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BACKGROUND

This work package (WP5) focuses on relationships between taste, pleasure, satiation and overeating in young children. A literature review was performed on the status quo of what is known about the relationship between sweetness exposure and changes in sweetness liking in children and its subsequent consequences on food intake. In addition, the role of repeated exposure to sweet taste on the development of sweetness liking, preferences and intake of sugar containing foods and beverages was investigated in infants, taking into account parental feeding practices. Planned experimental research on the effects of repeated exposure to sweet taste on the degree of sweetness liking in children aged 4 -7 years had to be postponed due to the COVID-pandemic and related restrictions, but will be completed during the final quarter of 2022.

A second part of the work package focused on how to deliver public health information related to the development of food liking and satiation in children below the age of three years. Parental feeding practices significantly influence infants' food consumption and choices during this period, therefore parents must be properly informed and guided through the early feeding process. The objective of this project was to support the development of official national communication material in on the member state (France) by exploring the perceptions and needs of parents and paediatricians, and to assess the efficacy of the material developed with parents and health professionals.

The practical, applied goal of the work package is to exploit the relationships between taste exposure and pleasure, appetite, satiation and food intake in children, for the formulation of healthier food habits with lower risk of overconsumption, and to provide practical recommendations for public health actions and (social media) communication on healthy feeding practices during early childhood.

KEY FINDINGS

From the literature review, it became clear that the evidence regarding the relationship between sweetness exposure and sweetness liking or the intake of sweet products in children is heterogenous and scarce. The evidence mainly relies on longitudinal cohort studies, whereas controlled experimental studies investigating these relationships are largely underrepresented.

Executive summary Title: Taste, pleasure, satiation and overeating

A key finding from the research performed in this work package, adding to the existing body of evidence, is that in infants, from the third until the twelfth month of life, no relationship was found between sweetness exposure and the degree of sweetness liking. Although sweetness exposure increased during this period (3 to 12 months) by an increased variety of foods and drinks offered to the infants by the parents, the degree of sweetness liking of the infants did not change. More research is needed to explore such a relationship later during childhood when sweet foods/drinks become even more present in children's diet.

Another key finding involves similarities and divergences between French parental and professionals' visions, including the best ways to communicate around child feeding and complementary feeding recommendations. Health care professionals are the most used and most influential source of information for parents. Differences existed regarding the communication needs of parents and the perception of paediatricians regarding those needs: Parents often turn for meaningful advice to their personal network and are in demand for practical tips and information when searching for child feeding information, e.g. menus and recipes. Paediatricians, on their side, think that parents must primarily be informed about the age of start of complementary feeding, and the age of introduction of the different food groups. This incongruence might highlight the fact that paediatricians, and more generally HCPs, do not feel at the right place to give such kind of (practical) advice and specific material is needed to satisfy the parents' request for practical tips. A key outcome here, taking into account the communication needs of parents and supporting professionals' discourse during consultations with parents, is the development of a brochure on the updated child feeding recommendations by Santé publique France (Jeunes enfants de 0 à 3 ans : du lait à la diversification (mangerbouger.fr)) which has been disseminated to the French population since September 2021.

CONCLUSIONS AND RECOMMENDATIONS

Although sweetness exposure increases with the start of complementary feeding by an increased variety of foods and drinks offered to the infants by the parents, no relationship between sweetness exposure and the degree of sweetness liking was found in infants within the first year of life. Future research is recommended to examine whether at such early age, inter-individual variations in sweetness liking may rather occur due to differences in genotypes, especially when variations in sweetness exposure between children are limited. Concerning toddlers and somewhat older children (i.e. primary school age), the evidence regarding the relationship between sweetness exposure and changes in sweetness liking and its subsequent consequences on food intake is inconclusive. There is a strong need for more controlled experimental studies to better understand the influence of sweetness exposure on sweetness liking and intake of sweet foods and drinks in children of these age groups, covering the early childhood period. The research conducted in this WP helped to devise a method for public health guidelines development, starting from the evaluation of target population needs and by identifying the right relays of dissemination of the messages. It was pursued by several post-tests of the material produced, to identify how it was understood by targets and relays, and to objectify its effects on knowledge. The results about the best ways to communicate about child feeding and complementary feeding recommendations guided the development of a brochure disseminated to the French population since September 2021. The brochure, containing the updated child feeding recommendations, developed by Santé publique France, contributed to increased parental knowledge on child feeding independently from parental socio-demographical characteristics. Paediatricians and child care professionals evaluated the brochure as a good tool to support their discourse with parents during consultations. Future research work will evaluate through a randomized controlled trial the effect of the developed guidelines on parental feeding practices, children's eating behaviour and ultimately, children's weight status at the age of 3 years, to confirm the relevance of the developed material for the adoption of healthy feeding behaviours.

Introduction

Scientific background

Obesity is an alarming problem worldwide, threatening the health of children especially in Western societies, but also in developing countries, where the double burden of malnutrition is a major public health issue [START_REF] Akombi | Estimating the double burden of malnutrition among 595,975 children in 65 low-and middle-income countries: A meta-analysis of demographic and health surveys[END_REF](2)(3). Understanding the determinants of healthy eating habits to prevent unhealthy weight gain in early childhood is essential to prevent diet-related diseases now and later in life (4,5). In this work package, the focus was on two important determinants of establishing healthy eating habits in young children. First, sensory influences play an important role in the development of food liking and satiation in children. Of particular relevance is the role of sweet taste exposure in the development of sweetness liking, and intake of sugary foods and drinks by children, as these foods are often energydense and less healthy, and (over)consumption may contribute to unhealthy weight gain (6). A second determinant studied in this work package concerns parents' dietary practices. Parents define, among other things, the food environment at home, which helps shape the food preferences as well as the eating patterns (incl. appetite regulation) of their offspring [START_REF] Savage | Parental influence on eating behavior: Conception to adolescence[END_REF][START_REF] Friston | Post hoc Bayesian model selection[END_REF]. It is therefore important that parents are properly informed about healthy child feeding, since this guidance may influence the establishment of healthy feeding practices at a critical stage in life.

Sensory influences on food liking and intake

Taste and flavour preferences are strong predictors of young children's food acceptance [START_REF] Forestell | The Development of Flavor Perception and Acceptance: The Roles of Nature and Nurture[END_REF][START_REF] Mennella | The sweetness and bitterness of childhood: Insights from basic research on taste preferences[END_REF]. In this context, sweet taste/flavour is of particular interest, as sweet taste is innately rewarding, as characterized by a quasi-universal liking of high levels of sweetness in foods and beverages in infancy and childhood [START_REF] Mennella | The sweetness and bitterness of childhood: Insights from basic research on taste preferences[END_REF]. A preference for sweet tasting foods and drinks can result in the consumption of a high amount of free sugars in the diet, as evidenced by several studies [START_REF] Dereń | Consumption of Sugar-Sweetened Beverages in Paediatric Age: A Position Paper of the European Academy of Paediatrics and the European Childhood Obesity Group[END_REF][START_REF] Ventura | Innate and learned preferences for sweet taste during childhood[END_REF]. Eighty percent of two to three year-old children consume sweetened beverages and desserts daily [START_REF] Fox | Usual food intakes of 2-And 3-year old U.S. children are not consistent with dietary guidelines[END_REF][START_REF] Fox | Added sugars in school meals and the diets of school-age children[END_REF]. Sweetened foods constitute the bulk of foods marketed to children [START_REF] Richonnet | Nutritional quality and degree of processing of children's foods assessment on the french market[END_REF]. As a result, sugar makes up from 15% to 25% of children's daily total energy intake in Europe [START_REF] Azaïs-Braesco | Sugars intake and main contributors in the French population[END_REF]. This is alarming as the maximum intake of free sugars should stay below 10% -or, even better, 5% -of children's daily energy intake according to the World Health Organization [START_REF] Who | European Food and Nutrition Action Plan[END_REF]. Hence, there is a clear, evidence-based public health mandate to limit the consumption of free sugars in children's diet. However, the question arises as to whether it is not only exposure to sugars that should be reduced, but also exposure to sweet taste, i.e. even without the calories brought by sugars.

Several studies provide evidence that children prefer a higher level of sweetness than adolescents and adults [START_REF] Mennella | The sweetness and bitterness of childhood: Insights from basic research on taste preferences[END_REF][START_REF] Ventura | Innate and learned preferences for sweet taste during childhood[END_REF][START_REF] Mennella | Genetic and environmental determinants of bitter perception and sweet preferences[END_REF][START_REF] De Graaf | Sweetness intensity and pleasantness in children, adolescents, and adults[END_REF]). Children's sweetness preference may be influenced by early experiences with a variety of sweet-tasting foods and beverages, and the interconnectivity of biological, social and environmental factors [START_REF] Appleton | Sweet taste exposure and the subsequent acceptance and preference for sweet taste in the diet: Systematic review of the published literature[END_REF][START_REF] Ventura | Early influences on the development of food preferences[END_REF]. There is robust evidence that children's early exposure to, and intake of, foods and drinks with certain flavours enhances their liking for these flavours [START_REF] Ventura | Early influences on the development of food preferences[END_REF][START_REF] Hausner | Breastfeeding facilitates acceptance of a novel dietary flavour compound[END_REF][START_REF] Hausner | Mere exposure and flavour-flavour learning increase 2-3yearold children's acceptance of a novel vegetable[END_REF][START_REF] Remy | Impact of energy density on liking for sweet beverages and caloric-adjustment conditioning in children[END_REF][START_REF] Remy | Repeated exposure of infants at complementary feeding to a vegetable puŕee increases acceptance as effectively as flavor-flavor learning and more effectively than flavor-nutrient learning[END_REF][START_REF] Wild | Efficacy of repeated exposure and flavour-flavour learning as mechanisms to increase preschooler's vegetable intake and acceptance[END_REF][START_REF] Wild | Effectiveness of flavour nutrient learning and mere exposure as mechanisms to increase toddler's intake and preference for green vegetables[END_REF][START_REF] Spill | Repeated exposure to food and food acceptability in infants and toddlers: A systematic review[END_REF]. However, this research has predominantly focused on unfamiliar and potentially disliked foods, such as bitter tasting vegetables, and therefore other tastes than sweetness. There has been limited research on whether a similar association exists between exposure to and liking of sweet foods, for which liking does not need to be learned [START_REF] Divert | Relation between sweet food consumption and liking for sweet taste in French children[END_REF][START_REF] Yuan | Associations between infant dietary intakes and liking for sweetness and fattiness sensations in 8-to-12-year-old children[END_REF]. Thus, children's development of liking sweet foods may differ compared to disliked flavours due to children's innate quasi-universal preference for sweetness [START_REF] Jackson | Examining child intake frequency, mothers' own liking and child early exposure as potential predictors of child liking for restricted foods and drinks at 5 years old[END_REF]. Nevertheless, the preference for sweetness may still be influenced and perhaps even increased through repeated exposure to sweet stimuli [START_REF] Nicklaus | A prospective study of food variety seeking in childhood, adolescence and early adult life[END_REF][START_REF] Nicklaus | Gustatory perceptions in children[END_REF]. To illustrate, the dietary exposure to sweet taste and fattiness both increase during the first year of life with the introduction of complementary foods in the diet [START_REF] Nicklaus | Early Development of Taste and Flavor Preferences and Consequences on Eating Behavior[END_REF][START_REF] Schwartz | The role of taste in food acceptance at the beginning of complementary feeding[END_REF], but exposure to sweetness increases more rapidly than exposure to fattiness [START_REF] Yuan | Infant dietary exposures to sweetness and fattiness increase during the first year of life and are associated with feeding practices[END_REF]. However, it is not clear whether (early) exposure to sweetness influences liking of sweet foods [START_REF] Yuan | Associations between infant dietary intakes and liking for sweetness and fattiness sensations in 8-to-12-year-old children[END_REF] or preferred levels of sweetness [START_REF] Divert | Relation between sweet food consumption and liking for sweet taste in French children[END_REF].

Children's exposure to sweet-tasting foods and beverages is also influenced by parents, as they manage young children's home food environment. Furthermore, parental strategies such as restriction or using foods as rewards are often used in combination with feeding sweet products [START_REF] Russell | Strategies used by parents to influence their children's food preferences[END_REF]. How restrictive feeding practices are related to dietary exposure to sweet-tasting products and sweetness preferences in children is, however, unclear. Restriction may result in a decreased intake of sweet foods and beverages at home, but can increase children's consumption of sweet foods when they are in an unrestricted situation [START_REF] Jansen | From the Garden of Eden to the land of plenty. Restriction of fruit and sweets intake leads to increased fruit and sweets consumption in children[END_REF].

2.1.2. The first 1000 days: Importance of proper information and guidance for parents throughout the complementary feeding process in infants

The first 1000 days from conception to a child's second birthday are an important period in an individual's life. This period is a unique opportunity for the establishment of optimum health, growth, and neurodevelopment across the lifespan [START_REF] Cusick | The Role of Nutrition in Brain Development: The Golden Opportunity of the "First 1000 Days[END_REF][START_REF] Martorell | Improved nutrition in the first 1000 days and adult human capital and health[END_REF]. As part of the first 1000 days, the shift from milk feeding to a variety of foods is of critical importance for the development of healthy eating behaviours in infants. During complementary feeding (CoF) an infant discovers, for the first time, different tastes, textures and food preferences develop, as well as his/her habits in terms of consumed quantities. In fact, it is at this moment of life that the child learns what, when and how much to eat; this learning occurs through direct experience, or by observing the eating behaviours of others (most often parents) [START_REF] Schwartz | The role of taste in food acceptance at the beginning of complementary feeding[END_REF][START_REF] Birch | Family influences: mothers' and daughters' use of multivitamin mineral supplements[END_REF]. Parents' dietary practices are considered to have a significant impact on infant food choices and consumption. Parents, with their parenting style and feeding practices, exert the strongest influence on children's early eating behaviours. They define, among other things, the food environment at home, which helps shape the development of food preferences as well as the eating patterns of their offspring [START_REF] Savage | Parental influence on eating behavior: Conception to adolescence[END_REF][START_REF] Birch | Development of eating behaviors among children and adolescents[END_REF]. It is therefore important that parents are properly informed and guided throughout the CoF process. However, the recommendations available in France since 2005 did not integrate the latest scientific knowledge related to the development of eating behaviour. Notably, explanations about the importance of repeated exposure, dietary variety and the introduction of different textures, or the way to encourage the child's appetite "self-regulation" were missing. The need for an update of the French guidelines and recommendations on infant feeding was obvious [START_REF] Schwartz | Development of healthy eating habits early in life. Review of recent evidence and selected guidelines[END_REF]. In 2019, new guidelines covering these topics were published by ANSES [START_REF] Anses | -3 ans)[END_REF] and the HCSP [START_REF] Hcsp | AVIS relatif à la révision des repères alimentaires pour les enfants âgés de 0-36 mois et de 3-17 ans[END_REF]. However, the level of parental understanding of such technical guidelines is often uncertain, which could be due to an inappropriate method of communication. New parents interact with many healthcare (HCPs) and childcare (CCPs) professionals in the prenatal and postnatal periods. There are many occasions when discussion of prevention issues (such as healthy eating practices) could be brought up. Previous research has shown how educational interventions targeting parents could enhance children's health and improve CoF practices. Many of these educational interventions include training provided by HCPs or CCPs [START_REF] Bryanton | Postnatal parental education for optimizing infant general health and parent-infant relationships[END_REF][START_REF] Arikpo | Educational interventions for improving primary caregiver complementary feeding practices for children aged 24 months and under[END_REF]. Considering the opportunity that they have to influence parents during the earliest years of the child, HCPs should have a key role in disseminating new child feeding recommendations and associated communication supports. Therefore, considering their needs in terms of the most appropriate communication supports and required content is paramount.

Objectives of the Work Package

Overall, Work package 5 (WP5) aimed at studying relationships between taste, pleasure, satiation and overeating in young children. In this context, the work conducted in the project of ESR5 (Carina Müller) focused on understanding the role of (repeated) sweet taste exposure on the development of sweetness liking, on intake of sweet foods and beverages as part of young children's diets, and on parental feeding practices. This matches the overall Edulia project objective to better understand the relationships between taste exposure and pleasure, appetite, satiation and food intake in children, and to exploit it for the formulation of healthier food habits with lower risk of overconsumption.

The work conducted in the thesis of ESR6 (Sofia De Rosso) focused on how to deliver public health information related to the development of food liking and satiation in children below the age of 3 years. Parental feeding practices significantly influence infants' food consumption and choices during this period, therefore parents must be properly informed and guided through this early feeding process. The objective of this project was to support the development of communication material by exploring the perceptions and needs of parents and paediatricians, and to evaluate the material developed with parents and health professionals. This contributes to the overall Edulia project objective to make practical recommendations for public health actions and (social media) communication on feeding practices during early childhood. ESR6 in a secondment at SpF explored parents' and paediatricians' perceptions and needs regarding information on complementary feeding by means of two online surveys. Insights gathered from these surveys were used to inform a new public health communication strategy considering the needs of parents and healthcare professionals on child feeding communication. In two further studies, it was assessed whether the material developed (paper brochure) had a shortterm effect on parental knowledge; and finally, if the newly developed brochure was positively evaluated by healthcare professionals.

Work Package organisation

Task 5.1 Strategies to modify sweetness preferences and intake in young children

Background and objective(s)

A high consumption of free sugars in children's diet has been associated with childhood overweight and obesity (6,[START_REF] Malik | Sugar-sweetened beverages and weight gain in children and adults: A systematic review and meta-analysis[END_REF]. In particular, consumption of sugar-sweetened beverages seems to be an important contributor to this association [START_REF] Malik | Sugar-sweetened beverages and weight gain in children and adults: A systematic review and meta-analysis[END_REF][START_REF] Luger | Sugar-Sweetened Beverages and Weight Gain in Children and Adults: A Systematic Review from 2013 to 2015 and a Comparison with Previous Studies[END_REF]. Yet, the question arises whether not only the intake of free sugars in the diet should be reduced, but also the exposure to sweet taste independently from the calories brought by sugars [START_REF] Appleton | Sweet taste exposure and the subsequent acceptance and preference for sweet taste in the diet: Systematic review of the published literature[END_REF]. A recent review investigating the relationship between sweet taste exposure and subsequent preferences and intake showed that the evidence is equivocal regarding the presence and possible direction of a relation [START_REF] Appleton | Sweet taste exposure and the subsequent acceptance and preference for sweet taste in the diet: Systematic review of the published literature[END_REF]. However, this review was not focused on children in particular. In order to give direction to future research among children in this area, there is a need to get an overview of what is known about the topic. Therefore, the objective of this narrative literature review was to put light on the status quo of the relationship between sweetness exposure and changes in sweetness liking and its subsequent consequences on food intake.

Methodology

A literature review was conducted on existing strategies to modify the sensory and hedonic evaluation of sweetness perception and sweet food intake in infants, toddlers, pre-schoolers and children (0 -8 years).

The literature search was executed in the first trimester of 2021 using the electronic databases Pubmed® and Google Scholar® to map the status quo of scientific findings regarding the effect of sweet taste exposure on changes in sweetness preferences and intake of sweet foods and beverages in children. To cover both sweetness preferences and sugar intake, two different literature searches were conducted, using a different set of keywords (see D5.1. for details; link available in Section 3.5 on Further reading). After exclusion of duplicates, and irrelevant titles, 14 papers were considered relevant to the literature review. All data were investigated using a narrative synthesis. Further analysis, e.g. meta-analysis, were not conducted due to insufficient papers using the same study design. Papers were tabulated according to their main characteristics: study design, age of exposure (early: 0-2 years or later than 2 years), type of exposure, time point of measuring the outcome as well as which outcome was measured (liking, preference or intake), which stimuli were used in the outcome measurement (basic sweet taste versus a sweet food; liquid, semi-solid or solid stimuli), and which method was used to assess the outcome (i.e., rating scale, liking, forced-choice test).

Main results

Fourteen studies met our inclusion criteria, comprising of 12 longitudinal cohort studies and two controlled experiments. The studies varied greatly in research design, participant age, exposure time, exposure assessment, sweetness liking, intake assessment and outcome measure. The results provided some evidence for increased sweetness liking after early exposure in infancy to sweet taste for similar food matrices. For more complex flavours and exposure later in childhood, results were inconsistent. The two controlled experiments that were included, showed that repeated exposure to products with a higher sweetness intensity may increase sweetness liking and preference, at least in the short-term immediately after the intervention.

Conclusion

The evidence regarding the relationship between sweetness exposure and sweetness liking or the intake of sweet products is heterogenous and scarce. Some findings indicate that early exposure in infancy to sweet taste may increase sweetness liking for similar flavour profiles. There is a strong need for more controlled experimental studies to better understand the influence of sweetness exposure on sweet liking and intake.

Further reading

Report titled "The role of taste (sugar, salt) on the regulation of food intake in a single exposure.

D5.1_The role of taste -sugar, salt -on the regulation of food intake in a single exposure.pdf

Task 5.2 Effect of parental rules on sweetness exposure and sweetness liking in infants

4.1. Background and objective(s)

Infants become increasingly exposed to sweet-tasting foods in their first year of life. However, it is still unclear whether repeated exposure to sweet taste is linked to infants' sweetness liking during this period. Making use of data from the OPALINE cohort collected by INRAE, this study aimed to examine the link between sweetness exposure and sweetness liking during two important periods in early infant feeding: at the start of complementary feeding (3-6 months) and the transition to the family table (10-12 months).

Methodology

Infants' sweetness exposure was assessed using seven-day food records which were completed by mothers every month (n=312), reporting daily consumption rates of formula/breast milk or complementary food and the type of formula milk and/or complementary foods for each feeding occasion. Infants' sweetness liking was studied in the laboratory at three, six, and twelve months of age by assessing their response to a lactose-water solution and the amount drunk of this solution compared to plain water. Linear regressions and Structural Equation Modelling (SEM) were used to assess associations between the infants' exposure to, and liking for, sweetness at six and 12 months.

Main results

Sweetness exposure significantly increased between the two studied periods (3-6 months and 10-12 months). Neither at six (n=182) nor at twelve months (n=197) was sweetness exposure of the infant via parental feeding practices associated with the infants' sweetness liking. While sweetness liking at three months was unrelated to liking at six months, the latter significantly predicted sweetness liking at twelve months. These findings demonstrate no association between sweetness exposure at three to twelve months and liking at six and twelve months despite a sharp increase in sweetness exposure in that period. However, sweetness liking at six and twelve months was positively associated.

Conclusion

No relationship was found between sweetness exposure and the degree of sweetness liking in infants throughout observations from the third until the twelfth month of life. Although sweetness exposure increased from the first (three to six months) to the second period (ten to twelve months) by an increased variety of foods and drinks offered to the infants by the parents, the degree of sweetness liking of the infants did not change. This was contrary to what was expected. Based on the findings, we therefore hypothesize that, at such an early age, inter-individual variations in sweetness liking may rather occur due to differences in genotypes, especially when variations in sweetness exposure between children are still limited. The impact of high exposure to sweet-tasting foods in the first 12 months of life on the degree of sweetness liking later in life should be investigated longitudinally including time points in childhood up until adolescence (when food choices become less dependent on the parental feeding practices) to understand the impact of sweetness exposure on establishing (healthy) eating habits early on. Longitudinal research has shown that eating behavior learned in infancy impacts eating behavior in childhood [START_REF] Maier-Nöth | Early Development of Food Preferences and Healthy Eating Habits in Infants and Young Children[END_REF]. Whether this is also true for early exposure to sweet taste remains unclear. Future studies should aim for more variability in the study sample with participants representing the whole sociodemographic continuum, to represent a variety of feeding habits, and should also consider the consumed quantities of sweet products in addition to the frequencies.

Further reading

Report titled "Effect of parental rules on sweetness exposure and sweetness liking in infants".

EDULIA -D5.2_Submitted paper on the effect of parental restriction rules.pdf -All Documents (sharepoint.com)

Publications:

Carina Mueller, Claire Chabanet, Gertrude G. Zeinstra, Gerry Jager, Sophie Nicklaus. The sweet tooth of infancy: Is sweetness exposure related to sweetness liking in infants up to 12 months of age? British Journal of Nutrition (in revision).

Task 5.3 Role of taste on preferences and food intake after repeated exposure in children aged 4 -7 years old

Background and objective(s)

Only a small and heterogeneous body of research (see Task 5.1) has currently considered the impact of varying exposure to sweet taste on subsequent generalized sweet taste preferences. Previous findings reveal that the taste of the diet can alter preferences for foods according to their taste properties. Higher exposure to sweet products during childhood could increase the liking for sweet taste and result in a subsequent increased intake of sugar-rich foods, since preference is the most important predictor of children's intake. However, the relationship between the consumption of sweet products and sweet preferences is still controversial. Therefore, more evidence in the child population is needed to address the impact of dietary exposure to sweet-tasting foods or beverages on the subsequent generalized acceptance, preference or intake of these foods in the diet.

A study protocol has been developed and submitted to the medical ethical review committee Oost-Nederland (METC Oost-Nederland). This protocol describes an experimental study to investigate the influence of repeated exposure to a sweet and sweet-sour drink on sweet taste preferences in children aged 4-7 years old and whether potential changes in preferences are stable over time (after two months follow-up). The estimated starting date of the study is September 2022, with a duration of three months per participant.

Methodology

The study will use a randomized controlled within-subjects design with three groups. The study population will consist of 69 healthy children aged 4 -7 years old. This number is based on a power calculation for the sample size needed to detect an effect size of 0.35 for a shift in preferences between the groups. Given a power of 0.80 and an alpha of 0.05, and taking into account a 10% drop-out rate, 23 children per group are needed. The study will be executed in the home situation to ensure a familiar environment for the children. Children will be randomly assigned to one of the three intervention groups.

Children will receive 200 ml per day of a sweet (Sweet-Group) or sweet-sour (Sour-Group) strawberryflavoured drink or water (Control-Group) for 2 weeks. Hence, each participant will consume 14 times the target drink during the intervention. Children will be encouraged to finish the drinks to ensure proper exposure. For the intervention period, parents will receive 14 bottles in total. During the intervention period, parents will report how much the child drank of the 200 ml solutions. To ensure freshness, the drinks will be prepared in the research unit twice per week and sent in batches of 3-4 bottles to the participants. Drinks in both groups (Sweet and Sour) will contain the same energy (approx. 70 Kcal from 18 g of carbohydrates (sucrose) and will only differ in citric acid concentration, which is added to the sweet drink to create a sweet-sour tasting version. The consumption of the drinks during the intervention will not disturb participants' routine or daily schedule; parents are instructed to offer the drinks at the child's regular snack times (e.g. after school time in the afternoon) and not as an additional snack moment. Before and after the intervention, as well as after a 2-month follow-up, preference for a series of orange-flavoured drinks varying in sweetness, will be determined. Furthermore, children's preference for the sweet and sour version of the strawberry-flavoured drink as well as for a sweet and sour version of candy and yoghurt will be assessed to investigate a) whether 2-week exposure to the sweet or sour strawberry drink influences children's liking of that drink and b) whether potential changes in sweetness preference transfer to another food with another flavour or texture. Each of the three preference testing sessions (at baseline, after the intervention and at the 2-months follow-up) will take approximately 15-20 minutes. These preference sessions will be done in a game-like form -that fits their age -to keep the children engaged.

Main study parameters/endpoints: sweet taste preferences at baseline and at the end of the intervention, as well as two months after the intervention (follow-up).

Expected results

It is hypothesized that children assigned to the Sweet-group (i.e. being daily exposed to a sweet-tasting drink for a period of 2 weeks) may show a shift in their preferred sweetness intensity for the test drinks from baseline till after the intervention. Potentially this effect may remain stable till 2 months after the intervention.

Conclusion

Due to the COVID-pandemic, lockdowns and other restrictions, this study could not be run earlier and, therefore, has now been scheduled for Sept -Dec 2022. Final conclusions will follow after completion of the study.

Further reading

Report titled: "Role of taste on preferences and food intake after repeated exposure".

EDULIA -D5.3_Role of taste on food intake after repeated exposure.pdf -All Documents (sharepoint.com)

Task 5.4 Effect of public health guidelines on parental feeding practices and children's eating behaviour

6.1. Background and objective(s)

The first 1000 days of life from conception onwards are crucial, among other aspects, for the development of healthy eating habits and food preferences in children. Parental feeding practices significantly influence infants' food consumption and choices during this period, therefore parents must be properly informed and guided through the early child feeding process. Renewed directives, covering this theme, have been released in France in June 2019. Considering the frequent interactions that healthcare professionals, such as paediatricians, have with parents during the early feeding period, their role can be considered fundamental for the transmission of updated information in the form of easy-tounderstand guidelines. In this task, the objective is contributing to the development of a paper brochure to disseminate these public health recommendations to the lay public. Task 5.4 involved four studies aiming at: informing a new public health communication strategy considering the needs of parents and healthcare professionals on child feeding communication (2 studies); assessing whether the material developed (paper brochure) has a short-term effect on parental knowledge; and finally, if it is positively evaluated by healthcare professionals.

Studies

Study 1: The perceptions and needs of French parents and paediatricians concerning information on complementary feeding

This study explored parents' and paediatricians' perceptions and needs regarding information on complementary feeding. Two online surveys have been prepared; answers were anonymous and on a voluntary basis. The paediatricians members of AFPA, the French Association for Ambulatory Paediatrics (n = 1402), were surveyed in October 2019 on their attitudes and practices in terms of counselling parents on complementary feeding. Responses were obtained from 301 paediatricians. In addition, a representative national sample of 1001 parents, with at least one child under the age of 4, was surveyed in January 2020 to find out their expectations and their information sources on complementary feeding.

Study 2: Information seeking of French parents regarding infant and young child feeding: practices, needs and determinants

This study explored 1) the perceptions of French parents of children under 4 years of age on the infant and young child feeding (IYCF) and their feelings about sources of information. It also aimed at evaluating whether these perceptions differed according to selected socio-demographic characteristics (parental education, perceived financial situation, parity, child's age and prematurity); 2) which were the parental practices linked to searches for guidance about IYCF, and whether these practices differed according to the socio-demographic characteristics mentioned above; and 3) the same topics in parents of children with a medical condition that may influence their diet compared to parents of healthy children. This descriptive study was conducted in France in the form of an online survey. We targeted a representative national sample of 1001 French parents of children under 4 years old. Participants were recruited using the quota sampling method. The effects of parity, child age, prematurity, parental education, and financial status on parental responses were assessed separately.

6.2.3. Study 3: Increasing parental knowledge about child feeding: evaluation of the effect of public health policy communication media in France

A brochure with updated recommendations on the early nutrition of children aged 0 to 3 years was developed by Santé publique France (SPF). This study aimed to assess the short-term effects of reading this brochure on parental knowledge regarding child feeding, distinguishing between the accuracy and certainty of knowledge. A sample of parents (n = 400) -representative of the French population in terms of parity, age, socio-professional background and residential area -was targeted to complete an online questionnaire (T0) comprising 30 statements concerning child feeding. For each statement, the parents indicated whether it was true or false and how certain they were of their answer (on a 4-point scale).

After receiving and reading the brochure, the same parents completed the same questionnaire three weeks later (T1). Accuracy (number of correct answers) and certainty of knowledge (number of mastered answers: correct answers given with the maximum degree of certainty) were compared (T1 vs. T0) using paired t-tests. The evolution of knowledge according to the age, parity and educational level of parents was tested with linear models.

6.2.4. Study 4: Counselling parents about child feeding: a qualitative evaluation of French healthcare and childcare professionals' experiences and their perception of a brochure containing new recommendations

This qualitative study aimed to: 1) assess the practices and perceptions of healthcare and childcare professionals regarding their communication with parents on child feeding and 2) evaluate their impressions of the 15-page brochure containing the updated child feeding recommendations, developed by SpF, and their understanding of the new recommendations. Semi-structured online interviews were conducted with professionals (n = 21), including 13 paediatricians, general practitioners; and nine child care professionals, two weeks after receiving this brochure to read. The interview guide was developed and tested with other professionals (n = 3) during pilot interviews. Interview data was transcribed verbatim and analysed thematically using an inductive approach.

Main results

The results from the above four studies, highlighted that healthcare professionals are the most used and most influential source of information for parents. Some differences existed regarding the communication needs of parents and the perceptions of paediatricians regarding those needs. In particular, diverging from paediatricians' opinion, parents often ask for meaningful advice to their personal network and are in demand for practical tips and information, e.g. recipes [START_REF] De Rosso | The perceptions and needs of french parents and pediatricians concerning information on complementary feeding[END_REF][START_REF] De Rosso | Information seeking of French parents regarding infant and young child feeding: practices, needs and determinants[END_REF]. The paper brochure containing the updated child feeding recommendations, developed by SpF, contributed to increased parental knowledge on child feeding independently from parental socio-demographical characteristics [START_REF] Rosso | Increasing Parental Knowledge About Child Feeding: Evaluation of the Effect of Public Health Policy Communication Media in France[END_REF]. Professionals evaluated the brochure as a good tool to support their discourse during consultations and suggested points for clarification. These results contribute to the evidence for public health stakeholders when updating and providing resources for the dissemination of child feeding guidelines, with the ultimate aim of building a strategy accounting for the needs of all the users, to facilitate the circulation of official and updated information.

Conclusion

The results of four studies provided interesting evidence of similarities and divergences between parental and professionals' visions, including the best ways to communicate around child feeding and complementary feeding recommendations. The messages on child feeding have been modified and adapted based on the understanding that parents and professionals had of the new recommendations.

The brochure produced by SpF took into consideration the results of these four studies and has now been disseminated to the French population since September 2021; Jeunes enfants de 0 à 3 ans : du lait à la diversification (mangerbouger.fr). The communication strategy of SpF also includes other means of disseminating the new child feeding recommendations (videos on social networks, tutorials and specific websites). This strategy takes into account the needs of vulnerable populations through the formulation of messages considered the easiest to understand and dissemination through the most used channels. Looking at the results systemically, it can be concluded that the development of healthy eating behaviours in young children is influenced by different actors at different levels. The main level explored in these studies is the interpersonal one, referring in particular to the influence of parents and health care professionals (HCPs) on the development of children's eating habits. Children's behaviours are primarily defined by the practices of parents, which are influenced by the advice of HCPs, who operate within the health system of a specific country. The health system is defined by policies and decisions that are taken at the political level; those decisions define, for example, the directions that prevention and health promotion could take in the planning of public health actions and strategies.

Communication between different actors at different levels is essential for the transfer of evidencebased knowledge to guide best practice. Public health interventions should be planned to guarantee an efficient flow of information adapted to each level, toward an increase in knowledge as a first step for the adoption of behaviours in accordance with public health recommendations, in our case specifically on young child feeding. Title: Formation of healthy eating habits in children aged 0-3 years: supporting the development of public health guidelines dissemination material and its evaluation with parents and healthcare professionals (2022) by Sofia De Rosso, available at https://catalogue-bu.ubourgogne.fr/discovery/fulldisplay?context=L&vid=33UB_INST:33UB_INST&search_scope=MyInst_an d_CI&tab=Everything&docid=alma991006274939706659

Conclusion

Summary of objectives and approach

The overall objective of this work package was to investigate relationships between taste, pleasure, satiation and overeating in young children. The work package consisted of two research projects, conducted by two ESR's; Carina Mueller (ESR5) and Sofia De Rosso (ESR6).

The project of ESR5 focused on understanding the role of (repeated) sweet taste exposure on the development of sweetness liking, on intake of sweet foods and drinks as part of young children's diets, and on parental feeding practices. The ultimate goal is to exploit the results and gained insights for the formulation of healthier food habits with lower risk of overconsumption. The approach taken involved a literature review on the status quo evidence about the relationship between sweetness exposure and changes in sweetness liking in children and its subsequent consequences on food intake. Based on the knowledge gaps identified by the review, studies were designed to further investigate the role of repeated exposure to sweet taste on the development of sweetness liking, preferences and intake of sugar containing foods and beverages in infants, taking into account parental feeding practices. For this, we used data from the OPALINE cohort collected by INRAE. Furthermore, a controlled experimental study was designed on the effects of repeated exposure to sweet taste on the degree of sweetness liking in children aged 4 -7 years old. Due to the COVID pandemic, and subsequent lockdowns and restrictions in the Netherlands, this study could not be executed within the time frame of the Edulia project, but it is scheduled for the final quarter of 2022.

The project of ESR6 focused on how to deliver to deliver public health information related to the development of food liking and satiation in children below the age of 3 years in France. This project consisted of four studies to support the development of communication material by exploring the perceptions and needs of French parents and paediatricians, and to evaluate the material developed with parents and health professionals. The approach taken involved online surveys to explore parents', paediatricians' and child care professionals' perceptions and needs regarding information on complementary feeding and child feeding practices. Insights from these online surveys were used by Santé publique France to develop a brochure communicating updated recommendations on the early nutrition and feeding practices for children aged 0 to 3 years, taking into account the best ways to communicate these recommendations serving the information needs of parents and health care professionals. In two studies, it was assessed whether the material developed (paper brochure) had a short-term effect on parental knowledge; and if it was positively evaluated by healthcare professionals. Both aspects were validated.

Main learnings and implications

Novel insights were gained regarding the relationship between exposure to sweet taste and the degree of sweetness liking in children. In infants, during the first year of life, two major shifts in feeding mode (3-6 months -start of complementary feeding; 10-12 months -transition to the family table) take place. With the start of complementary feeding, infants' exposure to sweetness increases via an increased variety of foods and drinks introduced into the diet, and it was expected that this increased exposure to sweetness may result in a higher degree of sweetness liking during the first year of life. However, no association between infants' exposure to sweet taste in the diet and their degree of sweetness liking was found, neither at the beginning of complementary feeding nor the transition to the family table around the age of twelve months. The implications of these findings for child feeding recommendations are not completely clear yet. It could be that individual variations in the degree of sweetness liking at this early age are still the result of differences in genotypes that impact the degree of sweetness liking, and less of environmental influences such as dietary exposures to sweet foods and drinks, in particular when variation in sweetness exposure between infants is still limited. Nonetheless it is recommended to reduce sugar content in infant's foods and drinks as well as in food products for toddlers and somewhat older children to facilitate the development of healthier food habits with lower risk of overconsumption. This is supported by the literature review (task 5.1) which showed that sugar makes up 15 -25% of young children's daily total energy intake in Europe [START_REF] Richonnet | Nutritional quality and degree of processing of children's foods assessment on the french market[END_REF]. This is alarming as the maximum intake of free sugars (i.e. added sugars and naturally occurring sugars in fruits, fruit juices, honey, etcetera) should stay below 10% of children's daily energy intake according to the World Health Organization [START_REF] Azaïs-Braesco | Sugars intake and main contributors in the French population[END_REF].

The findings on best ways to communicate around child feeding and complementary feeding recommendations in France provided interesting evidence of similarities and divergences between parental and professionals' visions. Health care professionals are the most used and most influential source of information for parents. Similarities between parents' and health care professionals' views include agreement on the importance of establishing healthy diet habits during the first 1000 days of life. Differences existed regarding the communication needs of parents and the perception of paediatricians regarding those needs: Parents often turn for meaningful advice to their personal network and are in demand for practical tips and information when searching for child feeding information, e.g. menus and recipes. Paediatricians, on their side, think that parents must primarily be informed about the age of start of complementary feeding, and the age of introduction of the different food groups. This incongruence might highlight the fact that paediatricians, and more generally HCPs, do not feel at the right place to give such kind of (practical) advice and specific material is needed to satisfy the parents' request for practical tips. These insights were taken into account during the development of a brochure on updated guidelines for child feeding by Santé publique France, which has been disseminated to the French population since September 2021. The communication strategy by SpF now also includes other means of disseminating the new child feeding recommendations (videos, tutorials and specific websites), addressing the needs of parents for more practical tips, menus and recipes, and also the needs of vulnerable populations (immigrants, low socioeconomic status groups) through the formulation of messages considered the easiest to understand.

Recommendations for future research

With the start of complementary feeding, infants' exposure to sweetness increases via an increased variety of foods and drinks introduced into the diet. This increased exposure to sweetness appears to be unrelated to infants´ degree of sweetness liking, neither at the beginning of complementary feeding nor at the transition to the family table around the age of twelve months. Based on these findings, we therefore hypothesize that, at such an early age, inter-individual variations in sweetness liking may rather occur due to differences in genotypes, especially when variations in sweetness exposure between children are still limited. The impact of high exposure to sweet-tasting foods in the first 12 months of life on the degree of sweetness liking later in life should be investigated longitudinally including time points in childhood up until adolescence (when food choices become less dependent on the parental feeding practices) to understand the impact of sweetness exposure on establishing (healthy) eating habits early on. Future studies should aim for more variability in the study sample with participants representing the whole sociodemographic continuum, to represent a variety of feeding habits, and should also consider the consumed quantities of sweet products in addition to the frequencies. Overall, the evidence regarding the relationship between sweetness exposure in early childhood and sweetness liking or the intake of sweet foods and beverages is heterogenous and scarce. Some findings indicate that early exposure in infancy to sweet taste may increase sweetness liking for similar flavour profiles / in similar food matrices. This may indicate an effect of familiarity rather than exposure to sweet taste sec. As most of the existing evidence is based on cross sectional studies, it remains difficult to draw conclusion on causality. There is, therefore, a strong need for more controlled experimental studies to better understand the influence of sweetness exposure on sweetness liking and intake of sweet foods and drinks. One such experimental study will be performed at WUR in the final quarter of 2022 (see Task 5.3, page 14 of this document).

With regard to best practices on how to deliver to deliver public health information related to the development of food liking and satiation in children below the age of 3 years, it can be concluded that the development of healthy eating behaviours in young children is influenced by different actors at different levels. The main level explored in this project is the interpersonal one, referring in particular to the influence of parents and health care professionals on the development of children's eating habits.

Children's behaviours are primarily defined by the practices of parents, which are influenced by the advice of HCPs, who operate within the health system of a specific country. The health system is defined by policies and decisions that are taken at the political level; those decisions define, for example, the directions that prevention and health promotion could take in the planning of public health actions and strategies. Communication between different actors at different levels is essential for the transfer of evidence-based knowledge to guide best practice. Public health interventions should be planned to guarantee an efficient flow of information adapted to each level, toward an increase in knowledge as a first step for the adoption of behaviours in accordance with public health recommendations, in our case specifically on child feeding. Future research work already ongoing at INRAE will evaluate through a randomized controlled trial the effect of the developed guidelines on parental feeding practices, children's eating behaviour and ultimately, children's weight status at the age of 3 years, to confirm the relevance of the developed material for the adoption of healthy feeding behaviours.
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