around half a
million (Kringelbach, 2007), with multiple transdien mechanisms for these odorants.
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According to Spector (2000), the taste sense sellwese vital functions, namely:
stimulus identification, ingestion motivation andgesktive preparation. Stimulus
identification refers to the association of specifiavors with other stimuli and/or
consequences. For example, subjects who are alleydish may be helped to avoid
ingestion by its distinctive taste. Ingestion matign refers to the hedonic component
of gustatory stimuli and the preference level ok dood above others. Digestive
preparation refers to preparation of the body fgestion through the onset of several
physiological processes, such as salivation. Otfactfor its part, in addition to
contributing to flavor perception, favours an indival’'s survival by alerting them to
damaging aerosolized particles and deterioratedistodfs (Jones & Rog, 1998).
Additionally, odors allow the differentiation betere gustatory and non-gustatory
stimuli (Small et al. 2008).

Human behavioral research has consistently shoatrthie gustatory function, at
least in terms of taste identification and meréting or disliking, is already present in
newborns (Mennella & Beauchamp, 2005). The diffeadéed pattern of intense facial
expressions linked to the so-called gusto facigpoese, or reflex, found in newborns
and preterm newborns, in response to differenamdst confirms this natural human
characteristic (Ganchrow, Steiner & Daher, 1983sdtstein & Oster, 1988; Steiner,
1979). Furthermore, experiences with flavors tdkeeprenatally through the mother’s
amniotic fluid (Beauchamp & Mennella, 1998). Simitonclusions have been drawn
with regard to the olfactory function, as it haeibeshown that neonates are able to
identify and discriminate between odors (Faas, t8ppolMoya & Molina, 2000) and
prenatal experience with odors has also been dddiaceake place (Beauchamp &
Mennella, 1998). Although gustatory and olfactoandtions are already present at
birth, and even during prenatal stages (Beauchamidefinella, 1998; Mennella &
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Beauchamp, 1998a), their development continuesatadly (Bartoshuk & Beauchamp,
1994; Mennella, Pepino & Reed, 2005a; Schaal, 19@8aal, 2005). Development of
any sensory function implies the age-depending raatun of the corresponding
sensory system and acquisition of new sensory nmdtion (learning) through
experience with the environment.

Human behavioral research has also consistentlwrsiibe existence of early
postnatal sensitive periods throughout the devedspintourse of sensory functions
(Johnson, 2005; Knudsen, 2004). Sensitive periadsbe defined as restricted periods
of time across development, during which there madogical display of an extreme
neural sensitivity to the storage of experienceairisensory —and probably conceptual-
information, that is not present in other time pdsg, that promotes an individualized
design, that is, a design specific of the individuadiosyncratic environment, of the
shape and function of the brain, which is diredtedndividual’s survival, and thus,
safeguards the normal development (disease-freeen$ory systems and probably
cognitive systems (Hensch, 2004; Spolidoro, Saézaili & Maffei, 2009; Thomas &
Knowland, 2009), and that is reflected in behaJidnudsen, 2004). Furthermore,
effects of experience during postnatal sensitiveods are linked to facilitate the
acquisition of essential abilities, which guarantee individuals’ management of daily
situations with an enough efficacy, these abilipesviding individuals with appropriate
behavioural responses, that is, according withviddals’ circumstances (Pascual-
Leone, 2006). The main characteristic of a serssiperiod regarding the effects of
having experiences with stimuli during its time s®i—during a specific age- is the
imprinting effect that these experiences inducthenindividual for his whole following
life, in the sense that these experiences induegdrsible changes in the individual's
behavior (Bruer, 2001) and in its underlying neduaiciton. Imprinting effects can be
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displayed in the reported preferences for senstirguB as well as acquisition of
complex abilities, such as a language, by a subjg¢ithin the gustatory domain, for
example, high correlations have been found betwbenacquired food preferences
during early childhood —2-3 years of age- and tatus of such preferences in late
childhood (Skinner, Carruth, Bounds & Ziegler, 2p02dolescence (Nu, MacLeod &
Barthelemy, 1996) and young adulthood (Nicklausgddo, Chabanet & Issanchou,
2004). Furthermore, experience with the consumptibdifferent formulas during the
first 3-11 months of life has been found to indddéerential flavor preferences at that
age (Mennella & Beauchamp, 2005) with that learrsngsequently affecting status of
flavor preferences at the age of 4-5 years (Mear&IBeauchamp, 2002). In the case of
olfactory preferences, the available evidence ifleatperinatal time (4-37 min after
birth) as a postnatal sensitive period for olfagtdearning (Romantshik, Porter,
Tillmann & Varendi, 2007). Prior experience, durithgg prenatal phase, with the odor
of the mother's amniotic fluid causes full-term nates to prefer that odor to other
woman’s amniotic fluid odor (Marlier, Schaal, Sagssn, 1998) and to milk formulas
(Schaal & Marlier, 1998). Experience-related eBeciuring sensitive periods of
development are not always innocuous, howevernagbarrant environment may lead
to an aberrant brain structure, brain function pathological behavior (Pascual-Leone,
2006).

What is currently known about the ontogenetic dewelent of the taste and
olfactory systems is derived mostly from animal elsdsee Krimm & Barlow, 2008
and Gomez & Celii, 2008 for reviews of respectiystems). However, the emergence
of neuroimaging techniques allows the exploratibhwman functional organization of
these and other sensory systems in mature (Alvetret. 2008) as well as immature
brains (Sowell, 2003) with lauman brain mapping approach (HBA). HBA refers to the
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research method in which the principal objectivetis visualize brain areas and their
interconnection engaged in a certain function hpgigon-invasive [or neuroimaging]
technigues» (Shibasaki, 2008, p.732). Thank thshrtelogy, we know for example,
that normal human postnatal and later developmem@ing sensory or even cognitive
function parallels development of the central nas/system (CNS) in general and of its
basic units, namely white matter (WM) and gray erat{GM), in particular.
Furthermore, it has been shown that neuronal awmdagrowth changes across the
lifespan (Rivkin, 2000). Specifically, myelinatiefwhich causes the whiteness of WM
(Ahrens, Blumenthal, Jacobs y Giedd, 2000)- begin&2-13 post-conception weeks
(PCW) in caudal brain regions and continues throoghdhood, adolescence and
adulthood in more rostral regions (Girard et al020 thus following a “back-to-front”
maturation space course (Gogtay, 2008). This pssgrein crescendo myelinitation
process with increasing age occurs generally frofarior to superior regions of the
brain and is assumed to be a linear developmemtaeps due to its uninterrupted
continuity until well into adulthood (Lebel, Walket.eemans & Beaulieu, 2008;
Lenroot & Giedd, 2006). GM, in turn, comprises then-myeliniated parts of the
neurons, i.e. somas and dendrites. While increase&M volume during early
development reflect neurogenesis, which also fdlova lower-higher-order
spatiotemporal developmental course (Rapoport &&0¢008), subsequent decreases
in GM volume during development of adolescence, doample, may reflect, either
synaptic pruning (Gogate, Giedd, Janson & Rapop?@0l; Sowell, Thompson,
Tessner & Toga, 2001), which is the typical neuta@vwent occurring during sensitive
periods of development (Johnson, 2005) or changesghite-gray matter distribution,
such as increased myelination (Casey, Galvan & H¥#85; Lu et al. 2007; Rapoport
& Gogtay, 2008; Sowell et al. 2003) or, probablgombination of both developmental
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processes. Thus, in contrast to WM, GM developnemtot assumed to be a linear
process. All these development-related plastic ghanin the CNS parallel the
increasing efficiency of neural communication, doetwo main processes that are
inherent to the development of the CNS. These lsenaitural tuning of the neuronal
afferent elements (GM) by spontaneously overpratdudnfinite synaptic contacts,
which will be selectively pruned by experience-tetastimulation, and to the increased
speed of neural transmission due to progressivelimag@n (WM) of the non-
previously pruned axonal elements. Both of thesegsses, in combination, lead to a
similarly increased cognitive and behavioral exper{Toga, 2006). Furthermore, these
development-related plastic changes correlate wigmal changes that have been
acquired by means of neuroimaging techniques (Bckgi2000).

It is widely accepted that the postnatal develapmnelated brain morphological
and functional changes, such as myelination andctmsequent increased speed of
neural transmission, and those occurring duringsiea periods, such as axonic
pruning and its linked establishment of useful gfitaconnections (Greenough, Black
& Wallace, 1987), are unlikely to occur in adultéhaugh immature —developing-
populations may show these changes (Sowel et 8B;ZDoga, 2006), and this is the
reason why the global mechanism that allows summes®f the mentioned
development-related on brain morphology and fumctie usually designated as
developmental neural plasticity (Pigiucci, 2001s0adesignated by Greenough et al.
(1987) as experience-expectant plasticity (EEPYyel@mental neural plasticity can be
defined as the brain’s ability to (change) reorgarts morphology and function based
on experience with the stimuli of the surroundimgisonment during development and
its associated behavioral plasticity can be defiaedhe organism’s ability to change
behavior —such as expression of flavor preferenbased on experience with stimuli
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during development. Developmental neural plastiagy essential for behavioral
adaptation to the changing environment and sulgjestirvival within his cultural
environment (Greenough et al. 1987). It is likewigssential for later learning
(Koizumi, 2004). That means that a mature indivigugurrent learning will be
acquired through the patterns of learning acqoisitihat have been shaped during
stages of development. Behavioral performance, sgcmusical training —i.e. playing
the keyboard- during early childhood, on its pargy also lead to a reorganization of
neural circuits —i.e. changes in the size of thetomaortex- during development
(Trainor, 2005), besides experience with surroup@nvironment-derived stimuli, thus
leading to a reciprocal relationship between beaid behavior, in that brain structures
enable behavioral performance and behavior shapés $iructures.

Based on the existing evidence of the mentionedn bnaorphological and
functional changes, we have considered the follgwWour questions. How are these
development-related brain, and consequent fundtiamtenges within the taste and
olfactory systems reflected in brain activationt@ats measured through neuroimaging
techniques? Do brain activation patterns in respdasyustatory and olfactory stimuli
change across postnatal and later developmentst& &éand olfactory systems? How is
the above-mentioned extreme neural sensitivity xpegence, typically displayed
within sensitive periods of development, reflected brain activation patterns in
response to taste and olfactory stimuli? Are wee dbl identify sensitive periods of
taste/odor (flavor) learning and taste/odor (flavpreferences by analyzing brain
activation patterns and the development-related gbs?

The present review is an attempt to answer thesstigms by presenting an
updated state of the art of research on normal hyoatnatal and later development of
the gustatory and olfactory systems by means of HBA research method. The
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integration of gustatory and olfactory inputs isdamental to the generation of flavor
perception, so this analysis will specifically fecon the development of this integration
as well as on the development of the human gustatad olfactory systems. One way
of ascertaining the way in which human gustatory alfactory systems develop is by
reviewing the relevant information published in 1ast ten years regarding this topic
and in which data have been extracted by imagingsehsensory systems in
developmental populations through neuroimaging riegles. As the perypheral

gustatory system has been imaged by means of scpael@ctron microscopy (Hersch

& Granchow, 1980; Witt & Reutter, 1997), the extest data of the corresponding
images are here presented as well. Thus, we bagirpitesent review with a brief

description of the anatomical basis of the gusyatmand olfactory systems and its
integration. We continue with a short descriptidrihe main neuroimaging techniques
applied to both chemical systems and their integnatThen, we present a body of
published empirical data related to developing fepans’ brain activation patterns in

response to gustatory and olfactory stimuli, ingdiinglly and in combination, extracted
by means of neuroimaging techniques. This allowstaisdescribe the functional

organization of these systems and their integradiotie cortical level during postnatal
and later development that finally may allow usdffer possible answers to the
questions. Additional data extracted by means o&gimg techniques regarding

development of the peripheral gustatory systemhare integrated as well, in order to
stimulate readers’ reflexion, besides that of owthar’s, about the possible impact that
bottom-up interactions could exert on developmenthe gustatory system at the

cortical level.
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2. Human anatomy of the gustatory system

The anatomy of the gustatory system has been manigied in animals
(rodents, such as rats and hamsters and non-hunraat@s, principally monkeys).
Animal models, based on monkeys, are considerdg tthe nearest approximation to
humans (Pritchard & Norgren, 2004) and most of itifermation presented in this
review section derives from animal studies. Humiawliss will be clearly indicated in
the text.

The gustatory system consists of the peripherabgury system and the central

gustatory system (Spector & Travers, 2005).
2.1. The peripheral gustatory system

The main structures of the peripheral taste sysdemthe taste receptor cells
(TRCs) situated in the tongue, soft palate, laryharynx and the epiglottis (Breslin &
Huang, 2006). These receptor cells are chemosansitinature and are grouped within
the taste buds, which also contain basal cellsghaticells (Martin, 2000). Taste buds
expose the gustatory pore, to which receptor a@ilend their microvilli, in which
signal transduction takes place. Microvilli are tdy structures of the gustatory cells
exposed to the oral cavity (Meng et al. 2006). &dmtds also contain the neural fibers
of several cranial nerves (Breslin & Huang, 20Ge(figure 1). There are between 50
and 100 taste buds grouped within the gustapapyllae on the tongue (Breslin &
Spector, 2008). All taste buds are epithelial aure. Taste buds located outside the
tongue are embedded in the surrounding epitheliuthowt the emergence of the
papilla (Martin, 2000).

49



. MAPPING THE TASTE AND OLFACTORY SYSTEMS
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Figure 1. Anatomy of a taste béd.

Studies on human cadavers show that there are types of gustatorpapillae
on the tongue: fungi form, circumvallate and faigBreslin & Spector, 2008). Fungi
form papillae are found in the tip and anterior edges of thegwen whereas
circumvallate and foliatgapillae are found in the posterior part and latero-posteri

regions of the tongue (Pritchard & Norgren, 20@&8e(figure 2).

% This figure has been adapted from Hutchins (206t permission. | am very grateful for this
permission.
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Circumvallate

Figure 2. Human gustatopapillae.®

Interestingly, the density of human gustat@apillae of the fungi form type
may be determined by age and gender in humansedndehas been shown that women
have more fungi fornpapillae, and thus taste buds, than men (Bartoshuk, Duffy &
Miller, 1994. Similarly, male children possess gh@r number opapillae than adult
males (Segovia, Hutchinson, Laing & Jinks, 2002é® mammals have been found to
presentpapillae on the upper esophagus as well (Laugerette, @GhilRasilly-Degrace
& Besnard, 2007).

Taste stimulating molecules, usually derived froood particles, must be
dissolved in the saliva to be bound by receptolsc&thich are not neurons because
they lack an axon (Breslin & Huang, 2006). Tastedlig induces chemosensory
transduction, which can be defined as the intratalisignal generated by the binding

of taste stimuli by TRCs (Kinnamon, 1996). More @fpeally, the contact between a

% Reprinted from Current Biology, 18/4, Breslin, FSA& Spector, A.C. Mammalian taste perception,
Pages No. 145-158, Copyright (2008), with permis$iom Elsevier. | am very grateful for this
permission.
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tastant and a TRC induces TRC depolarization faldwy an increase in intracellular
calcium, in turn causing transmitter release amdefore the activation of the gustatory
nerve fibers (Damak & Margolskee, 2003; Kinnamo@88). Gustatory transduction
mechanisms are taste-specific (see Kinnamon, 2008ef/iew). While receptor cells
bind sweet, bitter and umami tastes through thed®em coupled receptors (GPCRS)
located on the surface of receptor cells (MatsundMontemayeur & Buck, 2000), salty
and sour tastes are mediated by ion channels gemsnreceptors (Beauchamp &
Mennella, 2009). Elucidating the way in which humgustatory transduction takes
place by means of non-invasive techniques is pteddny technical problems (Nagai et
al. 2002), which remain apparently unresolved up mow. These difficulties explain
why most of the published information regarding tgtmy-related transduction
mechanisms is based on animal models.

The electrical information resulting from transdaot enters the taste neural
fibers located within taste buds and is transmitiedhe corresponding cell bodies
(Breslin & Huang, 2006). The cell bodies of theseinal fibers are situated within the
sensory ganglia of three cranial nerves, namely/liid, 1Xth and Xth (Araujo, 2003;
Breslin& Huang, 2006). The intermedio-facial faan@rve (V1lth) innervates most taste
receptor cells of the fungi form and foligiapillae in the anterior region of the tongue,
while the nerve providing axonal innervation to thet of the foliate and circumvallate
papillae is the glossopharyngeal nerve (IXth) (PritchardN&rgren, 2004). The vagus
nerve (Xth) innervates taste buds from other regimithe mouth, such as the epiglottis
(Craven, 2007). With the exception of the interroefdicial nerve, these cranial nerves
also provide touch, pain and temperature innermatian addition to taste innervation,
to the oral cavity (Harlow & Barlow, 2007). The ¢m®ry information is then
transmitted afferentely from these cranial nergesdurons of the rostral nucleus of the
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dorsal medullar solitary tract (NST) (Longstaff,0%), thus favouring the beginning of
feeding behavior, and to the digestive tract, imycligestive secretions (Laugerette et

al. 2007).
2.2. The central gustatory system: the primary anéecondary taste cortices

Once the gustatory information has reached the NISIE, next directly and
afferentely sent to the thalamus, or more spediji¢a the parvicellular division of the
ventral posterior medial (VPMpc) nucleus of theldhaus in primates (Scott, 2005;
Small et al. 2007). In rats, but not primates, ¢hae further synapses between the NST
and the pontine parabrachial taste nuclei befordimaing ventrally to the amygdala
and the hypothalamus (Kringelbach, 2007; Rolls,&2atorre & Marilyn-Gotman,
2000). Subsequently, ascending transmission caginia the primary and secondary
taste cortex.

Animal and human studies carried out through néuwysiplogical and
neuroimaging techniques, respectively, have defthedanatomy of the primary taste
cortex as consisting of the dorsal region of thieor insula and the frontal operculum
(Rolls, 2007; Small et al. 1999; Smits, 2007). Hustatory information is transmitted
to these areas via the VMPpc, providing both sépaaad combined representations of
the quality of different tastes (sweet, salt, bjtsour and umami), the hedonic value of
taste stimuli, the temperature and texture of fabidhuli, and any other sensory
information of the mouth (Kringelbach, 2007; Rolkf06; Rolls, 2009). Cerf-Ducastel
et al. (2001) found a more specific involvementhad operculum in the discrimination
of somatosensory information, and of the insuladiscriminating pure tastes. The
anterior primary somatosensory cortex also recegussatory information from VMPpc
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(Kringelbach, 2007). Similarly, the amygdala ha®rbebserved to be involved in
human gustatory processing. It is thought that ¢kistral subcortical structure may be
involved in the perception of the satiety feelingang, 2007), the intensity of taste
concentration (Small et al. 2003), the pleasura tdste (O’'Doherty et al. 2002; Small
et al. 2003), aversion to a taste (Small et al.32(hd anticipatory chemosensation
(Small et al. 2008).

On the other hand, the secondary taste cortex stsrsi the orbitofrontal cortex
(OFC), which is a region of the prefrontal cort®&m(ts, 2007) that receives projections
from the nucleus of the thalamus and is involvedyustatory processing. The OFC
provides representations of the integration of fosldted visual, gustatory and
olfactory stimuli as neurons, which in primatesyvdabeen found to respond to
combinations of these stimuli (Rolls, 1997; Ro#804) and to unimodal stimuli (Rolls,
2009). This integrative function of the OFC has $edgeral authors to propose that it is
the anatomical location of flavor perception (Ro®909; Zatorre & Jones-Gotman,
2000). Studies in humans have shown that the OR{sinvolved in the processing of
the hedonic value of foods (Small et al. 2007; $mtaal. 2003) and that regions of the
dorsolateral prefrontal cortex are implicated imfan taste identification (Kringelbach,

De Araujo & Rolls, 2004).
3. Human anatomy of the olfactory system

The classical olfactory system is linked to autepreation and flavor
perception (Scherer & Quast, 2004; Stockhorst &trBvesky, 2004). Non-human
animal species are provided with an additional attfey system linked to sexual
reproduction, the vomeronasal system that consmstsily of the vomeronasal organ
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which is located at the base of the nasal septuth aimtains the receptor cells
responding to pheromones (Mdller, 2003). The vomasal system appears to be
nonfunctional in humans, however, as it has beesemied in fetuses as a vestigial
organ, which does not develop further and doesppear clearly in adults (Stockhorst
& Pietrowsky, 2004). The present review section ¥atus on the classical olfactory
system. The information presented below has be&maa®d from published reviews

and experimental work on humans.
3.1. The peripheral olfactory system

As in the case of the peripheral taste systemctalfg receptor cells (ORCs) are
the basic structures of the peripheral olfactorgteay. The surface of these receptor
cells is covered with olfactory receptors calletaiismembrane GPCRs. Each receptor
cell expresses a unique receptor, and each receptmgnizes a few odorants
(Beauchamp & Mennella, 2009). The number of humidactry receptors, and thus
encoding genes, has been estimated to be moreotharthousand (Beauchamp &
Mennella, 2009; Kandel et al. 2001). However, tWivels of these receptors are not
functional (Beauchamp & Mennella, 2009).

ORCs, along with supporting and basal cells, amated on the olfactory
neuroepithelium of the nasal mucosa of both nasal cavities (Kastal. 2001). While
supporting cells produce the nasal mucosa, badal eplace ORCs whenever these
cells degenerate (Jackson, 2002). Odorants rea&afetinoepthelium via nasal cavities
during passive or active inhalation (orthonasaaibn) or through the posterior region
of the nasopharynx due to food or drink intaker@retasal olfaction) (Negoias et al.
2008; Pierce & Halpern, 1996). This latter route piarticularly involved in the
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emergence of flavor (Jackson, 2002). Another efpithre—the respiratory epithelium-
has the function of filtering the air that is indteced through the nose, with the mucosa
protecting theneuroepithelium from this air (Price, 2004).

ORCs are pure first-order neurons and are bipolarature (Shipley, Mclean,
Zimmer & Ennis, 1996). They are the only neuronpamed directly to the external
environment of the body, which makes them more enalble than other kinds of
neurons They have been shown to degenerate easily (F2@®4). The periphery of
each of these neurons is constituted of the chemsddecilia, which are the olfactory
structures that are extended into the mucosa [@artin, 2000). Indeed, the cilia are
the anatomical parts in which olfactory receptaoeslacated, and therefore those where
odorant binding takes place (Shipley et al. 19@&jorants must be dissolved in the
mucosa to be bound by olfactory receptors (StodthwiPietrowsky, 2004).

Odorant binding is followed by olfactory transdoctj which elicits neuronal
action potentials (Stockhorst & Pietrowsky, 20(Bnding of an olfactory stimulus to
GPCRs induces an increase in cyclic nucleotides]ig to activation of CNG-gated
channels, and to an accumulation of cyclic ademosmonophosphate (CAMP). This
leads to activation of CAMP-gated channels, whithurn causes ORC depolarization
and excitatory activation of the olfactory nervea@iwayanagi, 2002).

The central part of such an olfactory neuron cags$§ an unmyelinizated axon
projected to the central nervous system (MartinQO30 Further, axons of olfactory
neurons are grouped in bundles called olfactdayand the collection of the olfactory
fila constitutes the olfactory nerve, olfactorydrar cranial nerve (Ith), that transmits

olfactory information to the central olfactory sgst (Simpson & Sweazey, 2006).
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3.2. The central olfactory system: the primary andsecondary olfactory cortices

The function of the central olfactory system iskéd to the discrimination of
different odors, generation of olfactory consciassmand the integration of information
from different sensory stimuli, which leads to tjeneration of flavor (Price, 2004). As
with the gustatory system, the olfactory is dividetb the primary and the secondary
olfactory cortices.

Olfactory fila of each nasal cavity transmit information ipsitatly to second
order neurons of the olfactory bulb, which are thpsilaterally projected via the
olfactory tract to the primary olfactory cortex. & primary olfactory cortex consists of
the anterior olfactory nucleus, the cortical nusled the amygdala, olfactory tubercle,
the prepiriform cortex, the periamygdaloid cortexi dateral entorhinal cortex, of which
each participates differently in the processinglédctory information (Jackson, 2002;
Martin, 2000; Simpson & Sweazey, 2006). In contrast gustatory afferent
transmission, olfactory information is transmittéal the primary olfactory cortex
directly, without synapses in the thalamus (Stoc&h& Pietrowsky, 2004).

The olfactory bulb has been proposed to be thd frsatomical location
responsible foodor discrimination because axons of a group ofgreiexpressing an
olfactory receptor converge onto one or two glorheniti the olfactory bulb (Price,
2004), which converge into mitral cells (Lefingwé&ll Associates, 2001) (see figure 3

and 4).
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Figure 3. Peripheral and part of the central otfacsystem (taken from Leffingwell & Associates 020
with permission).

Dlfactory Region (Regio a.gfacmrsaj
Figure 4. Sagittal plane of the anatomical locaiiraof the olfactory regiof.

The secondary olfactory cortex, for its part, petgeolfactory information to the
secondary olfactory cortex, which is mainly formieg the orbitofrontal and ventral
granular insular cortices, either directly or visetay in the dorsomedial nucleus of the
thalamus (Simpson & Sweazey, 2006). The OFC maynbelved in at least three
different functions, namely in the subjective pkesisess of the stimuli, in the
integration of smell and taste information to gatertaste-smell associations, and thus
flavor (see figure 5), and in the integration ofrsosensory information coming from

the oral and nasal cavities, such as temperatuté@ation (Kringelbach, 2007). Other

* Figures 3 and 4 are taken from Leffingwell & Asisoes (2001) with permission. | am very grateful fo
this permission.
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areas to which the primary olfactory cortex furtpeojects olfactory information may
be the hypothalamus, the medial thalamus, the unsclbasalis Meynert, the
hippocampus, the septal region, the subtantia immatan and the mesencephalic

reticular system (Stockhorst & Pietrowsky, 2004).
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Figure 5. Integrated perception of tastes- and odigmals, both of these converging in the OFC
and thus leading to the experience of flavour.

4. Neuroimaging techniques commonly applied to thehemical senses

The use of neuroimaging techniques in general dnthagnetic resonance in
particular, has become indispensable in obtainitysiplogical, anatomical and
functional information about the brain in the fieldf basic and applied research.

Advantages of these techniques are the high terhpoih spatial resolution, which

® Figure 5 has been adapted from Sensaslim (20@B)p&rmission. | am very grateful for this
permission.
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overcomes spatial limitations of the electrophysiodal techniques, their non-invasive
quality, which permits measurement of neural aftiwithout the necessity of placing
electrodes surgically in the brain, and the pobsilmf conducting these measurements
in vivo. Limitations, on the other hand, are the diffigult accessing them due to the
high costs and size of the necessary technologywilVeriefly describe the underlying

physics and physiology in the following section.
4.1. Functional magnetic resonance imaging (fMRI)

Functional magnetic resonance imaging (fMRI)orse of the most commonly
used neuroimaging techniques in the study of neesgdonse to chemical stimuli. The
MRI technique does not measure neural activityatlye but different aspects of the
emerged hemodynamic response following activatibmeurons, such as regional
cerebral blood flow (rCBF), blood volume and bloaxlygenation level (Gonzalez &
Romero, 2004; Kriegeskorte & Bandettini, 2006). @lcoxygenation level is the most
commonly parameter within an fMRI paradigm-basegegxnent. Neural activity
results in an increased blood oxygenation levebxgthemoglobin (OH), which results
in decreased deoxyhemoglobin (DOH), known as thedbxygenated level-dependent
effect (BOLD), and thus an increase in the magmesonance signal (Song, Huettel &
McCarthy, 2006). This signal is considered to beratirect reflex of neural activity.
fMRI makes use of the energy generated by the dledcdspin” or precession
movement of protons of living tissues. Protonsabike to rotate around their own axis
when they are found within a magnetic field, sushhat of an MRI scanner (Krasuski
et al. 1996). When the MRI scanner sends electraetagenergy (excitatory pulses) to
protons, they rotate in parallel to the magneeddfi thus absorbing this energy. This is
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known as the parallel magnetic moment. When théarcy pulse ends, protons rotate
or precess antiparallel to the magnetic field. Thithe antiparallel magnetic moment or
relaxation time (Alvarez et al. 2008; Krasuski etl®96). At this moment, protons emit
the absorbed energy and this emission is deteagd@nverted by the MRI machine as
the MRI signal (Matthews, 2001). The duration of tielaxation time depends on the
size of the tissue water molecules in which protareslocated (Krasuski et al. 1996).
The most important advantage provided by this teghlen is the possibility of

examining individual neural activity as well aseanindividual differences (Faurion,

Kobayakawa & Cerf-Ducastel, 2008).
4.2. Positron emission tomography (PET)

PET allows examination of the electromagnetic ramiiaresulting from the
intravenous administration of a radioactive tracethe subject’s organ, a brain region,
for example, which is under study (Tordesillas-€utz, Rodriguez-Sanchez &
Crespo-Facorro, 2008). Certain radioactive nucfeihe tracer emit a positron when
they decay, this decay resulting in the simultaseemission of a pair of photons that
move around in opposite directions (Correia, 199Rgse photons can then be detected
by special photon detectors. This allows the comiput of the concentration of
radioisotope regionally in an organ and may theeefoeld quantitative physiological
information that can be presented in image fornri(&a, 1992).

PET does neither measure neural activity direttlit, cCBF, oxygen extraction
fractions, total blood volume, glucose consumptrates and glucose metabolism in
certain areas of the brain in health and diseasga@®palan, Krishnani, Passei &
Macfall, 1995), depending on the used tracer. Tlostrmvidely applied tracer in the
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study of brain metabolism [$®F] Fluoro-2-deoxy-2-D-glucose [[ *°F] FDG] as indicator

of regional brain glucose consumption (Nationakitnte of Health, 2005). It is quite
used in the study of the taste and olfactory systerth young and older adults (Zald &
Pardo, 2000a; Wang et al. 2004), although not ashnas fMRI. Due to ist radioactive

nature, use of this technique is not suitable foideen (Goswami, 2004).
4.3. Functional near-infrared spectroscopy (fNIRS)

Another neuroimaging technique commonly used ia $study of chemical
senses is functional near-infrared spectroscopyRE) It has also been increasingly
used in the study of relevant issues of brain dagmaknt, such as the development of
cognitive functions (Minagawa-Kawai, Mori, HebbenD&ipoux, 2008). On the basis of
the same hemodynamic response as with fMRI, chaimgdse concentrations of OH
and DOH in response to stimulation are also dedettteugh fNIRS (Shibasaki, 2008).
Participants wear several probes made of optibal fon their heads, through which the
near-infrared light is emitted to the brain at nplét wavelengths, passing through the
cerebral cortex, skull and scalp, and being absbldyehemoglobin, depending on its
oxygen concentration level (Soul & Plesasis, 1999)is light emission leads to a
luminous signal that is detected by fNIRS detecidisnagawa-Kawai et al. 2008).
Advantages of this technique are the possibilitynesuring OH continuously because
radiation can be continuously emitted and the tfaat it does not require the head of the
subject to be securely fixed, which is particulaalypropriate for studies of children
(Shibasaki, 2008). In contrast to other techniqUBBRS allows subjects to taste
gustatory stimuli in an upright position, ratheathbeing required to adopt a supine
position (Okamoto et al. 2006). The use of fNIR®s$pecially suitable for measuring
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activations in lateral cortical surfaces (Okamotale 2009). The optical tomography
(OT) system is a version of the classical NIRS Wwhdoes not require the use of optic
fibers, allowing it to be moved to the locality thie subject. It covers the whole brain
through its more than 100 channels and allows tdn@ensional image reconstruction

of deep brain tissues (Atsumori et al. 2007; Gibstebden & Arridge, 2005).
4.4. Diffusion-tensor magnetic resonance imaging (D) technique

The diffusion-tensor magnetic resonance imagindl(Dtechnique allows
tracking of the fiber pathways (white matter traats vivo, with its basic physical
principle being the anisotropic water diffusion hwit neural tissues (Beaulieu, 2002).
Anisotropic water diffusion refers to the naturadtricted movement of water molecules
within neural tissues (Garcia Segura & Viafio Lopg&¥)8). This restriction emanates
from microscopic biological barriers, such as neat@®lements, for example axons, and
constitutes a DTI parameter of which the symboAés Fractional anisotropy (FA) is
the measure of anisotropic diffusion (Wozniak & Lin2006). During brain
development the myelinization process has beenraddeo increase progressively
with increasing age. In this process, the fat layfering axons represents a barrier and
favours anisotropy or the restriction of the movatef water molecules within
neurons along certain directions. Thus, a consexmgueh the myelinization process is
the generated directionality of axons, which mehas water diffusion occurs along the
direction of axonal fibers within the white mattieacts (Doron & Gazzaniga, 2008;
Hess & Mukherjee, 2007). Isotropic water diffusii®y), in turn, refers to the random
movement of those molecules with mean diffusiviyi)), alternatively symbolized
with (Dav), as its statistical parameter. D decreases wittreasing age through
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development due to either an age-related decreas@&ter content or an increase in
myelinization (Hippi & Dubois, 2006). In additioa the natural random movement of
water molecules, other factors, such as the blomdogirculation of capillary vessels,

may possibly affect their movement so that neurgim@ studies typically include that
possibility and use the term apparent diffusion coefficient (ADC) instead of D (Hess

& Mukherjee, 2007). The advantage of this technigu#hat it allows the generation
and interpretation of information about smallerustures than does the spatial

resolution of the image (Hess & Mukherjee, 2007).

4.5. Electrophysiological techniques: the electroeephalography (EEG) and

magnetoencephalography (MEG)

EEG allows the registration of the extracellulaatlical activity generated as a
consequence of activation of a group of neuron®ked potentials, EPs or event-
related potentials, ERPs) of which most of themmmamidal in nature in response to
external or internal stimulation by means of aesewof electrodes located in the scalp
and a special signal amplifier that captures paikdifferences between two electrodes
(Nowak, Escera-Mic6; Corral-Lépez & Barcelé-Galind®08). The resulted EPs are
measured based on the basis of its associatectikederthe time interval measured in
milliseconds after the stimulus presentation angldaudes, the time interval measured
in milliseconds from the stimulus presentation lutite point of maximal or minimum
expression within a certain latency (Nowak et 808&). EEG facilitates acquisition of
specific brain maps that correspond with the sp#tizalization of the source of the
electrical activity, that is, specific brain regsthat are activated in response to the
target stimulation by means of a biophysical modeald mathematic algorithms that
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solve the called inverse problem that constitubeslbcalization of the sources of the
generated electrical activity (Escera-Micé et 808).

MEG allows the registration of the intracellular gnatic fields resulted from
activation of pyramidal neurons by means of elet#sand a special signal amplifier
(Maestu-Unturbe, Maestu-Unturbe & Pozo-Guerrer®@30

In contrast to the non electrophysiological teches) EEG and MEG measure
neural activity in a direct way, as they capture threct extracellular and intracellular
currents associated with neural membrane condtictivhanges occurring when

neurons are stimulated (Otten & Rugg, 2005).
5. Imaging of chemical senses in developing popuikans

The aim of this section is telucidateage-related consistencies and changes in
brain activation patterns in response to gustaamy olfactory stimuli by presenting a
review of the findings from a relatively large port of the neuroimaging studies in
which such brain activations have been investigateddeveloping populations.
Specifically, data from newborns, children and adoénts are included, as these life
phases are considered to be those with the mostageuent-related changes (Shaw et
al. 2008). In addition, we will also review datarfr human young adults (adults
between 18 and 35 years old), since increases inh& been shown to last at least
until 30 years of age (see Lebel, et al. 2008 foevaew), which leads us to consider
young adulthood as a developmental life phase.hEurtore, the prefrontal cortex, a
brain region consistently shown to be involved ustgtory processing (Kringelbach,
De Araujo & Rolls, 2004; Okamoto & Dan, 2007; Ro904) has also been shown to
dramatically lose GM across the this age rangebaydnd (Sowell, et al. 1999; Sowell
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et al. 2001), thus indicating a long and slow depeient course, through which
development-related changes might also occur. thitiad, data derived from animal
research in the visual system (Sale et al. 200v¢ kbkearly shown that certain changes
that were considered that could only occur durimmyetbpment, such as cure of

amblyopia, may also occur during young adulthoadrats aged = 70 postnatal days-.

5.1. Reviewing imaging and neuroimaging studies omustatory function in

developing age ranges
5.1.1. The peripheral gustatory system

Development of human gustatopgpillae at prenatal age — from thé' 8o the
26" gestational week- has been carried out using stguatectron microscopy (Hersch

& Ganchrow, 1980). Results of this study are sunwedrin the table 1.

Table 1. Progressive development of gustapagyllae at embryologic stages. On the basis of the study
of Hersch & Ganchrow (1980).

Gestional Emergedpapillae

week gedpap

8-9 No signs opapillae in the anterior two-thirds of the tongue.
Initial signs of circumvallatgoapillae —rounded elevations- in the just anterior
region of the sulcus terminalis. An early tasteep present on the dorgal
surface of one such elevation.

10-13 Beginning of fungi forrpapillae on the anterior two-thirds of the tongue, tip and
lateral edges.
First signs of foliatgapillae at 10" week.

15-18 Fungi form and filifornpapillae are recognized.

23-26 Adult form of allpapillae at 23 weeks. Some fungi forms contain a definitive
pore.
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Information about the development of human gusyapapillae of embryos and
fetuses during the postovulatory weeks 6-15 has loeeived from scanning electron
microscopy (Witt &Reutter (1997). The main morplgtal changes of humapapillae

observed are summarized in the table 2.

Table 2. Development of gustatqegpillae during peri-fecundation stages. On the basis@fthdy of
Witt & Reutter (1997).

Postovulatory

Main events
week number

6-7 Flat epithelium already covers the surfacéneftongue.
The first circumvallate papilla —already with isntral pores- develops in
the dorsal midline.

Early fungi formpapillae appear in the midline and in the
anterior region of the tongue.

8-9 There are fungi formpapillae at the anterior part of the tongue.
Pores of circumvallate papillae contain microuifi what are presume
to be underlying taste bud cells.

o

10-11 Numerous fungi fornpapillae appear predominantly on the lateral
margins and the tip of the tongue.
Fungi form papillae often show slight depressions on their apjcal
epithelia, but no mature taste pores.
The diameter of thpapillae at this stage ranges from ~50 to 80 um.

12-13 The fungi fornpapillae continue to grow especially on the tip and the
margins of the tongue. Their pores occur only yaagld their shapes afe
still irregular.

14-5 Fungi formpapillae are rare in the middle part of the tongue, but

relatively numerous on the lateral margins and they considerably
larger in diameter than those of previous stages.
Furthermore, they have up to two taste pores.dE@nt, taste pores are
larger than in earlier stages.
Circumvallatepapillae have increased in size.
Filiform papillae have not yet developed.

Postnatal development of the peripheral gustatgstesn has been studied using
the videomicroscopy procedure (Segovia et al. 20B2)his study, the authors found
higher densities of fungi foripapillae and taste buds in children aged 8-9 years, than in

adults. The progressive growth of the tongue (watdtt length) with increasing age has
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also been measured, showing that the fungi fpapillae-rich anterior region of the
tongue reaches an adult size by 8-10 years, whelgoosterior region grows until 15-16

years of age (Temple et al. 2002).
5.1.2. The central gustatory system
5.1.2.1. Age-related brain activations in responge food images

Brain activations in response to visually presetrited stimuli (high calorie and
low calorie food images) have been examined by se@drfMRI in several studies.
Killgore & Yurgelun-Todd (2005) found an age-relhtdifferentiated brain activation
pattern in a sample of 9-15-years-old female subjeSpecifically, increases and
decreases in the BOLD signal, in response to haprie food images (i.e. ice cream),
were found to correlate with increasing age in s#vierain regions in this sample. In
addition, comparison with a young adult female danfpge range = 21-28-years- old)
yielded significant differences between the two gkas in relation to the intensity of
the neural activity, as young adults showed grestvation than adolescents in several

brain regions (see table 3).
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Table 3. Differentiated brain activations in resp®mo high calorie food images as a function ofiage
the child/adolescent sample and comparison witmgadults. On the basis of the study of Killgore &
Yurgelun-Todd (2005).

BOLD increases as a BOLD decreases as aYoung Adults’ greater
function of age in the function of age in the activations in comparison to
child/adolescent group child/adolescent group the child/adolescent group
OFC Bilateral anterior cingulatePrefrontal cortex

gyrus
Middle precuneus Bilateral thalamus Anterior cingulate gyrus
Right angular temporal gyri  Bilateral cerebellum Precuneus
Right middle temporal gyri Left superior frontalrgg Posterior cingulate gyrus

Changes in brain activations with increasing ageevadso found in the same
child/adolescent subject sample in response todalerie food images (vegetables).
Specifically, BOLD signal increases were found I tleft superior temporal gyrus,
right middle temporal gyri, right angular gyri, anbr cingulate gyrus and right
amygdala. BOLD decreases, in turn, were found énrigght supplementary motor area,
right superior parietal lobe and right cerebelluvioung adults also showed greater
activation in several brain structures including tleft inferior temporal gyrus, Left
inferior parietal lobe and left precentral gyrus.

Regardless of the calorie content of foods, agtwat were found in the left
inferior orbitofrontal gyrus, bilateral parahippogpal gyrus/hippocampus and bilateral
fusiform gyri in response to food images (vegetsibla Killgore & Yurgelun-Todd’s
(2005) sample. Activations in the left OFC, bilalensular and opercular cortex, with
more pronounced activity in the left side, werensgeresponse to vegetable images in
the subject sample of young adults (aged = 27.B&¥5rom the study of Porubska et

al. (2006).
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On the other hand, food-related utensils inducednareased activation with
increasing age in the child/adolescent subject &inpseveral regions, including the
left inferior frontal gyrus, left superior frontglyrus, left anterior, and middle cingulate
gyri, right thalamus, and bilateral medial frontglri, insula, and cerebellum. Age-
related decreases in the BOLD signal were founthen precuneus and cerebellum.
Young adults showed greater activation than adetdgsawithin the angular gyrus, right
thalamus, middle temporal and occipital gyri, ahd tight superior frontal gyrus. The
9-15-years-old subject sample, in turn, showed tgreactivity than young adults,
mainly within the right hippocampus.

Rothemund et al. (2007) however, found a significactivation in the right
inferior temporal gyrus in response to presentatibpictures of high calorie foods and
no significant activations with low calorie foodchires in a sample of young adult
women (29-years-old) were found. These resultsrashtvith those of the study from
Killgore & Yurgelun-Todd (2005), regarding youngniale subjects. Thus, brain

activations in response to food images in femalengoadults need to be clarified.

5.1.2.2.Brain activations in response to tasting gustatongtimuli irrespective of the

motivational state in young adults

Brain activations in response to water solutioasdred with basic tastes have
been studied in young adults using various neurginggtechniques. The major goal of
this research work has been to identify the topuga representation of taste
identification at the cortical level. The same paimntaste cortex-related brain regions
have been observed, using fMRI, to be activatedhiege different basic tastes. For
example, activations in response to water solutitav®red with glucose, monosodium
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glutamate (MSG) and inosine 5-monophosphate (IMBjewiound in the insula, the
opercular region, the OFC and a part of the rosin&trior cingulate cortex in a sample
of 20-year-old subjects. Furthermore, the additdiMP to MSG vyielded a BOLD
signal increase of the kind of a supralinear additffect in the OFC (De Araujo,
Kringelbach, Rolls & Hobden, 2003). This supralinedditivity may be the reflex of
the subjective enhancement of umami taste thatbbas previously described when
IMP is added to MSG (De Araujo et al. 2003a). Sghsatly, Schoenfeld et al. (2004)
also found that water solutions flavored with theefbasic tastes, including umami
(MSG) elicited activation in the insula and opeatulegion in a sample of 20-35-year-
old subjects. Activation in the insula, the frondglerculum and the rolandic operculum,
in response to a salted taste, has also been eldsensubjects aged 21-31 (Ogawa et
al. 2005). Furthermore, Kringelbach, Araujo & Rq@904) found bilateral activation in
the dorsolateral prefrontal cortex, the antericgula, the frontal operculum and the
caudal OFC in response to a salted and a sweevtesied solution in a sample of 20-
year-old participants. The amygdala, has also baleserved through PET to be
activated in response to a bitter and sweet solsitio 18-34-years-old subjects, in
addition to the right posterior OFC (Zald et al02]

There are fMRI data to suggest that sucrose, aralatind caloric sweetener,
activates different neural pathways than does éficaal and non caloric sweetener,
such as sucralose. Indeed, Frank et al. (2008)nadbehat, while sucrose as well as
sucralose induced activation of the primary tasa¢hways, sucrose elicited more
activation than sucralose in the anterior insulantal operculum, striatum and anterior
cingulate.

A study of evoked brain activity, by means of EE@ MEG, in response to a
salted water solution in subjects aged 25-30 yehes vyielded three gustatory

71



. MAPPING THE TASTE AND OLFACTORY SYSTEMS

components, namely: P1, N1 and P2 (Mizoguchi, 20B8jthermore, Anninos et al.
(2006) observed, using MEG, differentiated braitivation patterns in response to a
sweet taste and a salted taste in subjects of mg@a35 in that the sweet taste induced
low signal frequencies and the salted taste higiggal frequencies.

On the other hand, a natural sour liquid food shirsu-lemon juice-, as well as a
natural sweet liquid food stimulus —chocolate sohut have been confirmed to induce
activation of the orbitofrontal and insular corgde subjects aged 22-35 years (Smits et
al. 2007).

There are at least two studies examining brairvatbtins in response to water,
and therefore non pure taste but instead tastgjasttory stimuli, in developing
populations through fMRI. In the first (Zald & Par,d2000b), bilateral activations in the
insula, the frontal operculum, the rolandic opeanauland the cerebellum were found in
18-38-years-old subjects, in response to deionidestilled water. The second
(Veldhuizen, Bender, Constable & Small, 2007) fowddivations in the insula and
operculum in 26.2 = 3.0-years-old subjects. Activad in the OFC were not found in
either study. Both of these studies have demosestrétat the brain areas usually
activated in response to taste stimuli, such asndda and the operculum, are robustly

involved in taste detection.

5.1.2.3. Brain activations involved in the hedonicvalue of gustatory stimuli
irrespective of the motivational state in developig populations: is there any brain

asymmetry?

The hedonic value of a food or tastant refers éostlhbjects’ subjective sensation
of pleasantness or aversion for that food or tasBuain representations of this kind of
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subjective sensation have also been examined iel@@ag populations in several
studies, by requesting participants explicitly tder that subjective pleasantness, or
aversion-related sensation, once they have tabeedastant. In some studies, brains
have been scanned prior, during and after thefaetstng while in others, only during
this act, depending on the experimental designinBeativations have then been
statistically contrasted with subjects’ pleasangn@spleasantness ratings.

A body of evidence supports the claim that taskated affective information
processing in developing populations is brain HEieed, in that “good” tastes (i.e.
sweet) are processed in the left brain hemisphedetlae “bad” tastes (sourness and
bitterness) are processed in the right brain hdmeisp thus coinciding with Gray’'s
theory of brain lateralized emotional processingyichh proposes that positive and
negative affects are processed in the left andt diggmisphere, respectively (Gray,
1987). For example, higher left than right hemisphactivity has been registered by
means of EEG in human newborns of 2-3 days of @ben they were administrated a
sweetened solution with sucrose —a positive stiswlcompared to distilled water —a
neutral stimulus- and to a citric acid solutionregative stimulus- (Fox y Davidson,
1986). Likewise, Small et al. (2003) found an eaation in the right caudolateral OFC,
which was specifically involved in the bitter oreasive taste processing, whereas a left
dorsal anterior insular and left operculum was #padly involved in the sweet or good
taste processing in subjects of mean age = 31.adtltion, they found dissociated
neural representation for intensity and hedoniormftion of taste. Specifically, the
anterior insula, frontal operculum, and OFC resgohtb the hedonic value of tastes.
Brain regions specifically activated in taste isiéyn have been found to be the
cerebellum, pons, middle insula and amygdala. Hewen 7-day-old newborns, higher
right than left frontal activity was registered loyeans of EEG, when they were
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presented a water solution followed by a heelstrokkeereas those newborns, who were
presented sucrose before the same negative ewdnit show any EEG change from

baseline to the post-heelstroke phase (Fernandass,B-ield, Diego, et al. 2003).

5.1.2.4. Brain activations in response to gustatory stimuli,as a function of

motivational state

The subjective sensation of pleasantness in resgongustatory stimuli appears
to be modulated by whether the subjects are inngryuor satiated motivational state.
Specifically, the pleasantness sensation of thée ta$ a food is enhanced if an
individual is hungry, with this effect being moreopounced in women than in men
(Stoeckel, Cox, Cook & Weller, 2007). On the contraas long as the individual
becomes satiated during consumption of the sang ftetaste may become gradually
neutral (Rolls, 2005) or even unpleasant (for edansge Small et al. 2001). Reward
value of a food is a term commonly used for dediggathe resultant quality of the
hedonic value of a food, either attractive or aversas a consequence of being hungry
or satiated. These subjective changes in the hedatie of foods, which take place as
a function of the motivational state, correlatehnghanges in brain activation patterns in

gustatory areas (Rolls, 2007).
5.1.2.4.1. Under hungry conditions

There is consistent evidence showing that humanaheativity, as reflected in
the BOLD signal, in response to gustatory stimulder hungry conditions tends to be
higher than that in response to the same stimuleuthe satiety-related condition. For
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example, Porubska et al. (2006) found activatiamaases in the left operculum, right
putamen and bilateral insula in fasted 27.17+588&Rpld participants in response to
food images. Furthermore, a gender effect was fdynther et al. (2006) when they
examined motivational modulation of young adul@gé range = 18-45 years) brain
activation patterns in response to food-relatedgesai.e. hamburger, chocolate cake)
as well as to the act of tasting food stimuli (ckocolate milk and chicken broth) under
fasting, and thus hungry conditions. Women who faated showed a greater activation
in the bilateral fusiform gyrus and the left anterinsula in response to visual and
gustatory food-related stimuli than men who hadefds A subsequent ERPs study
(Stockburger et al. 2009) found a negative poteatiaccipito-temporal and a positive
potential at centro-frontal sensor locations fromuryg females (mean age = 23.3) in the
time window 300-360 ms, in response to food imagasder deprivation conditions. In
addition, in a later time window (450-460 ms), theprivation-related condition elicited
greater amplitudes of the positive potential atrefrontal sensor locations. Finally, a
fMRI study conducted in 19-22-years-old subjectadst, Cerf-Ducastel & Murphy,
2009) showed greater activation in the insulaaifmals and substantia nigra in response
to different aqueous taste solutions (sucrosegradf saccharin and citric acid) under
deprivation conditions. However, a recent studySigp et al. (2009) did not find any
motivational modulation in brain activity in resgato either high calorie (i.e. pizza) or
low calorie (vegetables) food images by means oRINh a female sample aged
19.03+0.9. In this study, the left amygadala asl welthe medial OFC were equally

activated under both conditions (hungry vs. saliety
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5.1.2.4.2. Under satiety conditions

Unlike the hungry motivation state, human neuralivdg in response to
gustatory stimuli under satiety conditions tendbath increase and decrease in various
parts of the brain. Evidence supporting this maibreal modulation in taste processing
is found in the study from Small et al. (2001)which rCBF changed as 18-45-years-
old subjects rated the taste of chocolate at esghsecutive times. This procedure is
assumed to vyield participants’ satiation with cHate The rCBF changes refer
basically to increases in the caudolateral OFC litateral decreases in the insula.
Subsequently, Smeets et al. (2006) observed a gesftect on brain activations
occurred by satiation with chocolate in subjectsnefan age = 20.5+1.4 years in which
men showed increased activity more in the left thght hemisphere. Specific areas in
which this increased activity was found were thi¢ Wentral striatum, left precentral
gyrus, DLPC, left putamen, anterior insula, OFC amderior cingulate. Men also
showed decreased activity in several brain regioduding the inferior and superior
parietal lobes and medial PFC. Women, in turn, sltbgreater activity in the right than
left hemisphere, as increases were found in thetepdl but more pronounced right
precentral gyrus, right superior temporal gyruscieased activity in the hypothalamus
and amygdala was observed in women.

In another study (Wagner et al. 2006) 28.6+6.75s/eéd women showed
different brain activation patterns in responseejpeated administrations of water and
sucrose solutions, a procedure assumed to leaatitdien, as a function of how it was
administered. Within the pseudorandom setting, cedos in the activations were
found in the bilateral amygdala, hippocampus, iasahd caudal anterior cingulate
cortex, while no reduction was found in responsesdorose. Within the sequential
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blocks, repeated exposure to both stimuli yieldedrelased activations in those target
regions. Haase et al. (2009) found decreased #otivan the parahippocampus,
amygdala and anterior cingulate under satiety d¢mmdi in response to different
agueous taste solutions (sucrose, caffeine, sanduad citric acid) in a 19-22 years old

subject sample.

5.1.2.5. Cognitive modulation-related effects on meal activity in response to

gustatory stimuli in developing populations

Different cognitive aspects, such as attention $otaste expectation, and even
language have been observed to elicit changesindhral responsiveness to gustatory
stimuli in young adults. For example Grabenhordkdlls (2008) have shown that brain
activation patterns in young subjects —aged 21&&sy differ as a function of the task
to which subjects had to pay attention. The me@BC and the pregenual cingulate
cortex were activated when participants were imsta to rate the intensity of a taste
sitmulus —an aqueous solution flavored with 0.1 Mnesodium glutamate-, while the
insula and mid-insula were activated when the sgasicipants had to rate the
pleasantness of the same stimulus.

The expectation of receiving a gustatory stimuldgite different brain
activations from those activated by its receiptieed, O’'Doherty et al. (2002) found
that subjects aged 18-35 years showed activatiothén dopaminergic midbrain,
posterior dorsal amygdala, striatum and OFC whey ttould see a visual cue that
indicated the presentation of a sweet solution (flivtose), while only the OFC was
activated during the direct taste receipt. Simyladnly the OFC was activated when
participants received an unpredicted taste stimufusontrast to the activation of the
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insula and the operculum in response to trying dtect the presence of a taste in a
tasteless solution, in a study of subjects aged 2@.0 years (Veldhuizen et al. 2007).

The influence of linguistic processing on brain resentations of taste
pleasantness has been also examined using fMRbéBharst, Rolls & Bilderbeck,
2008).In this studya flavor stimulus (a MSG taste solution with adeedetable odor)
was paired with different word descriptors that eveither positive, such as “rich and
delicious flavor”, or neutral, such as “boiled vej#de water”. Participants (young
adults aged 21-35 years) were asked to first legleasantness and then the intensity
of these stimuli, once they saw the word descrjpsdrile brain scans were conducted.
Positive correlations were found between the raikdsure of the stimuli and the
affective quality of the word descriptors with whistimuli were paired. Furthermore,
activations in the OFC but not in the insular corteere found to be correlated with
pleasantness ratings and cognitively modulatedheyword descriptor. This region
exhibited more activation to the positive word dgsgor than to the neutral word
descriptor, while activations in the insular tastetex, but not in the OFC, were found
in response to the intensity ratings.

Finally, taste imagination, a pure cognitive adjivhas been also studied using
fMRI, although possible cognitive modulation-rethteffects derived from this activity
on brain representation of taste are yet to beletudror example, Levy et al. (1999)
observed, for the first time, that activation iretRPFC, cingulate, insula and OFC
occurred when participants, aged 22-35, were agkathagine the tastes of salt and
sweet, which indicates human brain representaticdaste imaging. In the case of the
insular cortex, its right side was more activateant the left (Levy et al. 1999). Later,
with more sophisticated gustatory imagery paradjgfadayashi et al. (2004) observed
more left than right activation in the insular extthe putamen, the orbitofrontal gyrus
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and the frontal gyri when participants aged 21-8arg imagined sweet, salty, bitter and
sour tastes. Research on food craving, or inteeseedto eat a specific food that is
difficult to resist (Martin et al. 2008), which r@ges participants to imagine their
favourite foods, resulted in activation in the foppmpus, the insula and the caudate

(Pelchat et al. 2004).
5.2. Reviewing neuroimaging studies on olfactory syem in developing populations

5.2.1. The orthonasal vs. retro nasal input entryelated specificity of olfactory

representations

As we mentioned in the introduction, the sense melsis involved in the
perception of two kinds of olfactory stimuli, namdhose derived from the external
world via orthonasal stimulation and those derifretn the oral cavity via retro nasal
stimulation (Auvray & Spence, 2008; Rozin, 1982). @mmon phenomenon
concerning this retro nasal olfactory stimulatierthat people usually confuse taste and
odor during retro nasal smelling, and think thesteéawhen they really smell (Rozin,
1982). It has been suggested that this perceplusibn may be due to the activation of
the insula cortex that takes place as a consequanepeated pairing of odors and
tastes (Small, 2008). Neuroimaging studies haweodstrated that this dual sensory
system also finds a dual cortical representatiottepa of neural responsiveness in
humans, which allows the inference that the inpityeof olfactory stimuli determines
olfactory perception. Indeed, Cerf-Ducastel & Mupl2001) found activation in the
right piriform cortex, right parahippocampal gyrusight amygdala and left
hippocampus as well as bilateral activation in itheula, the temporal operculum and
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the rolandic operculum in response to retro nasasgntation of two odorants -amyl
acetate and ethyl butyrate-, in comparison to @imooasally presented stimulus —amyl
acetate- in 23-35 year old subjects.

On the other hand, it has been shown that the iepuy-related specific neural
response to olfactory stimuli may be modulated Ietlver an odor represents a food.
For example, Small, Gerber, Mak & Hummel (2005) niduactivation in the
insula/operculum, thalamus, amygdala, hippocampdscaudolateral OFC only in the
retro nasal presentation of a chocolate odor, a®sgd to its orthonasal presentation,
which caused activation in the medial OFC and datgd cortex. When compared with
odors which did not represent a food, such as @eerbutanol and farnesol, the input
entry-dependent neural response found for chocalate not found. Subsequently,
Bender, Small, Hummel & Negoias (2009) found tleterated presentation of a known
odor in 19-29 year old subjects, via a differeniteofrom the route through which that
same odor was previously presented, induces aeaserin the salivary response in
contrast to the usual decrease found with repeptedentation of the same odors.

Furthermore, they found that this effect is spedii food odors.
5.2.2. Brain lateralized processing of the hedonialue of olfactory stimuli

There is evidence for the existence of corticariization of neural activity in
response to olfactory stimuli in newborns. The cimn of this lateralization, as in the
case of taste processing, appears to depend oaffinetive quality of the stimuli
(pleasant or unpleasant) coinciding likewise withayzs theory of brain lateralized
emotional processing (Gray, 1987). Bartocci e(2001) found cortical lateralization in
processing an unpleasant olfactory stimulus (anflistant) in preterm neonates
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(gestational age = 30-37 days and mean postna&l=afj2.5 days) through NIRS.
Specifically, the majority of babies showed a geeatght than left brain hemisphere
decrease in oxygenated haemoglobin (Hf) &nd total haemoglobin (Hb tot) in the
anterior OFC after the stimuli presentation. Presig, Bartocci et al. (2000) observed,
with NIRS, a greater increase in Hke @ the left side of the same brain area in
newborns in response to pleasant odors (colostihermother’s milk odor and vanilla).
The exposure to colostrum also gave an inverseletion between the magnitude of
activation and participants’ postnatal age.

An fMRI-based study by Henkin & Levy (2001) foutttht young adults (aged
22-44 years) show greater left than right hemisplaativation in response to pleasant
odorants, namely amyl acetate and menthone, ahthibdrain lateralization was more
pronounced in women than men. In contrast, menbéelli a greater right than left
hemisphere activation in response to an unpleastorant (pyridine).

On the other hand, Sanders et al. (2002) compaEgsl &ctivation asymmetry
shifting from baseline to stimuli exposure betwgenng adults (mean age = 30.95) and
full-term neonates (mean age = 19.9 days), usvenider and rosemary oils as pleasant
olfactory stimuli. Most of adults showed a latezell activation shift from baseline to
odor exposure, in that they showed greater reldéftethan right frontal activation in
the odor exposure-related condition. Full-term ra¢es however, showed no significant
shift in asymmetry from baseline to aroma exposilmg, when data from these
newborns were grouped according to the brain sfdgctivation at baseline (right or
left), infants showed the same shift pattern asathdt group.

This brain asymmetry has also been observed taodsept in response to smell
imagination in young adults (aged = 22-44 years) Hgnkin & Levy (2001).
Concretely, higher left than right hemisphere brativation was found in response to
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the act of imaging pleasant odorants (banana amgpepmint), with this brain

lateralization being higher in women than men.
5.2.3. Cognitively-modulated brain activations in esponse to olfactory stimulation

De Araujo, Rolls, Velazco, Margot & Hobden (200%nducted a study to
examine the role of linguistic information in thealm representation of the hedonic
value of odors presented orthonasally in 20-35se#d participants using fMRI. They
found that the rostral anterior cingulate/medialCOkas more strongly activated when
a given odor (isovaleric acid + cheddar cheeseoflfawas associated with the word
descriptor “cheddar cheese” than when the target wds associated with the word
descriptor “body odor”. Participants also evaluatesltarget odor as significantly more
unpleasant when that odor was paired with the geecr‘body odor” than when it was
paired with the descriptor “cheddar cheese”.

Olfactory memory has also been studied in youndtadising fMRI, although
its possible modulation in the brain representatbmlfaction is yet to be examined.
Indeed, Cerf-Ducastel & Murphy (2006) scanned 26/2ars-old subjects while they
were solving a cross-model olfactory recognitiommey task three times. Subjects had
to decide if certain words corresponded to namesdofs previously presented or to
odors not previously presented. Brain areas in lwiaictivation during this task was
found were the hippocampus, amygdala, OFC, theutatg cortex, superior temporal
gyrus, cerebellum and parietal lobe. Furthermorgnificant greater right than left
hemisphere brain activations were found. Howevais tactivation progressively
decreased between runs 1 and 3, and was attritytethe authors to a greater
familiarity with the words with repeated exposure.
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5.2.4. ERPs-related studies on neural activity inesponse to olfactory stimulation

Age-related changes on ERPs in response to diffedorants have been found
although results regarding the direction of thosanges (increases vs. decreases) are
conflicting. For example, in the study by Hummehb&t(2007), event-related potentials
(ERPs) were recorded and the components P1, N1 and &¢zaal, while two groups of
children (aged 3-5 and 6-10 years) were exposezhtanpleasant odorant (hydrogen
sulfide, BS). A P2 latency increase between both age rangedaund. Hummel et al.
(1998) measured amplitudes and latencies of Prd1P2 in response to two odorants
(ethyl-vanillin and HS) and to a trigeminal stimulant (carbon dioxid&2Cin three
different age-related subject samples (15-34; 3%bd 55-74). The between-group
comparison revealed age-related changes. In gentelyounger the subjects, the
largest responses to the three stimulants wereupead For the N1P2 component,
amplitudes corresponding to the three stimulantsedesed significantly with age, with
COz producing the largest response, while responsesndlin and BS showed the
same magnitude. N1 amplitude also showed a meaeatecwith age, but this was not
statistically significant. P2 amplitude exhibitathdar changes as N1P2 for stimuli. N1-
related latencies increased with age and @@duced the shortest responses. The paper
provides no details about N1P2 and P2 latenciesveder, decreased amplitudes of
N/P components in response to olfactory stimulatath increasing age has been also
found in several studies, in which brain behavidraging participants has been
compared to that of young adults (Murphy et al.4t9Bhesen & Murphy, 2001). This

decreased brain activity in older subjects has &ksen observed through fMRI in
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several olfaction-related regions, such as amygdalC, insula (Cerf-Ducastel &
Murphy, 2003) and cerebellum (Ferdon & Murphy, 2003

Gender-related differences in odor perception lase been examined in young
adults using ERPs. Specifically, Oloffson & Nord#004) observed that amplitudes of
P1, N1 and P2/P3 were greater, and the corresppmatiencies shorter, in women of
mean age = 27.2 than in men of mean age = 25.6eder, amplitudes were greater
and latencies were shorter with increases in tihheaaration of the odorant (pyridine).

Stimulus duration has been reported to impact ésalted ERPs in response to
olfactory stimulation (phenyl-ethyl-alcohol and$j in young adults (age range = 20-30
years), in that the longer the stimulus duratidre targer the amplitude of NIP2
(Frasnelli, Wohlgemuth & Hummel, 2006).

Finally, it has been reported that the resulted £RPresponse to an odorant
(Mint tea) in adults in their early twenties depema how early they begun to have
experience with this target odor, in that “Alger@arench” subjects, who had been
familiarized earlier with that odor than the “Eueam-French” subjects, showed a
longer P2 latency in ERPs in response to exposutieet Mint tea than this last subject

group (Poncelet, Rinck, Bourgeat, Schaal, RoubypsBg & Hummel, 2010).
5.3. Neuroimaging of flavor representation in the dveloping human brain

The integrategrocessing of taste along with olfactory stimulhgeates flavor
sensation (Rolls, 2005). This integration startthaprocesses of food and drink intake.
The action of chewing food and swallowing drinkeaedes tastants and odorants within
the oral cavity. These are mixed with saliva ahd bdorants spread through the
environment of the oral cavity and are perceivadoreasally (Negoias et al. 2008).
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Taste and smell interact producing several effentduding the intensity enhancement
of odors produced by tastes amceversa, especially if the combination of both kinds of
stimuli is congruent due to its repeated pairing. (iemon odorant + citric taste of the
lemon fruit) (Lawrence et al. 2009; Noble, 1996;dlnet al. 2004) and the odor-taste
synaesthesia phenomenon, which refers to subjatifity to describe odors using
taste-related qualities (i.e. sweet odors) (Stemerss Boakes, 2004). This taste-smell
relationship has its own specific neural repredemtgSee Verhagen & Engelen, 2006
for a review) so we will next describe reporteditractivation patterns related to
combined taste and olfactory processing, and tbhexdfavor processing in developing
populations.

An interesting study on flavor processing conddawith PET in 22-41 year old
participants (Small et al. 1997) showed significe®BF decreases in bilateral anterior
insula, frontal operculum and in the right caudedat OFC in response to simultaneous
presentation of congruent combinations of odoramtd tastes, such as bitter with
coffee, and sweet with strawberry in comparisoth®independent presentation of the
same stimuli. De Araujo, Rolls, Kringelbach, McGdoi& Phillips (2003) observed,
using fMRI in 20-year old participants, a greatetivation in the left anterior OFC in
response to the taste/smell combination of sucnegl strawberry than when
activations in response to the independent presemtaf each of these stimuli were
summed. Significantly greater ratings of pleasasgnm response to the combined
sensory test than the sum of ratings of pleasastiregesponse to the unimodal
presentation of stimuli were found as well. The sauper additive effect was found,
with fMRI, by Small et al. (2004) in women of meage = 26 years in response to a
congruent taste-odor pair of vanilla with sweet,ewlcompared with the sum of its
parts, that is, exposure to vanilla and sweet séglgror to a non-congruent taste/odor
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pair, namely vanilla with salty. Taking these dataa whole, it can be concluded that
flavor processing is not a product of the mere eogence of tastes and odorants.
Furthermore, the work of Small et al. (2004) hasdestrated the high-experience-

dependence of neural response to flavor perception.
6. Conclusions and future research

The principal aim of this review was to identifyetlevidence for the way in
which developmental plastic changes, such as nmatedim and synaptic pruning, within
the taste and olfactory systems have been reflettedignals obtained through
neuroimaging techniques, with special emphasis damtifying sensitive periods of
gustatory and olfactory postnatal and later develamt. We addressed this aim by
reviewing the literature concerned with functiomaaging signals obtained by means of
neuroimaging techniques, such as fMRI, PET, etod dollowing developing
populations’, namely newborns’, infants’, childrenadolescents’ and young adults’,
exposure to gustatory and olfactory stimulation. some studies, only gustatory
stimulation was applied, in some others only ofagstimulation was applied, while in
the remainder, combinations of both kinds of statioh were applied. The review was
also intended to elucidate possible developmeatedl changes in brain-related
functional imaging signals responding to stimulatiand its link to identification of
development-related sensitive periods of flavorfodearning and food/odorant
preferences.

The review has identified three obstacles that hzaw#ially limited achieving
the objectives. The first is that information retjag brain activation patterns in
response to the target stimuli in newborns, infacisidren and adolescents is scarce.
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This finding is in contrast to the number of sted® both the visual and auditory
systems in early stages of development —a few ptatnveeks- (Bortfeld, Wruch &
Boas, 2007; Dehaene-Lambertz et al. 2006; KoniGeintaro, Yamada & Hirasawa,
2002; Morita et al. 2000), as well as in childhd&dirgund et al. 2006; Mosconi et al.
2005) and even in adolescence in the case of théoay system (Chou et al. 2006). In
the case of young adults, the state of the artuise (different. Indeed, the major
proportion of empirical data obtained through neéueming techniques related to the
target sensory systems, which have been foundjim &f the present review, concerns
young adulthood. Thus, further research on deveéopah brain mapping of the taste
and olfactory systems in the youngest age groupsgigired to obtain data on gustatory
and olfactory-related neural activity and the chengssociated with development.

The second limitation refers more specifically he imethodological designs of
the available studies in which neural activity sponse to gustatory and olfactory
stimuli, either combined or not, has been examinegoung adults. Practically all of
them are cross-sectional between-subject studieshwhakes it difficult to observe
subtle brain changes, either structural or funetiprelated to development. Observation
of such changes could provide a more accuraterpictustructural and functional brain
development, which suggests the value of longitldithin-subject study designs to
allow extraction of those subtle brain changesK&taore & Choudhury, 2006; Durston
et al. 2006). Two studies illustrate this. Sowelale (2004) found a GM thinning in the
right dorsolateral frontal, bilateral occipitopdakand anterior and posterior inferior
temporal cortices with increasing age between itisé dnd the second time 5-11 years-
old subjects were scanned (the first scanning @esepk place at the mean age of 6,7
years and the second one at the mean age of %tddwet al. (2006) found that activity
in many regions, including the DLPC, decreased betwthe first and the second scans
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of children who were carrying out a target detectask (the first scanning session took
place at the age of 9 and the second at the atjg)oThese changes were not observed
using cross-sectional between subject studies \@hgrar-old children were compared
with 12-year-old children (Durston et al. 2006).ush further developmental research
based on longitudinal designs is needed to corngilbo elucidation of subtle brain
changes.

The third limitation is the necessity of understagdthe relationship between
the effects of development-related neuronal eventgeneral, and those of neuronal
events that regulate the action of sensitive periotidevelopment such as synaptic
pruning, in particular, and imaging signals. Weoateed to know how to differentiate
these effects from effects of learning-related oral events, which are effects related
to learning that typically occurs in the naturallgldife of mature individuals without
any ad hoc training in gustatory or olfactory skills. Inde@wldrack (2000) stated that
the biophysical impact of plastic neural changesoeated with learning and
development on functional imaging signals was gddd identified. Nine years later this
issue has not yet been resolved although some ggodras been gained, as several
authors have suggested possible relationships bata@me of the mentioned neuronal
events and some imaging signals. For example, Metitl. (2000) attribute the typical
signal change —from BOLD increase to BOLD decre#is&-has been observed to take
place at approximately 8 postnatal weeks in thepdet cortex in response to photic
stimulation (Konishi et al. 2002; Morita et al. ZD0Muramoto et al. 2002) to rapid
synaptogenesis. A prominent indication regardirggubkefulness of taking into account
brain-related functional imaging signals in resporne olfactory stimulation and in
identifying sensitive periods of odor learning hasen also obtained, at least by
Poncelet et al. (2010), as they found a differéatigpattern of ERPs in response to an
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odor (Mint tea) as a function of how early partaps have had experience with this
odor in their lives, Specifically, young adults ah “Algerian-French-culture” origin,
who have had early experience with the target athowed longer P2 latencies than
“European-French” individuals, who have not hadhsaa early experience with the
target odor. The questions then to be answeredturd research would be: is there a
specific sensitive period within early life, durirghich exposure to Mint tea would
induce such a brain activation pattern in youngltadod? For providing an answer to
this question, it would be necessary to vary thmeng of the exposure to the target odor
and to compare the resulted P2 latencies in youddtreood. Furthermore, would the
resulted pattern of the P2 latencies in responsMlitd tea in young adulthood be
permanent throughout life span? For providing aswem to this question, it would be
necessary to compare the resulted pattern of thiatBAcies in response to the same
target odor later, during middle adulthood, for repée. Then, existence of a sensitive
period of learning about Mint odor could be confan

Despite these limitations, this review has revealet@resting insights into
gustatory and olfactory function in developing plapions. Conclusions that can be
drawn from this review are primarily related to pguadulthood because the majority of
empirical data extracted through neuroimaging teghes regarding the target sensory
systems are from this developing group. For exanwpéehave found that young adults,
specifically aged around 18-34 years, are the dalyeloping population in which brain
activations in response to the act of tasting gostastimuli has been studied ad hoc.
Therefore every conclusion about this issue mayj@ied only to that population.
When the act of tasting gustatory stimuli is exaedimegardless of the emotional state
(hunger vs. satiety), a robust overlapping brapresentation of the well known basic
five tastes has been found. Furthermore, brairvaon patterns in response to these
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five basic tastes increase equally. Specificalhe insula and operculum region are
always activated whenever young adults taste astatury stimulus, independently of
the taste quality (De Araujo et al. 2003a; Kringelh et al. 2004; Ogawa et al. 2005;
Schoenfeld et al. 2004) and including water, whieha tasteless gustatory stimulus
(Veldhuizen et al. 2007; Zald & Pardo, 2000b). Rariore, the OFC has been shown
to respond robustly to MSG, salty, sour and swastes (De Araujo et al. 2003a;
Kringelbach et al. 2004; Smits et al. 2007), but twowater (Veldhuizen et al. 2007;
Zald & Pardo, 2000b), while the amygdala has béwnve to be activated in response
to the bitter and sweet tastes (Zald et al. 20BRjally, DLPC has been shown to be
activated in response to tasting the salty and svestes (Kringelbach et al. 2004).
However, when motivational state is taken into actpdifferentiated brain activation
patterns are observed in response to gustatorylsiimyoung adults. Brain activation
increases have been observed in several regiothe déste system, such as the insula
and operculum in response to gustatory stimuli wunftedd-related deprivation
conditions (Haase et al. 2009; Porubska et al. g0agbd-related satiety conditions, in
contrast, lead to both brain activation increased decreases in taste-related brain
regions (Small et al. 2001; Smeets et al. 2006;Wagt al. 2006).

Brain activations in response to the hedonic valuods have been observed
in newborns (Fox & Davidson, 1986) and young ad(imall et al. 2003), and appear
to indicate that there is a brain asymmetry witiphler left than right hemisphere brain
activation in response to pleasant tastes, sutiheasweet taste and the contrary pattern
for bad tastes such as sourness. This is not singrigiven the evidence that this brain
asymmetry pattern is associated with approache@lpbsitive and withdrawal-related
emotions, respectively (Coan & Allen, 2004; Daviads@998; Davidson, 2000; Gray,
1987), and that taste stimuli can produce both Emet(Ganchrow et al. 1983; Rolls,
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2005; Rosenstein & Oster, 1988; Steiner, 1979)s Bhain asymmetry is also present in
emotional processing in mature subjects with pasiemotions having been associated
with higher left than right frontal brain activignd the contrary pattern for negative
emotions (Davidson, 2000; Rohlfs & Martin-Ramir2@0e6).

Another interesting insight refers to the cognitmedulation of neural activity
in response to taste stimuli in young adults. Theecific cognitive modulations have
been found in the literature. Firstly, activatioh dfferent brain regions of the taste
system may depend on the taste-related task tohwgubjects have to pay attention.
While the medial OFC and the pregenual cingulatéegoare activated by rating taste
intensity of gustatory stimuli, the insula and nmdula are activated by rating
pleasantness (Grabenhorst & Rolls, 2008). Secoraltyivation of different brain
regions of the taste system may depend on wheticipants are given a cue that
leads them to expect that they will receive a tastetion or they receive the actual
taste. Specifically, expectation of receiving atgtmy stimulus is characterised by
greater cortical activation than its reception.rdily, the strength of the activation in the
OFC in response to rating the pleasure of flaviondt may be influenced by linguistic
processing, as it has been found that this reggomare strongly activated when the
action of tasting MSG is paired with a pleasantdvdescriptor, than when it is paired
with a neutral word descriptor (Grabenhorst eR808). Several studies have examined
brain representation in response to the act of imvag tastes (Kobayashi et al. 2004;
Levy et al. 1999; Martin et al. 2008; Pelchat et2§l04), although the mechanism of
modulation of taste imagination in the area of thein responsible for the
representation of taste is yet to be elucidated.

Neural activity in gustatory-related brain areaseésponse to visual presentation
of gustatory stimuli appears to change as a funatioage, at least in female subjects.

91



. MAPPING THE TASTE AND OLFACTORY SYSTEMS

There is a decrease in neural activity in the datgucortex in response to high-calorie
food images between late childhood and middle adelece but between middle
adolescence and young adulthood, neural activithersame brain area may increase in
response to the same stimuli (Killgore & Yurgelumdd, 2005). Furthermore, neural
activity in response to low-calorie food imagesr@ases progressively in the temporal
lobe from late childhood through middle adolescetacgoung adulthood (Killgore &
Yurgelum-Todd, 2005). Similarly, visual presentagoof food-related utensils elicit a
progressive increase of neural activity in the fabfobe from late childhood to young
adulthood (Killgore & Yurgelum-Todd, 2005). Furthawsre, irrespective of the food-
calorie-content, neural activity in response togesmof vegetables has been shown to
differ as a function of age. While these imagesiteld activation in the hippocampus in
the female child/adolescent subjects in the stydi{ibgore & Yurgelum-Todd (2005),
activation in response to images of vegetablesfauasd in the insula/opercular cortex
in the young adult subjects in the study by Porabekal. (2006). In both studies, the
OFC was activated by images of vegetables.

When considering olfactory representations in dgyely populations, the first
conclusion that this review has revealed is thairbrepresentations may differ as a
function of the input entry (orthonasal vs. retasal) (Cerf-Ducastel & Murphy, 2001)
and that the input entry-related specificity ofagliory brain representation may be
modulated by whether an odorant represents a f&wodalf et al. 2005). A second
conclusion refers to the observations of differendin-lateralized activations as a
function of an odor’s hedonic value. As with theseaf taste stimuli, newborns show
brain lateralized processing of affective resporeested by olfactory stimuli, in that
they exhibit higher left than right brain activat®in response to pleasant odors, such as
colostrum (Bartocci et al. 2000), and higher rititan left brain activations in response
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to unpleasant odors, such as a disinfectant (Bartdcal. 2001). This brain activation
pattern appears to remain during young adulthotdeast in the case of pleasant
odorants (Henkin & Levy, 2001; Sanders et al. 2002)eed, higher left than right
hemisphere brain activation has also been obseviied young adults imagine pleasant
odorants (Henkin & Levy, 2001). Olfactory stimulieasimilar to taste stimuli in that
they produce positive and negative emotions (R@®)5), which explains the brain
asymmetry pattern. Furthermore, and also similarlyhe findings in studies on taste,
high-order processing, such as linguistic processiias been observed to modulate
brain representation of olfaction. De Araujo et(2D05) found that the rostral anterior
cingulate/medial OFC was more strongly activate@nvthe target odor was associated
with a specific word descriptor than when it wasoasated with another word
descriptor. Olfactory memory has also been studredoung adults using fMRI,
although its possible modulation in the brain reprgation of olfaction is yet to be
elucidated (Cerf-Ducastel & Murphy, 2006). Finallflavor processing from a
combination of odors and tastes have been fouetidiv brain activations in the insula,
frontal operculum and OFC that differ from the ipdadent presentation of individual
odorants and tastes (De Araujo et al. 2003b; Setall. 1997; Small et al. 2004).

In this review we have identified, as far as is bb@en possible, sensitive periods
of gustatory and olfactory development by analyzbngin activation patterns of taste
and olfactory systems that have been measureddihnoeuroimaging techniques. This
review has identified clear evidence indicating thrain activation patterns in response
to gustatory and olfactory stimuli do, indeed, dparacross development of the taste
and olfactory systems, on the one hand as welVidemrce indicating the usefulness of
taking into account brain-related functional imapisignals in identifying sensitive
periods of odor and probably taste learning, on titker hand. The principal
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contribution of this review is to enhance awarengiiin the scientific community of
the need to conduct further developmental reseamdhe taste and olfactory systems in
order to examine sensitive periods of gustatory @lfetctory development, as well as
the physiological impact of the imaging signals d@helir interrelationships in greater
depth. A more thorough understanding will enalble tdentification, and therefore
predict the course, of different sensitive periafissensory (gustatory and olfactory)

development from brain activation data.
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CHAPTER 4

EFFECTS OF EXPERIENCE ON THE DEVELOPMENT AND ACQUIS ITION
OF FLAVOR (TASTES AND ODORS) AND FOOD PREFERENCES IN

CHILDREN: AN UPDATE

Abstract

Different experiences with flavors across develeptrfavor shaping of young
and older children’s preferences for flavors, fo@a&l drinks. On the basis of these
experiences, operation of different mechanismshsas flavor transmission via
amniotic fluid and neonatal feeding regimen (breasting and formula milk-based
feeding), mere repeated exposure, Pavlovian oruatigé conditioning, specific
parental strategies and food management in theobcmeals can be identified.
Operation of these mechanisms is age-dependentnhytact parallel to each other.
Essential conditions for operation of these medrani are exposure to flavors and
foods, which requires previous adults’ decisionsudbhe foods and flavors to select for
that exposure, thus guaranteeing cultural transomss gastronomic habits. Promoting
healthy patterns of food consumption, such as ocle in vegetables, in children
requires careful manipulation of these mechanisifise flavor, food and drink
preferences developed by young and older childeemam stable in later life phases.
The lactation period has been here identified adear sensitive period of flavor
preference development. Specific issues regardiegmentioned mechanisms have
been here likewise identified as requiring furtlmesearch, in order to get a better
understanding of the development of food preferemcehildren.
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Keywords: exposure to flavors, children, food preferencesemial influence and

sensitive periods.
1. Introduction

Flavor is the most easily perceptible feature afdf® and beverages for humans
and its perception results from the interaction emtelgration of two kinds of chemical
information present in foods and beverages, tastesodorants, besides other sensory
cues, such as temperature and texture (Small &Ette2005; Beauchamp & Mennella,
2009). While there are five well-established batastes (sweetness, bitterness,
sourness, salt and umami) (Mojet, Christ-HazelhoH&dema, 2001) and two still
remaining controversial tastes (calcium and fafBgauchamp & Mennella, 2009), the
quantity of odorants has been estimated to be appately around half a million
(Kringelbach, 2007). Combinations of basic tasted adors build, then, the global
flavor of a food or beverage.

Flavor liking have been observed to be the moserdening factor of food
preferences and therefore food consumption in yoamd older children and even
adolescents (Noble, Corney, Eves, Kipps & Lumbr2303; Burguess-Champoux,
Marquart, Vickers & Reicks, 2006; Mennella & Beaaoip, 2010), although food
preferences of these two last individual groupsehalso been observed to be influenced
by other determining factors. This issue will tezhtater again within this introduction
section, when we deal with cognitive developmemn. t@e contrary, adults tend to
consider health-related aspects of nutritional tisaltiesides the flavor liking, when it
comes to selecting foods or reporting food prefeesn(Pérez-Rodrigo, Ribas, Serra-
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Majem & Aranceta, 2003; Navarro-Allende, KhataarE&Sohemy, 2008). Preference
for and intake of vegetables especially ilustratess age-related differentiated
determining factor of food preferences and intdkeextension. Vegetables, especially
green vegetables, such as spinach, broccoli anslsBlsisprouts are typically rejected
by children and are their least preferred food hyabecause of the unpleasant bitter
taste of vegetables (Harper, 1963; Cashdan, 1988mRssen et al, 2006; Wardle,
Sanderson, Gibson, & Rapoport, 2001; Havermans)2CRurthermore, children’s
vegetable consumption rate does not meet the mdtienommendations (Krebs-Smith
et al. 1996; Johnson & Kennedy, 2000; Yngve e2@D5; Lorson, Melgar-Quinonez &
Taylor, 2009). Vegetable intake has been obsemwéactease as individuals age due to
assimilation of health-related beliefs that arepgltaduring the course of years of the
life cycle (Navarro-Allende et al. 2008), howevimistead of vegetables, a kind of food
considered as healthy because of its richnesstioxa&hant properties and its cancer-
related preventive effects (Mikkild, Rasanen, Raita Pietinen, & Viikari, 2004; Ness
et al., 2005Ciz, Cizova, Denev, Kratchanova, Slavov & Lojek, 201@uyg children
prefer, among others, snack foods, which are mchais and sugars that can lead to
childhood obesity (Skinner, Bounds, Carruth, MgoréiZiegler 2004; Knai, Pomerleau,
Lock, & McKee, 2006; Warren, Parry, Lynch, & Murph2008), one of the most
serious public health problems throughout the wdldeker, 2006; WHO, 2009).
Therefore, whileliking and preference may not be necessarily synonymous terms
(Rozin & Vollmecke, 1986) for adults, in the cageclildren they may be.

Some differences between infants and young childrehadults have also been
observed regarding the showed repertoire of foefepences, besides their determining
factors. For example, infants easily accept milikrfolas that are high unpalatable for
older children and adults (Mennella & Beaucham@®3)0Children aged between 5 and
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9 years prefer the sourest gelatins over gelatitts imwer sour taste concentrations, a
preference that was not present in any of the gouticipants (Liem & Mennella,
2003). Children also show a heightened preferencesWeet foods and foods with
added sugar, in comparison to adults (Zandstra &baf, 1998; Mennella, Pepino &
Reed, 2005), this difference diminishing in the ladoence (Popper & Kroll, 2005). A
child’s most preferred level of salt has also bskown to be quite higher than that of
adults (Cowart & Beauchamp, 1986; Beauchamp & CHwae0).

Such differences in the repertoire of and detemmgiriactor of food preferences
between adults and the former young individuals mefject development-related
cognitive and sensory differences as well as diffees likewise attributable to
development-related differences regarding the waywhich experience (contact
with/exposure to) with foods and flavors (tastesders) impact their food preferences.
Regarding cognitive differences, the study of B&b®89), for example, observed, on
the basis of Piaget's theory of child cognitive elepment (Inhelder & Piaget, 1958)
that children from 4- to 5-year-old (preoperatioohildren) based their preferences for
beverages on perceptual attributes, such as sogéent and affective appraisals, such
as liking the taste, while children from 8- to- 8ay-old (concrete operational children)
based their preferences on cognitive attributesh sas healthiness, besides affective
appraisals. Furthermore, Zeinstra, Koelen, Kok, &®&raaf (2007) revealed also from a
Piagetian perspective that children from 4- to &ryald (preoperational children)
cannot yet categorize products correctly into galind not healthy as well as they
cannot yet argue the underlying reasons for théthieass of certain “healthy” foods
that they are able, in turn, to name, both of tredskties emerging in later childhood —
from the 7' year on-, which agrees with Contento’s conclusioat preoperational
children do not differentiate between foods andcksawhile concrete operational
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children do (Contento, 1981). Snacks are considasathhealthy foods because of their
high sugar and fat content (Warren et al. 2008)e H®bility of reasoning the
appropriateness of a food on the basis of its tingrcontent and health-related effects
on the body requires exactly understanding of fieces of food on the body and the
implications of supplying the body with nutrientapstract concepts, of which
understanding emerges when abstract thinking i€ rdeveloped, that is, in the formal
operational stage of development (Contento, 198 Jubsequent study (Fallon, Rozin
& Pliner, 1984) observed in 3.5-12-year-old childihat the displayed criterion for
rejecting a food resulted to be age-dependent.ifggaly, the youngest children based
their food rejections on the disgusting taste afdsy older children considered harmful
postingestive consequences of eating a food farctieg it and the oldest children
considered the contamination of physical chemistryolutions. A posterior study (Nu,
MacLeod & Barthelemy, 1996) observed that afterghberty, individuals begin to like
certain foods, they did not like in younger lif@ges, authors arguing that individuals
are able at puberty to understand relationshipsd®st food consumption and health,
health being an important factor of food consummptior adolescents, and that that
ability emerges once individuals have reached emourpights of cognitive
development. «Cognitive development refers to chanig knowledge and in the use of
knowledge that occur as a human ages» (McNeal,,200123). All these studies have
been developed in the theoretical frame of Piagéteory of child developmeht

(Inhelder & Piaget, 1958). The biologist and psyobst Jean Piaget built his theory of

! Piaget’s theory of child cognitive developmenths most used theory when studying different aspects
of human cognitive- and brain development, fromodisred cognitive development (i.e. Torres,
Olivares, Rodriguez, Vaamonde & Berrios, 2007) ¢omal (disease-free) neocortical maturation (i.e.
Mukherjee & McKinstry, 2006).
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child cognitive development around his observatitiha the operations of the child’s
mind differed markedly from those of adults (Pulad®97). Piagetian theory proposes
that each child develops across a series of sthgesmpact his cognitive development
(see figure 1), the child passing gradually fromma@re primary and concrete- to a more

abstract thinking (Flavell, 1963).

Table 1: stages of intellectual development progdsePiaget and adapted from the
reformulation by Pulaski (1997). It is to highligihtat not every adult reaches the fourth stage, but
scientists, for example (Pulaski, 1997).

Stage of Age Main characteristics
development range

Behavior based on innate reflects, such as suctipn
Sensory-motor 0-2 years Infant’'s world is based on pure sensory-motor

experiences

No intentional mental activity

Pre-logical reasoning
Preoperational 2-7 years Use of symbolic representation
Learning based on trial and error

Use of logical thinking
Concrete operational 7-12 Ability to classify objects into categories
years Intellectual development sharply upward

Ability to generate hypotheses
Formal operational 12- Use of deductive, inductive and abstract thinking
Ability to handle large amounts of data

Therefore, infants and young children appear t@dpgpped with flavor as the
only criterion for preferring and selecting foodsridg infancy and early childhood,
while other “tools”, such as causal health-relaa¢itibutions are available to them as
they progress cognitively (Piaget, 1974). Adultsturn, tend to appreciate other aspects
different from or besides liking the flavor, suchthe consequent health-related effects

of eating a food, when it comes to select an itechta report food preferences, due to
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assimilation of health-related beliefs that arepglobacross life span (Navarro-Allende
et al. 2008). Regarding sensory differences, wkiiat infants’ and young children’s
sense of taste differ markedly from that of adutisthat the sensitivity to tastes of the
two former subject groups suffers certain changes are attributed to development,
and therefore are not present in mature individ@lsnnella & Beauchamp, 1998a).
Specifically, at birth newborns are able to fea Hweet, sour and the bitter tastes and
sensitivity to umami is showed, if it is diluted anfluid, such as soup (Mennella &
Beauchamp, 1998a), Sensitivity to salt, in turn,esgas around the 4-6 postnatal
months, when the peripheral and central nervoutesyss mature enough to enable
infants to feel that taste (Beauchamp, Cowart & &mor1986; Beauchamp, Cowart,
Mennella & Marsh, 1994; Blossfed, 2006). Young &l(18-30 years), in contrast, are
able to perceive the five basic tastes —sweet,, dotter, salty and umami- (Mojet,
Christ-Hazelhof & Heidema, 2005; Hong et al, 2085)lso do middle-aged adults (30-
50 years) (Cowart, 1981). Taste sensitivity of olddults (from 65-years old on), in
turn, has been observed to suffer a progressivindatiroughout aging, as they need
higher taste concentrations to identify and disgrate among them (Murphy &
Withee, 1986; Cowart, Yokomukai & Beauchamp, 1984hiffman, Sattely-Miller,
Zimmerman, Graham & El-sohemy, 1994b; Schiffmam)&0Navarro-Allende et al.
2008). Thus, it appears reasonable to think tretatie-related changes in the ability to
detect the different tastes may impact the extemttich the taste-related information is
useful for determining food preferences and foodiads across different life phases.
Olfactory sensitivity to odorants, similar to seiviy to some tastes is present at birth
(Steiner, 1977) but, in contrast to tastes, a @sgjve development of sensitivity to
different odorants has not been reported. Thisccbal due to two main reasons, either
it has not been found any evidence about such grgssive development, or the topic
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has not been researched enough, whatever the rédagarding experience’s impact on
food preferences status, it is to say that expeeewith foods do not affect
developmental and mature individuals equally. Feangple, while consumption of
sweet orangeade during eight consecutive daysdes $hown to lead to an increase in
the preference for this sweet drink in childrere ame consumption does not increase
the preference for the drink in adults (Liem & Dea&, 2004). This kind of evidence
leads to the conclusion that experience with gastastimuli shapes children’s
preferences for flavors, foods and/or drinks thfowexperience-expectant plasticity,
which is considered to be present only in immaiadividuals (Greenough, Black &
Wallace, 1987; Toga, 2006).

The present review is an attempt to summarize ghblished evidence
accumulated up until now that explains how différerperience-related mechanisms
shape infants’, young children’s and older childsepreferences for flavors (tastes and
odors), foods and/or drinks and the published exideindicating that the flavor and
food preferences developed during infancy and bbibdl are associated with later food
or flavor preference status, in order to identignstive periods of development of
flavor (taste and odors) preferences. Sensitivéogercan be defined by restricted
periods of time within development, during whicler# is a biological display of an
extreme neural sensitivity to the storage of exgmere-driven (sensory = gustatory and
olfactory) information, which promotes an individizad design of the shape and
function of the neural circuits, which is directedthe individual’s survival, and thus,
safeguards the normal development (disease-fresgmdory systems (Hensch, 2004;
Spolidoro, Sale, Berardi & Maffei, 2009) —the taated olfactory systems-. Sensitive
periods are reflected in behavior (Knudsen, 200bably such as the fact of reporting
flavor (odors + tastes), foods or drink preferendes those aims, we have reviewed
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published experimental and review research on wffe¢ developing individuals’
exposure to gustatory (tastes, foods and drinkg)addfiactory stimuli (odors, foods and
drinks) on gustatory and olfactory preferencespath senses —taste and smell- are
required for flavor perception. On the other haasl,there is evidence that infants at
birth are equipped with some inborn taste prefesndats prior summary is here
presented as well.

As readers will see, one of the main theses optlksent review is that passive
exposure to chemical stimuli is the main factortabating to development of flavor,
food and drink preferences. The term passive expagters to the fact that developing
individuals, such as neonates, infants, young dahel children are usually submitted to
adults’ decisions about the kinds of foods, theyehtn be exposed to and have to eat.
Furthermore, the present review tries to presemiesof the questions that require future
experimental examination, in order to obtain exptay knowledge. The global aim is
to get a better understanding of the origin of tgveg individuals’ flavor preferences.
This better understanding might help to generafect¥e strategies focused on
increasing children’s healthy food intake pattertigt is, rich in vegetables, for
example. The importance of promoting healthy faudke patterns in children derives
from the available evidence indicating that childdipespecially young childhood, is
the life phase in which preferences for foods,udeolg vegetables and eating habits are
most likely to be established, these food prefezsrand eating habits tracking into later
life phases, (Nicklaus, Boggio, Chabanet & Issan¢ch2004; Nicklaus, Boggio,

Chabanet & Issanchou, 2005a; Pearson, Biddle &15d2609; Kimura et al. 2010).
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2. Innate flavor preferences

It is widely accepted that infants and young clefdare naturally predisposed to
accept and prefer sweet and salty tastes overittiee #nd sour basic tastes, which tend
to be avoided (Kajiura, Cowart & Beauchamp, 1992nkklla et al. 2005a; Mennella
& Beaucahmp, 2009). The biological function atttdni to these innate flavor
preferences as an evolved function concerns emgsarirenough calorie intake in order
to avoid malnutrition-related pernicious effectsided from food shortage as well as
protection against potential toxic poisonings, eetpely (Drewnowski & Rock, 1995;
Glendinning, 1994; Birch, 1999; Hladik, Pasquet &nBien, 2002). Indeed, Cahsdan
(1998 p.618) has reported that poisonings deriveah ingestion of houseplants are the
primary cause of 6- to 18-month-old infants needmgdical attention at the Utah
Poison Control Center. That neonates and younglremlare innately predisposed to
accept certain tastes and reject others deriveslynom observational research that
has elucidated the quality of facial expressioithee positive, negative or neutral that
have been expressed by preterm and full-term newbaeonates with anencephaly and
hydro-anencephaly, severe malformations of therabmiervous system, as well as
older infants, in response to different tastesi{®te 1979; Fox & Davidson, 1986;
Mennella & Beauchamp, 1998a; Steiner, Glaser, Ha&ilBerridge, 2001). Based on
these studies, facial expressions have turnedamtobjective indicator of the subjective
sensation of pleasantness either liking or distjkihat is generated when tasting
gustatory stimuli of different qualities. Indeedgwborns’ facial expressions appear to
be specific of the taste and constitute the s@dajlusto facial response (Steiner, 1977,
Steiener, 1979). For example, the sweet taste<hacial relaxation, smiles, sucking,
tongue protusions; the sour taste elicits lip puysand face grimace; the bitter taste
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induces depressed mouth angles, facial grimacenasel wrinkling (see figure 1). Salt,
in turn, gives rise to no distinctive facial exmens (Nowlis & Kessen, 1976; Steiner,
1979; Ganchrow, Steiner & Daher, 1983; RosensteiOster, 1988; Mennella &
Beauchamp, 1998a; Zeinstra, 2010) (see figure hj¢lwis reasonable, as liking and
preference for the salt taste appears to emerge ktthe age of 4-6 months and may
continue until two years of age (Beauchamp et 2861 Beauchamp et al. 1994). These
facial expressions are assumed to have been etficidesigned through the evolution
course to communicate food acceptance or rejettiararegivers, as newborns cannot
yet use verbal language (Erickson & Schulkin, 2088imel, Macht, Krumhuber &
Ellgring, 2006). Facial expressions in responsbasic tastes have been less studied in
children. Specifically, there is one study that lrésd to determine if the analysis of
facial expressions is a useful and objective patante measure preference (liking or
disliking) in primary school children (age = 5-18ays) (Zeinstra, Koelen, Colindres,
Kok & De Graaf, 2009a). The authors concluded thatanalysis of facial expressions
Is not a suitable method for discriminating childeeliking but disliking. With the
exception of the study of Steiner (1979), studiesimfants’ and children’s facial
expressions in response to different quality-relaidorants are hardly to find. Steiner
(1979) found nasofacial responses that were simdathe gusto facial responses in

neonates.

105



. IMPACT OF EXPERIENCE

1 2 3

Figure 1: neonates’ facial expressions in resptmseveet (1), sour (2) and bitter (3) tastes.
Taken from the study by Steiner (19%9)

Apart from facial expressions, other parameterghsas consumption rate
(Desor, Maller & Andrews, 1975), sucking and heaté (Crook & Lipsitt, 1976) have
been used as objective indicators of neonates’rinbmate preference for the sweet
taste and rejection for bitter and sour tasteseedd Desor et al. (1975) found that
babies from 1- to 4-day-old babies drank a sucsodgtion in a lesser extent when that
solution was added citric acid, which tastes sthan when the sucrose solution was
offered without citric acid. However, the author&l chot found a differentiated
consumption pattern of the sucrose solution amoagnates as a function of the
addition of urea, which tastes bitter. Addition eddium chloride neither induced
changes in neonates’ consumption of the sucrosgi@el Crook & Lipsitt (1976), on
their part, found higher sucking and heart rateseonates, the sweeter was the solution
offered.

Once we know that facial expressions, intake rate, elicited by gustatory

stimulation at birth are a reliable objective iratmrs of the innate origin of certain

? This material has been included here with permisefdDr. Steiner.
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human gustatory preferences, an interesting issake has to be further investigated
refers to the genetic basis of those innate prete® In this regard, ascertaining the
link between the genetically determined individuatiation in gustatory sensitivity to
the different tastes and taste preferences maydrenaising research line to solve this
problem. Relatively recent progress in this fietss lbeen made. While sensitivity to the
bitter taste along with its determining gene -TAS8Rand its associated polymorphism
explain the (individually varied) natural rejectidar bitterness and therefore bitter
foods (Nicklaus, Boggio & Issanchou, 2005b), thedalEe determination of sensitivity
to sweet, salty, sour, umami and other possiblesasuch as calcium and fatty tastes
and its possible varied polymorphism requires frttesearch (Nicklaus et al. 2005b;
Fushan, Simons, Slack, Manichaikul, & Drayna 2009).

Regarding odor preferences, the literature refldtis position that odor
preferences are not innate, but learned already fte prenatal life phase, in which
fragrant food particles that are present in theiatitnfluid and are retronasally smelled
by fetuses (Mizuno & Ueda, 2004; Blossfed, 2006)wdver, chemicals present in the
amniotic fluid have also been identified to stintaléetuses’ taste receptors (Mennella
& Beauchamp, 1997a), so that experience with tastiess place prenatally too, and
subsequent research work discovered geneticalprmeted individual variation in the
bitter taste sensitivity, which confirmed genetiegetermination in subjects’ preference
or rejection for the bitter taste. Although the podion of research work done within
the olfactory domain is quite little, in comparisém that done within the gustatory
domain, some evidence supporting individual vasiatin sensitivity to odorants has
also been found, but the genetic origin of thativimdial variation in olfactory

sensitivity has to be further investigated (seetd@dnuk & Beauchamp, 1994; Young,
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Endicott, Parghi, Walker, Kidd & Trask, 2008; Ha8irumshtein, Lancet & Olender,

2009 for comprehensive reviews).
3. Passive exposure-related mechanisms

Current published information let us know that fhfeenotypic expression of
innate flavor preferences can be modified througffergnt experience-related
mechanisms during development that have to do awtilability, but above all with a
passive exposure to chemical stimuli. Specificalipd as we will ser here, flavor
preferences are shaped following a developmenteatlachronological order of
experiences with olfactory and gustatory stimubyting these experiences in very early
life and continuing across childhood. Thereforeréhis not a unique experience-related
mechanism favoring shaping of food, flavor or dripdeferences (Rozin & Millman,
1987), although all of them share exposure to fisvéoods or drinks as well as
previous adults’ decision about the flavors, foadsd drinks, infants and children will
be exposed to as unconditional requirements fasetlexperience-related mechanisms
being operating. Operation of these mechanismsagtegs infants’ and children’s
acceptation of the foods that are available fontl their unique context (Birch, 1999;

Savage, Fisher & Birch, 2007; Zeinstra, 2010).
3.1. Early gustatory and olfactory exposure

There are three kinds of early experiences withriba stimuli (taste + odors =
flavors) that may lead to the modification of ilma&ustatory preferences during early
stages of life and may constitute the basis fortgras eating habits (Forestell &
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Mennella, 2007). These experiences occur durirfgreit ontogenetic phases of human
development that are followed one by one, the pabrgestation stage, infancy and
early childhood and may cause a gustatory and/éactory imprinting, these
experiences affecting later flavor, food or drinteference and/or acceptance status.
Furthermore, the early life phases in which thgbnmting may occur might constitute
sensitive periods of flavor (tastes + odors) peaiee-related learning because as we
will see here the gustatory preferences that haen Hearned within each of these
ontogenetic phases endure throughout later stafjyelev@lopment, although further
research is needed, in order to obtain confirmatwrngence for existence of those
sensitive periods. We will discuss this issue agairthe conclusions section of the

present review.

3.1.1. Flavor transmission through the amniotic flid (AF) during prenatal stage of

development

The first of those experiences is lived antenatalitero. At this moment, fetuses
are exposed to chemical compounds (tastes and)adienrised from food particles of
the mothers’ daily food consumption that are spitbaough the AF within the placenta
and are swallowed by fetuses (Mennella & Beauchdif7a; Beauchamp & Menella,
1998; Mennella & Beauchamp, 1998a). Indeed, themated constitution of the
amniotic fluid has been shown to change througlpyegnancy, thus reflecting the
mother’s diet pattern during pregnancy (Menneltdonson & Beauchamp, 1995). There
Is also evidence indicating that fetuses show @ffedrink patterns depending on the
taste quality of the specific substance injectdd the AF —sweet vs. bitter-, and that
they prefer the sweet substance over the bitter (e Snoo, 1937; Liley, 1972).
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Therefore, humans experiment their first differgastatory and olfactory sensations at
the prenatal stage via AF, those chemical sensatieing equivalent to the women’s

unique diet that she decides to consume duringtegmnancy.

3.1.1.1. Link between prenatal experience with flaus and later food preference

and acceptance status

A body of evidence indicates that these prenatpeegnces with chemicals
induce a facilitation of food and flavor preferenaed acceptance that is visible in
subsequent life phases, such as weaning or evengyadulthood. For example,
Mennella, Coren, Jagnow & Beauchamp (2001) fourad $h7+0.2 months old infants
whose mothers repeatedly drank carrot juice dupregnancy showed less negative
facial expressions while feeding a carrot-flavooedeal relative to the plain cereal at
weaning and compared to infants that were not pusly exposed to carrot juice in
utero. An interview-based study (Mennella, Turnpdiegler & Martinez, 2005)
extracted a body of data relating the kind of foedsen by infants at weaning to the
kind of foods eaten by their mothers during pregyan Mexico. Crystal & Bernstein
(1995) found that young adults (aged = 20 year oldypse mothers suffered moderate
to severe vomiting during pregnancy showed greatference for snack foods with the
highest level of salt, in comparison to young alwhose mothers suffered no or mild
vomiting. These data specially support the claimt tihe prenatal development stage
might constitute a first sensitive period of gustatiearning, as they evidence that
prenatal experiences with chemicals contained withe AF may determine stable food
preferences, lasting these food preferences dtu@és young adulthood. A subsequent
study replied these results in 16-week-old infa®gecifically, infants whose mothers
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reported to have been affected by vomiting in a enaie to severe degree exhibited less
number of negative facial expressions in responsbke liquid solution with the highest
level of salt, in comparison to infants whose matheported no or mild degree of
vomiting (Crystal & Bernstein, 1998). Previous eande showing that pregnant rats
need to ingest high levels of sodium if they undengutine episodes of vomiting due to
its consequent physiological effects, principalghgdration of such pregnancy-related
vomiting constitutes the main experimental antenedef these human studies

(Nicolaidis, Galaverna & Metzler, 1990).

3.1.1.2. Link between prenatal experience with flasrs and later olfactory

preference status

Olfactory preferences have also been demonstratedet susceptible to be
learned in utero. For example, Varendi, Christens&worter & Winberg (1998) found
out that full-term neonates exposed to the oddheir mothers’ AF during 16-30 min
immediately after birth cried significantly less &rhseparated from their mothers than
neonates exposed to the odor of their mothers’sbi@ad neonates exposed to no odor.
Moreover, it has been evidenced that prenatal éqpsr with AF induces the
acquisition of a preference for its odor over tlderoof a formula milk and the odor of
distilled water at the second and fourth postndéals (Marlier, Schaal, & Soussignan
1998) and over a nonfamiliar AF and another contabr at the third postnatal day
(Schaal & Marlier, 1998). Schaal, Marlier & Soussg (2000), for their part, have
demonstrated that in utero exposure to anise fladernved from the mother’s
consumption of anise-flavored sweets leads to lalesareference for the anise odor at
birth and at the fourth postnatal day. Faas, Sppniidoya & Molina (2000) found
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significant higher rates of motor responsivenesgesponse to ethanol odor in 24- to
48h-old infants whose mothers reported to have biequent drinkers during
pregnancy, in comparison to infants whose mothepented to have been infrequent
drinkers during pregnancy. Mizumo & Ueda (2004) rfduhigher rates of sucking
pressure, efficiency and frequency when neonate® Vied a formula milk in the
context of a parallel exposure to the odor of th@her's milk, in comparison to the
same feeding situation with a parallel exposuréhtoodor of formula milk and water
and although no previous preexposure to the mahmailk took place but in utero
preexposure to the mother’s internal environmeninfan) of which odors may be

reflected in the mother’s milk.

3.1.2. Flavor transmission through the neonatal ragen feeding during the

lactation period

Once the baby has born, postnatal experiences flaitbrs (tastes and odors)
continue to take place and to induce acceptanemaiiking and preference for flavors
or foods. Indeed, several studies have shown kiataictation period, either based on
breastfeeding or formula feeding, constitutes tbeosd kind of experience, through
which infants are exposed to chemical stimuli, ¢hesperiences therefore helping them
to learn about which kind of flavors and foods aneilable to them within their
environment during infancy and thus which kind ohitable flavors and foods to
accept, to like and to prefer.

Studies on infants’ breastfeeding point out thatrtiother’s diet is transmitted to
infants in form of flavors (tastes and odors) thylouner milk during breastfeeding and

that diet induces a flavor and food-related imptinat remains visible during the
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weaning-related infancy life period. Preliminaryidmnce supporting that mothers’
transmission of flavors to infants through her naitkwell as infants’ sensory awareness
of the presence or absence of those flavors wasaked by Mennella & Beauchamp
(1991a), in that they found that from 3- to 4- nivotd infants spent more time
attached to their mothers’ breast and sucked mdrenwhe milk smelled like garlic
after mothers’ ingestion of garlic as compared teew infants fed mothers’ milk that
was not garlic-flavored. Subsequent studies obtkiomnfirmation of these changes in
infants’ responsiveness to the sensory qualitynefrhothers’ milk as a function of the
presence or absence of a specific flavor associaiid mothers’ diet employing
alcohol- and vanilla-flavored maternal milk (Menae% Beauchamp, 1991b; Mennella,
2001; Mennella & Beauchamp, 1994; Mennella & Beanep, 1996).

Flavor transmission through formula-milk-based fegd has also been
demonstrated by Mennella & Beauchamp (1996) tooaswvell. In this study, it could
be observed that infants of mean age = 3.2 moritbwed a differentiated pattern of
responsiveness to the formula milk as a functiorthef presence or absence of the
vanilla flavor in the formula milk, in that thosefants sucked significantly more when
feeding the vanilla-flavored formula, relative tbet control formula, after a brief
exposure to the vanilla-flavored formula. Duringsacond and longer exposure (an
entire feeding), infants fed longer when the foranwlas vanilla-flavored, relative to a

control formula.
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3.1.2.1. Food acceptance status at weaning and lisk to flavor transmission

through breastfeeding to infants

Evidence linking the flavor and food-related impmgenerated in infants through
their exposure to maternal milk to infants’ eatimghavior at weaning is found in the
following body of research. For example, the alyeaskntioned interview-based study
by Mennella et al. (2005b) extracted a body of aetach relate the kind of foods eaten
by infants at weaning to the kind of foods eatenthmir women during the lactation
period in Mexico. That the emergence of such a tiagends on the length of the time
interval between the milk-related exposure and tdst moment remains relatively
unclear, given the conflicting results that expemtal research on this variable has
yielded, however. For example, Mennella & Beauchdir§®7b) found that 175.5+6.8
days-old infants showed higher rates of cereal wmpgion at weaning when the cereal
was prepared with the mother’s milk, to which irtfawere exposed previously during
the lactation period, than when it was preparech wviater, an effect that authors
attributed to the prior exposure to the carrot dlawduring the lactation period
(preexposure effect). In this study, infants hadrbfed cereal for a short period of time,
that is, an average of 12.9+1.5 days. However, laseqquent study (Mennella &
Beauchamp, 1999) in which 3.4+1.0 months-old irddrad been fed cereal for a short
period of time, that is an average of 21.3+2.0 dalewed that infants consumed less
carrot-flavored cereal than cereal prepared wittemand spent less time feeding if they
were exposed to the flavor of carrots in their ,moghmilk during the lactation period,
in comparison to control infants. The authors latiied this effect to sensory-specific
satiety (SSS) (Mennella & Beauchamp, 1999), thehaeism through which recent
repeated exposure to the same flavor or food lemdsdecrease in the consumption of
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that food (Rolls, Rowe & Rolls, 1982a). A subsedustndy (Mennella et al. 2001)
showed that infants of mean age = 5.7+0.2 months whre exposed to carrot juice
during breastfeeding because the mothers wereidgmarrot juice during the first two
months of lactation enjoyed more the cereal prepai¢h carrot juice at 4+0.5 weeks
of weaning, the same long period of time that itdamad been fed cereal, than when
they were fed plain cereal and more than did newipusly exposed infants. The same
preexposure effect was found by Forestell & Meran€2007) in breastfed infants aged
from 4 to 8 months that had been eating for a Ipegod of time of 6.7+1.6 weeks
when their intake rate of peaches and facial espas were measured. Specifically,
these infants ate more peaches than infants tha previously fed artificial formula-
based feeding, a result attributed by authorsedhigh rate of fruit consumption of the
mothers of the former group (Forestell & Mennel@07). Thus, it would be interesting
to manipulate the length of the time interval betswéehe exposure period and the test
session as independent variable within the sameremental study, in order to examine
if this variable determines the kind of the resiilgibjects’ intake pattern, either an
intake pattern characterized by an effect of indugastatory learning through early

exposure to the flavor of the mother’'s milk orfumn, of SSS.

3.1.2.2. Food acceptance status at weaning and lisk to flavor transmission

through formula milk-based feeding to infants

Effects of a gustatory imprint through exposureattificial milk during the
lactation period have also been observed in infahtgeaning, although as in the case
of the studies on infants’ breastfeeding, the gmernpact that the length of the time
interval between the exposure period and the teshent could have on subjects’ food
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acceptance pattern, either an impact associated $8S, or at the contrary, a
preexposure effect, remains relatively unclear. Bbtedy by Mennella, Forestell,
Morgan & Beauchamp (2009) revealed that infantsvbeh 4 and 9 months of age that
were fed hydrolyzed casein formulas (HCFs), whasid bitter, sour and are savory and
have an unpleasant odor, during the first three thsorof life, ate more cereals
characterized by these tastes and odorZatweaning weeks, a preexposure effect
attributed to prior experience with the specificnfimla milk, than did infants fed bovine
milk-based formulas, which present these tastea significantly lesser extent and
infants fed breast milk, which tastes sweet. Mdanebriffin & Beauchamp (2004)
found that < 3 weeks-old infants fed a specific HQutramigen) during a seven
months long period of time accepted another HChr{@&htum) similar to the former in
a higher degree, than control infants, who were deahilk-based formula (Enfamil)
during the same period of time; infants who werg Kutramigen for 3 months and
infants who were fed Enfamil for 4 months. In a seduent study by Mennella &
Beauchamp (2005), infants aged from 5 to 11 mopte$erred the HCF which they
were being fed at the test moment, either NutrammyeAlimentum, in comparison to
infants that were being fed milk-based formulasiciirejected both HCFs. However,
SSS emerged in the study by Mennella, Kennedy &uBleamp (2006) when infants
from 6- to 11-months-old, who were being fed a HG& contains similar flavors with
broccoli and cauliflower, had to consume pureedctwb and cauliflower, as they
consumed significantly less of these vegetabldative to carrots and in comparison to
infants that were being fed milk-based formulasug;ht would be also interesting to
treat the time interval between the exposure panddrmula milk and the test session
as independent variable in future research forreoeng which kind of effect emerges,
either SSS or preexposure effect.
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3.1.2.3. Link between food preference and food aquance status in early

childhood and beyond and flavor transmission duringhe lactation period

Imprinting effects associated with prior experieneé¢h flavors during the
lactation period based on formula feeding, are ematlent only in infancy, but in
childhood and beyond, thus showing the long-laséffgcts of very early experience
with flavors. This claim finds support in the emgal evidence extracted by several
studies that have showed flavor- and food-relateat pxposure effects in children that
are similar to those found in infants. For exampiennella & Beauchamp (2002)
reported that early experiences with specific fdaaymilk, soy and HCFs) during the
lactation period predicted the status of prefersrioe specific flavor-based juices in a
4- to 5-year-old subject sample. Specifically, dteh fed soy-based formulas, which
taste sweet, sour and bitter and have a strongtarypreferred significantly the bitter-
flavored juice and children fed HCFs preferred swur-flavored apple juice, in
comparison to children fed milk formulas. Furthermothe two former groups were
more likely to prefer broccoli than the group fedkabased formulas, as reported for
their mothers. These results were replicated inhamastudy, in which the age appeared
to determine the level of flavor preference (LiemM&nnella, 2002). Specifically, the
authors of this study found that 4-5-year-old dfgtd fed HCFs during the lactation
period preferred apple juice with higher levelscitfic acid, in comparison to the 6-7-
year-old counterparts that also were fed HCFs. Wige, Haller, Rummel, Henneberg,
Pollmer & Koster (1999) found a positive correlatibetween early experience with
vanilla-flavored formula milk and the preference fiois flavor in a subject sample aged
between 12 and 59 years, although the authors touteout the possibility that this
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effect could have been specific of other taste cmmepts of the formula milk,
participants were fed during their lactation pericather than vanilla. If breastfeeding
can induce such long-lasting effects has to bééurinvestigated.

Taken these data as a whole, we can conclude hbagustatory imprinting
acquired by infants during the lactation periodiegpendently on the feeding regimen,
either breastfeeding or formula feeding, remaimaciin the long term (early childhood
and beyond), that is, several years after exposardhat the lactation period might
constitute a second sensitive period of gustategrning that follows the stage of
prenatal gestation. Although both fed regimen pastehave been empirically
demonstrated not to differ from each other in thegh effectiveness to induce the
described preexposure effects, they do differ cmrably from each other in the
strength with which both of them facilitate infangcceptance of new solid foods at
weaning. Indeed, Sullivan & Birch (1994) exposethai breast-fed or formula-fed
from 17- to 22-weeks-old infants that had beendekal during a mean period of time
of 15 weeks at weaning to either pureed peas @ngreans for 10 times on consecutive
days and it was found that the breast-fed groupuwmed significantly more than did
the formula-fed group after the repeated exposar®g@ as well as one week later. The
authors of this study attribute this result to fieet that breast milk is rich in a variety of
flavors, while the flavor of formula milk is quitnsistent across feedings, something
that Mennella & Beauchamp (1991a) and Mennella &damp (1991b) have also
argued. However, in the study by Sullivan & BirctP94) no data on the lactating
mothers’ diet were recollected and it would be retting to take this into account in

future research.
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3.1.2.4. Olfactory imprinting during the lactation period

Olfactory preferences are also well documentecettearned during early stages
of postnatal development, besides during prenagstagjon and might constitute
sensitive periods of olfactory learning. Indeede @i the first odors, neonates learn
soon about, concerns the natural odor of their ersthbreast (Macfarlane, 1975;
Russell, 1976; Sullivan & Toubas, 1998; Varendirt®o& Winberg, 1994). Moreover,
neonates are able to acquire an olfactory prefertarchis odor after repeated exposure
to breastfeeding within the three-four postnataisdaf life, as demonstrated by Varendi
& Porter (2001), for example. In their work, a sfgrantly higher number of full-term
babies that had been fed breast milk in 6-24 oooastrawled towards the breast pad
that the mothers wore during a mean period of »fme morning before the test and
that smelled like the breast natural odor, in camspa to the number of babies that
crawled towards a clean control pad. Breastfed atesh preference for an odor (i.e.
chamomile) that has been previously added to thethers’ breast and to which babies
were repeatedly exposed whenever they fed materiflalwithin their first 86h of life
before the test session, has also been observed tleveloped (Delauney-El Allam,
Marlier & Schaal, 2006). Within this study, infanexposed to camomile spent
significantly more time oriented towards the souofe¢he camomile odor than to the
source of control stimuli (Delauney-El Allam et 2006).

Olfactory preferences for odors, which do not eradrgm the body, can also be
developed early in life if infants’ early experi@scwith those odors take place. For
example, Baloch & Porter (1986) induced an olfacyammeference for an odor via mere
exposure (mean period of 23.1h) in full-term femaé®nates at their first day of life
(mean age = 12.0h). Specifically, females that wmeviously exposed, either to a
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cherry or a ginger odor spent significantly moradioriented toward the familiar odor
than to the non-familiar odor after a temporal imé of a mean of 42.5 min between
the olfactory exposure and the olfactory test. Asaguent study (Mennella &
Beauchamp, 1998b) demonstrated that parental dlconsumption duration over their
lifetime as well as mother’s frequency of vanilfeavored foods consumption during
lactation correlated significantly with infants’ éan of age = 7.5+0.2 months) behavior
towards toys scented with ethanol odor and withilleandor, respectively, in that the
longer was infants’ exposure to alcohol via pareldsg alcohol consumption, the
higher was infants’ rate of the mouthing responsethte alcohol-scented toy, in
comparison to infants’ mouthing response rate touascented toy of identical
appearance. Likewise, the more frequent was motbensumption of vanilla-flavored
foods during lactation, the longer was the timeams$ spent looking at the vanilla-
scented toy, in comparison to time spent by infdotking at the unscented toy of
identical appearance.

The studies which have examined early acquisitioalfactory preferences by
infants and which have been described up until f@re have used experimental
paradigms in which previous relatively long olfargt exposures to the target olfactory
stimuli have been applied. However, several repadigate that even a short exposure
to odorants may induce such an early olfactory imimg. In the study by Varendi,
Porter & Winberg (2002), for example, a sample wf-term neonates delivered via
elective cesarean section whose mothers suffenetlactions before delivery and that
were exposed during 30.5 £ 1.8 min to either thar @d cherry or to the odor of passion
fruit at a mean age = 11.20 + 2.15 min, showedjaifstant preference for the exposure
odor, that is, they spent significantly more timieeoted towards the source of this odor

than to the source of the control odor, in compari® neonates whose mothers did not
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suffer contractions before delivery, when neongpesference for both odors was tested
at a mean of 80 h of age after birth. SimilarlynpRmtshik, Porter, Tollmann & Varendi
(2007)found preliminary evidence in favor of a sensitpegiod of olfactory learning at
the perinatal time in full-term neonates. The atghexposed infants either to cherry
aroma or mango aroma during 30 min at differentrm@astnatal ages, either 19.1 min
(early exposure) or 12 h 02 min (late exposure) Hreh tested infants’ olfactory
preferences (see figure 2) at the mean age = 38rhi2 Only the early exposure group
showed a significant preference for the familiaodn that this group spent more time
oriented to the exposure odor, in comparison toehodor and an odorless stimulus.
In a subsequent study (Romantshik, Tillmann & VdreR008) it was observed that the
olfactory preferences of 7-year-old children didt melate to the odor, to which
participants had been exposed during 30 min witheir first hour of life, however.
The authors attribute this effect to an aversiagiated from the early exposure to the,
at that perinatal time unfamiliar odor that emergedater stages of development.
However, it would be interesting to replicate ttedy by Romantshik et al. (2008) in
order to well-establish the direction of the préigie power that perinatal exposure to a
specific odor may have regarding the status ofctfy learning in childhood, that is, if
the perinatal exposure to that specific odor l¢ads long-lasting preference for it or at

the contrary the emergence of an aversion tolétar life.
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Figure 2: unpublished picture that illustrates atfactory preference test applied to one of the
infants that participated in the study of Romarksial. (2007) as an example of the olfactory chdest
devices that are currently used in reselrch

3.1.3. Effects of mere repeated exposure to foodswaeaning and young childhood

on food acceptance and food preference status

The third kind of experience is related to the etpd exposure to solid foods
that takes place during weaning and young childh&gcifically, "mere exposure” —
without any reinforcemento stimuli —words was suggested by Zajonc (1968) as being
a sufficient condition for liking those stimuli. WEh foods are taken into account, it has
been empirically demonstrated that repeated mepesexe to novel foods, including
vegetables, increases acceptance of these foodstlaerddifferent new foods in infants
during the transition from milk-based feeding tdiddoods at weaning (Sullivan &
Birch, 1994; Birch, Gunder & Grimm-Thomas, 1998;r@&h & Mennella, 2001;
Maier, Chabanet, Schaal, Issanchou & Leathwood72P@nnella, Nicklaus, Jagolino

& Yourshaw, 2008; Maier, Chabanet, Schaal, Leatldvd® Issanchou, 2008).

* This material has been included here with permissicDr. H. Varendi, leader of the study of
Romantshik et al. (2007). | am very grateful to foerthis fact.
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Furthermore, if children have been previously brdéed, the mere repeated exposure
increases later acceptance of new foods significambre than in the case of formula-
based fed infants (Sullivan & Birch, 1994). Mergeated exposure to a variety of
flavors at weaning increases acceptance of newsfdpdréed carrot and puréed
chicken) two days later significantly more, in campon to mere repeated exposure to
just one flavor (Gerrish & Mennella, 2001) and there repeated exposure to a variety
of new flavors, including flavors of green vegetshl at the start of weaning, in
combination with previous history of breast-basedding increases significantly
acceptance of new foods, such as fish and meaprmparison to control conditions,
lasting this increase at least during two monthaiév et al. 2008). Repeated mere
exposure to unfamiliar foods, including vegetabbesd its repetition (at least 8
exposures), tends to increase young children’'sidikand preference for those novel
foods (Torrance, 1958; Rozin, 1979; Pliner, 198R¢HB & Marlin, 1982; Sullivan &
Birch, 1990; Kern, McPhee, Fisher, Johnson & Birt®93; Gerrish & Mennella, 2001;
Wardle, Herrera, Cooke, and Gibson, 2003a; CodB@72Gibson & Brunstrom, 2007
Williams, Paul, Pizzo & Riegel, 2008), besides mifa food acceptance. Therefore,
mere repeated exposure to foods favors dissipafioeophobia, the natural response to
potential unfamiliar foods characterized by a mi&twf interest and fear (Rozin &
Vollmecke, 1986). Neophobic reactions appear te fd@kce between the second and the
fifth years of life, in which children show resist® to try novel foods (Birch, 1979;
Cashdan, 1998; Pliner, 2006; Nicklaus, 2009). Aaneple of this phenomenon is the
rejection for saline solutions relative to wateattBeauchamp et al. (1986) found in 31-
60 months-old children, in comparison to the higbeptance of saline solution of 4-24-
months-old infants. What has been suggested and damonstrated to be provided to
children by mere repeated exposure to a novel iodde repeated experience that that
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food has no unpleasant postingestive consequelied,( McPhee, Shoba, Pirok &
Steinberg, 1987; Birch & Fisher, 1998; Aldridge, M2y & Halford, 2009), a process
that Kalat & Rozin (1973) designated as “Learnef&§g but see section of Pavlovian
Conditioning (PC) for implication of other mechanis in dissipation of neophobia.
Furthermore, Cashdan (1994) has proposed a sengiéiniod of learning about what
foods are safe to eat that coincides with youn@glam’s (<2 years) high willingness to
try new foods and older children’s (>4 years) refgsconsumption of new foods, after
carrying out a survey-based study on age-relatethgds in the degree, to which
children are receptive to novel foods.

Apart from the enhancing effects that mere exposasean independent
mechanism has been here described to have on fikiremd preference for foods, mere
exposure can also produce no changes in food preferor decreases in food
preference due SSS (Rozin & Vollmecke, 1986). Caio$such mere exposure- related
differentiated effects have been attributed toftequency of the exposure to the food.
Specifically, if the exposure becomes an overexmnsinen SSS will take place and
otherwise, we will observe a preexposure effectziR& Vollmecke, 1986). As we
have earlier described, the length of the timeruaslebetween the exposure to the
specific food and the moment in which the same figsoglaten again may also have an
impact on the kind of the effect produced by mexposure to foods (Mennella &
Beauchamp, 1999). On the other hand, repeated epgts foods constitutes a critical
condition that facilitates operation of other matkes that influence liking and
preference (see section of PC).

The gustatory stimuli that have been used in mepesure studies are usually
solid or semisolid, and thus it would be interegtio employ liquids in future studies as

well. Nevertheless, due to the evidenced implicativat both chemical systems (the
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gustatory and the olfactory systems) have in faoat fluid-intake regulation (Prescott,
Young & O’neill, 2001b), it seems reasonable tmkhihat the effects of mere exposure
on development of food preferences described haseauntually affect flavors (tastes +
odors) regardless of the nature of the edible amost either a solid or liquid and not
only solid foods, in the real world.

It is also reasonable to think that the effects repeated mere exposure
associated with increases in the preference foddaaso concern olfactory stimuli.
Indeed, in the study by Mennella & Garcia (200@urnyg children from 3.8- to 6-year
old whose mothers, fathers or both parents repooteldink liked significantly more the
odor associated with beer than children whose pareported not to drink. However,
among the children whose mothers, fathers or badhergs reported to drink,
preferences for the odor of beer were significarglgted to parents’ specific emotional
situation in which they reported to consume alcplioht is, children whose parents
reported to drink to escape of disgusting mental eonotional states disliked
significantly more the odor associated with beeanthchildren whose caregivers
reported not to drink to escape. This pattern sllts was exactly replicated in a
subsequent study (Forestell & Mennella, 2005) iildebn from 3- to 8-year-old
regarding the cigarette odor. Although both of éhstudies did not examine effects or
mere repeated exposure to odors on young childmdfastory preferencead hoc, it is
reasonable to think that the children who parti@dain both studies are repeatedly

exposed to both respective experimental odorsam Homes.
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3.2. Acquisition of food preferences via exposureotfoods in the context of

Pavlovian conditioning (PC) or evaluative conditioing (EC) during childhood

An important mechanism through which children’s exgnces with foods and
flavors induce acquisition of likes or dislikes foods and therefore food preferences is
PC or EC. Based on Rozin & Zellner (1985), we widifine PC in the context of
gustatory learning as hedonic changes in responsattilude to gustatory and/or
olfactory stimuli resulting from their temporallya/or spatially contingent occurrence.
Within the classical PC paradigm, a conditionethstus (CS), such as a light, is paired
with a biologically relevant unconditioned stimul(i$C), such as a shock or food and
whether appetitive or defensive preparatory respong the CS change as a result of
these pairings is explored (De Houwer, Thomas &yBas, 2001). Within an EC
paradigm, in turn, a neutral stimulus is pairedhwéin affective stimulus, either a
positive (CS+), such as sugar or a negative (GBaukis and changes in the valence of
the neutral stimulus after these pairings are meds{De Houwer et al. 2001). Zellner,
Rozin, Aron & Kulish (1983) provide us with a goesxample of EC. Furthermore,
these authors studied EC with gustatory stimuli flee first time. In this study,
participants were provided with two different kindg flavored teas during the
acquisition phase. While one of these teas wagedilin a sugar solution (CS+), the
other kind of tea was diluted in plain water (CS¥9e two different flavors used as the
CS+ and CS- were counterbalanced across partisipating a subsequent evaluative
test phase, in which both kinds of teas were ptesdenn diluted plain water,
participants showed a significant preference fertda that was previously paired with
sugar. Most authors (Rozin & Vollmecke, 1986; BaeyeEelen, Van den Bergh &
Crombez, 1990, etc.) usually designate this proess®C, instead of EC. The most
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marked difference between PC and EC concerns titgHat within an EC-paradigm,
acquisition of likes and aversions is explainedeirms of the hedonic response system
(Havermans, 2010). We want to make readers awartheoiexistence of those two
different terms, but on our judgment, the termsd®&C can be used interchangeable,
at least when acquisition of flavor- or food preferes or aversions is taken into
account. Empirical research has revealed sevenalnia of the Pavlovian paradigm that
induce children’s acquisition of gustatory (foodin& or flavor) likes or preferences
and aversions that will be described next. If diet®C-based learning occurs
automatically or within awareness is actually obfcexperimentation and great debate
(Brunstrom & Fletcher, 2008), which is beyond thepe of this review, and readers are
kindly invited to read comprehensive reviews ors tissue, such as Brunstrom (2004;

2005).

3.2.1. Young children’s conditioned preferences oaversions for gustatory stimuli
based on associations between these stimuli and sehuent postingestive

consequences

In a broad sense, the process involves ingesticanoédible substance under
specific contingent circumstances that lead to acifip physical sensation, the
postingestive consequence, it becoming the detargifactor of either attraction or
rejection for that edible substance. The two mostll-known postingestive
consequences that have been shown to conditiongycbidren’s preferences and
aversions for flavors, foods or drinks are the agas of satiety —derived from the
nutritive effects of ingested energy-, a positieeforcer of those preferences (Birch,
1992; Birch, 1999) and the nausea and emesis -edefram the association of a food
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with a negative event that cause these reactioregzative reinforcers of aversions
(Rozin & Fallon, 1987; Birch, 1999), respectivelyhen the acquisition of flavor or

food preferences is based on the pleasant nutefifeets of ingested energy, then the
terms flavor-nutrient learning (FNL) or flavor-nignt conditioning (FNC) are also used
to designate this variant of PC (Appleton, GentryBeperd, 2006; Mobini, Chambers
& Yeomans, 2007; Zeinstra, Koelen, Kok & De Graz®09b). Both, FNL and taste

aversion learning (TAL) are two forms of conditingibecause in either case the flavor
or the food (CS) is paired with a physical sensafidS), either satiety, in the case of

FNL, or nausea/emesis, in the case of TAL (Herm20%0).
3.2.1.1. The FNL mechanism as inductor of food prefences in children

It has been shown by at least two well-controllégdies that high energy-
density novel flavored edible substances, thathisse which are high in carbohydrate
or fat content, for example, are significantly mpreferred by young children, after a
series of repeated pairings of the flavored edsbillestance and the energy source have
taken place, than the low-density flavored edihikssances (Birch, McPhee, Steinberg
& Sullivan, 1990) and (Johnson, McPhee & Birch, 1RAdditional data of both of
these studies have led to the conclusion that yohiidren are able to compensate their
caloric intake at a meal, depending on the caldrigested previously, as it has been
observed that they eat more food following consuompdf the low- than the high-fat or
high-carbohydrate-content stimuli, thus confirmiyaung children’s responsiveness to
the caloric density (Birch et al. 1990; Johnsoraket1991). Authors attribute these
results to the presence of positive postingestivesequences of calorie intake, thus
arguing that this, in addition to learned safetgymontribute to reduction of neophobia
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(Birch et al. 1990; Johnson et al. 1991). It is ampnt to stress here the fact that young
children’s acquisition of gustatory preferencestire context of this conditioning
paradigm is supposed to be facilitated by a repleat@osure to gustatory stimuli that,
unlike the mechanism of mere exposure, is linkethto specific consequence of the
positive nutritive effects of ingested energy. Witte aim to determine robustly if this
hypothesis could be confirmed a mere exposure tondibesides a conditioning
condition was included in the study by Kern et E2993). Moreover, the children
assigned to this last group were exposed to thelitoning intervention after an
overnight fast, in order to test if preferences ftavors associated with caloric
substances could be influenced by participantsgkeutevel, with the rationale that if
preferences for flavors have been conditioned basetthe positive nutritive effects of
ingested energy, then the satiety/hunger state apficpants should influence the
expression of these preferences (Kern et al. 19898). results yielded the conclusion
that young children can learn to prefer flavors rghi with the postingestive
consequences of ingested energy from dietary $agndy the preference for the high-
fat-content edible substance increased after dondig (Kern et al. 1993).
Furthermore, the expression of the flavor prefeeeracquired during the conditioning
intervention varied as a function of the young dtgh’s satiety/hunger state, as that
preference for the high-energy-dense edible wad masked in the hungry than in the
satiated state, while the condition based on meqgosare did not lead to a
differentiated preference for flavors as a functiointhe fat content of the edible
substance, or the satiety/hunger state (Kern ét98)3). The studies described here, in
which FNL has been evidenced to occur in youngdcer, have employed liquid
yoghurts, that is, fluids. It would be interestitigtest this mechanism with novel solid
foods. Young children’s FNL has also been showmdour regarding familiar foods
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(puddings) (Birch & Deysher, 1985; Birch & Deysh&886), besides novel foods, and
with innately disgusting fruit juices because df tilike innately disgusting tastes, such
as sourness (Capaldi & Privitera, 2008). In oldeitdcen (8-10-year-old), however,
FNL has not been shown to occur with the innatégusting sour taste, but with the
innately liked sweet taste (Liem & De Graaf, 200C has been suggested to be also
potentially effective in increasing young childreriking for vegetables (Havermans &
Jansen, 2007). Indeed, the survey-based studyliso6i& Wardle (2003), in which the
correlation of young children’s preference ratesdifferent common foods, including
vegetables, reported by their mothers, with therggndensity of these foods was
calculated, fount that this variable predicted atah’s preference for vegetables. To our
knowledge, there is no report testing the effe€the experimental manipulation of the
energy-density of vegetables on preference forandégetable consumption in young
children, but in older children. Indeed, Zeinsttak (2009b) developed such approach
in seven and half year-old children but did notfevidence for FNL as the mechanism
responsible for preference for and/or vegetableswemption in those children.
Nevertheless, it would be interesting to test ifLFiN effective in increasing young
children’s preference for and/or vegetable consiwnpt-NL has been also shown to
occur in the real world, under every day life cdiwtis in adult humans, besides under
experimentally well-controlled conditions (Appletehal. 2006; Mobini et al. 2007). It
would be interesting to test this with young andeol children as well. The FNL
mechanism shares with the innate preference foswhet taste the biological function

to ensure an enough intake of calories.
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3.2.1.2. Children’s acquisition of taste aversiontrough TAL

Regarding learned taste aversions resulting frap#irings of nausea or emesis
induced by a negative event with foods that havenbebserved in children, the
supporting evidence has been extracted from pedie@incer patients that have been
subjected to druggist treatments (chemotherapythir recovery. While some druggist
treatments result to be toxic for the gastrointegtiract (GI) and are associated with
moderate- to high levels of nausea and emesisystih@ not produce such toxicity
(Goodman & Gilman, 1975). In one of the few studiest have examined pediatric
taste aversions associated with the kind of caredated treatment (Bernstein, 1978), it
could be observed that patients with neoplastieatie from 2- to 16 year-old developed
a taste aversion for a novel ice cream, that igy tlwere significantly less likely to
choose this ice cream, when they consumed it beémeving a toxic chemotherapy, in
comparison to patients who were being treated wition toxic chemotherapy or any
drug at all and to patients who did not consumddaeream but were experiencing Gl
toxicity. One pairing of the ice cream (CS) witle t&I toxicity (US) from the medical
drug was enough for patients to form the tastesamey which was expressed by them
two weeks after that pairing, that is, after atredy long time interval. A subsequent
study (Bernstein, Webster & Bernstein, 1982) dertratexd that learned taste aversions
can be developed by pediatric cancer patients nigt regarding novel foods, but also
familiar foods. Indeed, cancer patients from 2-18year-old reported not to prefer
longer or to dislike foods eaten after the begignih the Gl toxic chemotherapy that
were frequently eaten by them during their usuadt diefore the treatment, in
comparison to patients who were not receiving thaoic treatment. Furthermore,
aversions were significantly less apparent whemeptat were exposed to a novel ice
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cream before the beginning of the treatment, in mamson to control patients,
indicating that the introduction to novel foods y@ets or attenuates acquisition of
aversions for familiar foodstuff (Bernstein et &B82). The authors of both of these
studies attribute the anorexia and weight lossicafty developed by pediatric cancer
patients (Van Eys, 1979), to these learned tastesens, as one plausible origin. As we
can see, in contrast to the learning paradigmiéaals to FNL, in which normal (disease
free) children were administered the source ofibstive postingestive consequence of
normal satiety in a direct way, that is, they wprevided with foods which contained
specific energy sources, such as carbohydrate tprtHa origin of the unpleasant
postingestive consequence —nausea or emesis- TAhatudies did not directly come
from the food, but from a negative event that ocediafter the food had been eaten. It
is reasonable, however, to think that if the ungdew postingestive consequence would
have derived directly from the edible substancel Would have occurred as well.
Therefore, every event or situation may act astarp@l determining factor within the
process of TAL in children, if any food or fluid &ssociated with potentially negative
physical consequences of that event or situatidnis Tlaim may become especially
relevant when childhood anxiety and childhood eptisorders, for example, are taken
into account, at least at a speculative level. Moee, there is evidence showing the co-
occurrence of feeding problems, such as food refusheating disorders with anxiety-
depressive symptoms and anxiety disorders in d@nld(Timini, Douglas &
Tsiftsopoulou, 1997; Chatoor & Ganiban, 2003; MabDett, Forbes, Harris,
McCormack & Gibbon, 2006). Furthermore, childrem dael nausea during stressful
situations, which trigger high levels of anxiety®os, Steinberg & Piacenini, 1999). It
would be interesting to examine the co-occurrerfceating disorders with anxiety in
children, and to examine if the mechanism of TALynte a contributing factor in
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childhood eating disorders that co-occur with atyxier viceversa in future research
studies. The biological significance of TAL lies ais effectiveness in preventing
children from poisonings, as they learn to avoiod® with which they have had
unpleasant experiences —illness- (Bernstein, 1998us, the innate response of
rejection for the bitter taste as well as TAL, dhdrefore nature and nurture, serve the

same aim, that is, children’s defense from dangeealibles.

3.2.2. Young children’s conditioned preferences bad on flavor-flavor learning

(FFL)

The FFL mechanism facilitates a conditioned inczeass decrease in liking or
preference for originally neutral flavors or foatiat have been contingently paired with
an already liked or disliked flavor or food thanhist caloric in nature, this flavor or food
acting as US (Baeyens et al. 1990; Birch, 1999ku@ence of FFL in children has
been examined mostly in regard to vegetable consamg-or example, Havermans &
Jansen (2007) found that children of an averageof§e? years preferred significantly
more a vegetable-flavored solution (CS), if repgaggposure to this solution with
added dextrose (US) was applied, in comparison withon-sweetened vegetable-
flavored solution. This result has been replicatedlder children’s (8-10-year-old) in
an unpublished study by Havermans & Jansen (seerhktans, 2010, p. 280). It would
be interesting to examine if children’s increaserneference for vegetables through FFL

could be generalized to other types of foodstuff.
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3.2.3. Flavor-related olfactory conditioning in chidren

As we have previously stated, perception of otfactcues from edible
substances are critical for experiencing its flaflrescott et al. 2001b; Bonfils, Avan,
Faulcon & Malinvaud, 2005; Beauchamp & MennellaD20 Therefore, it is reasonable
to wonder to which extent, does olfactory conditngnimpact the development of food
or flavor preferences during early life and childdoTo our best knowledge, there is no
published report showing any indication regardimgttimpact, but it would be
interesting to examine it, because as it is wetivkm by scientific community, lack of
evidence regarding a specific influence does natctly imply that this influence does
not exist, but rather that either the needed metlogg for its study is up until now
unknown or that that influence has not yet beenistlenough for other reason. In
adults, in turn, a recent review (Yeomans, 2006)ibentified evidence supporting the
expression of the following olfactory conditionibgsed phenomena: enhancements of
the ratings of the sensory quality of the odorsgrafepeated exposure to pairings of
those odors with sweet and sour tastes; increasi iliking and dislike for the odors,
after repeated exposure to pairings of those oditls the sweet and the sour taste,
respectively; SSS with food odors and modulatiohshe motivational internal state
(sated vs. hungry) in the liking rates for odorterarepeated pairings of odors with
sweet tastes. Given the evidence that childrematgust adults in miniature, that is,
their responses to stimuli differ markedly from ¢koof adults’ (Mennella et al. 2005a,;
Popper & Kroll, 2007; Chang, 2010), it would beeirgsting to examine the expression
of the mentioned phenomena in children, in ordeadoertain if these are marked by
age-related differences or not, thus contributingat better understanding of the
development of flavor (tastes + odors) preferences.
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3.2.4. Associations of foods with contextual stimul

The context in which children eat foods can be maplef the social stimuli
present during the meal, such as parents’, ted¢chmfer adults’ and even peers’
attitudes toward foods. Some authors consider appor disapproval of elders, such as
parents or teachers or even peers, that is, p@oejptat such people value a food as
positive or negative through the emission of eitfamial or verbal expressions as
possible sources of enhancement of children’s prates and/or dislikes for foods, as
those kinds expressions can become reinforcergartions or attitudes to foods in
either direction (Rozin & Zellner, 1985; Rozin & Moecke, 1986). In this way, adults’
and/or peers’ facial and/or verbal expressions trghacting as US and the reactions or
attitudes generated by associations of flavors avd$ with those US may be
conditioned (CS) by those US. On our knowledge gerpental research devoted to test
this ad hoc is lacking. Alternatively to this PC-based explaoa adult or peer
modeling may be the underlying mechanism for chilts acquisition of likes or
dislikes in presence of adults and peers (Highlve&eCarothers, 1977; Rozin &
Zellner, 1985; Romero, Epstein & Salvy, 2009). W#l wiscuss operation of this
mechanism in subsequent review sections. It is rlapbto stand out here that presence
of adults and peers during a meal can also ocamudgih exposure to food-related
commercial advertisements on the television (TVJ #mat this source of stimulation
might also be part of a the child’s social conteithe meal. Therefore, acquisition of
food preferences via PC and/or adult and/or peeatettg while watching TV might
occur. It would be interesting to examine the iaefloe of TV-driven adults’ and/or
peers’ modeling on children’s food and flavor prefees. Indeed, the study by
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Borzekowski & Robinson (2001) revealed that youhgdecen from 2- to 6-year-old
that had been exposed to a videotape intersperseadommercials were more likely to
choose the edibles that appeared in commercials Wwiey were asked to report their
food preferences than children that watched theeotmpe without commercials.
However, the report by Borzekowski & Robinson (208&es not indicate if adults or
peers appeared in the commercials, participants sawe do not know if this variable
could have affected participants’ food preferenmesot.

The physical environment, such as that of the dclvamteen or that of
surrounding food stores becomes part of the comexhich children eat foods as well.
In this sense, a recent review work (Stroeble &I2estro, 2004) has identified ambient
temperature, lighting, time of the day and ambisaunds as factors that impact
children’s eating behaviors and it would be intengsto examine how these factors
may contribute to shape young and older childréoesd and flavor preferences.
Familiarity with the physical environment has bekmonstrated to be a determining
factor of children’s food preferences, as it hasrbghown that they tend to prefer foods
that are typically eaten in their familiar enviroents, that is, their homes, their schools
and food stores visited by them (Birch et al. 199t@ry, Neumark-Sztainer & French,
2002; Van der Horst, Timperio, Crawford, Robertajd@3& Oenema, 2008; Aldridge et
al. 2009), and novel contexts tend to decreasegahildren’s intake of even familiar

foods (Birch et al. 1990).
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3.3. Children’s exposure to flavors and foods in t specific context of parental

influence

Research on pediatric nutrition has revealed tekatgmpact that parents exert
on the formation of their own children’s patterrisfanod intake, and food preferences.
This impact derives from the fact that parents thee primary providers of foods for
children, above all when children are young (ScamgliSalvioni & Galimberti, 2008).
As parents decide which kind of foods shall be pased and served in the household,
parents modulate in this way the kinds of foodg Hra available for children, and to
which children are exposed (Wardle, 1995). Sevaralthe mechanisms that have been

identified and through which parents develop thtence:

3.3.1. Parents’ transmission of their own food comsnption patterns to their

children via direct parental adult modeling

Hood, Moore, Sundarajan-Ramamurti, Singer, CuppdesEllison (2000)
observed that children from 3- to 5-year-old whpseents reported a high degree of
disinhibition, that is, lability in eating behavsorand weight, coupled with dietary
restrain, that is, conscious control of eatingvaka a high body fat rate, suggesting that
parents’ high disinhibited eating behavior couplgth a high dietary restrain promote
an excess of body fat in their children throughrapen of parental adult modeling.
Adult modeling has been shown to impact young céiltd acceptance of novel foods.
Indeed, Addessi, Galloway, Visalberghi & Birch (B)CGound higher acceptance of
novel foods in children from 2- to 5-year-old, lifety saw adult models eating the same
food, relative to a different food and to the preseof adults that were not eating at all.
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Influence of parental adult modeling has also b&®mwn to operate in older children.
Indeed, Brown & Ogden (2004) observed that childrem 9- to 13-year-old and their
parents shared identical patterns of snack foodwoption, which supports the theory
of parental adult modeling.

A version of parental adult modeling is peer maugliand its impact on young
and older children’s food intake has been showetsimilar to parental adult modeling
(Birch, 1980; Romero et al. 2009), with the diffece that instead of parents as being
the figure driving that impact, children of similage (peers) are who do it. Changes in
food consumption rates by means of parental adybieers implies that those changes
are learned watching others eating the same fooow(iB & Ogden, 2004), and that a
learning by watching takes place. However, parargsauthority figures and thus they
may force some when a child to consume any kindad (Batsell, Brown, Ansfield &
Paschall, 2002), while peers are alike regardinthaaity. Therefore, it would be
interesting to examine if parental adult- and peevdeling exert the same food
consumption-related increasing effect in the saxtent.

Parental adult modeling affects children’s acceggaof new foods and food
intake rates. If development of food preferenceghiidren may be associated with

parental adult modeling, has to be further inveséd, however.

3.3.2. Parents’ transmission of their own attitudes$o foods and to eating behaviors

to their children via direct parental adult modeling

Several authors have found correlations betweerhensit ideology regarding
food consumption and body weight and satisfactiowl @heir daughters’ eating-
behavior-related health status and patterns ohgdiehavior. For example, Hall &
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Brown (1983) found a correlation between motheegjrée of body dissatisfaction and
incidence of anorexia in their daughters of meam @igl6.6 yeas, in that mothers of
anorexia patients showed greater body dissatisfactian mothers of girls who were
not diagnosed from anorexia. Hill, Weaver & Blurid@990), on their part, found
correspondence of school-aged girls’ degree ofadjetestraint and that of their
mothers. A recent publication (MacFarlane, Crawf&réVorslet, 2010) indicates that
adolescents from 12- to 15-year-old whose pareep®rted to be concerned with
adolescent weight reported lower intake of energyse foods than adolescents of
unconcerned parents. These studies have been gdedeleither with middle-aged
female children or adolescents. It would be intitngsto examine the possible
transmission of mothers’ worries about body satisba and dietary restraint to young
female children as well, in order to ascertainhiéde attitudes to foods and to eating
behaviors might be transmitted to female childnrerearly childhood and if this early
attitudinal transmission might have an impact darlaating behaviors. It seems logical
to think of an affirmative answer, as it has be@ovwn that weight concern, body
dissatisfaction and high levels of dietary restramong 5-year-old female children at
risk for overweight are accompanied by greater Wemgpin from 5 to 9 (Shunk &
Birch, 2004) and imprinting of expectancies aboldolaol consumption that may
impact alcohol consumption during adolescence hmen argued to be developed in
early childhood, specifically at the age of 6 (Mrll Smith & Goldman, 1990), but the
long-term effects of impact of parents’ concernsudlweight or any food-related factor
on children’s food preference status have to béhéurinvestigated. In this regard, it is
interesting to report that Francis, Hofer & Bir@001) observed that mothers that were
worried with their own weight and eating reportedhigher degree of restricting
daughters’ intake in young female children (age yeéars), but the long-term effects of
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this maternal influence on eating behavior areragmabe elucidated. On the other hand,
it would be interesting to test the hypothesismearly imprinting of attitudes to foods
and eating behaviors in young male children as,wellorder to ascertain if male
children respond in a similar way to maternal foelited attitudinal influence as
females have been shown to do.

Women are specially pressured to keep a thin figBtewers, Loxton, Grady-
Flesser, Ochipinti & Dawe, 2003) and men to shostrang appearance (Franzoi &
Shields, 1984) and mothers have been argued ta sggnificantly more time with
their children during familiar mealtimes, in comigan to fathers (Scaglioni et al.
2008), so that it seems reasonable to think tleastyle of parental attitudinal influence
on children’s food-related attitudes as well addtkin’s response to that food-related
parental attitudinal influence might be modulateg dender differences, although
further research is needed for confirming or diardmg this.

On the other hand, as we have already mention#tkiprevious review section,
parents’ own hedonic values of foods and/or edtigigaviors might be also transmitted
to children through verbal and/or non-verbal (fcexpressions, and therefore direct
parental adult modeling (Highberger & Carothers/7Z.9Rozin & Zellner, 1985),

although further research is needed.
3.3.3. Parental specific child-feeding strategies

Certain parental strategies commonly used in d##yto regulate children’s
eating behavior have also been identified as exgeran important influence on
children’s eating styles, food choices and foodfggences (Birch & Davison, 2001;
Scaglioni et al. 2008). It is not surprising totst#hat parents try to regulate/control

140



. IMPACT OF EXPERIENCE

children’s eating habits and patterns of food ietak order to improve children’s
healthy patterns of eating behavior and to redaenful ones. An example of healthy
patterns of food intake is one such that includgb hates of vegetable consumption,
while a high intake of snack foods illustrates arherlthy pattern of eating behavior
because of snack foods’ high sugar- and fat conféfarren et al. 2008). Parental
influence on children’s eating behavior can be fpasior negative, depending on the
concrete used strategy. For example, it has bemmrsthat some strategies like making
pressure to eat, restricting certain foods and eynpd instrumental feeding, that is,
rewarding food intake with any prize or promotirfgldren’s pro-social behaviors with
foods as prizes, even applied with best of interjalo not reach the expected positive
results of an intake increase, whenever an incrigafe children’s intake of a specific
food (i.e. vegetables) is wanted by parents, bthlieraa decrease (Birch, Marlin &
Rotter, 1984; Fischer & Birch, 1999; Reimer, SmReicks, Henry, Thomas & Atwell,
2003; Brown & Odgen, 2004; Galloway, Fiorito, Frem& Birch, 2006; Zeinstra & De
Graaf, 2008). Indeed, pressuring young childrerabvegetables results in a decrease
in their preference for them (Fisher, Mitchell, $ikias-Wright & Birch, 2002; Wardle,
Carnell & Cooke, 2005). Restricting children’s agx¢o foods, such as snack foods, in
turn, increase children’s wanting to eat them dralrtintake (Fisher & Birch, 1999),
while “parental allowance”, that is, parents petimg children to eat as much as they
want, does not increase that wanting to eat thaselsf (Wind et al. 2006) nor
vegetables (Brug et al. 2008).

Other kind of child-feeding strategies, like faation to eat a food (i.e.
vegetables) via physical availability and acceéigitio them, at the contrary, have been
shown to correlate with a higher intake of thatdda old children (Brug, Tak, Te
Velde, Bere & De Bourdeaudhuij, 2008). Parents’vgion with mere repeated
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exposure to vegetables has been shown to incrékisg for previously disliked
vegetables in young children (2-8-year-old) (Ward@ooke, Gibson, Sapochnik,
Sheisham & Lawson, 2003b). The parental strateggdban overt control which can be
detected by the child, as it implies to communiadéarly to the child how much the
child should eat as well as the covert controltsta which cannot be detected by the
child and which implies, parents not buying thed®dhat cannot be eaten by their
children, for example, have been related to eatioge fruits and vegetables in children
from 4- to 7-year old (Brown, Ogden, Voégele & Gihsa2008). Thus, parents’
appropriate use of feeding strategies with theildobn may facilitate the establishment
of children’s healthy intake habits (Moore, Tapgevurphy, 2007.

All these parent-triggered mechanisms may deterrohilren’s exposure to
foods, and therefore, increases and/or decreasegraferences for foods and
corresponding flavors might be modulated by there.tiWnk that the best way in which
parents can exert an effective influence on thieilden’s eating behavior is selecting
the child-feeding strategy that best adapts tokihd of food to be controlled, but as a
first step parents need to know the great spectidifferent child-feeding strategies.
Given the evidence regarding effectiveness of sparental strategies in regulating
their children’s food intake as well as the evidemegarding children’s ability to self
regulate food intake (Birch & Deysher, 1986), anikorium between external parental
control of children’s food intake and children’dfseegulation of food intake is here

specially recommended.

142



. IMPACT OF EXPERIENCE

3.4. Children’s exposure to flavors and foods at ool

In Spain, young children from birth up until thgeaof 6 years have the
possibility to visit schools specially designed tbeir early age (kindergart®n This
school period is called child education and is atdny in nature (Spanish Department
of Education, 2010a). Existence of Kindergartenother countries, such as those
forming the United States of America (Rimm-Kaufn&rrianta, 2000) is well known.
Children from 6- to 12-year-old assist to the maodaprimary education (Spanish
Department of Education, 2010b). It has been estith#hat 20% of total children
provided with schooling in Spain, regardless ofedacation grade and the school type,
either public or private, receive their daily mamealtime, in Spain the lunch, in the
school during 8 to 9 months, which is the yearlyation of a Spanish school period
(Aranceta Bartrina, Pérez Rodrigo, Serra Majem &gBego Rubio, 2004; Aranceta
Bartrina et al. 2008). Therefore, Spanish childeza subjected to food and flavor
exposure in the school during a long period of tilnethis sense, it is to highlight the
fact that a shortage of vegetables in the Spambloat menus has been identified
(Aranceta Bartrina et al. 2004; Aranceta Bartrihale 2008). Several other countries,
such as United Kingdom, Ireland, Argentina, Swedgnited States’ countries, boast
dining halls for children in the schools (Macairt Berros, 1982; Briggs et al. 2003;
Engstrom & Carlsson-Kanyama, 2004; Sosa & Houglh6201oore, Murphy, Tapper
& Moore, 2010). Therefore, a great proportion oildrien provided with schooling are

yearly exposed to foods and flavors during the stip@riod worldwide. Decisions

*Kindergarten (in singular and plural) derives fridte German language and signifies
nursery school.
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regarding foods and flavors that are present in shkool meals are made by
corresponding authorities, and, as in the cas@éefdmiliar context, are taken outside
children’s control. In this regard, we consider ortant to highlight the fact that,
despite the importance of learning healthy patt@®od (vegetables) intake during
young childhood, less attention has been focussethis kind of learning within the
scholar curricula regulated by applicable law fougg children (age range 0-6 years) in
the kindergarten, in comparison, for instance, tah@matical learning —at least during
a first moment in Spain- (see Spain, LOE, 2006hofr curricula regulated by Spanish
applicable law affect, among other aspects, thetecds of teaching, with which
children are provided (Spain, LOE, 2006). A subsaguapplicable law (Spain, OECI,
2007) also dedicated to design scholar curriculayéung children in the kindergarten
repeatedly stresses the importance that youngrehildcquire healthy eating habits but
the specific food composition of these healthy repthabits is not specified and we
think that this constitutes a legislative gap. aene legislative gap is found in the case
of the applicable law for teaching contents for iygichildren in the German Federal
State of Berlin, for example (Dreier et al. 200Zherefore, we can expect similar legal
situations regarding emphasis of the importancéeafning healthy patterns of food
(vegetables) intake within scholar curricula in estiEuropean countries. The key
question, to which the present review section igoth, is: does this school-related
exposure to gustatory stimuli shape children’s,eesdly, young children’s food
preferences?

Experimental research on pediatric nutrition hegealed that exposure to the
food provided by the schools’ dining halls to chéid may impact children’s eating
behaviors in general and food preferences, inqaaii, in two ways. On the one hand,
the provision to children with foods during the sols’ routine mealtimes, that is,
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without implementation of especial intervention gnams aimed to increase children’s
preference for and/or consumption of a target fbad, been related, at least by a study,
to children’s increases in their preferences foséhfoods. Indeed, Baxter & Thompson
(2002) found a significant increase in the prefeeefor fruits and vegetables in fourth-
grade children, that is, from 8- to 10-year-oldenfauthors had followed a systematic
observation of the schools’ mealtimes, which weeh in fruits and vegetables, during
three consecutive years. Consumption of fruit amgetables increased as well, and this
increase was linked to the increased preferencehése edibles (Baxter & Thompson,
2002). Long-term effects of this exposure on cleitds preference for vegetables are
should be examined, however. It would be intergston develop this study in young
children, in order to ascertain if Baxter’'s and mpson’s results could be replicated in
the young child population. Another study (Sepprakiamsson, Junberger & Risvik,
2002) found that children of mean age = 4 yearsvatgetables at least once a day
during weekdays in the school, while at home thmesahildren ate vegetables less than
once a day. Data regarding the relationship betwd#es pattern of vegetable
consumption and children’s preference for vegetalaiee not extracted, however, and it
would be interesting to examine this relationshiguture studies. Several other studies
have studied the food composition of the meals withch children are provided in
their schools (Lytle et al. 1996; Condon, Chepingekox, 2009), but again, its
association with current children’s food preferenaad later status of food preferences
has not been the study object of these studiesfmnde research should take that
association into account.

On the other hand, there are several reports sigothie increasing effects that
certain school-based intervention programs, talkddgantage of the schools’ dining
halls or canteens and classrooms, and which hame $gecially designedd hoc for
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increasing children’s food preference and or intallmong other variables, have
reached on children’s food preference. Specifically review of scientific literature on
this issue has identified nine published studiesdieing those effects. The majority of
these school-based interventions have focuseduits,fbut above all on vegetables as
the target food stimuli, which is quite understarida as it has been shown that
vegetable consumption during childhood counterabitlhood overweight, one of the
most worrying public health problems throughout terld (WHO, 2009) as well as
health problems in the adulthood, such as overweidtranceta et al. 2007),
hypertension, heart disease and cancer (Van DuRiv@nka, 2000; Maynard, Gunnell,
Emmett, Frankel & Davey, 2003; Mikkila et al. 2004nd that children’s, especially
young children’s vegetable intake rate remains fothan national recommendations
(Lorson et al. 2009; Yngve et al. 2005). Furthermnaix of the nine school-based
programs identified here are concentrated on dmldirom 6-year-old and older
children, and just three have concentrated on yaidren, which is surprising, given
the evidence that children’s patterns of food ietake linked to their food preferences
(Baxter, Thompson & Davis, 2000; Jaramillo, YangugHes, Fisher, Morales &
Nicklas, 2006) and that young children’s food prefiees track into later life, at least to
adolescence and young adulthood (Nicklaus et &420nusan, 2006; Kimura et al.
2010). These school-based interventions can bedlyratassified into three different

types according to its focus:
3.4.1. School-based interventions focused on nuioh knowledge
The best descriptor words for designating theseoddbased intervention

programs are nutrition education programs and a@lgnbased on the provision to
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children with knowledge regarding healthy nutrisabits in the classrooms, and on
organization of cooking workshops, where childram see and even exercise healthy
culinary skills, these activities leading to leagniabout the importance of living of a
daily healthy diet. Nutrition education programs arsually combined with other
activities that are not strictly aimed to providaldren with nutrition information. For
example, in a nice study developed by Morris, Nadistr & Zidenberg-Cherr (2001)
during = 8 months, and aimed to increase youngladnil's vegetable consumption, the
integration of healthy nutrition-related lessonsha classroom and vegetable gardening
activities within the school-based intervention Igezl an increase in the young
children’s willingness to taste green vegetablesghsas spinach and broccoli and
others, such as carrots, although children’s peefsz for these vegetables did not
change. However, willingness to taste vegetables sne qua non condition in
enhancing young children’s preference for vegetabkxause young children’s tasting-
related experience is a previous essential reqeinérfor changing food preferences
(Birch et al. 1987). Furthermore, the resulted latkincrease in young children’s
preference for vegetables could have been duesttatk of experience with tasting the
target vegetables within the intervention prograrhus, it would be interesting to
include a vegetable-related tasting experienceombgnation with gardening activities
within the nutrition education program in futureidies, in order to examine possible
changes in young children’s preference for vegetabMorris's et al's study was
subsequently carried out again with older childrémgt is, from 9- to 10-year-old
(Morris & Zidenberg-Cherr, 2002) during a year asdding a second experimental
condition was added. Within this study, the comtiamaof healthy nutrition-related
lessons in the classroom and vegetable gardenitigitege (NG) as well as the
nutrition-related lessons alone (N) improved clafds preferences for carrots and
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broccoli in a significantly greater extent than dhe control condition (C), which was
based on no intervention. Furthermore, NG produsigdificant greater increase in
children’s preferences for peas and zucchini, mgarison to N and C. In addition, NG
retained its difference for broccoli, peas and hidcand N for carrots 6 months later.
The intervention developed by Morris & Zidenberge@h(2002) has been subsequently
carried out again (Parmer, Salisbury-Glennon, Shara Struempler, 2009) with the
same experimental and control conditions in childh®m 4- to 6-year-old and no
changes in the preference for fruits and vegetadtesng groups were observed, after a
9-months-long school-based intervention focusedaonutrition education program.
This could be attributed again to the lack of atfrand vegetable-related tasting
experience. However, as in the study by Morris let(2001), the treatment groups
showed a greater willingness to taste fruits andetables. A subsequent study
developed in older children (age range = 6-12) ihiggrated fruit and vegetable taste
tests, preparation of fruits and vegetables andeagang activities within the nutrition
education program (Heim, Stang & Ireland, 2009yeased children’s preferences for
vegetables, while no changes in the preferencefriots was observed. However,
another nutrition education program that involviee provision of knowledge regarding
the physiology of digestion and the importanceafsuming healthy foods by means of
classroom lessons, videos, books and games duimgeéks to children from 8- to 10-
year-old did not increase participants’ preferefaefruits and vegetables (Tuuri et al.
2009). The last nutrition education program that describe here (Reverdy, Schlich,
Kdster, Ginon & Lange, 2010) was mainly based oseaes of schoolroom lessons
regarding the five senses that included provisioith véenses-related vocabulary,
gustatory and olfactory tasting, information regagdocal gastronomic specialties and
a cooking workshop during 4-6 months, and was adgi children from 8- to 10-year
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old. Reverdy et al. (2010) found that children esgmbto this program increased their
preference for more arousing versions of two oé¢hiood stimuli —potatoes and apple
compotes-, and that this increase was observalyel®Ommonths later but not just after

the intervention.
3.4.2. School-based interventions focused on théneols’ meals

The basis of this type of programs relies on modifons to the food
composition of the schools’ meals, such as additafrfruits and/or vegetables or to the
conditions under which children have access to fdoels in the school. Common
manipulation of these independent variables andsoreanent of changes in children’s
preferences for those fruits and/or vegetableti@slépendent variable are then carried
out. In the study developed by Hendy, Williams &f@ise (2005), children of mean age
= 8.0 years were exposed to fruits and vegetahleimgl 18 consecutive meals with
token reinforcement, food choice and conditionst timeluded peer modeling. A
significant greater improvement in the prefererardifuits and vegetables was observed
in the children subjected to this multi-componemhaol-based intervention, in
comparison to children that were not exposed toitervention two weeks after the
end of the intervention but no differences betwéeth groups were found seven
months later. The solely provision with choice ttisaprovision with the opportunity to
select the item to eat among several options, endbntext of school mealtimes to
young children has also been shown to be effedtivencreasing Spanish young
children’s vegetable consumption in a recent unpbbt study developed in 2009 in
children from 2- to 6-year-old (Rohlfs et al. 200B)t not effective in increasing Duch
young children’s vegetable consumption (Zeinstrané®, Koelen, Kok & De Graaf,
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2010a). Cultural and methodological differencesveen both of these two last studies
have probably led to such a different result reg@rdhe impact of providing choice to
young children on their vegetable consumption. Riigg the effect of choice, it is to
highlight that if children are given the possilyilib choose between healthy foods (i.e.
vegetables) and unhealthy foods (snacks), theyauskoose these last options (Warren
et al. 2008), so that the provision with choicectdldren must be among healthy

options.
3.4.3. Mixed school-based intervention programs

These programs combine the two former mentionecstypf intervention
programs. The study by Wang et al. (2010) indicdteg from 8- to 10-year-old
children showed a differentiated level of prefererior fruits and green vegetables,
depending on the level of exposure to a multi-congmbd program, in that the most
exposed children (two-year-exposure group) showesifaificant greater increase in
their preference for fruit and green vegetablescamparison to the less exposed
children (one-year-exposure group). The multi-congmt program included changes in
the foods provided to children in the school megdsdening activities, cooking classes

and provision with nutrition knowledge.

3.5. Evidence supporting tracking of preferences deloped during young

childhood into later life phases

Several authors have found that the food prefesedeseloped during young
childhood predict food preferences in later chilothoand even young adulthood,
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whatever the experience-related mechanism/s treabéen operating during that early
stage of development. For example, Skinner, Cariitlunds & Ziegler (2002) found
that food preferences of 8-year-old children weskated to their food preferences at
ages 2 to 4 years. Likewise, Nicklaus et al. (20G04hd the same relationship between
the status of food preferences of young childrezddaetween 2 and 3 years from 1982
to 1999 and the status of food preferences of éineesparticipants several years later,
that is, at the ages between 12 and 22 years fafih @ 2002. Another study (Skinner,
Carruth, Bounds, Ziegler & Reidy, 2002) concludkdttfood-related experiences by
children in the first 2 years of life predicted ithdiet variety at ages 6, 7 and 8 years.
Young children’s food-related behavior has alsonbegported to track into young
adulthood, besides food preferences, in that tlygegeof food variety seeking of 22-
year-old adults has been found to be related toddwee of food variety seeking of
those adults at the ages of 2 and 3 years (Nicldaat 2005a). That young childhood
constitutes a sensitive period of food preferermeetbpment requires further research,
however. We will come back to this issue in theiewev section designated as

conclusions and future research.
4. Conclusions and future research

The literature dealing with origin of infants’, yog children’s and older
children’s gustatory preferences, that is flavod &od or drink preferences, indicates
that that origin is innate and experience-relatedl that both factors, nature and nurture
impact children’s food choices and food intake.eled, although human beings are
blessed with a genetic program that determinesiwiistatory stimuli to accept (sweet
or salty cues) and which to reject (sour and bitexs) (Kajiura et al. 1992; Mennella et
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al. 2005a; Mennella & Beauchamp, 2005), the fathas prenatal and postnatal contact
with different flavors derived from foods and/oinks shape the degree, to which those
innate preferences are expressed. The presentwrevas aimed to summarize the
accumulating evidence that explains how certain eggpce-related mechanisms
operate leading to modifications in the expressibfiavor, food and drink preferences
that may be observable in later life phases, omrcgact with gustatory and olfactory
cues (flavors) across development takes place, tanidentify sensitive periods of
development of flavor and/or food preferences. Addally, we wanted to identify
unclarified issues that, in the context of the a@atied aims, would require future
research. Therefore, in the present review sectien will firstly enumerate the
experience-related mechanisms through which childnereferences are shaped. Then,
we deal with the issue of identification of sen&tperiods, and finally, we will indicate
the issues that, based on this review, we havdiftehas being issues that need further
research.

The first of such experience-related mechanismsab@e prenatally and refers
to stimulation of fetal taste and olfactory receptby its contact with tastes and odors
that are spread through the AF because of the mstdeet of which volatile food
particles reach the placenta (Mennella & Beauchat®f7a; Mizumo & Ueda, 2004;
Blossfed, 2006). That this experience with chemstahuli in utero induces changes in
the preference level for those chemical stimuliflet these changes are observable in
later life phases, has been demonstrated regaodinmgt juice (Mennella et al. 2001),
sodium (Crystal & Bernstein, 1995), other ediblbtefinella et al. 2005b), and with
certain odors, such as the odor of the mothers(M&rendi et al. 1998; Marlier et al.
1998; Schaal & Marlier, 1998; Mizumo & Ueda, 200di)jse odor (Schaal et al. 2000)
and ethanol odor (Faas et al. 2000). In all theses, an increased preference for the
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flavors and aromas, including that of the AF to etihietuses had been exposed in utero
was found, so that flavor imprinting may take plateery early life. That the prenatal
phase might constitute a sensitive period of dearaknt of flavor preference, has to be
further investigated. Furthermore, for considetting prenatal phase as such a sensitive
period, longevity of the flavor preferences acadiipgenatally has to be demonstrated in
older subjects, besides infants and young adules.will come back to this issue later
again within this section.

The second experience-related mechanism conceonataé stimulation of taste
and olfactory receptors by its contact with tasted odors (flavors) that are dissolved
in the milk, either breast milk or formula milk, thiwhich infants are fed during the
lactation period. Indeed, flavors derived from thether’s diet are transmitted to infants
via breastfeeding, which has been demonstratedrdiega the flavors of garlic
(Mennella & Beauchamp, 1991a), alcohol (Mennell8&uchamp, 1991b) and vanilla
(Mennella & Beauchamp, 1996). That prior exposwrenbther’'s milk-diluted flavors
during the lactation period generates a flavor inmtprg, thus observing an increased
preference for those flavors in later life (i.e.waaning) has been observed regarding
the mother’s milk (Mennella & Beauchamp, 1997b)ragjuice (Mennella et al. 2001),
peaches (Forestell & Mennella, 2007) and a serfestler foods (Mennella et al.
2005b). Flavor imprinting in infants via formula lkabased feeding and its consequent
flavor preference-related increasing effects, wlad observable at weaning have been
likewise evidenced regarding the bitter and sosteta (Mennella et al. 2009) and
certain commercial formula milks, such as Nutramjgélimentum and Enfamil
(Mennella et al. 2004; Mennella & Beauchamp, 200%)at that formula milk-driven
flavor imprinting may be observable in childhoodldreyond has been demonstrated by
Haller et al. (1999), Mennella & Beauchamp (2002) &iem & Mennella (2002). Both
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fed regimen patterns, breastfeeding and formulak-baked feeding have been
empirically demonstrated to differ considerablynfreach other in the strength with
which both facilitate infants’ acceptance of newdtoods at weaning, however, in that
breast feeding has been shown to be significantiyeneffective than formula milk-
based feeding (Sullivan & Birch, 1994). It has die@n shown that olfactory imprinting
and its consequent olfactory preference-relatedeasing effects occur through
stimulation of olfactory receptors during the laicta period regarding body odors, such
as the odor of the mother’s breast (Varendi & Rp2801; Delauney-El Allam et al.
2006) as well as other non-body-related odors @ul& Porter, 1986; Mennella &
Beauchamp, 1998b; Varendi et al. 2002; Romantsh#ét.€007) has been also shown
to occur.

The third experience-related mechanism operatesnwifants are introduced to
solid foods and extends to young childhood whery tire faced with new foods, and
concerns mere repeated exposure. That mere repegpedure to foods leads to an
increase in the preference for those foods has bbserved with several edibles,
including vegetables, in young children (Torrant@58; Rozin, 1979; Pliner, 1982;
Birch & Marlin, 1982; Sullivan & Birch, 1990; Kerat al. 1993; Gerrish & Mennella,
2001; Wardle et al. 2003a; Cooke, 2007; Gibson &rBtrom, 2007; Williams et al.
2008). On the other hand, mere repeated exposufeotts leads to an increase in
infants’ acceptance of new foods at weaning (Sali& Birch, 1994; Birch et al. 1998;
Gerrish & Mennella, 2001; Maier et al. 2007; Menaeit al. 2008; Maier et al. 2008).

Apart from mere repeated exposure, other expesieslated and classical
conditioning-based mechanisms, such as FNL have kBbBewn to increase young
children’s preferences for novel foods (Birch et #090; John et al. 199; Kern et al.
1993) and familiar foods (Birch & Deysher, 1985ydBi & Deysher, 1986). FNL has
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also been shown to increase preference for inndisbusting tastes, such as sourness
in young children (Capaldi & Privitera, 2008) budtnin older children (aged 8-10
years) (Liem & De Graaf, 2004). By means of TALeatjon for foods can be
established in young and older children (Bernst28v,8; Bernstein et al. 1982). FFL
increases young and older children’s preference$ofids (vegetables) (Havermans &
Jansen, 2007; Harvemans, 2010, p.280). Childresriglitoned dislikes or preferences
for flavors or foods can be formed if they learragsociate those flavors or foods with
social- and physical stimuli (Rozin& Zellener, 19&%0zin & Vollmecke, 1986; Birch

et al. 1990; Story et al. 2002; Stroeble & De Gask004; Van der Horst et al. 2008;
Aldridge et al. 2009).

Certain parental child-feeding strategies, sucimase repeated exposure favor
an increase in the preference for foods (i.e. \&ues) (Wardle et al. 2003b), while
others, such as making pressure to eat a foodvégetables), favor a decrease in the
preference for that food (Fisher et al. 2002).

Exposure to foods during routine mealtimes in ¢sbhbool has been shown to
increase middle-aged children’s preference fortdruand vegetables (Baxter &
Thompson, 2002), and it has to be examined if tasult finds replication in young
children. Several school-based intervention prografithe kind of nutrition education
programs aimead hoc to increase children’s preference for and consionpdf fruits
and vegetables have been shown to increase preéefenthese foods in middle-aged
children (Morris & Zidenberg-Cherr, 2002; Hendy &t 2005; Heim et al. 2009;
Reverdy et al. 2010) but not in young children (N®et al. 2001; Parmer et al. 2009),
probably because the nutrition education progrdmas have been applied to young
children have not included food tasting sessiond,Birch et al. (1987) already warned
that young children have to taste the flavor orftbed for inducing a change in their
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preference for that flavor or food. On the othendathe recent study by Lumeng &
Cardinal (2007) revealed that the provision witfeetively positive information about a
flavor while tasting it to children younger tharb4sears does not change their hedonic
ratings regarding their liking for that flavor but children from 4.5- to 6-year-old, in
agreement with at least one prior Piagetian studdisating that young children are not
yet cognitively developed enough to understand s&mds of information (Bahn,
1989). This leads to the question of if this implteat changing very young children’s
preference for a flavor or food requires actingedity on the taste —through repeated
exposure, for example- of that flavor or food imasteof acting on young children’s
knowledge of that flavor or food. Future researdll @ascertain the proper answer.
School-based intervention programs focused ontheda’'s meals have been shown to
increase preference for fruits and vegetables iddietaged children (Hendy et al.
2005) and vegetable intake in young children (RoBlbminguez et al. 2009). Positive
long-term effects of these school-based intervestibave been observed to occur in
middle-aged children (Morris & Zidenberg-Cherr, 20Reverdy et al. 2010), while
these long-term effects have to be examined in gazmidren. If these positive long-
term effects derived from school-based interverstifmund in middle-aged children
may remain invariable during adulthood has to kemered.

An especial issue, we want to discus here conaistence of sensitive periods
of development of flavor (tastes + odors), food/andrink preferences. Although there
is a vast body of evidence indicating existenceswth sensitive periods, such as the
reported by the numerous studies published by Minaad collaborators regarding
long-lasting effects of early feeding on subsequdieotl consumption and preference, it
is necessary to demonstrate the longevity of tloel fand/or flavor preferences formed
in early life (Aldridge et al. 2009) and thereforheir invariability in adult life
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(Cashdan, 1994) for considering a certain time &aoh life in a robust way as a
sensitive period. In this sense, we know that yoadglthood is a life phase in which
individuals are still developing, as changes indghatomical level of human high-order
brain regions have been observed to occur (Sowellerson, Thompson, Welcome,
Henkenius, & Toga, 2003;ebel, Walker, Leemans & Beaulieu, 2008), and these
changes might affect the sensory systems, sucheataste and olfactory systems and
might affect behavior, such as individuals’ repatdlavor preferences, as it has been
shown that high-order brain and cognitive functiansdulate taste and olfactory
processing (O’Doherty, Deichmann, Critchely & Dqla2002; De Araujo, Rolls,
Velazco, Margot & Hobden, 2005). Furthermore, digaved from animal research in
the visual system (Sale et al. 2007) have cledrbwwe that certain changes that were
considered that could only occur during developmemy also occur during young
adulthood, if the surrounding environment is oftsteatures that induce such changes.
Specifically, amblyopia, an untreatable disordertleé visual system in adults, that
affects visual acuity, was found to be eliminateqoung adult rats (age = 70 postnatal
days), when these rats were immersed in an enveohmf high sensory and motor
stimulation, remaining visual acuity unaltered tweeks after the intervention (Sale et
al. 2007). If the human taste and/or the olfacteygtems may also display changes
during young adulthood that are typically related development, should be
investigated. Thus, based on these evidences, opoge here that the longevity and
invariability of the food preferences acquired ixlg life should be tested not only
when subjects get young adulthood (age range =0),868t in older adulthood, that is,
at least from the age of 35-year onwards. Longitaldstudies on development of food
and flavor preferences might help to this purpa#tbpugh we are aware of the fact that
the long duration and high costs of such studieg make its carry out difficult. To our
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knowledge, there is only one experimental study ties examined early experience
with tastes in individuals aged within the age ®nge recommend here. Indeed, the
study by Haller et al. (1999) found a significariteet of early feeding history on
preference for ketchup in a subject sample ageth fi@- to 59-year-old, in that
individuals’ status of preference for a specifimiMa-flavored-flavored ketchup sauce
was linked to the kind of feeding regimen, to whiddlividuals had been exposed
during the lactation period, that is, vanilla-flagd formula milk-based feeding,
although that effect could have been due to ardiffietaste component of this formula
milk, rather than vanilla. Therefore, we can hevaatude here that the lactation period
may be a high-probability candidate to be a samspieriod of development of flavor
preferences in humans (Haller et al. 1999). Funtioee, replication of the results
obtained by Haller et al. (1999) would be very ligdlpn order to consider the lactation
period as a sensitive period of development ofditgreferences in humans robustly.

As we can see, the mentioned experience-relatechanetns may ensure
cultural transmission of gastronomic preferencemfone generation into the other, as
the foods and flavors to which children are exppseel mostly decided by adults of the
preceding generation. Children, on their part, ragate this gastronomic culture,
similarly to other cultural aspects, and when aleidmature and become adults, they
may transmit their learned food preferences andtimunal habits to their own children,
so that culinary habits and preferences may restainle along centuries of exercise of
gastronomic customs. In this regard, it is to hgjttlthat the decisions that adults make
about the foods to which children have to be exgasehome and in the schools,
especially during sensitive periods of developnudritavor and food preferences, have
to be made carefully.

Which issues require, on our judgment, being exathin future research work?
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As prior exposure to flavor through either bresestiing or formula milk-based
feeding during the lactation period has been aasetiwith increases in flavor and food
acceptance, consumption and preference as preaeposffiects (Mennella &
Beauchamp, 1997b; Mennella et al. 2001; Mennellaakt 2004; Mennella &
Beauchamp, 2005; Forestell & Mennella, 2007; Menetl al. 2009) but also with SSS
at weaning (Mennella & Beauchamp, 1999; Mennellale2006), the impact of the
length of the time interval between the milk-rethexposure and the test moment on
determining emergence of both effects needs ofduntesearch for it being elucidated.
This purpose would require manipulating the lergftthat time interval (long vs. short)
within the same experimental design.

Young children’s preferences for foods and drifiere been shown to be
related to the kind of formula milk, those childré¥ad been fed during infancy
(Mennella & Beauchamp, 2002; Liem & Mennella, 200®)\der subjects’ flavor
preferences have also been related to the kindrofula milk with which they have had
experience in infancy (Haller et al. 1999). In ttese of breastfeeding, in turn, its
impact on later food consumption has been showbetexerted only in infants at
weaning (Sullivan & Birch, 1994; Mennella et al.0&b), and therefore it would be
interesting to examine if breastfeeding history acig later status of food and/or flavor
preferences beyond infancy.

Repeated mere exposure has been shown to indréasts’acceptance of new
semi-solid foods (Birch et al. 1998; Gerrish & Mefla, 2001; Maier et al. 2008) and
young children’s preference for novel and familsalid foods (Wardle et al. 2003;
Cooke, 2007; Williams et al. 2008) and it wouldib&resting to test the effectiveness
of repeated mere exposure in increasing infantd’yarung children’s acceptance of and
preference for fluids as well. FNL, in turn, hagbehown to increase young and older
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children’s preferences for fluids, such as liqumglurts and fruit juices (Lim & De

Graaf, 2004; Capaldi & Privitera, 2008) and semigsfinods, such as puddings (Birch
& Deysher, 1985; Birch & Deysher, 1986). Thus, ibuM be interesting to test the
same effectiveness of FNL with solid foods in yowamgl older children as well as its
effectiveness with vegetables in young childrenaraiation of FNL in the real world

with young and older children is required as well.

Given the evidence for co-occurrence of feedirspidiers and anxiety disorders
in children (Timini et al. 1997; Chatoor & Ganib&003; McDermott et al. 2006), it
would be interesting to examine if TAL might be tdmuting to childhood eating
disorders.

Young and older children’s preference for vegetsbhave been shown to
increase through FFL (Havermans & Jansen, 2007eki@ans, 2010, p.280). It would
be interesting to test if young and older childsepieferences for other foods increase
through FFL as well.

Flavor-related olfactory conditioning has been dastrated in adults (Yeomans,
2006), while its examination in children has not peen carried out, and it would be
interesting to carry out this examination in futoesearch.

Children’s perception of parents’, teachers’, othdults’ as well as peers’
values of foods has been suggested to increaseooease children’s preferences for
foods as well as dislikes (Rozin & Zellner, 198®zidh & Vollmecke, 1986). Thus, it
would be interesting to test this as well as thssfge influence of TV-driven adults’
and/or peers’ influences on children’s food angdlgpreferences.

Stroeble & De Castro (2004) have identified selvémators of the physical

ambient in which children’s meals take place asaatipg children’s eating behaviors,
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but it has to be further investigated, if thesedes contribute to shape children’s food
preferences.

Parental adult modeling has been shown to impaehy and older children’s
eating behaviors (Hill et al. 1990; Hood et al. @0Grancis et al. 2001; Brown &
Ogden, 2004) but its specific impact on young altkrochildren’s food preferences
and associated long-lasting effects are have fartiger investigated.

Routine exposure to foods in the school has béemwrs to increase food
preferences in children from 8- to 10-year-old (Bax% Thompson, 2002) while its
effects on young children have to be examined. 8ebased intervention programs of
the kind of nutrition education programs aimed txréase consumption of and
preference for certain foods, such as fruits oretagles, have been shown to be
effective with children aged from 6-year-old andesl children (Morris & Zidenberg-
Cherr, 2002; Hendy et al. 2005; Heim et al. 2008yddy et al. 2010), but not with
young children (Morries et al. 2001; Parmer et28I09). Failure of these school-based
intervention programs in increasing young childserpreference for fruits and
vegetables could be attributed to the fact thatenohthem included tasting-related
experiences with the target foods, a condition Biath et al. (1987) found to be
essential for changing young children’s food prefees, so that future school-based
intervention programs should take this into account

Finally, regarding existence of sensitive periotisevelopment of flavor (tastes
+ odors) and/or food preferences, if prenatal,yeand middle-childhood, adolescence
and even young adulthood, besides the lactatianghanay constitute sensitive periods
of development of such preferences, has to be exnirhe importance of examining

this lies on the implications for national nutriti@ducation policy as well as parental
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child-feeding regulation, as both should integiatermation about sensitive periods of
development of such preferences.

We hope having been able to contribute to a battderstanding of how young
developing populations’ experience with flavorss{égs + odors), foods and drinks
shape their gustatory and olfactory preferencestlaaidthe present review may inspire
scientists and clinicians to develop new experimlemésigns for deciphering intriguing
questions that remain still unclarified regardirmugg individuals’ flavor preferences
and to develop effective strategies focused oreaming children’s healthy food intake

patterns.
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CHAPTER 5

PROVIDING CHOICE INCREASES CHILDREN'S VEGETABLE INT AKE?!

Abstract

One hundred fifty children between 4 and 6 yeadsveére studied to examine
the effect of providing them a choice of vegetalbestheir vegetable consumption.
Offering vegetable choice was expected to increhsidren’s vegetable intake due to
an increased personal autonomy. Children’s posyildib choose the vegetables to
ingest was varied across three different conditidVighin the discrete choice condition,
children could choose the target vegetable at #ginming of the meal; within the
continued discrete choice plus variety conditidm|dren were exposed to a variety of
vegetables (zucchini and green beans), so thatdbelyl choose the target vegetable
whenever they made a bite during the whole meathiwithe no choice condition, in
turn, children were likewise exposed to a kind efetable, so that no choice possibility
was provided. Having children to choose the tavggietable in the discrete choice and
the continued discrete choice plus variety condgiwvas associated with higher intake
rates p<0.05), in comparison to children of the no chaioadition (47.86 + 6.59 g and
43.25 vs. 22.36 £ 3.72 g, respectively). No siguaifit differences were found between
the discrete choice condition and the continuedrdis choice plus variety condition
regarding participants’ total vegetable intake. S¢heesults demonstrate the enhancing

effect of providing choice to young children in itheegetable intake. An increase in the

! Although | am the first author of the present gtutie following colleagues have also participated
(alphabetical listing): De Graaf, K., Gamiz, F.],84., Marquez, R., Moreno, H. & Zeinstra, G. | am
very grateful to them all for their indispensabteperation. De Brugada, |. & Gallo, M. have also
participated as leaders of the study.
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children’s personal control over the food choical aonsequent level of intrinsic

motivation is hypothesized to underlie such eftdathoice.

Keywords: young children, choice effect, school-based intetio®, autonomyand

motivation.
1. Introduction

Vegetable intake is essential for maintaining adystate of health and
preventing diseases, in general (WHO, 2002; Dawang Saunders, Watkings &
Pfeiffer, 2006; Steffen, 2009). Furthermore, vebktaonsumption during the specific
childhood life phase prevents the development arweight (Aranceta et al. 2007),
hypertension, heart disease and cancer in adultiidtad/nard, Gunnell, Emmett,
Frankel & Davey, 2003; Mikkila, Rasanen, Raitak&ietinen & Viikari, 2004). See
Van Duyn & Pivonka (2000) for an in-depth review this topic. Likewise, children’s
vegetable consumption counteracts childhood illegsdike respiratory difficulties
(Antova et al. 2003) and childhood overweight, ai¢he most serious public health
problems throughout the world (WHO, 2009), and @waka children’s cognitive
development (Contento, Bronner, Lytle, Maloney,ddl& Swadener, 1995). However,
vegetable consumption rates of young children —eisgo6 years old or younger
(Goldstein, Daum & Tepper, 2007)- do not meet tagomal recommendations in the
United States (Krebs-Smith et al. 1996; Johnson éhkedy, 2000; Lorson, Melgar-
Quinonez & Taylor, 2009) nor Europe (Yngve et @0%2). Two critical European
examples of this childhood-related low vegetablaka are found in The Netherlands

and Spain. While both lands’ national guidelinesate an appropriate vegetable
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consumption for children between 4 and 6 yearsrokth average daily consumption of
150g of vegetables (The Netherlands’ Nutrition @&n2008; Aranceta et al. 2008), the
real vegetable consumption in this age group is @Agke et al. 2008) and 58g
(Aranceta et al. 2008), respectively, and thusy \@w.

What humans and specially children eat is maingeldaon their liking for food
tastes (Nasser, 2001; Sorensen, Mdller, Flint, 8&fext& Raben, 2003; Zeinstra, Koelen,
Kok & De Graaf, 2007; Brug, Tak, Te Velde, Bere & Bourdeaudhuij, 2008). Most
children show a natural rejection response to foiges and sourness (Mennella &
Beauchamp, 1998a). Indeed, the main reason, wHgirehido not consume enough
amounts of vegetables tends to be attributed to Hiter taste, in view of the data
derived from research work conducted on the topioliker, Bartoshuk, Ferris &
Hooks, 1991; Gibson, Wardle & Watts, 1998; Blantéé&t Brug, 2005; Bell & Tepper,
2006; Forestell & Mennella, 2007). However, eantyperiences with edibles, including
vegetables, may induce and modify the establishmestiable food preference patterns
and nutritional habits (Gibson et al. 1998; Bir@é899; Menella & Beauchamp, 2002;
Skinner, Carruth, Wendy & Ziegler, 2002; Mennekannedy & Beauchamp, 2006),
these habits lasting, at least, until young adwaith¢Nicklaus, Boggio, Chabanet &
Issanchou, 2004; Nicklaus, Boggio, Chabanet & Iskan, 2005a). Thus, discovery of
strategies which promote an increase of vegetaltdde in young children are essential
for reinforcing an everlasting healthy eating bebav

Research on pediatric nutrition has identified tialed parental child-feeding
strategies, commonly used in daily life as a faewerting an important influence on
children’s eating styles, food choices and foodfggemces (Birch & Davison, 2001;
Scaglioni, Salvioni & Galimberti, 2008). It is nstrprising to state that parents try to

regulate children’s eating habits, in order to ioy& children’s healthy pattern of eating
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behavior and to reduce a harmful one. However,parenfluence can be positive or
negative, depending on the specific strategy uBedexample, it has been shown that
some strategies, such as making pressure to estictiag foods and the use of
instrumental feeing, that is, rewarding childreriteod intake with any prize or
promoting children’s pro-social behaviors througbvision with liked foods as prizes,
even applied with best of intentions, do not rethehexpected positive results regarding
food intake (Fischer & Birch, 1999; Reimer et a003; Brown & Odgen, 2004;
Galloway, Fiorito, Francis & Birch, 2006; Zeinstienes, Koelen, Kok & De Graaf,
2010a). Indeed, pressuring children to eat vegesabésults in a decrease in their
preference for them (Fisher, Mitchell, Smiciklasigit & Birch, 2002). Restricting
children’s access to foods, in turn, increase chiltd wanting to eat them and,
therefore, their intake (Fisher & Birch, 1999), \etiparental allowance”, that is, when
parents permit children to eat as much as they,vdmats not (Wind et al. 2006). Other
kinds of parental child-feeding strategies, suchfaaslitation to eat vegetables via
physical availability and accessibility to them, tae contrary, have been shown to
correlate with higher intake of vegetables in atdfd (Brug et al. 2008). Thus, parents’
appropriate use of child-feeding strategies witleirthchildren may facilitate the
establishment of different patterns of food intaketheir children (Moore, Tapper &
Murphy, 2007; Duijs, 2009).

Apart from parental influence, young children’ststaof food preferences and
food intake patterns may also be determined by sxgoto the foods at school. On the
one hand, the provision to children of foods dutiing schools’ routine mealtimes, that
is, without implementation of especial interventigmograms aimed to increase
children’s preference for and/or consumption ofaegét food, has been related to
increases in their preferences for and consumpiiotnese foods. Indeed, Baxter &
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Thompson (2002) observed that the provision tadcéil between 8 and 10 years old of
fruits and vegetables during the routine mealtimteschool was related to an increase
in participants’ preferences for these foods. Or thther hand, school-based
interventions conductedd hoc to increase children’s preference for and intake o
vegetables and which have focused, either on tbgigon to children of nutrition
knowledge regarding healthy eating habits, or ansithool’'s meals, in which the food
composition of the school's meals is modified asllwaes mixed school-based
interventions, in which a combination of the twonf@r strategies are integrated in the
same school-based intervention (Rohlfs Domingu20® have also been shown to
achieve that aim (see Heim, Stang & Ireland, 20@ndy, Williams & Camise, 2005
and Wang et al. 2010 for three examples, respéglive

Meiselman (2002) has identified that the fact okimg choice is a determining
factor of food acceptability. Similarly, it has Imeshown that making choice results in
higher hedonic ratings, when subjects have to niakd evaluations (King, Weber,
Meiselman & Lv, 2004; De Graaf et al. 2005; Kin, istdman, Hottenstein, Work &
Cronk, 2007; King, Meiselman & Henriques, 2008)vidg choice within the context
of food intake refers to have the possibility tooacke the target food/s to consume
between several options.

The effectiveness of offering choice to young afakochildren, together with
other strategies, in increasing their food prefeesnand food intake has been explored
in several studies. In one of them (Hendy, 1998achers offered choice to young
children (mean age = 4,5 years) twice during thelnaé¢ school in the context of a
three-day long repeated exposure to four new foimds ding a vegetable (sweet red
pepper, kiwi, chickpeas and fresh coconut), whigdrenmocated together at the food
table. Specifically, teachers ask each child reggrthese four products the following
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question: “Do you want any of this?”. Taken allghdoods as a whole, acceptance of
new foods, measured by analyzing the number ofnefteds, number of meals in
which children were present and number of bitess lnigher under choice conditions,
in comparison to a simple food exposure situatishef foods are just located on the
lunch table). In a subsequent study (Perry etGd4), elementary school aged children
ate more vegetables in the school lunch when theteréa staff asked them “Which
vegetable would you like to have for lunch?”, besigéncouraging them to eat fruits and
vegetables and making these fruits more attra¢tigemixing fruits of different colors),
in comparison to children that were not exposethi® intervention. In another study
(Hendy et al. 2005), £ 8 years old children wenedamly offered the possibility to
choose the target vegetable to eat among threeretlitf kinds of vegetables (celery,
baby carrots and grape tomatoes) and the targettérieat between different fruits
during eighteen school lunch meals, besides engmgahem to eat some of these
vegetables, and fruits; applying adult modeling @ing a price to the children,
whenever they consumed 1/8 cup of any fruit andciy8 of any vegetable during four
meals. In comparison to control conditions, childsabjected to both of these multi-
component programs increased their fruit and véigtaconsumption. Furthermore, in
the study from Hendy et al. (2005), children’s prehce for both of these foods
remained enhanced two weeks later. Furthermoresiei Koelen, Kok, Van der Laan
& De Graaf (2010b) carried out a survey of the tgpstrategies used by parents to feed
their children, in relation to fruit and vegetablasd of their children’s fruit and
vegetable intake. The analysis of the informatiximaeted from that survey showed that
providing choice to children of different ages (dhen between 4 and 5 years old;
children between 7 and 8 years old and childrewéen 11 and 12 years old) predicted

preference for and intake of fruit and vegetablesitively, and that children whose
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parents provided them choice with high frequenty,daily an average of 40g more of
vegetables and an average of 72g more fruits, impesison to children whose parents
used provision of choice with low frequency. Sulseyly, a pilot study (Duijs, 2009)
was aimed to sound out the opinion of children leetw4 and 12 years old regarding
the extent to which a child, who was visualizedfanr different vegetable choice
situations via video recordings, liked his vegetabln this study, the degree of choice
provided to that child was varied among four difar situations. In the first situation,
the child could not choose the kind or the amounthe vegetables to eat and the
mother would serve the vegetables on the plattharsecond situation, the child could
choose two kinds of vegetables, but he could netammount of these vegetables, the
mother serving the vegetables on the plate. Inthire situation, the child could not
decide the kind of vegetables to eat, but he cdeldde its amount, the child serving
himself the vegetable on the plate. Finally, in therth situation, the child was given
the highest degree of choice because within thiglition, he could choose and serve
himself the kind as well as the amount of vegetable the plate. The results showed
that participants attributed the greatest appreciafor vegetables by the child
visualized on the video recording, when this childs in the fourth choice-related
situation. Finally, the effectiveness of providingly choice as a strategy to increase
vegetable consumption in children between four simdyears old has been recently
tested as such for the first time in the contexttlé called KIK-stud$ in the
Netherlands, although no choice effect on vegetatidke was found for the subject
sample employed (Zeinstra et al. 2010a).

According to the Self Determination Theory (De®81), perception of having

a choice increases the sensation of personal ¢arntbautonomy over a situation or

2 KIK results from the combination of the initial§the Dutch words Kinder (child) and Keuze (kick).
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activity and the intrinsic motivation to carry can activity (Zuckerman, Porac, Lathin,
Smith & Deci, 1978; lyengar & Lepper, 2000; KatzAssor, 2007; Patall, Cooper &
Robinson, 2008). These feelings are physically psgchologically beneficial for a
general well-being state; they favor learning psses (lyengar & Lepper, 1999;
Chatzisarantis, Hagger & Smith, 2007; Patall et 26108; Ryan, Patrick, Deci &
Williams, 2008) and are human needs (Zuckermanl.et9¥8). If there is intrinsic
motivation, there is self-determination (lyengat-&pper, 1999; Burdn, 2000), and thus
personal autonomy (Deci, Eghari, Patrick & Leon894). Regarding food choices,
young children are less autonomous than adults usecparents and other adult
caregivers choose the foods those young childrdreat (Brug et al. 2008). However,
it has been documented that young children wolkltlb have more personal autonomy
over decision making in relation to food choice @rp Utech & Ruth, 2005; Shepherd
et al. 2006).

On the other hand, making a choice requires thelnewnent of an increased
attention to the stimuli (King et al. 2008). Inde&dsic research on sensory perception
has demonstrated that subjects give higher hedwatiicgs to specific stimuli, when
attention is paid to these stimuli, a factor whiglpresent in choice situations (Prescott,
2005).

The provision to young children of choice might ilis@te an increase of
children’s vegetable intake because the perceptifoshoice is congruent with the
experience of personal autonomy, self-determinataond an enhanced intrinsic
motivation, this being the highest level of motigat(Lyengar & Lepper, 1999; Ryan &
Deci, 2000). If we want to stimulate a person’s respion of a behavior and the
permanence of that behavior along the time, anres@gmaent of that person’s autonomy

and self-determination, when the target behavidoeimig expressed by that person, is
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needed (Gillison, Standage & Skevington, 2006).w&shave previously pointed out,

young children commonly reject vegetables. Theeefare can conclude that they are
not intrinsically motivated to consume vegetabléswe want to increase young

children’s vegetable intake, and to observe thdicoance of this behavior along the
time, an increase of children’s self-determinatdnhis behavior is needed (Ryan et al.
2008). Providing choice might be helpful for thisrpose. Further, providing choice to
children forces them to paid more attention to tlegetables and this fact might
increase children’s liking for and intake of vedmés.

Experimental research has also showed that theetyaaf flavors or foods
increases food intake in adults (Norton, AndersoH&herington, 2006; Hetherington,
Foster, Newman & Norton, 2006) and infants (GerégsiMennella, 2001; Mennella,
Nicklaus, Jagolino & Yourshaw, 2008), while dece=ag food intake rates have been
demonstrated to occur in infants (Gerrish & Mermel001), young children (Birch &
Deysher, 1986) and adults (Rolls, Rolls, Rowe & &we 1981; Sorensen et al. 2003),
if that variety is absent. These intake decreases, consequence of lack of food variety
during a meal, has been explained through the sgspecific satiation (SSS)
mechanism (Rolls, Rowe & Rolls, 1982a). SSS has lskdined as the progressive
decline in liking for the flavor and the appearanta specific food (satiation) as long
as this food is consumed during a meal, in comparie non-eaten foods (Rolls, 1985;
Rolls, 1986). The occurred satiation has been sigdeo be specific of the sensory
characteristics of the food, because those chaimgpalatability have been shown to
appear two minutes after the end of a meal, thderdeabsorption of foods and
therefore satiety linked to postingestive conseqasrtakes place (Rolls et al. 1982a;

Hetherington, Rolls & Burley, 1989).
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At least two published reports have demonstrateditbreasing effect of the
provision to infants and elementary school agetddm of vegetable variety on their
vegetable consumption, respectively. The study deed on infants (mean age = 6,5
postnatal months) showed that the daily repeat@bsexe to a variety of vegetables
(green beans and carrots) during eight days leantadentical tendency to consume
more green beans as when a repeated exposure yogmeen beans was applied
(Mennella et al. 2008). The study focussed on dchged children (Adams, Pelletier,
Zive & Sallis, 2005) demonstrated a positive asstmm between vegetable intake and
the presentation of a variety of vegetables, inddpetly of the kind of food serving
(salad bar vs. pre-portioned serving schools).diditeon, a tendency to consume more
vegetables as long as the variety grew, indepehdentthe kind of food serving, was
observed as well (Adams, et al. 2005).

The present study was aimed to evaluate the effawtiss of the strategy of
providing young children (age range = between 4 &ydars old) a choice and variety
of vegetables in increasing their vegetable congiomn the context of a school-based
intervention focused on the meal provided to clkidat school. In contrast to past
studies on choice and variety effects on youngdohi’'s food intake, the study
described bellow is focused only on vegetablesoad &timuli; on analyzing vegetable
intake by weighing in grams the vegetables lefttba plates by children; on the
provision of only choice as strategy and on thevision of choice and variety within
the same experimental design. Moreover, the predady has been conducted in the
context of a continuation of the above-mentioneK Kdtudy. In this sense, it is
important to consider that there are several alltdifferences, regarding eating habits
between both lands (The Netherlands vs. Spain)ekample, while the main meal in
The Netherlands is the dinner, in Spain it is thech. Furthermore, children between 4
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and 6 years old use to have their lunch at thendihialls of schools in Spain. In The
Netherlands, in turn, they eat their lunch at homteerefore, we needed to adapt the
present study to those cultural differences (seentlethods section). Our hypothesis
was that providing children a choice and varietywefetables would result in higher
rates of total vegetable consumption than whendadil have no choice and variety.
Our specific expectations were three: 1. That trevipion to children of choice plus
variety would lead to higher rates of total vegitaimnsumption than when children are
not given any of these options. 2. That the prowvidb children of choice plus variety
would lead to higher rates of total vegetable comstion than when children are
provided just with choice. 3. That the provisiondaildren of choice would lead to
higher rates of total vegetable consumption thaanathildren are not given any of the

mentioned options.
2. Methods

The present study was approved by the ResearcbaEtbommittee of Granada
University. This study is naturalistic in naturechase it was developed at the schools,
during the children’s main meal (the lunch), undeal life conditions. The schools’
psycho pedagogical team evaluated the study’shslifya All adults involved in the
study (parents, schools’ directors and the sch@agtho pedagogical team) were given
the corresponding study-related informative documé@&arents signed the informed

consent.
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2.1. Population under study

A total of one hundred fifty two healthy school-dgehildren (between 4 and 6
years old) separated in two age categories, thahiklren between 4 and 5 years old
and children between 5 and 6 years old of four ipytrimary schools of th&ranada
Educa Foundation and their parents living in Granada (Southern i9p&bok part in the
study. Within each of these four schools, childaem separated into two classes by age,
so that children between 4 and 5 years old areedetmigether within a class and
children between 5 and 6 years old are seatedhegeiithin a different class. Thus, at
each school, these age-related two classes patedipn the study. The sex ratio was 80
females to 70 males. Parents filled out a screequagtionnaire with the aim to assess
their child’s general healthy state and suitabifdy the study. Exclusion criteria were
being vegetarian or showing vegetable allergiestidi@ants were blind to the
hypothesis. An approximately equal number of ckifdiof both age groups were

randomly assigned to the bellow described experiah@onditions.
2.2. Experimental design

The present study was conducted over a period ofweeks and included two
phases. During the first phase, parents were appeda children’s familiarization with
procedures took place and an evaluation of childrgmeference for six different
vegetables was carried out. A total of ninety oniédeen participated in this evaluation.
During the intervention phase, a total of one heddifty children were exposed once
to cooked vegetables and vegetable consumptiore(diemt variable) was compared

among three different experimental conditions witha between-subject design.
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Children’s possibility of choosing the vegetablesirigest (independent variable) was
varied across conditions. Within the no choice aor, children (n = 44) received a
previously and externally decided vegetable, eithuechini or green beans, so that they
could not make any choice; in the discrete choimediion, children (n = 50) were
allowed to choose the target vegetable to consueheden those two specific options
(either zucchini or green beans) once at the béginof the meal, and thus they were
given the possibility to making a choice of vegétabwith low frequency. The term
discrete refers to the fact that these optionsfiaree and mutually exclusive and it is
commonly used in market studies, in which humar®ice behavior is examined
(Train & Winston, 2007). Finally, in the continuediscrete choice plus variety
condition, a strategic combination of provisiontwithoice and variety was provided to
children (n = 56), that is, children were servedhbeegetables on the plate (zucchini
and green beans). Previous research (Jansen & yem2@®1) has shown that
application of a combination of different strategieads to an increase in preference for
tastes. Therefore, children of this last conditonld decide which kind of vegetable to
eat whenever they made a bite. Therefore, childrere given the possibility to make a
choice of vegetables with high frequency and thaylat enjoy vegetable variety during
the whole meal. Furthermore, the present contionaif the KIK study was adapted to
Spanish culture, leading us to introduce severahghs in our experimental setting with
regard to the original one from the KIK study. Sfecchanges made are shown in

table 1.
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Table 1. Main differences between the KIK study gmGrenadian study. The changes introduced into
the present replication were aimed to adapt childrmeal to Spanish meal characteristics, and ¢éidav
disturbances in children’s school rhythm and evawfife.

Experimental KIK study The present study

setting

Meal place Restaurant Children’s classrooms

Meal time Dinner Lunch

Vegetable Familiar (along with potatoes andNon familiar (only vegetables with a hit

presentation canned sausages) oil and salt)

Parental presence Yes (children ate with theirmga)ye No (children did not eat with their
parents)

2.3. Procedures

2.3.1. Parents approach

After school directors’ gave permission for cargyirout the study, the
researchers provided parents with an informativeudeent. This document was given
to teachers at first, then, teachers gave it tckhleren, and finally, the children gave it
to their parents. This document was concerned axgilanation of the main objective of
the study (to increase young children’s vegetaliesamption), children’s right to
abandon the study, whenever they wanted, and theirad benefits from their
participation (extraction of readily applicable sezmendations regarding daily child-
feeding which promote children’s vegetable consuompfor parents and other adult
caregivers, including personal stuff of schoolsjelise, parents were given the
informed consent-related document to sign as wellaaquestionnaire about their

children’s familiarity with different kinds of veggbles to fill out.
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2.3.2. Evaluation of Children’s preference for vegables

This evaluation was conducted by several resedsam members for
participants of both age groups at each of the foentioned schools in their
classrooms in order to select the target vegetdbigbe posterior intervention. Prior to
the evaluation session, children got familiar wiitle preference-related test procedure,
since the research team members explained thighesigh a game and adopting a
language adapted to children between 4 and 6 yddw$reference for vegetables of a

total of ninety one children, who were presentat tay, could be evaluated.
2.3.2.1. Vegetable selection

We needed to select two vegetables, to which amladvould be exposed during
the intervention. The two target vegetables selactivas based on participants’
individual preferences for six vegetables (chardinach, zucchini, green beans,
cauliflower and peas), tested at the classroomsegns of Birch’s methodology of
assessing order of choice (Birch, 1979). Speclficahildren completed a category-
related ordered preference task for these six abtgd. Previous selection of these six
vegetables was based on published reports congeyaung children's frequency of
vegetable consumption in Spain (Serra & Arance@)2? and parents’ and cooks’
provided information, concerning children’s famiitg degree with them. It was
important to control this variable because it hasrbshown that a low food-related
familiarity decreases food intake (Wardle & CooRk@08). These six vegetables are
very common within the Mediterranean diet, ensutisghat our participants would not

reject them because of unfamiliarity-related reasaMe took into account the color of
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the vegetables as well because it has been shaatnfdbd colors influence flavor
perception, food choice and food acceptability mmians (Clydesdale, Gover &
Fugardi, 1992; Clydesdale, 1993). In the spec#isecof fruits and vegetables, its color
has been shown to be one of the sensory propectiddren tend to prefer (Burchett,
2003).Therefore, we decided to control this vagaby selecting vegetables with the
same type of colors, specifically cool-color vedpta, so that the color of vegetables
did not differ from each other regarding brightneasd thus held constant across

conditions.
2.3.2.2. Preference-level-related ordered rankingfavegetables

The ordered ranking of preference for vegetables tailt showingad hoc
made pictures of all six vegetables to each child by one, in randomly order, and
asking the child to classify each vegetable, usirigree-category facial hedonic scale.
The scale consists ofd hoc made pictures of three kinds of emoticons, which
correspond to three different liking-related catéggm These categories were “I like it”
(smiley face); “I neither like it nor dislike it"ngutral face) and “I do not like it”

(frowning face) (See Table 2).
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Table 2. Three-category facial hedonic scale basenur ad hoc made pictures of emoticans

Liking Emoticon
category

Positive @
Neutral @
Negative @

This tool has been shown to be valid for obtainiiking-related data from
children aged 4 years (Chen & Resurreccion, 1996). This toavedld the researchers
presenting the task in a play game manner thatcowass young children’s limited
linguistic skills, based on the rationale that yguwhildren deal more accurately with
facial expressions than with complex words (PopfeKroll, 2005). Furthermore,
pictures are entertaining and thought to elicitselo attention to the task, thus
overcoming difficulties derived from young childigrshort attention span (Popper &
Kroll, 2005). Moreover, during the familiarizati@ession, researchers explained to the
children in a friendly and funny way that facesrdu only represent emotions, such as
happiness or anger, but also liking and dislikitigis overcoming possible confusions
between both kinds of concepts, something that €o(#002) cleverly affirmed. Thus,
each child had just to point at the picture of $pecific emoticon which corresponded

to his liking-related feeling elicited by the sgerivegetable showed in each picture

® The emoticons showed on table 2 are based on tiseseby Morris, Neustadter & Zidenberg-Cherr
(2001, p. 44).
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with his finger. Then, the child was asked to pamthe vegetable liked the very best
among the vegetables classified within the firéégary. When the child responded, the
item was removed from that group of stimuli and thifocedure was repeated with the
whole stimuli left within the three categories, iban ordered succession of vegetable-
related choices, ranging from the most to the Ipasterred vegetable was obtained.
This method has been shown to discriminate suitdid@ylevel of preference for several

food stimuli in young children, because it forckerh to consider each food differently
in comparison with the others (Birch, 1979). Moreqwhis method has been shown to
be valid and reliable when used with young childf@mch, 1980; Johnson, McPhee &

Birch, 1991), indicating that children as youngagears old are able to provide reliable
and consistent judgments about their food prefa®iikern, McPhee, Fisher, Johnson
& Birch, 1993). Once preference for vegetables maasured for each participant, two
equally preferred vegetables (zucchini and greem$eby all participants as an only

group were selected.

2.3.3. Intervention

2.3.3.1. Social context and physical environment othe meal during the

intervention

Children consumed the vegetables in groups, aleparated by condition in
their corresponding classrooms. In this way, pdssdffects of peer modeling were
neutralized, as this factor held constant acrosstliree conditions. Peer modelling in

the context of food consumption refers to the dmesocial impact, which has been

180



. THE CHOICE EFFECT

shown to have the presence of peers on young ehiklfood acceptance, that is,
children exposed to peers eating the same fooldegseat, use to eat more of this food
than when peers are eating a different food (Bi®80; Romero, Epstein & Salvy,
2009). Furthermore, as children consumed the vblgstan their own classrooms, thus
providing them a familiar environment, the tendeno§ meals-related novel
environments to restrict young children’s intakeeokn familiar foods that has been
observed by Birch and colleagues (see Birch, McP8&&snberg & Sullivan, 1990, p.
504) was minimized. Indeed, Zeinstra et al. (201@a)e speculated that their no found
choice effect in children between four and six geald could have been due to an
unexpected increased excitement felt by childrerabge of being eating their dinner in
a restaurant, a novel dinner-related eating seting recommend exploration of effects
of choice-offering in more familiar meal settings.

One teacher, a teacher attendant and two resesralege present during the
whole meal, but did not consume any food. In thegywpossible effects of food-intake-
related adult modeling did not operate in any & three conditions. Previous early
research has suggested that the probability, witictwyoung children eat a food
increases if they see an adult (a model) eatingdnee food (Highberger & Carothers,
1977). The adults that were present during the meaé instructed to not show any
communicative sign of approval or disapproval rdgey the hedonic value of
vegetables, so that possible effects of sociali@nfte that has been observed to change

food preferences in children (Birch, Zimmerman &#iji 1980) could be avoided.
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2.3.3.2. Vegetable presentation

The vegetable samples were cooked by the cookfieofsthools and were
weighed and placed in plain hard plastic plateswlee arranged by the researchers for
the children in a trolley. In all conditions, thegetable samples were served in a mean
of 149-g portions without any other food, just wéthpit salt and olive oil as a first meal
course. This is a new form of presentation of cdokegetables, because participants
use to eat them accompanied by meat or potatogmrassh and as a second meal

course following a salad as the first meal courskfallowed by a dessert.
2.3.3.3. Specific instructions provided to children

Children were instructed by the researchers tocgmpr the trolley, one by one,
and to take their plate of vegetables served byrésearchers, and to eat from it as
much as they wanted, without being necessary ttheawhole portion. They were also
allowed to repeat as many portions as they war@addren were explicitly informed
by the teachers about the degree to which theydcombose the kind of vegetables.
Specifically, depending on the specific conditiarhildren were given a different
instruction concerning their choice possibility. ttin the no choice condition, children
were transmitted the following sentence “Today, aese zucchini/green beans for
lunch”; within the discrete choice condition, cligd heard “Today, we have zucchini
or green beans for lunch; you can choose the vielgetgou want to eat”. Finally, the
target sentence for the continued discrete chdice yariety condition was “Today we
have zucchini and green beans for lunch; you wikive both vegetables in your plate;

you can choose what you want to eat”.
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2.3.3.4. Measurement of children’s total vegetabiatake

After finishing the vegetable intake, children meied their plates to the teacher
and the teacher gave them to the researchers, wigh&d the plates again, in order to

ascertain the consumed amount of vegetables inggram
3. Data analysis
3.1. Preference for vegetables: rank order of chiletn

Children’s vegetable-related liking data were apetly with a one-factor
ANOVA of repeated measures for the six mentionagketables (intra-subject factor), in
order to ascertain if there were significant diéfieces, regarding preference for the six
selected vegetables. Then, we used a paired fetestlated samples in order to find
two vegetables, which were equally situated in aioma preference level. Finally, we
applied again the same one-factor ANOVA of repeatexhsures for those two the
vegetables (intra-subject factor) and analyzedrtezaction age x gender. All these and
posterior analyses were done by means of SPSSOV ASignificance level of p < 0.05

was applied for all analyses.
3.2. Vegetable intake during the intervention

Two subjects were eliminated from the analysis bseaof their vegetarian
condition. One-factor ANOVA with total consume agpdndent variable and condition
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x school x age x gender as fixed factors was ahwoig, besides HSD de Tukey as post

hoc test, were applied.
4. Results
4.1.Preference for vegetables
Significant differences in children’s preferenca the six differences were

found, as the one-factor ANOVA carried out indisafie(1,89)=9.51 p<0.05] (See Fig.

1),

4,5 1

3,5 A
3
2,5 A
2
1,5 4
14
0,5 A
0+ T T T T T

Chard Spinach Zucchini Green beans  Cauliflower Peas

6-points scale

Fig.1. Children’s means and standard error meatisegpreference for vegetables.

Furthermore, zucchini and green beans resultedetcedually preferred by
children. Specifically, children’s preference ftrese two vegetables was medium, as
the paired t-test for related samples indicatesrdfore, no significant differences were
found between zucchini and green beans by paitest for related samplepX0.3), but

between the two vegetables located at both extreh#se ranking —peas and chard-.
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While peas, located at position 1 within the ragkiare the least preferred vegetable,
chard, located at position 6, was the most prefevegjetable. Children’s preference for
zucchini and green beans is located in the midtiteeoordered preference rankif®ee
Fig. 2.). Finally, no interaction effects (age xnder) nor main effects on children’s

preference for vegetables were found, based osdt@end applied one-factor ANOVA.

sf
4+

3+

:

'm B

Peas Spinach Green Beans Zucchini Cauliflower Chard

6-level ranking

Fig.2. 6-level ordered vegetable-related preferean&ing.

4.2. Intervention

A significant effect of condition x children’s tdtvegetable intake, without any
additional interaction effects (condition x schowl age x gender) was found.
Specifically, vegetable intake differed significgribtetween the no choice condition and
the discrete choice condition as well as between rtb choice condition and the
continued discrete choice plus variety conditiohere were no differences between the
discrete choice condition and the continued disci@toice plus variety condition.
Statistical confirmation of these results was folilydneans of the one-factor ANOVA

and post-hoc analyses, which were ma&€(@,[149)=5.19p<0.05] (See Fig. 3).
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Fig. 3. Means and standard error means of the veg@table consumption, including one or two
vegetables, depending on the conditipr((.05).

5. Discussion of results and future research

While a positive main effect was associated withrabterising the meal served
to the children as they having the possibility bmase the target vegetable to eat during
the meal (discrete choice condition and continuescrdte choice plus variety
condition), in comparison to the situation in whitlat possibility was not available (no
choice condition), it appeared that the presencevegetable variety and a high
frequency of choice during the meal (continued réigc choice plus variety condition)
had no effect on children’'s vegetable consumptias, no significant differences
between this condition and the discrete choice itimmdwvere found.

Irrespective of age and gender, our data show thddren’s intake was
significantly higher when children could choose theget vegetable (discrete choice
condition and continued discrete choice plus vargeindition) than when they had no
choice (no choice condition). This significant etf@f choice on children’s vegetable
intake results to be in agreement with earlierasde showing the increasing impact of
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choice on childhood’s food preference and food aorsion (Hendy, 1999; Hendy et
al. 2005; Perry et al. 2004). The increasing eftéathoice on human behavior has been
demonstrated with adults in several contexts af su#th as food acceptability (Weber,
King & Meiselma, 2004; King et al. 2004; King et &007), purchasing (Szrek &
Baron, 2007) and physical activity (Chatzisarargisal. 2007), yielding with an
increased rate in relation to the target behaunaten study.

One possible explanation for positive effect adyiding choice to participants
in the discrete choice condition and the contindisdrete choice plus variety condition
on their vegetable intake found within the presstuidy might lie in the increased
motivation, derived from that provision of choicejth which children ate their
vegetables. Indeed, it has been observed that dn@Vioice increases personal control
over the activity, and thus the intrinsic motivatifor persisting at any activity (Deci,
1981; lyengar & Lepper, 1999; Buron, 2000). Thusldren assigned to the discrete
choice condition and to the continued discrete @hius variety condition might have
persisted at the activity of eating vegetablestdue choice-driven increased motivation
that facilitated them to persist at that activitjoreover, our experimental design gave
children the opportunity to choose the specific etagle to consume and thus, to
increase their personal autonomy over food chaicéeir lunch.

Another explicative possibility is that children tife discrete choice condition
and the continued discrete choice plus variety tmmdmight have liked the served
vegetables more than the rest of participantsesealier research has shown that the
possibility to choose personally the food is a deteant factor of food liking, leading
to higher hedonic ratings within experimental catgeof food evaluations (Meiselman,

2002; King et al. 2004; De Graaf, 2005; King et2dl07; King et al. 2008).
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On the other hand, children of the discrete chemedition and the continued
discrete choice plus variety condition had probablyattend more to the stimuli for
making their choice, in comparison to children bk tno choice condition. This
increased attention on the food stimuli in the fertwo groups probably derived in an
increase of vegetable acceptance, since Presdd®b)2demonstrated a direct link
between an increase of attention to the stimuliearthoice conditions and higher rates
of food acceptance.

Furthermore, we provided participants a choiceagfetables in an explicit way,
that is, we told participants literally that theyudd decide the target vegetable for their
lunch. This probably helped to trigger the enhanc#dnsic motivation. Thus, we
hypothesize that the explicit provision to youngidren of choice in our study had an
enhancing effect on motivation to eat vegetablaktarir liking for them, because the
fact of making their choice incited them to haverengersonal control over the
situation, and to attend previously more to thensti.

Our data also indicated that no difference was ddogtween the discrete choice
condition and the continued discrete choice plugetiacondition, when total vegetable
intake was measured. We assumed at the beginnitigeotudy that children of the
continued discrete choice plus variety conditioruldoconsume more vegetables than
children of the discrete choice condition, becacisiédren of the former group could
choose the vegetable to eat, as many times asiiadg a bite during the whole meal,
that is, with higher frequency than in the casepafticipants of the discrete choice
condition, and because they would receive one kiode of vegetables, in comparison
to children of the discrete choice condition, satttine former group would enjoy food
choice plus food variety during the meal. As a eguence, we expected that they
would show higher intake rates than children ofdiserete choice condition due to an
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additive increasing effect on consumption derivedmf the combination of the

increasing effect derived of each strategy, basegror research showing such an
additive effect (Jansen & Tenney, 2001). Childréhe discrete choice condition, in
turn, could choose their vegetables only once athiginning of their lunch, that is,

with lower frequency and would receive just onedkiof vegetable, and thus, they
would not enjoy variety, and therefore would shawér intake rates. However, our
expectations did not fulfil.

One reason, our expectations did not fulfil miglihcern children’s choice
frequency during the meal. It could be possibld tdialdren’s choice frequency itself
has no effect on children’s vegetable intake arad the fact that children can choose
the target vegetable to eat is a sufficient coadifor increasing their vegetable intake.
To our knowledge, the present study shows for itise time that the provision to young
children of choice as a single strategy, that ishaut adding any other strategy, may
increase their vegetable consumption.

Another reason why children of the continued digcrehoice plus variety
condition did not eat significantly more vegetabilean children of the discrete choice
condition might concern the amount of vegetablevesk in the continued discrete
choice plus variety condition. Previous findingsnir different studies indicate that the
presentation of a variety of food stimuli, inclugirvegetables, usually leads to an
increased food intake during the meal due to tterrumption of SSS in children (Adams
et al. 2005; Mennella et al. 2008) as well as ad{folls et al. 1982a; Hetherington, et
al. 2006; Brondel et al. 2009). In this senses ita say that children of the continued
discrete choice plus variety condition probablyfergd SSS in the same extent as
children of the discrete choice condition did, dhdt the effect of variety on intake in

the former group was not achieved enough to imperthe natural SSS. This could be
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due to two reasons. First, the amount of vegetallesveen which children could
choose their target vegetable, was two —zucchidiggaen beans- in both choice-related
conditions, so that the variety-related charadierded the continued discrete choice plus
variety condition of our study was probably notgmet. Moreover, the number of the
items offered in the continued discrete choice piasety condition was probably very
small to interrupt the SSS. We base this speculaiio previous findings that suggest
that the simultaneous presentation of a varietyoofls, three at least, leads to that
intake increase, thus interrupting SSS (Pliner,ivilplHerman & Zakalusn, 1980).
However, we just presented two kinds of vegetabiethe continued discrete choice
plus variety condition. Alternatively, the successpresentation of a variety of foods,
two at least, has been observed to have the saaleirelated increasing effect (Rolls
et al. 1981). However, our vegetable variety pregen was simultaneous.
Nevertheless, it is important to stand out thathe studies, in which food variety has
been applied, and therefore, an increased foo#eantas been found, the used foods
were palatable and high-caloric-content foods, sashpasta (Rolls, Rowe & Rolls,
1982b), pizza (Pliner, Polivy, Herman & Zakalusi®8Q), cake, yoghurt and crispy
snacks (Fuller, 1980). Vegetables, in turn, udeetdisliked by children because of their
bitter taste, so that it could be possible thagririy vegetable variety to children has no
increasing effect on children’s vegetable intakeadidition, vegetables are low caloric
content foods and children use to like high calogotent ones (Knai, Pomerleau, Lock
& McKee, 2006). However, Adams et al. (2005) obtdira difference in vegetable
consumption in elementary-aged children that waplagxed by the number of
vegetables offered to participants (seven vs. folrgrefore, it is probable that a higher
number of vegetables, that is, more than two védgetaare required to be offered to

children, in order to obtain a vegetable-relatedetp effect on children’s vegetable
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intake. Thus, consideration of the number of vdget offered, as a function of the
presence or not of variety as well as consideratiaie kind of vegetable presentation
—simultaneous vs. successive vegetable presenta&iosquired in future studies on the
effect of choice on children’s vegetable consumptio

In order to interpret our findings in a more contmesive way, several
limitations shall be considered as well. First, data are transversal, so no conclusions
can be established about the effect of choice ddreh’s vegetable intake in the long
term. Follow up- studies aimed to examine the neamiabce of the choice effect across
weeks, months or even years are warranted to eliecitiat maintenance. Second, we
tried to respect participants’ ordinary teachinggsam rhythm during the whole study.
After the lunch, participants use to continue witie teaching program in their
classrooms. This circumstance forced us to renoutacetake measures about
participants’ intrinsic motivation felt during theeal and about liking and preference
for the target vegetables after the meal. Findkghnical obstacles prevented us of
taking measurements of participant’s attention $oehile they were making their
vegetable choice. It would be interesting to ineluthese measures in future
experimental works.

It is also important to take into account the &nse of cultural differences,
regarding children’s level of intrinsic motivaticst carrying out an activity, when
choice is provided to them, as reported by lyengadrepper (1999). Indeed, these
authors demonstrated that Anglo American childreoming from a non-culturally
interdependent background, showed more intrinsi¢ivaion at carrying out word
puzzles, if they personally could choose the categbanagrams, they had to work on.
In contrast, Asian American children, whose baclgrbis interdependent, showed the

opposite motivational pattern; they were more msigally motivated if the category of
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anagrams were chosen by others. Thus, the effeetsgeof offering choice to children
in increasing their persistence at any activity pi®bably culture-dependent. We
recommend cross-cultural research work on the teftdcchoice on childhood’s
vegetable intake, in order to examine which cukureay take advantages of using the
strategy of choice, when dealing with young chitdsevegetable intake.

Despite the limitations of the present study, th&aeted data of the present
study indicate that providing choice explicitly ymung children, without any other
additional strategy, may increase their vegetamiake. Thus, we recommend serving
vegetables to young children under explicit chommnditions, which potentially
increases their attention to vegetables and th&insic motivation to eat vegetables.

Finally, despite of the choice-related positiveeet§ on young children’s
vegetable consumption found here, providing chtmcehildren is not always a positive
strategy for children’s acquisition of healthy egtipatterns. In fact, Warren, Parry,
Lynch & Murphy (2008) have demonstrated that ifldt@n are given the possibility to
choose between healthy (vegetables) and unheatigsf(snack foods), children tend
to choose these last options and even more whemalieer, who has been reported to
be the caregiver that significantly spends moretwith the child, in comparison to the
father, during familiar mealtimes (Scaglioni et 2008) is not present (Fisher & Birch,
1999). Thus, the mere fact of providing choicehiddren is necessary but not sufficient
for the acquisition of a healthy eating patterne Thoice provided to children shall be

among healthy options, such as fruits or vegetables
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CHAPTER 6

GENERAL DISCUSSION AND FUTURE PERSPECTIVES

The central objectives of this thesis were to itigase the factors that determine
child vegetable consumption and to develop anduatalthe effectiveness of providing
choices to young children to increase their vedetatbnsumption. A systematic
literature review investigated the determining éastof child vegetable consumption. A
school-based intervention program, which providedetable choices at lunch to young
children, completed the second objective. Here,digeuss our general findings and

offer an integrated model of child vegetable congtiom.

1. Genetic variation in sensitivity to bitter taste

Our review shows that there is a positive relatigmsbetween individual
variation in sensitivity to bitter taste—as indeadtby PTC/PROP status or allele
genotypification (or both) of the TAS2R38 gene—amwhsumption of bitter-tasting
vegetables (i.e., spinach and broccoli) in yountddodn. There is evidence that the
more sensitive a child is to bitter tastes, thedohis or her preference will be for bitter
vegetables (Anliker et al., 1991; Keller et al.020 Turnbull & Matisoo-Smith, 2002;
Bell & Tepper, 2006). However, regarding raw brdictne results of Anliker et al.
(1991), Keller et al. (2002) and Bell and Teppe®0@) differ markedly from those of
Turnbull and Matisoo-Smith (2002). Turnbull and Mab-Smith did not find liking
differences in raw broccoli as a function of PR@Bté¢r status. We speculate that these
inconsistencies might be due to variable amountglufosinolates, Ca, or both in the
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vegetables used across the different studies. \We thas speculation on the fact that
different species of the same kind of vegetable ditigr from each other in their bio-
chemical composition (Dole Food Company, Mayo Cliand University of California,
2002) and that many conditions affect plant devalept and therefore the taste of
vegetables (see Mattheis & Fellman, 1999 for aergyi Thus, the raw broccoli used by
Turnbull and Matisoo-Smith (2002) might not haveehéitter enough to elicit bitter
taste sensitivity responses as a function of PR&d¥®ert status. The biochemical
characteristics of the specific vegetables usagsearch must be taken into account in
future research on the impact of genetic variatton young children’s bitter taste
sensitivity to vegetables.

On the other hand, based on the work by Tordoff Saddell (2009), we
speculate that sensitivity to Ca and glucosilonratas indicated by PTC/PROP—
impacts young children’s vegetable acceptance. @dent in vegetables is another
source of bitterness detected by human adults ated (Tordoff & Sandell, 2009);
however, further experimental research is neededekample, the Ca-related receptor
gene needs to be further examined to assert th@&tiea in sensitivity to Ca is
genetically determined in humans. In addition, aseh relationship between variation
in Ca taste sensitivity and young children’s veplt@cceptance must be demonstrated.
Chapter 2 also shows that the association betw@&IFROP taster status and food
preferences is stronger in children than in adiNtennella et al., 2005). This finding
leads us to believe that genetic predispositionegetable acceptance, in absence of
influences other than age-dependent ones, mightidesr in children than in adults,
although future studies should replicate this itesul

The results derived from our review presented iaptér two do agree partially
with the proposal by Kajiura et al. (1992) and Mellan & Beauchamp (2009), among
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other authors, regarding a general natural (inffate)an rejection for bitter taste and a
genetically determined variation in the bitter égasénsitivity. Both factors determine an
individualized (and not general in the whole popial® genotypic, and therefore
phenotypic expression of the mentioned generalralafinnate) human rejection for
bitter taste. In this sense, we think that, althotige facial expressions elicited by tastes
in neonates and older infants (Steiner et al. 26@%e turned into an objective indicator
of general human natural rejections for the bitted sour tastes, as well as of general
human natural attraction for sweet tastes, thegro@y to obtain evidence regarding
the innate taste preferences of a given indivitkiatudying the individual genetic basis
of taste preference status (likes as well as dis)ik Such evidence would allow to
ascertain the link between that individual gendiasis of taste preference status
(preference and/or intake), and the food acceptémederence and/or consumption)
status of a given individual (i.e. a given child).

Finally, as regards the relationship between PR&fet status and BMI in
young children that we have additionally reviewedhapter two, the results of the few
published studies (Keller et al. 2002; Keller & Ppep, 2004; Lumeng et al. 2008;
Goldstein et al. 2007) are inconsistent. Baseduggestions by Lumeng et al. (2008)
and data of Baranowski et al. (2009), we speculzaé this confused state of the art
could be attributed to existence of one or morefamamding factors that might be
exerting an influence on this relationship, and #wioeconomic status (SES) might be

one of those confounding factors, which should éemnined in future research.
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2. Sensitive periodsfor tastes and smells

Our review identified the breastfeeding period asely sensitive period for
flavor preference development. To our knowledgely oHlaller et al. (1999)
demonstrated the invariability of a high preferefarea flavor (vanilla) acquired during
breastfeeding in mature adults. They concluded e¢kpbsure to vanilla-flavored milk
may induce a vanilla preference. However, additi@védence that breastfeeding is a
sensitive period is needed. Some data indicatehilghier order brain regions are still
developing during young adulthood (Sowell et aDPZ, Lebel et al., 2008). These
developmental changes might affect gustatory afactolry systems and thus flavor
preferences (O’Doherty et al.,, 2002; De Araujo let2805). Research on the visual
system has discovered that certain developmentahggs, such as amblyopia
correction, may occur in young adulthood (Sald.e2807).

Flavor/food acceptance in young infants may also rélated to prenatal
experience with these items (Schaal et al., 200énMdlla et al., 2001; Mennella et al.,
2005). In general, although confirmatory evidenee needed, there are several
indications that early childhood is a sensitive iqukrfor flavor/food preference
development (Nicklaus et al., 2004; Skinner et28)Q2a; Skinner et al., 2002b).

Since Poldrack (2000) stated that the biologicadaot of plastic neural changes
associated with learning and development on funatiaomaging signals has yet to be
identified, some progress has been made in idemgifshe brain activation patterns of
gustatory and olfactory systems through the use rmduroimaging and
electrophysiological techniques. One of the molvent contributions is Poncelet et
al.’s (2010) study, which reported a differentiateattern of ERPs in response to
smelling mint tea in young adults as a function hafw early in their life they
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experienced this odor. Specifically, young Algerlrench adults who had early
experiences with mint tea showed longer P2 latendiean European-French
participants with no such experience. However,dtenine whether there is a specific
sensitive period in which exposure to mint tea oetua particular brain activation
pattern in young adults, the timing of exposurdeh® target odor must be varied and
compared to P2 latencies in young and middle adatthusing a longitudinal design.
Furthermore, because perception of flavor involWesintegration of tastes and smells
(Smith & Vogt, 1997), this demonstration shouldebg¢ended to tastes. Chapter 3 also
identifies the need to develop additional developtaebrain mapping research in
infants, children, and adolescents due to the ta&t the majority of empirical data
obtained through neuroimaging techniques are froomg adults.

In summary, although there are behavioral and meaging indications that
support the existence of sensitive periods fordi&eod preference development, the
examination of invariability regarding tastes, sseflavors and foods acquired during
development throughout adulthood using longituddesdigns should attempt to confirm

this theory.
3. Hedonic value

Our review of literature that identifies brain respes to the hedonic value
(pleasant vs. unpleasant) and emotional resporise \(. dislike) of gustatory and
olfactory stimuli in developing populations indieatthat the processing of this affective
information is lateralized. Tastes and smells peetk as “good” in newborns and
young adults tend to be processed in the left hamei® while “bad” tastes and smells
tend to be processed in the right hemisphere (FaRa&ison, 1986; Bartocci et al.,
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2000; Bartocci et al., 2001; Henkin & Levy, 200Bn8ers et al., 2000; De Araujo et
al., 2003b; Small et al., 2003). This finding codes with those that show positive
emotions are associated with higher left brainvégtiwhile negative emotions are
associated with higher right brain activity (Roh8fdartin Ramirez, 2006).

The relationship between food preference and emotan be understood
through Gray’s theory of brain regulation of mote@ behavior (Gray, 1987), the
Behavioral Approach System (BAS) and the Behavitmhlbition System (BIS). The
BAS processes a pleasant taste or odor as a r¢RRalld, 2005) in the left hemisphere
of the brain and elicits a positive emotion. BASiation moves people to approach
stimuli. Alternatively, the BIS processes an unpéed taste or odor as a punishment
(Rolls, 2005) in the right hemisphere and eliciteegative emotion. BIS activation
induces a person to withdraw from contact with eapant stimuli.

This hedonic perspective helps to understand whungachildren may or may
not eat vegetables. Young children will not eatetagles if they find their tastes and
odors unpleasant. Alternatively, if the flavorsvefyetables reward young children, then
the consistent activation of BAS might induce a praghement to vegetables.
Therefore, the emotions elicited by the tastessanells of vegetables constitute another

relevant factor in explaining young children’s vig#e intake.
4. Theroleof experience

Other factors may also determine whether childremsame vegetables. Once
they are mature enough to understand health ca)ckealth-related beliefs may be
assimilated over time and overcome the genetic lipityc of vegetable rejection.
Understanding health concepts begins to occur legtvdeand 9 years of age (Bahn,
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1989; Zeinstra, Koelen, Kok, & De Graaf, 2007). @re other hand, different
experience-related mechanisms during developmegtimpact vegetable acceptance.
These mechanisms include (1) prenatal stimulatfogustatory and olfactory receptors
through contact with molecules that derive from thether’'s ingested foods and are
diffused through the amniotic fluid (Mennella et, &001), (2) neonatal stimulation of
gustatory and olfactory receptors through flavonegternal and artificial milk during
the lactation period (Mennella & Beauchamp, 199aajl (3) repeated exposure to new
vegetables at weaning (Maier et al., 2007) andndusioung childhood (Gerrish &
Mennella, 2001).

The flavor-nutrient learning (FNL) classical comoiing mechanism is
ineffective at increasing school-age children’sf@mence for vegetables (Zeintra et al.,
2009b). The flavor-flavor learning (FFL) classicainditioning mechanism, however, is
effective at increasing preference for vegetaltelath young children (Havermans &
Jansen, 2007) and school-age children (Havermd&1is), 2. 280). Some parent-child
feeding strategies, such as the facilitation oingategetables, increase older children’s
vegetable intake (Scaglioni et al., 2008). Furtt@enovert and covert parental control
Is associated with an increase of vegetable intakgoung children (Brown et al.,
2008). In general, however, pressuring childrere& does not increase their food
consumption (Galloway et al., 2006). Thus, we dbaxpect that this strategy would be
effective in the case of vegetables.

On the other hand, exposure to vegetables durinine mealtimes increases
vegetable intake in school-age children (Baxter Bompson, 2002), and this strategy
merits additional research in young children. St¢f@sed interventions such as
nutrition education programs are effective in s¢tage children (Morris & Zidenberg-
Cherr, 2002) but not in younger children (Parmealgt2009). This finding is probably
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because young children have to taste food to chémge preferences (Birch et al.,
1987) and their immature cognitive development tsmihem from understanding
concepts such as the healthiness of a specific {@adhn, 1989) or flavor-related

affective information (Lumeng & Cardinal, 2007).
5. A new strategy: providing children the choice

School-based interventions may be efficient at dasmg young children’s
vegetable consumption if they change the conditiovder which children are provided
food rather than employ an educational strategyedbasxclusively on information
(Hendy et al., 2005; Rohlfs-Dominguez et al., 2008)fact, our study found that
providing 2- to 6-year-olds with a choice duringeathool meal significantly increased
their vegetable consumption compared to peers wér@ wot provided with the same
choice. We let participants decide between twcedst types of vegetables. Our results
are congruent with data obtained in previous stidie the role of choice in vegetable
intake at school with older children (Hendy et aD05). To our knowledge, however,
our study is the first to demonstrate in a scha@ddal school-meal intervention that
choice alone leads to increase vegetable consumigtipoung children. Understanding
the long-term effects of this study and generadjzimese effects to contexts outside of
school will require additional research.

Zeinstra et al. (2010) also examined the effeqtrotiding 2- to 6-year-olds in
the Netherlands with a vegetable choice; howevery tdid not find an increase in
consumption. The fact that their participants atgetables in a non-familiar context
might explain their negative results (Zeinstralet 2010). Indeed, novel contexts tend
to restrict young children’s food intake (Birch at, 1990). Cultural differences
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between Spanish and Dutch children may also b@aetelyengar and Lepper (1999)
found that intrinsic motivation was culturally depkent in a study in which Anglo-
American and Asian-American 7- to 9-year-olds sdlveord puzzles. In either case,
school-based interventions may improve vegetalde@ance in young children.

Our results encourage us to examine whether edunehtprocesses aimed at
increasing young children’s preference for vegetabtake induce a long-term effect
suggestive of a developmental sensitive perioditaré research. Furthermore, previous
reports have argued that education affects nelmatigity and behavior depending on
the type of stimuli to which children are expos&digzumi, 2004; Morrison, Smith &
Dow-Ehrensberger, 1995). For example, some studaése shown that childhood
mathematics education may impact adult mathemapiegbrmance (Korvorst, Nuerk
& Willmes, 2007; Rohlfs Dominguez, 2008). Basedkamizumi (2004), we speculate
that if we find such effects regarding cognitivadtions (i.e., number abilities), we can
expect to find similar effects in sensory functio$us, although speculative, we
believe that to develop an interdisciplinary reskapproach that combines knowledge
of sensory and cognitive function may help to adeaknowledge about sensitive
periods. Finally, our research also has other mactmplications. For example,
specific guidelines for healthy vegetable intakeirdy childhood might be included in
scholastic curricula and even put into law for dteh less than 6 years old.

In summary, our review and study indicate thahalgh there seems to be a
general tendency to reject bitter taste, childréferdfrom each other in the degree to
which they reject bitter tastes from birth througthancy. From the prenatal stage
onwards, brain maturation and numerous sensoryriexpes with tastes and smells as

well as neural processes linked to cognitive dewelent (e.g., understanding the

201



. DISCUSSION OF RESULTS

concept of health) might moderate this genetic igpaition. In the following section,

we propose a theoretical model to integrate alhe$e factors.
6. A proposed integrated model of child vegetable consumption

We conclude this thesis with a proposal for an grdeed model of child
vegetable consumption based on five determinants:

1. Genetic predisposition. Humans generally refptter tastes; thus, children
are predisposed to reject vegetables at birth laodigh infancy.

2. Nervous system development concerning sensamgtin and cognition,
including sensitive periods.

3. Variety of experience with tastes and smellpdemlly vegetables) during
development in different contexts (e.g., home, sthend the grocery store).

4. Emotions and asymmetrical neural processing.

5. Applicable law that regulates scholastic cutacdor children and thus
determines teaching content, which may include @spelated to vegetable intake.

As Figure 1 illustrates, these factors interacthwi#tach other so that their
respective forces can either offset or reinforce another. However, there are still
determinants of young children’s vegetable consiwonphat future research will have

to resolve, as Figure 1 also indicates.
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EGETABLES [PERSON I SOCIAL AMD PHYSICAL COMTEXT
Biﬂer‘_Genetic predisposition  Stage of __, Experience with ﬂavors Law T+ Home Food School
taste *  to taste sensitivity development  (tastes + odors) " stores

I Sensary  Cognition Acguisition of Emotions Sensitive periods of
functian news information—, development flavarfood
preferences under
effects of education?
Development of strategies Shaping of flavar | Brain asymmetrical
— & forincreasing child - preferences during | processing
wegetable consumption in sensitive periods Sensitive periods of
Granadian young children development of
L & numerical abilities
b ewEieE under effects of
technigues identify them? education

Figure 1: Schematic overview of the determiningdes of young children’s vegetable intake
and their connections to each other. Question madksate prospects for future research.

The three basic elements of the model are the ablgst, the person in question
and social and physical contexts.

Genetic predispositions interact with vegetablesaichild who perceives the
bitter taste of vegetables as a function of itxcgiinate and (most likely) its calcium
content. Developmental stages interact with theeegpce of the vegetable. In other
words, this experience is age-dependent. Some tgpexperience with vegetables
increase preferences at one age and not anothezldpenental stages also interact with
sensory functions and cognition. The stage of dgment combined with flavor
experiences facilitates new information storageardigg flavor and thus shapes
preferences during sensitive periods. In turn, gnecess may compensate or reinforce
vegetable preferences. Social and physical contthsperson, stage of development,
and experience all interact with one another.

Indeed, a child will be exposed to foods in diffgrphysical and social contexts,

and these different exposures will help shape theferences. Adults (i.e., parents,
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school staff or educational policy makers) usuaigke decisions regarding the types of
foods to which children are exposed. Cognition ardotion also affect flavor
preferences. Cognition shapes food preferencesglgensitive periods through the
acquisition of new information (e.g., health cortsgpand emotion shapes preferences
through asymmetrical neural processing, hedonwoflaalues, and approach/avoidance
learning. When a child understands the healthioés®getables, he or she may make
an effort to eat it despite the negative emotiarved from its taste.

This heuristic model facilitates future research iogntifying areas with
insufficient evidence on their effectiveness. Faamaple, neuroimaging techniques
clearly need more research on identification of ellg@mental sensitive periods.
Similarly, the effectiveness of structured educatio provide ways to learn healthy
patterns of eating, such as those based on darguoaption of the recommended

amounts of vegetables during sensitive periodsalslh require further research.
7. Conclusions

The major findings of our thesis are summarizethenfollowing statements:

1. Vegetable consumption of a given young childyrba determined by the
following identified interconnected factors: indivial genetic predisposition to reject
and accept the bitter taste of the glucosinolatetesd of vegetables; early feeding
history and the type of experiences with vegetatdashich that child is exposed; brain
maturation; level of cognitive development; and éheotion elicited by the vegetables.

2. The glucosinolate content of vegetables mighth®the only source of the
bitter taste perceived by young children, when thay vegetables. The calcium (Ca)
content of vegetables might also elicit young afeitds bitter taste perception. Genetic
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research shall search for the human Ca gene wstptor and behavioral research shall
examine causative relationship between Ca tasteepeon and vegetable acceptance
(preference for and/or intake of vegetables) inngpahildren.

3. The relationship between 6-n-propylthiouraciR(EP) taster status and body
mass index in young children might be modulatedsbgioeconomic status (SES),
which should be investigated.

4. There is inconclusive evidence that the prendtalphase, lactation period
and young childhood might be sensitive periodsesetbpment for flavors and/or food
preferences. Further research is needed examihegnvariability of the flavor/food
preferences acquired during prenatal phase, lantaéind young childhood, in mature
adulthood.

5. Possible changes in taste and olfactory systernsman young adulthood, as
well as changes in the repertoire of food prefeeenshould be investigated.

6. The impact of educational process at schootglation to food and eating
habits during sensitive periods of developmentyature adults’ food preferences and
eating habits should be examined in future research

7. Interdisciplinary research in order to obtainbatter understanding of
cognitive and sensory function development from daishc approach should be
encouraged.

8. There are some suggestions indicating the existef a differentiated pattern
of brain activation in young adults in responseato olfactory cue (Mint tea) as a
function of how early participants have had expee with that odor. If there is a
specific sensitive period within early life, durimghich exposure to Mint tea would
induce such brain activation pattern in young duhdt, is yet to be determined. Such
sensitive period should also be examined regardistgs.
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9. Further brain mapping research in newbornsnisfachildren and adolescents
in the context of longitudinal studies are requjnedorder to identify sensitive periods
of development of taste and olfactory function &l &s flavor/food preferences.

10. Emotion influences food preferences probabdythie Behavioral-Approach
System (BAS) and the Behavioral-Inhibition SystéBhS|). If the emotion is positive -
that is, if the child likes the food-, the BAS wiliduce the child to approach that food.

11. Prenatal experience with tastes and odorgofd; experience with flavors
(tastes and odors) through milk consumption duriing lactation period; repeated
exposure to new foods; certain paradigms basedassical conditioning, as well as
parental and school influence, have been identiftedhape human food acceptance
(preference for and/or intake of foods, includiregetables) during development, thus
modifying phenotypic expression of genetic deteations of that food acceptance.
Effectiveness of these experiences in increasinlgl elegetable consumption is age-
dependent. Specifically, prenatal exposure to fisvad vegetables as well as exposure
to flavors of vegetables through milk consumptiaming the lactation period increases
vegetable acceptance at weaning. Mere repeated@etiv new vegetables at weaning
and during young childhood increases vegetablepsacee at these respective life
phases. Flavor-flavor learning (FFL) increases tage acceptance in young and
middle-aged children. Flavor-nutrient learning (BNHoes not increase vegetable
acceptance in middle-aged children, and its effeoiss in increasing vegetable
acceptance in young children should be investiga®edental facilitation, as well as
parental overt and covert control, increases véigtatake in old children and young
children, respectively. School-based interventiofghe kind of nutrition education
programs, aimed to increase child vegetable consamp increase vegetable
acceptance in middle-aged but not young childrecho8I-based interventions that
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focus on the food composition of the school men{saase vegetable acceptance in
middle-aged children.

12. Long-term effects of the positive results dedivfrom school-based
interventions regarding vegetable intake in midatyed children should be investigated.

13. School-based interventions of the kind of miomi education programs
should include tasting-related experiences withetages for increasing vegetable
acceptance in young children, which should be eradwd hoc. Long-term effects of
these interventions should be investigated as well.

14. The sole provision to young children living @ranada with vegetable
choice, in the context of a school-based intereetiincreases their vegetable
consumption. Long-term effects of this interventias well as generalization to other
contexts, should be examined in future researabs<cultural differences on the effect
of vegetable choice in young children should alsanyestigated.

8. If the emotion is negative -that is, if the dhdislikes the food- the BIS will

induce the child to inhibit his approach to thaido
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1. Rohlfs, P. & Martin, J. (2006). Aggression amdif asymmetries: a theoretical
review.Aggression and Violent Behavjdrl(3), 283-297. Impact factor = 1.6.

2. Rohlfs Dominguez, P. (2008). Estado actual dectavidad cientifica del grupo ed
Aquisgran sobre el procesamiento numériRevista de Neurologja6(5), 299-
304. Impact factor = 1.0.

3. Rohlfs Dominguez, P. (2008). Frequency of wasd-predicts behavior in patients

with Alzheimer diseasénternational Journal of Psycholog$3(3/4), 472. Impact

factor = 0.8.
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