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Abstract

Research suggests repeatedly offering infants a varietggetables during weaning
increases vegetable intake and liking. The effect mayéxtenovel foods. The present study
aimed to investigate the impact of advising parents todnire a variety of single vegetables
as first foods on infants’ subsequent acceptance of a novel vegetable. Mothers of four-six
month old infants in the UK, Greece and Portugal were rargzhio either an intervention
group (n=75), who received guidance on introducing five vegetdbhe per day) as first
foods repeated over 15 days, or a control group (n=71) whoedoabuntryspecific ‘usual
care’. Infant’s consumption (grams) and liking (maternal and researcher rated) of an

unfamiliar vegetable were assessed one monthiptetvention. Primary analyses were
conducted for the full sample with secondary analyses ctedigeparately by countrilo
significant effect of the intervention was found for viadpte intake in the three countries
combined. However sub-group analyses showed UK interventiantsn€onsumed
significantly more novel vegetable than control infg32.3g + 23.4g vs. 16.3g + 12.3
p=0.014. UK mothers and researchers rated infants’ vegetable liking higher in the

intervention than control condition. In Portugal and Geetlere was no significant
intervention effecbn infants’ vegetable intake or liking. The differing outcome between
countries possibly reflects cultural variations in existiganing practices. However, the UK
results suggest in countries where vegetables are not aofirsidoods, addeon

introducing a variety of vegetables early in weaning nedneficial for increasing

vegetable acceptance.
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Introduction

An important predictor of children’s fruit and vegetable consumption is their
enjoyment of these foods”. Innate preferences for sweet tastes and dislike ofoscaitter
tastes mean that fruit is readily accepted, but thatgikor vegetables may be harder to
achieve. However, innate preferences can be modified thiuneg and post-natal
experience®. Flavours become more acceptable as they grow in fanyilami there is
unequivocal evidence in young children that intake and likoangiffamiliar foods can be
increased through repeated exposure, i.e. providing repeatedunijpes to taste small
quantities of the fodé?).

Between the ages of 4-7 months, infants are highly receptivevidlavours and
textures, requiring fewer exposures than older children teaseracceptarié&'®. Exposing
children to the taste of commonly rejected foods, suchgetakles, may be most effective in
early infancy before the onset of food neophobia ddipéss (a normal developmental stage

during the second year of lif&}). Since food preferences develop early and have been shown

to track through later childhood and into adultH&o®), early intervention is likely to reap

the greatest benefit.

While repeated exposure to a single vegetable flaimotiases infants’ acceptance,
the speed with which they acquire preferences meana thek of sufficient variety might
result in a ‘monotony’ effect — the infant becoming bored with the taSte Daily changes in
the vegetables offered to infants during the transitionlid 8&mds have been shown to lead
to immediate increases in preference and intake, and a liggat@a of the effect to
acceptance of novel tasté3®. In a group of formula-fed infants, the effect of ofig a
variety of different vegetables versus carrots alonpptatoes alone over a period of nine
days was evaluat€d. Infants in both the variety and carrot groups signifigaincreased
their intake of carrots compared with infants fed potatoeatsonly the infants exposed to a
variety of tastes ate more of a novel food at the émideoexposure period. More recently it
has been suggested that the variety of vegetables frafrtaneeal offered to weaning
infants is more important than the overall numberegfetables offered. For example,
increased intake of novel foods was observed in weaningatages experiencing daily
changes in the vegetables offered compared to infantsrisel tbgetables, each for three
consecutive da{’®), suggesting the beneficial effect of variety is maximhibg daily
changes. In addition, a more varied diet during the wegrengd has been linked to greater

dietary diversity in later childho&d 2V,
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The benefits of repeated and varied exposure early irothplementary feeding
period have been previously descri@é® 2 2, suggesting promising opportunities for
increasing children’s vegetable intake. However, no studies to date have tested the procedures
in the form of an easily disseminable intervention pasing simple, practical guidance to
parents for introducing a variety of vegetables as firsiso&urthermore, no previous study
of variety exposure in infants has included a no-treatiwe@mirol group in which mothers
receive only the current standard weaning advice offered byrthigonal health service.
Finally, although current weaning recommendations and prastiecgsicross Europe, no
study to date has examined cross-cultural difference iaffactiveness of such an

intervention.

The present study is an exploratory trial of an intetie& comprising guidance to
parents on the introduction of a variety of vegetahi¢seafirst stages of weaning. The
primary outcome was infants’ consumption of a novel vegetable, offered one month after the
start of complementary feeding. The @&tary outcome was infant’s ‘liking’ for the novel
vegetable, rated by both researchers and mothers. iieepacedure was followed by
researchers in the United Kingdom, Greece and Portugal intordeamine the effect of the

intervention compared with usual care in the diffeenintries.

Subjectsand M ethods

Trial design
A multicentre, individually randomized (ratio; 1:1), paraligbup study design was
adopted for this exploratory trial conducted in the @eece and Portugal between February

2011 and July 2012.

Sample size
Estimating effect size was difficult because few coniplarsstudies have been
published. The closest study in the literaftitachieved an extremely large effect on vegetable

intake (d = 4.0) from a brief but intensive exposure-bagedviention, with outcomes measured
in the laboratory. A second parent-led, exposure-basedentsyn with 2-6 year olds showed
a significant, but smaller effect (d = 0.2) drildren’s vegetable consumption”. Outcomes in

previous studies have therefore ranged from small to &egg | with larger effects in a younger

age-group which is most comparable to the present study. afpdessize for the current trial
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(n=120) was therefore designed to provide 80% power to detect a meffiactsize (d = 0.5)

at p = .05%% on intake of a novel vegetable in a taste test.

Recruitment of participants

Women in the final trimester of their pregnancy and ratlof infants less than 6
months old were recruited from antenatal clinics (n=32T)ay care, paediatricians, and
hospitals in London (UK), Athens (Greece), and Portot(igat) to a larger study exploring
children’s fruit and vegetable acceptance during weaning. Mothers were eligible to participate
if they were over 18 years old at recruitment, they wefficgently proficient in each
country’s respective native language to understand the study materials and their infant was
born after 37 weeks gestation, without diagnosed feedinggms. Mothers who volunteered
to participate were asked to complete a consent form antineageestionnaire following
recruitment. A sub-sample of these participants wadomrafy selected to take part in the
current trial and invited to meet with a researcher ottih@abfessional immediately prior to
the initiation of complementary feeding. All participamiere advised that they were free to
withdraw from the study at any point. The flow of particifgthrough the trial in each of the

three countries is illustrated in Figure 1.

Randomization

An independent statistician at University College Londaregated a block
randomization matrix that was used in all three counttdividual participants were
randomly as@ned to an intervention or control (‘usual care”) condition following an initial
interview to establish feeding method. As research has sti@mwvbreast-fed infants accept
new foods more readily than their formula-fed countes$ar®, equal representation of
breast-fed and formula-fed infants were ensured acroggahbes, and within each Country,
using block randomization. Allocation was revealed to the relsea Because of the nature
of the intervention, parents in the intervention amd researchers delivering the intervention
were not blind. However parents were unaware of the randomirgblied design and

therefore neither the control nor the interventioougrknew of the existence of the other.

Ethical approval

This study was conducted according to the guidelines laid dottie iDeclaration of
Helsinki and all procedures involving human subjects/patients agoroved by the relevant

ethical committees in each participating countrythe UK, ethical approval was granted by



117 the NHS Central London Research Ethics Committee (10/HO0718/5éaroh and

118 development approval by NHS University College Hospital and NHISh Central London
119 Research Consortium. In Greece, ethical approval wasegray the Ethical Committee of
120 Harokopio University of Athens (session no. 27/14-07-2010). ItuBak; ethical approval
121  was granted by the local ethical committee (Ethical coremibr Health of the S&o Joéo
122 Hospital/ University of Porto Medical SchoeP9.JUL10-12951)Written informed consent
123 was obtained from all subjects.

124

125 Intervention

126 All participants met with a researcher or health pradesd immediately prior to the
127 initiation of complementary feeding (i.e. introducirglid foods). Visits took place either at
128 the participants’ home or a paediatrician’s office and the mothers determined the precise

129 timing of these visits (which in some instances was up to &syemor to the initiation of

130 complementary feeding).

131 In the intervention group, a researcher or health pstdeal explained to &

132 participant ; (i) the importance of introducing vegetables early in the weaning process, (ii) the
133 beneficial effects of offering different single veddes each day, (iii) the techniques of

134  exposure feeding, (iv) interpreting infants’ facial reactions to food, and (v) the need for

135 persistence when an infant initially rejects a foode#let reinforcing these messages

136 (standardised across countries) was given to participantswetgthen asked to complete a

137 short questionnaire about their infant’s early milk-feeding experiences.

138 In consultation with mothers (and paediatricians inRbguguese sample), five

139 vegetables were selected as the first foods to be introdMiogkders were provided with a
140 small number of commercially available vegetable purees tdus&vere told that they could
141 prepare their own foods if they preferred. They were asketf@othe five vegetables in a
142 sequence over 15 days as follows: A,B,C,D,E, A,B,C,D,E,@,B,E and to record progress
143 on achart provided. For a further five days, participantg wed to continue to offer

144  vegetables, but in addition, to start to introduce additiage-appropriate foods.

145 Participants in the control group completed the sametignesire as intervention
146 mothers. However control mothers were not offered angifegpguidance, instructions or
147  information on weaning with vegetables. Instead the control group received ‘usual care’

148 which varies between European countries.
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In the UK, the recommendations are to introduce fruégetables and baby rice or
cereal as first foods, but the information provided to mstiginconsistent and the advice
available may vary by local health authority. In Greg@aediatricians provide parents with
guidance on appropriate first foods, commonly baby riaeate or fruits. In Portugal, the
guidelines for weaning are not prescriptive and health profesisi are advised to adapt
international and national recommendations (e.g.. O, ESPGHAN and Portuguese
Paediatric Society), to the needs and circumstandesliofdual infant€”. Recently there
has been a move towards advice to introduce vegetable soupses asifest foods.

Outcome Measures

Mothers in both control and intervention groups completedtgqueaires about
themselves and their infant prior to the interventios anfollow-up (one month after the
introduction of solid foods), which included items on demogiapand feeding practices.
Mothers reported their date of birth, parity, maritatistaand educational qualifications.
Mothers reported separately on the frequency of fruitveegetable servings they had
consumed in the past week and the data was recoded to proestnaation of the total
number each of fruit and vegetable portions consumed &alitreported height and weight
was used to calculate maternal BMI (kgfrand maternal age was calculated at the time of
child’s birth. Maternal age and BMI were treated as continuous variables, while education
was dichotomized as “university level’ vs. ‘below university level’. Mothers were also asked
to record their child's date of birth, sex, birth weight (in kg), and the number of weeks’
gestation at birth, to provide an estimate of gestatagal Feeding method was assessed
with the question ‘Which feeding methods did you use in the first three months’, with
response options: ‘entirely breastfeeding’; ‘mostly breastfeeding with some bottle-feeding’;
‘equally breastfeeding and bottle-feeding’; ‘mostly bottle-feeding and some breastfeeding’;
‘almost entirely bottle-feeding (only tried breastfeeding a few times)’; ‘entirely bottle-feeding
(never tried breastfeeding)’; and ‘other’. Infant age at the time of introduction to solids was
calculated in weeks by using the child’s date of birth and the date on which mother’s reported

that they had offered solid food for the first time.

At follow-up, taste tests were administered in which amaunnilfar vegetable
(artichoke puree) was offered to participating infants. @rimaary outcome was intake (g) of
the novel vegetable. Infant liking for the vegetable (eelently rated by mothers and

researchers) was also recorded. The procedure was thatecepath a novel fruit (peach
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puree), which acted as a control food and to provide anaitoiicof whether the intervention

had the unintended side effect of reducing acceptance of fobdstban vegetables.

Taste tests took place in the infant’s home or paediatrician’s office and test foods were
fed to infants by mothers in the presence of the relsearthe researcher present at the taste
test was the same individual who delivered the interverati@ was not therefore able to be
blinded to condition. Taste tests were conducted at the child’s mealtime in order to ensure that
they were hungry. Mothers were provided with two 130g jasstathoke puree, the contents
of which were weighed prior to the start of the taste tesichfuke puree was selected on the
basis that it is an unfamiliar and rarely consumed vegetahbng young children across
Europé® 2® and not available as a commercial baby food in anlgeofhree participating
countries. Mothers were instructed to feed their infamioasial and at their usual pace until
the infant refused the food on three or more occasmmnhad finished two full jars. Refusal
was defined as keeping the mouth closed, turning the head awaygtishispoon away,
crying, or playingt®. Conditions were kept as naturalistic as possible; mithers using
any techniques (i.e. facial expressions, verbal encouraggne¢n) they would normally
employ to encourage their infant to eat in a mealtimetgtuaOn completion of the test, all
spilled food was returned to the bowl/jar which was weighed dgaialculate the weight of
food consuméd?. Immediately after each feeding session, the matheéresearcher
separately and independently rated the infant’s apparent liking for the food on a 9-point scale,
ranging from 1 =dislikes very much‘, to 9 =’likes very much‘ with a central point of
5 ="neither likes nor dislikes‘®>29. The entire process was then repeated with the unfamiliar
test fruit (peach puree). The vegetable was always offestdollowed by the fruit

approximately ten minutes later.

Statistical analyses

Participants with complete data on the primary outcameke at the taste test) were
included in the analyses. ANCOVAs were conducted to compargent@n and control
groups by weight of vegetable consumed, and researcher’s and mother’s rating of vegetable
liking at the taste test while controlling for country. Thasalyses were repeated for fruit
intake and the researcher’s and mother’s rating of fruit liking at the taste test. As typical
weaning practices in the three participating nations varieahs@ry analyses were then
performed comparing intake and liking ratings between ietgion and control groups for

each country separately.
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Reaults

The flow of participants through the trial is illustratadFigure 1. In total, 139
families completed the trial including the taste tests 1tmpast-intervention (53, 31 and 55
families in the UK, Greece and Portugal respectively).@acemographics are presented in
Table 1. The first solid foods consumed by the infants in thed countries, provided by

experimental condition, are shownTiable 2.

Completed intervention charts were returned by 86% efuention families (UK;
100% [28/28], Greece; 100% [16/16], Portugal; 63% [17/27]). Completedsalearaled that
over the 15 day intervention period parents recordedittfaints consuming vegetables on
89% (mean=13.3, SD=3.0) of the 15 possible eating occasions 6% [mean=12.8,
SD=3.4, Greece; [95%], mean=14.2, SD=1.8, Portugal [88%], mean=I8:3,. Infants
were recorded as eating nothing on 7% (mean=1.0, SD=1.8) dbtimervention days (UK;
[6%] mean=1.1, SD=2.4, Greece; [5%], mean=0.8, SD=1.8, Portugdl; ig8an=1.2,
SD=1.7). Data on infants’ willingness to eat during the intervention period was missing for

5% of the total eating occasions (UK; 8%, Greece; 0%, Portogfgl

The results of the taste tests by experimental camditie shown i able 3. The
mean intake of the unfamiliar vegetable puree was almost 10grlagiong intervention
group infants (38.91g) compared to the control group (29.84g). Howeyerimary analyses
examining the effect of the intervention in the thteantries combined (n = 139) revealed no
significant main effect of the intervention on vegetabtake, controlling for the effect of
country (F (1, 135) = 3.49, p = 0.064). Infants in the ietion group were rated by
researchers as liking the unfamiliar vegetable significantlge than control infants (F
(1,135) = 4.70, p < 0.032) but a similar trend observed for nateatings of infants'
vegetable liking did not reach significance (F (1,135) = 3.840p052), while controlling for
the effect of country in the pooled sample. No mainceffé the intervention was found for

either intake or liking ratings for fruit.

Separate analyses by country revealed a significartt efehe intervention on intake
of the novel vegetable in the UK, with intervention m&eating on average 16g more
artichoke puree than control infants (32.8g vs. 16t 8gt) = 3.10; p = 0.003) (s@eable 4).
This group difference in vegetable intake represented adéie size Cohen’s d = 0.8) 13,
UK intervention infants were also rated as liking the psigeificantly more than control
infants by mothers (6.7 vs. 413(51) = 4.51; p < 0.001) and researchers (6.7 vst4{3) =
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4.37; p < 0.001) separately (SEable 4). A large intervention effect size was observed for
both maternal and researcher ratings of likiGgien s d = 1.2 for both). No group
differences were found between UK intervention and obmtfants for intake (27.99 vs.
40.79) or liking ratings of the unfamiliar fruit.

In the Greek sample, mean intake in the interventioogmwas on average 13g higher
than in the control group (36.3g versus 23.69) although thigelite was not statistically
significant. Intervention infants were also given slightigher vegetable liking ratings in the
taste test by both mothers (4.3 vs. 3.3) and researehérgs; 3.4) in Greece but again these

differences were not significant.

In Portugal, no significant intervention effect on infants’ intake of the artichoke puree
was observed at follow-up with intervention infants conisig only an average of 2g more
than control infants (46.99g vs. 45.1g). Similarly there wasffect of the intervention on
mothers’ or researchers’ vegetable liking ratings for the Portuguese infants (4.6 vs. 5.2 and

4.5 v. 5.0 respectively).

There were no significant group differences in intake or either mother’s or researcher’s
ratings of the infants liking of the unfamiliar fruit pure@eany of the three countries (see
Table 4).

Discussion

No significant main effect of the intervention onldken’s intake of a novel vegetable
was found in the full sample. Children in the intervengooup were rated by researchers as
liking the unfamiliar vegetable more than the control grougHisitwas not the case for
maternal ratings. However, UK intervention infants &aifcantly more of an unfamiliar
vegetable and were rated by both mothers and researsHiis@the vegetable more than
infants in the control group one month after the mrcion of solid foods. In the Greek and
Portuguese samples, there was no significant effect @ftidaeention on either intake or
liking of an unfamiliar vegetable. However, observationthefraw data in Greece did

suggest a positive trend towards higher consumption amongtéineention infants.

The UK findings provide support for previous research shovépgated exposure to
vegetables during complementary feeding can impact pelgitiv infants’ vegetable
acceptancdé 23D and daily changes in the variety of vegetables consunceeaise
acceptance of a novel fodt'®. The differences in the outcomes observed acresthtbe

study sites may be partly explained by cultural variatiarigpical weaning practices in these
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countries. Recent research has revealed that Poreugciesol-children have among the
highest levels of vegetable intake in Eurdpe In addition, the Euro-Growth studly,
examining infant feeding practices and the introductioroafementary foods across
Europe, found that fruit was the most common first foddrefl to infants in both Greece and
the UK, while in Portugal it was cereal or vegetaBiesThis suggests that normal weaning
practices in Portugal more closely resemble those atlddn the present study, potentially
minimizing differences between intervention and controugs. The observation that over
70% of the Portuguese control infants in the present studygiare vegetable-based soups
as their first food supports this assertion. In cohtrady 32% of the UK control infants and
just 7% of the Greek control infants received vegetabléiseasfirst foods. Instead, baby rice
or cereals were the most common first foods consumedmityol infants in the UK (56%)
and Greece (73%). This is also reflected in the raw irdake from the taste test in which
Portuguese control infants ate more of the unfamiliar vegetable fhare& K and Greek

Intervention infants.

No group differences in fruit intake or liking were obseriethe taste test in any of
the 3 countries. This suggests that introducing single ablgst as first foods, and not
offering fruit for the first 15 days does not reduce fruéference in young infants. This is
reassuring but unsurprising given infants’ innate preferences for sweet tastes®* ®). The
finding that vegetable exposure does not affect fruit aaoeptalso supports a recent study
that found infants who had been exposed to 5 days of ricepitotidge, followed by 19 days
of vegetables, ate on average the same amount okeafnat immediately post-intervention
as infants who had no exposure yet to either fruits or abgget and had only received 5 days

of rice flour porridg€?.

Alternative explanations for the group differencesanel vegetable acceptance
observed for UK infants should be acknowledged. It is plestilat the intervention infants
received less energy as a result of consuming vegetafliefor the first 15 days of weaning
and were therefore hungrier than control infants duringpnisod. However there is no clear
reason why this phenomenon should be unique to UK infantstiéwially, first solid foods
are ‘complementary’ to the continuation of milk feeding and most infants continue to
consume a large proportion of their energy via brea&irmula milk during this early
weaning period, particularly if solids are introduced prior tnohiths as was common among
participants in the present study. As the interventaaing plan lasted 15 days and the taste

tests were conducted one month after the introductioaliofssit is particularly unlikely that
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intervention infants were systematically hungrier thamol| infants at the time of the taste

tests.

Necessary variations in the study procedures of thecjpating countries are likely to
have impacted on results. In Portugakarchers had to acquire permission from the infants’
paediatricians/GP in order to conduct the study and in a propaticases the advice was
delivered by health professionals rather than resea.chthough acceptance was generally
high, health professionals did not comply fully witle thtervention even after agreeing to
participate. Consequently, fidelity of, and adherence tinteevention may have been
undermined. There is some evidence of lower compliance @Rortuguese participants -
only 67% of the intervention mothers gave their infaarissolated vegetable as their first
food as requested, compared to 93% in the UK and 100% in Grsdai&ionally fewer
Portuguese intervention parents (63% compared to 100% in thedJ&raece) returned
completed study charts, suggesting lower compliance watimtbrvention procedure. There
is need to repeat this study in a larger sample withintcesrwhere vegetables are not
already common first foods and future research would hefrein exploring differences in
outcome when advice is delivered by health professiooatpared to researchers. A further
limitation of this study is that while mothers were unawarihe study hypotheses, neither
they nor researchers could be “blinded” to treatment which may have influenced preference
ratings in the taste tests. However, the ecologaidity of the experiment; the fact it was
implemented by mothers themselves in the home is agsitreas is the randomized study

design and inclusion of a no-treatment control.

The intervention was received positively by parents whacpéatly welcomed the
simple, prescriptive, and unambiguous nature of the ingingcat an often anxiety-
provoking stage of infant development. UK interventionntdashowed increased intake and
liking of an unfamiliar vegetable in the short term but this wat true in Portugal where
vegetables are commonly given as first foods. It appbatsdpeated exposure to a variety
of vegetables at weaning may work to increase vegetable accefmahe short-term in
countries where vegetables are not typically providedstsfdiods. However, the longer
term impact of the intervention remains to be exmglofiéis intervention is straightforward
and would be easy to disseminaienothers during an infants’ first months when parents are

in frequent contact with health professionals and actisegking advice about weaning.



341

342
343

344

345

346
347
348
349
350
351
352
353
354
355
356
357
358
359
360

13

Acknowledgement

The authors would like to thank the families who participatethe study and the healthcare
providers and staff who assisted with their recruitment.

Financial Support

This research is supported By: European Community’s Seventh Framework Programme
(FP7/2007-2013) under the grant agreement n°245012-HabEat. The pies=s tof
participants in this study and the artichoke and peach puseesas a test food were donated
by Danone Nutricia Researcfhe funders had no role in the design, analysis omyraf

this article.

Conflict of Interest
None of the authors reported a conflict of interest.

Authorship

The authors’ responsibilities were as follows - LC, CL, PM, YM and JW: designed the
research; AF, GM, CL, AO and CM: conducted the researchAGF,CM and RB analysed
data; AF, LC, GM, CL, RB, AO, CM, GM and JW: wrote the mamips; AF: had primary
responsibility for the final content of the manuscripigl @ll authors: read and approved the

final manuscript.



14

References

1. Gallaway, MS, Jago, R, Baranowski, T, et al. (2007¢ssocial and demographic
predictors of fruit, juice and vegetable consumption anidrd4-year-old Boy Scouts.
Public Health Nutr10, 1508-14.

2. Resnicow, K, Davis-Hearn, M, Smith, M, et al. (1997) Sewbgnitive predictors of
fruit and vegetable intake in children. Health PsydPR72-276.

3. Beauchamp, GK & Mennella, JA (2009) Early Flavor Learningl&ninpact on

Later Feeding Behavior. J Pediatr Gastr M@rS25-S30.

4. Wardle, J, Cooke, LJ, Gibson EL, et al. (2003) Incrgadildren's acceptance of
vegetables; a randomized trial of parent-led exposure. Apg8fils5-62.

5. Wardle, J, Herrera, ML, Cooke, L, et al. (2003). Modifyahgdren's food
preferences: the effects of exposure and reward on accemifan unfamiliar vegetable. Eur
J Clin Nutr57, 341-8.

6. CookeLJ (2007) The importance of exposure for healthy eating illcbdd: a
review. J Hum Nutr Die20, 294-301.

7. Birch,LL & Marlin, DW (1982) | Dont Like It - | Never Tried It - igcts of

Exposure on 2-Year-Old Childrens Food Preferences. Apf3eBt3-60.

8. Caton, SJ, Ahern, SM, Renty, et al. (2012) Repetition counts: repeated exposure
increases intake of a novel vegetable in UK pre-schatalren compared to flavour-flavour
and flavour-nutrient learning. Brit J Nu8o, 1-9.

9. Sullivan,SA & Birch, LL (1990) Pass the Sugar, Pass the Salt - ExpegiDictate
Preference. Dev Psych?b, 546-51.

10. Liem,DG & de Graaf, C (2004) Sweet and sour preferences in young chddck
adults: role of repeated exposure. Physiol B&3v421-9.

11. Harris, G, Thoma#\ & Booth, DA (1990) Development of Salt Taste in Infancy. Dev
Psychol26, 534-8.

12. Birch, LL, Gunder, L, Grimm-Thomak, et al. (1983) Infants' consumption of a new
food enhances acceptance of similar foods. Appedit@83-95.

13. Coulthard, H, Harris, G & Emmett, P (2009) Delayed introdoaif lumpy foods to
children during the complementary feeding period affects sHidd'd acceptance and feeding
at 7 years of age. Matern Child N&tr75-85.

14. Birch,LL (1998) Development of food acceptance patterns in theyéiess of life.P
Nutr Soc57, 617-24.



15

15. Lien, N, Lytle LA & Klepp, KI (2001) Stability in consumption of fruit, vegetables,
and sugary foods in a cohort from age 14 to age 21. PedB81217-26.

16. Skinner, JD, Carruth, BR, Wendy, B, et al. (2002) Childre@d preferences: a
longitudinal analysis. J Am Diet Assd02, 1638-47.

17. GerrishCJ & Mennella,JA (2001) Flavor variety enhances food acceptance in
formula-fed infants. Am J Clin Nufr3, 1080-5.

18. Maier, AS, Chabanet, C, Schaal, B, et al. (2008)¥Bieding and experience with
variety early in weaning increase infants' acceptancewffaods for up to two months. Clin
Nutr 27, 849-57.

19. Mennella, JA, Nicklaus, S, Jagolino, AL, et(@D08) Variety is the spice of life:
Strategies for promoting fruit and vegetable acceptance duafamgcy. Physiol Beha94, 29-
38.

20. Skinner, JD, Carruth, BR, Bound§,et al. (2002) Do food-related experiences in the
first 2 years of life predict dietary variety in schaged children? J Nutr Educ Behdy
310-5.

21. Cooke, LJ, Wardle, J, Gibson, E, e{2004) Demographic, familial and trait
predictors of fruit and vegetable consumption by pre-dattatniren. Pub Health Nufr, 295-
302.

22. Maier, A, Chabanet, C, Schaal, B, e(2007) Effects of repeated exposure on
acceptance of initially disliked vegetables in 7-month oldnts. Food Qual Prefd8, 1023-
32.

23. Mennella,JA & Trabulsi,JC (2012) Complementary Foods and Flavor Experiences:
Setting the Foundation. Ann Nutr Met&0, 40-50.

24. Cohen, J (1998) Statistical power analysis for the behavioral sciencesl. 2nd
London: Erlbaum Associates.

25. Mennella, JA, JagnowP & BeauchampGK (2001) Prenatal and Postnatal Flavor
Learning by Human Infants. Pediatriti37, e88-.

26. Mennella,JA (2009) Flavour programming during breast-feeding. Adv Exp Med Biol
639, 113-20.

27. Guerra, A, Régo, C, Silva, D, et al. (2012) Alimentacaotécdo do lactente. Acta
Pediatr Por#d3, S17-S40.

28. Hausner, H, Olsen, A & Moller, P (2012) Mere exposure amdutaflavour learning
increase 2-3 year-old children's acceptance of a novelaldgeppetites8, 11529.



16

29. ForestellCA & Mennella,JA (2007) Early determinants of fruit and vegetable
acceptance. Pediatri¢g0, 1247-54.

30. Barends, C, de Vries, J, Mojet, J, et al. (2013) Effefatspeated exposure to either
vegetables or fruits on infant’s vegetable and fruit acceptance at the beginning of weaning.
Food Qual PrefeR9, 157-65.

31. Sullivan,SA & Birch LL (1994) Infant dietary experience and acceptarfclid
foods. Pediatric83, 271-7.

32. Yngve, A, Wolf, A, Poortvliet, E, et al. (2005) Fruit aelgetable Intake in a Sample
of 11-Year-Old Children in 9 European Countries: The Pro Chil@ress-Sectional Survey.
Ann Nutr Metab49, 236-45.

33. Freeman, Wan’t Hof, M & Haschke, F (2000) Patterns of Milk and Food Intake i
Infants From Birth to Age 36 Months: The Euro-Growth StudR.ediatr Gastroenterol Nutr
31, S76-S85.

34. BeauchampGK & Moran, M (1982) Dietary Experience and Sweet Taste fenede

in Human Infants. Appetitd, 139-52.

35.  VenturaAK & Mennella,JA (2011) Innate and learned preferences for sweet taste
during childhood. Curr Opin Clin Nutr Metab Cal4 379-84.



Figure 1. Flow of participantsthrough the study

! Reasons for lost to follow up following randomization: e tUK intervention group family non-contactable (n=1); Int&gal intervention
group family withdrew from study (n=1); In Portugal controlgwdamily unavailable for visit (n=1).

2 Reasons for lost to follow up following first visit: InefUK intervention group baby was unwell so unable to compste test (n=1) and
family unavailable for visit (n=1); in the UK control grotgmily unavailable for visit (n=1), family withdrew from sty¢h=1).

3 Families that completed the taste test (the primatgame).
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Table 1. Characteristics of mothersand infants by condition and country
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Control Intervention
UK Greece Portugal Combined UK Greece Portugal Combined Total
(n=25) (n=15) (n=28) (n =68) (n=28) (n=16) (n=27) (n=71) (n=139)
Mothers
Age (at child’s birth, years), mean (SD)  34.2 (5.1) 31.5(4.7) 32.0 (4.5) 32.7 (4.8) 34.8(2.9) 33.6(4.0) 31.3(5.5) 33.2(4.5) 33.0(4.7)
BMI (kg/m?), mean (SD) 23.4 (4.3) 22.4 (3.6) 24.1(6.8) 23.5(5.4) 21.9(2.2) 23.3(45) 229 (3.4) 22.6(3.3) 23.0(2.4)
Primapara, n (%) 16 (64.0) 8(53.3) 14 (50.0) 38 (55.9) 14 (50.0) 8(50.0) 17 (62.9) 39(54.9) 77 (55.4)
Education, n (%}
Below University 2 (8.7) 6 (40.0) 12 (42.9) 20(29.4) 2(7.1) 4 (25.0) 11(40.7) 17 (23.9) 37 (26.6)
Undergraduate or above 23 (91.3) 9(60.0) 16(57.1) 48 (70.6) 26 (92.9) 12 (75.0) 16(59.3) 54 (76.1) 102 (73.4)
Marital status, n (%)
Married/cohabiting 24 (96.0) 14 (93.3) 25(89.3) 63 (92.6) 27 (96.4) 16 (100.0) 24 (88.9) 67 (94.4) 130 (93.5)
Single 1(4.0) 1(6.7) 3(10.7) 5(7.4) 1(3.6) 0 (0.0) 3(11.1) 4(5.6) 9 (6.5)
Vegetable intake (serves/day), mean (S 2.6 (1.1) 1.0(0.5) 2.1(1.5 2.1(1.3) 26(11) 12(@©6) 1.7(1.1) 192 2.0(1.2)
Fruit intake (serves/day), mean (SD) 26(1.2) 179 2312 23(1.2 26(11) 14@3@0 21(12 2112 2.2(1.2)
Infants
Sex (male), n (%) 12 (48.0) 10(66.7) 11(39.3) 33(48.5) 16 (57.1) 11(68.8) 13(48.2) 40(56.3) 73 (52.5)
Milk feeding method, n (%)
Entirely breastfed 17 (68.0) 5(33.3) 15(53.6) 37 (54.4) 15(53.6) 6(37.5) 14(51.9) 35(49.3) 72(51.8)
Mixed 5(20.0) 10(66.7) 10(35.7) 25 (36.8) 11 (39.3) 10(62.5) 10(37.0) 31(43.7) 56 (40.3)
Entirely bottle fed 3(12.0) 0(0.0) 3(10.7) 6(8.8) 2(7.1) 0 (0.0) 3(11.1) 5(7.0) 11 (7.9)
Gestational age (weeks), mean (SD) 39.2(1.5) 37.9(2.6) 39.0(1.7) 38.9(1.9) 39.7 (1.3) 39.0(1.9) 38.5(2.0) 39.1(1.8) 39.0(1.8)
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Birth weight (kg), mean (SD) 3.6(0.6) 3.1(05) 31(05 3.3(0.6) 3.6(0.5 3204 31(0.4) 3.3(05) 3.3(0.5)
Age at introduction of solid foods, mear 5.3 (0.5) 5.1(0.6) 5.0(0.7) 5.2(0.6) 54(0.5) 5.8(.3) 5.0(0.6) 5.3(0.6) 5.2 (0.6)
(SD)

! The variables were categorized as follows:
Below university: No qualifications, secondary school certiéickechnical school, high school certificate, privaisufty diploma
Undergraduate +: Undergraduate Degree, Postgraduate Qualification

2The variables were categorized as follows:
Entirely breastfed: Breastfeeding exclusively
Mixed: Mostly breastfeeding with some bottle-feeding, equaibastfeeding and bottle-feeding, mostly bottle-feedingsante
breastfeeding

Entirely bottle fed: Almost all bottle-feeding (only tried sHaeding a few times), Bottle-feeding only (never tried sifeading)



Table 2: First foods offered to infants by country and experimental condition
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Food Categories Countries combined UK Greece Portugal
Control Intervention Control Intervention Control Intervention Control Intervention
(n=68) (n=71) (n=25) (n=28) (n=15) (n=16) (n=28) (n=27)
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Isolated vegetable 10 (14.7) 60 (84.5) 8 (32.0) 26 (92.9) 1 (6.7) 16 (100.0) 1 (3.6) 18 (66.7)
Isolated fruit 7 (10.3) - - 3 (1200 - - 3 (20.00 - - 1 (3.6) - -
Baby rice or cereal 31 (45.6) 7 (9.9) 14 (56.0) 2 (7.1) 11 (73.3) - - 6 (21.4) 5 (18.5)
Vegetable soup 20 (29.4) 4 (5.6) - - - - - - - - 20 (71.4) 4 (14.8)

vegetable soups are common weaning foods in Portugal and typnzalide potato, olive oil and at least two different vegetse.g. carrot,

pumpkin, onion, garlic, and leek).



Table 3: Taste Test: Vegetable and Fruit intake and liking rating by experimental condition

Control Intervention
(n=68) (n=71)
Mean (SD) Mean (SD) p-value
ANCOVA!
Vegetable (artichoke)
Intake (Q) 29.84 (30.12) 38.91 (33.65) 0.064
Maternal rated liking 450 (2.63) 534 (2.47) 0.052
Researcher rated liking 451 (2.37) 538 (2.36) 0.032*
Fruit (peach)
Intake (Q) 64.23 (65.56) 51.18 (51.76) 0.211
Maternal rated liking 6.57 (2.66) 6.20 (51.76) 0.371
Researcher rated liking 6.46 (2.71) 6.07 (2.45) 0.327

1 Effect of condition controlling for Country
* P-values representing significant group differences (< 0.05)
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Table4: Taste Test: Vegetable and Fruit intake and liking rating by country and experimental condition

UK GREECE PORTUGAL
Control Intervention Control Intervention Control Intervention
(n=25) (n=28) (n=15) (n=16) (n=28) (n=27)
Mean (SD) Mean (SD) p-value Mean (SD) Mean (SD) p-value Mean (SD) Mean (SD) p-value
t-test t-test t-test

Vegetable (artichoke)

Intake (g) 16.47 (12.09) 32.75 (23.64) 0.003*  23.60 (22.81) 36.25 (28.74) 0.187 45.11 (37.73) 46.89 (43.36) 0.871
Maternal rated liking 4.29 (2.03) 6.69 (1.83) <0.001* 3.33 (2.35) 4.25 (2.44) 0.296 521 (3.05) 4.59 (2.49) 0.412
Researcher rated likinc4.58 (1.82) 6.66 (1.63) <0.001* 3.40 (2.20) 4.63 (2.10) 0.123 4.96 (2.74) 452 (2.61) 0.540

Fruit (peach)

Intake () 40.70 (32.60) 27.93 (30.09) 0.144 58.40 (49.57) 82.50 (68.04) 0.272 88.36 (85.50) 56.74 (48.82) 0.098
Maternal rated liking 7.25 (2.35) 6.69 (2.00) 0.352 5.20 (2.65) 6.00 (2.88) 0.428 6.68 (2.78) 5.85 (2.82) 0.273
Researcher rated likinc7.29 (2.26) 6.97 (1.68) 0.549 5.13 (2.17) 5.88 (2.63) 0.400 6.39 (3.12) 5.30 (2.79) 0.095

* P-values representing significant group differences (< 0.05)



