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SUMMARY 

Complementary feeding practice during infancy and its relevance for dietary 

behaviour in infancy and childhood  

Emerging research indicates that besides innate taste preferences early sensory experiences in 

infancy via amniotic fluid, breast milk, and infant formula play a crucial role in the development 

of individual food preferences and dietary behaviour. With the introduction of complementary 

food (CF) during weaning, the spectrum of different flavours and textures increases further. 

However, the potential of CF’s sensory properties – particularly with regards to its preparation 

type, i.e. homemade or commercial – in shaping later food preferences has not been extensively 

examined so far. Thus, the overall aim of this thesis was to determine existing trends in 

complementary feeding practice, and their relevance for later dietary behaviour. Three analyses 

(Studies I-III) were conducted using data from the German DOrtmund Nutritional and 

Anthropometric Longitudinally Designed (DONALD) Study, an ongoing, open cohort study. 

Study I (n=366) revealed that commercial CF dominated infant feeding, especially in infants 

who were breast-fed for a shorter duration and whose mothers had a lower educational status. 

Both commercial and homemade CF showed opposing, nonlinear age trends; however, no time 

trends could be found during the observed study period (2004-2012). In Study II (n=281), a 

higher commercial CF proportion was associated with lower vegetable intake in infancy in both 

sexes. Prospectively, only boys showed an inverse association between a higher commercial CF 

proportion and a lower vegetable intake in preschool age as well as lower total fruit and 

vegetable intake in preschool and primary school age. For girls, no significant prospective 

association could be observed. With respect to fruit and vegetable variety, no distinct 

associations were found. Study III (n=288) indicated that infants with a high contribution of 

commercial CF had higher odds for a high consumption of added sugar from CF as well as a 

high total added sugar intake. Commercial CF consumption in infancy was also positively 

related to added sugar intake in preschool and primary school age.  

In conclusion, this thesis highlights the constantly high and widespread consumption of 

commercial CF in today’s infant nutrition and further provides first evidence of the preparation 

type of CF being a relevant modifiable factor shaping long-term dietary behaviour. Although the 

question, whether it is the early diet tracking through childhood or the sensory properties of CF 

imprinting later taste and food preferences cannot be conclusively answered, these results 

underline that the occasional provision of homemade CF can help infants to develop beneficial 

food preferences and contribute to a favourable dietary behaviour by means of increasing fruit 

and vegetable consumption as well as limiting added sugar intake in childhood. 
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ZUSAMMENFASSUNG  

Fütterungspraktik von Beikost während des Säuglingsalters und deren 

Relevanz für das Ernährungsverhalten im Säuglings- und Kindesalter 

Neben angeborenen Geschmackspräferenzen spielen auch die frühen sensorischen Erfahrungen 

im Säuglingsalter durch Fruchtwasser, Muttermilch und Säuglingsformula eine entscheidende 

Rolle bei der Entwicklung von individuellen Lebensmittelvorlieben und dem Ernährungs-

verhalten. Mit der Einführung von Beikost während des Abstillens steigt das Spektrum der 

verschiedenen erlebten Geschmäcker und Konsistenzen weiter an. Allerdings wurde dabei die 

Bedeutung der sensorischen Eigenschaften von Beikost – insbesondere im Hinblick auf die 

Herstellungsart, d.h. selbst gekocht oder kommerziell – für die Formung der späteren 

Lebensmittelpräferenzen bis jetzt noch nicht eingehend untersucht. Daher war es das 

übergeordnete Ziel dieser Arbeit, bestehende Trends in der Fütterungspraktik von Beikost sowie 

deren Relevanz für das spätere Ernährungsverhalten zu bestimmen. Es wurden dazu drei 

Analysen (Studien I-III) mit Daten der deutschen DOrtmund Nutritional and Anthropometric 

Longitudinally Designed (DONALD) Studie, einer fortlaufenden offenen Kohortenstudie, 

durchgeführt. 

Studie I (n=366) zeigte, dass kommerzielle Beikost die Säuglingsernährung dominiert, 

besonders bei Säuglingen mit einer kürzeren Stilldauer und Müttern mit einem niedrigeren 

Bildungsstatus. Kommerzielle und selbst gekochte Beikost zeigten gegensätzliche nicht-lineare 

Alterstrends, allerdings konnten keine Zeittrends in dem betrachteten Studienzeitraum (2004-

2012) gefunden werden. In Studie II (n=281) war ein höherer Anteil kommerzieller Beikost bei 

beiden Geschlechtern mit einem niedrigeren Gemüseverzehr im Säuglingsalter assoziiert. 

Prospektiv zeigten nur Jungen eine inverse Assoziation zwischen einem höheren kommerziellen 

Beikostanteil und einem niedrigeren Gemüseverzehr im Vorschul- sowie einem niedrigeren 

Gesamtobst- und Gemüseverzehr im Vor- und Grundschulalter. Bei Mädchen konnten keine 

signifikanten prospektiven Zusammenhänge beobachtet werden. Im Hinblick auf die Obst- und 

Gemüsevarietät wurden keine eindeutigen Zusammenhänge gefunden. Studie III (n=288) legte 

nahe, dass Säuglinge mit einem hohen Anteil kommerzieller Beikost eher eine hohe zugesetzte 

Zuckerzufuhr aus Beikost sowie eine insgesamt höhere zugesetzte Zuckerzufuhr aufwiesen. Der 

Verzehr kommerzieller Beikost war auch positiv mit der zugesetzten Zuckerzufuhr im Vor- und 

Grundschulalter assoziiert.  

Zusammenfassend betont diese Arbeit den konstant hohen und weitverbreiteten Verzehr von 

kommerzieller Beikost in der heutigen Säuglingsernährung und liefert zudem erste Hinweise, 

dass die Herstellungsart von Beikost ein relevanter veränderbarer Einflussfaktor auf das 

langfristige Ernährungsverhalten ist. Auch wenn die Frage, ob die frühen Ernährungsmuster in 

der Kindheit beibehalten werden oder die sensorischen Eigenschaften der Beikost die späteren 

Geschmacks- und Lebensmittelvorlieben prägen, nicht abschließend beantwortet werden kann, 

unterstreichen diese Ergebnisse, dass das gelegentliche Anbieten von selbst gekochter Beikost 

Säuglingen helfen kann, vorteilhafte Lebensmittelvorlieben zu entwickeln und damit zu einem 

günstigen Ernährungsverhalten im Sinne eines höheren Obst- und Gemüseverzehrs sowie einer 

geringeren zugesetzten Zuckerzufuhr in der Kindheit beitragen kann. 
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1 INTRODUCTION 

There is no stage in life where the diet changes as rapidly as it does during infancy. In particular, 

complementary food (CF) has an important role in building the bridge between the exclusive milk 

feeding after birth and the introduction of solid foods. Thus, it is important to monitor early 

feeding practices and their influence on later dietary behaviour closely. 

1.1 Complementary food 

Definition 

The European Society for Paediatric Gastroenterology, Hepatology, and Nutrition (ESPGHAN) 

defines CF as “all solid and liquid foods other than breast milk or infant formula and follow-on 

formula” [1]. The well-established schedule of the food-based dietary guidelines for the first year 

of life in Germany, developed by the Research Institute of Child Nutrition (FKE) that has been 

approved by different medical and scientific societies and institutions is also following this 

definition [2,3]. Contrarily, the World Health Organization (WHO) includes any nutrient-

containing foods or liquids other than breast milk into their definition [4]. For practical purposes 

in the context of this thesis, CF is defined as any foods other than breast milk and infant formula 

that are fed during weaning. Weaning is defined here as the transition from a solely milk-based 

diet to a varied family diet with solid table foods through the gradual introduction of new foods; 

also referred to as complementary feeding. Thereby, providing sufficient energy and essential 

nutrients like iron is one of the key aims of weaning. Furthermore, also the relevance of weaning 

in facilitating infants’ food acceptance has gained scientific and public interest during the last 

years. 

Due to the economic and cultural circumstances in Western societies, there is a broad choice of 

different industrially produced CF products and meals that can be bought in retail. Thus, CF can 

be divided by its preparation type into homemade and commercial CF; the latter is also referred to 

as ready-to-eat, ready-made, or manufactured CF. Detailed definitions for the purpose of this 

thesis can be found in the published manuscripts (see chapter 3). 

 

Recommendations 

Table 1 gives an overview on CF recommendations in current national and international infant 

feeding guidelines from Europe and the United States (US). The choice of homemade or 

commercial CF is not mentioned in every guideline and even if both types are mentioned, there is 

not always an explicit recommendation for either choice.  
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Table 1: National and international recommendations on the use of homemade and commercial CF in selected current 

infant feeding guidelines 

Country, Institution Published Recommendations on commercial and homemade CF 
1
 

Europe  

European Society for Paediatric 

Gastroenterology, Hepatology, and 

Nutrition (ESPGHAN) [1] 

 

2008 

 

Homemade or commercial CF not mentioned. No explicit 

recommendation. 

Germany 

Netzwerk Gesund ins Leben – 

Netzwerk Junge Familie [Network 

Healthy Start – Young Family 

Network] [3]  

 

2013 

 

Infants can be fed either homemade or commercial CF. No 

explicit recommendation. 

Homemade CF: control over used ingredients; avoidance of 

added sugar and salt; broader range of different flavour, taste, 

and texture experiences 

Commercial CF: convenience; underlies high legal standards 

Ernährungskommission der 

Deutschen Gesellschaft für Kinder- 

und Jugendmedizin [Committee on 

Nutrition of the German Society of 

Paediatrics and Adolescent 

Medicine] [5] 

2014 Infants can be fed either homemade or commercial CF. No 

explicit recommendation. 

Homemade CF: broader range of different flavour and taste 

experiences 

Commercial CF: convenience; underlies high legal standards  

Austria 

Österreichische Gesellschaft für 

Kinder- und Jugendheilkunde 

[Austrian Society of Paediatrics and 

Adolescent Medicine] [6] 

 

2010 

 

Homemade or commercial CF not mentioned. No explicit 

recommendation. 

Switzerland 

Ernährungskommission der 

Schweizerischen Gesellschaft für 

Pädiatrie [Committee on Nutrition of 

the Swiss Society of Paediatrics] [7] 

 

2009 

 

Infants can be fed either homemade or commercial CF. No 

explicit recommendation. 

 

Schweizerische Gesellschaft für 

Ernährung [Swiss Nutrition Society] 

[8] 

2012 Infants can be fed either homemade or commercial CF. 

Commercial CF should not be used solely. 

Homemade CF: broader range of different flavour and taste 

experiences 

United Kingdom (UK) 

British Dietetic Association [9] 

 

2014 

 

Commercial CF should not be used solely. 

Commercial CF: convenience; difficulties to accept family 

foods later on 

Department of Health [10] 2014 Homemade CF is favoured over commercial CF. 

Homemade CF: control over used ingredients; avoidance of 

added sugar and salt; less expensive; broader range of 

different texture experiences 

Commercial CF: portions size can be too big; difficulties to 

accept family foods later on 

1
 The recommendations have been aggregated and rated according to the following criteria: emphasis on and 

distinction between homemade and commercial CF, recommendation on the use of either preparation type (in italics), 

separated pros and cons for homemade and commercial CF as stated in the respective guideline. 
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Table 1: National and international recommendations on the use of homemade and commercial CF in selected current 

infant feeding guidelines (continued) 

Country, Institution Published Recommendations on commercial and homemade CF 
1
 

United Kingdom (UK) 

British Nutrition Foundation [11] 

 

2015 

Commercial CF should not be used solely. 

Homemade CF: less expensive; broader range of different 

texture experiences 

Commercial CF: convenience; portions size can be too big; 

added sugar should be avoided 

Ireland 

Food Safety Authority of Ireland 

[12] 

 

2012 

 

Homemade CF is favoured over commercial CF. 

Homemade CF: control over used ingredients; broader range 

of different flavour and taste experiences; less expensive 

Commercial CF: convenience; savoury meals should be 

preferred to avoid added sugar (and fat) 

United States (US) 

American Academy of Pediatrics 

Committee on Nutrition [13] 

 

2009 

 

No explicit recommendation. 

Homemade CF: energy and nutrient sufficiency needs to be 

ensured  

US Department of Agriculture [14] 2009 Infants can be fed either homemade or commercial CF. No 

explicit recommendation. 

Homemade CF: less expensive; broader range of different 

flavour, taste, and texture experiences 

Commercial CF: safe and sanitary 

1
 The recommendations have been aggregated and rated according to the following criteria: emphasis on and 

distinction between homemade and commercial CF, recommendation on the use of either preparation type (in italics), 

separated pros and cons for homemade and commercial CF as stated in the respective guideline. 

Although the ESPGHAN comments on the role of CF in the development of taste and food 

preferences, the contribution of either homemade or commercial CF is not mentioned in this 

regard [1]. In German-speaking countries, most institutions do not favour homemade CF over 

commercial CF. Only the Swiss Nutrition Society recommends to not solely feed commercial CF 

[8]. Although Austrian guidelines do not postulate which type of CF to choose [6], they provide 

detailed additional recommendations on how to select commercial CF, when self-preparation is 

not desired or possible [15]. Recommendations from different institutions in the UK and Ireland 

concordantly promote the use of homemade rather than commercial CF [9–12], while the US 

guidelines provide no clear recommendation [13,14].  

 

Characteristics 

As demonstrated above there is a slight tendency in current infant feeding recommendations to 

favour homemade CF over commercial CF or at least to not solely rely on commercial CF. The 

main rationale to prefer homemade CF is the exposition of the infant to a greater range of 

different flavours, tastes, and textures during weaning, although tangible scientific evidence is still 
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pending. However, there are more diverging properties of homemade and commercial CF as 

stated in Table 2.  

Table 2: Characteristics of homemade and commercial CF [adapted from 16] 

Homemade CF Commercial CF 

Natural, original taste Uniform, standardised taste 

Varying textures Standardised texture due to serial production 

High variety of available ingredients (e.g. due to 

seasonality) 

Low variety of available ingredients 

Limited number of ingredients; avoidance of salt and 

sugar 

High number of ingredients; use of redundant 

ingredients (e.g. salt, sugar) 

Sufficient food safety provided by official food 

monitoring 

Additional safety guaranteed through more intense 

screenings for food contaminants 

Lower costs Higher costs 

Enjoyment of cooking Less time-consuming and labour-intensive 

Jarred commercial CF is manufactured by heat preserving, i.e. the ingredients are heated for a 

certain time period to specified high temperatures which are sufficient to kill microorganisms. 

However, heat preserving also affects the taste of the food as levels of aromatic substances are 

lowered during heating [17]. Commercial CF products containing meat might also suffer from an 

unpleasant warmed-over flavour [18]. Standardised production processes with the same 

predefined ingredients for each single product lead to rather uniform taste experiences, whereas 

homemade recipes are less standardised. Further, homemade CF provides a wider range of 

different textures since the puréeing process is not standardised as it is for commercial CF.  

Only few qualitative studies shed some light on parents’ motives for choosing homemade CF. 

According to different non-representative focus group discussions homemade CF is often 

perceived superior to commercial CF in terms of its nutritional value or general quality [19–22], 

although this impression has never been confirmed scientifically. In general, besides the perceived 

better and more natural taste, parents value the fresh ingredients and having the choice of what 

ingredients are used [22,23]. Thus, homemade CF is chosen for either physiological (e.g. rich in 

vitamins, healthy ingredients) or safety reasons (e.g. certainty about ingredients and their 

amounts, food safety scandals); whereas convenience purposes (e.g. time-saving, handy on the go) 

as well as safety reasons (e.g. absence of pesticides) were mentioned most often for commercial 

CF [20,22,24].  
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Composition 

Nutrient profiles as well as the composition of commercial and particularly homemade CF have 

been analysed only rarely. Most chemical analyses of commercial CF focus on minerals and trace 

elements [e.g. 25–29]. Macronutrient concentrations of eight meat- and vegetable-based 

commercial CF meals sold in the UK complied with regulatory requirements, although protein 

content differed significantly between both meal types [30]. While the nutrient content and 

composition of commercial CF is regulated by European law [31], the preparation and 

composition of homemade CF lies in the caregivers’ responsibility. Although standard recipes at 

least for Germany exist [2], it remains inconclusive to what extent parents comply with those 

recommended recipes since the available studies rely on different methodological approaches and 

include only small (local) sample sizes. 

An older UK study from 1995 analysed 265 samples of homemade CF and found some deficits 

regarding the nutrient composition. In this study, homemade CF showed a greater variation in 

energy density and nutrient content than commercial CF [32]. A Spanish study with 50 samples of 

homemade CF from the same period of time showed comparable results. Most nutrients differed 

significantly between homemade and commercial CF, also the relation of macronutrients as well 

as the energy density showed some shortcomings of homemade CF [19]. García et al. compared 

the declared nutritional information of 462 commercial infant foods from the UK market available 

in 2010-2011 with homemade family foods commonly given to infants in the UK. Nutrient 

density except for iron density was much lower in savoury commercial products compared to 

similar homemade meals [33]. In contrast, a recent comparison between German commercial and 

homemade CF meals eaten under true-to-life conditions during infancy did not reveal any serious 

discrepancies in energy or nutrient content [34], although a similar study from 2000 has shown a 

lower energy and fat content in commercial compared to homemade CF [35]. Overall, commercial 

CF is characterised by a lower variation of nutrient contents due to the legally regulated 

composition and standardised production. 

Apart from the scarce and inconsistent data on energy and nutrient contents of both CF types, a 

German market survey provided a preliminary insight into the ingredients of commercial CF. 

Overall, vegetable variety was rather low; carrot was the main vegetable in more than half of the 

vegetable-containing CF meals followed by tomato. In total, only 16 different vegetables were 

available in commercial CF; whereas in homemade CF meals in the German Dortmund 

Nutritional and Anthropometric Longitudinally Designed (DONALD) Study 26 different 

vegetables were used [36]. A survey of the UK market revealed similar results with an overall low 

variation of fruits and vegetables in commercial CF with carrots and apples being the most 
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frequently used ingredients [37]. Further, in German commercial CF up to 6 different vegetables 

and in the UK even up to 11 fruits and vegetables were combined in a single meal masking the 

particular tastes of the individual fruits or vegetables [36,37]. 

 

Consumption 

Besides the lack of detailed composition analyses, also dietary data on the consumption of 

homemade and commercial CF is lacking. Older German data from the 1990’s showed the 

relevance of commercial CF in 3-12 months old participants of the DONALD Study. The 

consumption of commercial CF reached its peak with 62% in 6 month old infants [38]. In the UK 

Infant Feeding Survey from 2010, 4-6 months old infants were more likely to be fed commercial 

(38%) than homemade CF (28%). Yet, in older infants at 8-10 months, homemade food (70%) 

was more common than commercial CF (44%) [39]. Both preparation types were almost 

counterbalanced during the first 6 weeks of complementary feeding (49% homemade vs. 45% 

commercial CF) in infants from an Irish birth cohort study recruited in 2008-2012 [40]. For the 

US, a high relevance of commercial CF was shown in the representative 2002 Feeding Infants and 

Toddlers Study (FITS) with 73-95% of infants between 4-11 months of age having consumed 

commercial CF during the previous 24 hours [41]. In a cross-sectional telephone survey of US 

mothers receiving governmental benefits conducted in 2004-2005, 54% of infants younger than 6 

months and 98% of 6-12 months old infants had consumed CF in the previous 24 hours, 60% and 

81%, respectively, as commercial CF [42].  

 

In conclusion, these numbers illustrate the generally high relevance of commercial CF in 

industrialised countries. But even though there seem to be essential differences between 

homemade and commercial CF, the current body of research does not allow drawing any final 

conclusion on what type of CF to choose or their possible influences on the development of 

individual food preferences. 

 

1.2 Early development of taste and food preferences 

Given that individual food preferences play a predominant role in determining children’s food 

choice and dietary behaviour it is important to understand how these food preferences develop. 

Those preferences for specific flavours and foods are determined by an interplay of genetic 

(innate) and environmental (experiential) influences [43]. Every infant is born with characteristic 

inborn taste preferences. Sweet, umami, and salty tastes elicit positive reactions, whereas bitter 



INTRODUCTION 

7 

and sour tastes are initially rejected by neonates [44,45]. However, taste perception differs 

between individuals, e.g. some showing a higher sensitivity to bitter tastes depending on their 

genotype which also affects their food preferences [45]. Further, early sensory experiences play a 

crucial role in shaping those innate preferences (Figure 1) given that the plasticity of individual 

flavour and food preferences is greatest in early years [44,46].  

 

Figure 1: Role of exposure to different sensory experiences in the development of food preferences throughout early 

childhood [adapted from 46,47] 

Already foetuses are repeatedly exposed to specific flavours in utero transmitted from the 

mother’s diet to the amniotic fluid which is inhaled and swallowed by the foetus [48,49]. After 

birth, it is assumed that infants’ flavour learning proceeds through breastfeeding and/or formula 

feeding with breastfed infants being exposed to greater variations and more diverse flavours in 

mother’s milk than infants fed with formula [50,51]. However, recent studies challenge the 

assumption that food aromas from the mother’s diet are equally transmitted to their breast milk. 

The transfer of different flavour compounds is time-dependent and selective [52] since at least the 

intake of herbal nursing tea and fish oil capsules does not significantly alter the odour or aroma 

profile of breast milk [53,54]. Still, other compounds of several flavours or foods like vanilla, 

garlic, or carrots seem to be transmitted into breast milk as they are recognised and accepted more 

easily by the breastfed infant [48]. In contrast to breast milk, infant formulas provide a constant 

monotonous flavour experience except for milk protein hydrolysate formulas that are 

characterised by a rather unpleasant bitter and sour taste and odour [49,55]. Infants who were 

repeatedly fed hydrolysate formula had a higher intake of bitter-, sour-, and savoury-tasting 

cereals during weaning compared to infants fed with breast milk or usual cow milk formula [56].  

Taken together, those studies demonstrate that the recurring experiences with certain taste and 

flavour qualities from amniotic fluid, breast milk, and even formula are recognised by the infant 

during weaning and hence increase the infant’s familiarity with the exposed flavours and tastes. 
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Early sensory experiences therefore have the potential to imprint preferences for specific foods 

during weaning since they enhance the acceptance and liking of foods containing these tastes and 

flavours [46,57]. Further, the exposure to the varying flavour profiles of amniotic fluid and breast 

milk both being directly influenced by the maternal diet facilitates the infant’s acceptance not only 

of familiar flavours and foods but also of newly introduced solid foods during weaning. At least 

for breastfeeding, the latter seems to have a greater impact as shown in an experimental study by 

Hausner et al. suggesting that the acceptance of unknown foods is resulting from breastfeeding 

per se rather than the familiarisation to specific flavours via breast milk exposure [58]. 

Irrespective of early milk feeding choice, the infant’s food preferences can still be modified 

during complementary feeding (Figure 1) since the development and shaping of food preferences 

is not completed yet [47,59]. Besides the indirect sensory experience of various flavours and 

foods via amniotic fluid and breast milk also the direct sensory experience from different foods 

fed during weaning has an impact on their acceptance. In particular fruits and vegetables, which 

are usually given as first CF in Germany [60], provide a broad range of different taste 

impressions, reaching from sweet over sour to bitter tastes. In addition, food preferences are not 

only a consequence of the taste and flavour of a specific food, but are also influenced by other 

sensory properties like smell, colour, and texture [61–63]. With the introduction of CF, the 

infant’s exposure to a wide range of differing textures becomes more important since it increases 

the development of oral motor skills, facilitates food acceptance, and prevents infants from 

feeding difficulties [64–67]. In an experimental study by Birch et al., infants consumed less of 

homemade CF prepared from a known fruit or vegetable compared to the commercially prepared 

versions due to the differing unfamiliar textural properties [68]. Given that infants generally prefer 

to eat familiar foods they accept more complex textures easier, if they are already used to varying 

textures in their diet [65,66]. 

Apart from those sensory properties of solid foods there are other weaning-related factors like the 

repeated exposure to certain foods as well as high dietary variety discussed to have an impact on 

later food preferences [61]. The repeated exposure to a particular food with recommended 

exposures varying between 8-10 [59] and 6-15 contacts [44] is one of the key determinants to 

increase food acceptance and liking for the exposed, but also for similar foods during weaning 

[61,68–70]. It is therefore suggested as the underlying mechanism in the concept of pre- and 

postnatal taste programming through amniotic fluid and breast milk [57]. Even differences 

between breast- and formula-fed infants’ acceptance and intake of a initially disliked or unknown 

food disappeared after repeated exposure to the respective food [47,58,69]. Further, not only 

repeated exposure to single foods but also the exposure to a high variety of foods and flavours 
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during complementary feeding increases acceptance of unknown foods and thus sets the 

foundation for a diverse diet later on [47,61]. The desired diversity of the weaning diet is best 

achieved by offering a high variety and frequent changes of foods and flavours between and 

within meals [47,62]. Since those repeated exposure and variety effects were predominately 

shown to increase the intake of certain fruits or vegetables, the current body of literature does not 

allow a definite conclusion on whether these effects can be shown only for similar foods within a 

food group or whether they can also be generalised to other food groups [61,71].  

While the acceptance and liking of healthy foods like fruits and vegetables needs to be learned or 

at least enhanced during infancy, the infant’s liking for sugar and sweet foods is evolutionary 

determined by their inborn preference for sweet tastes [72]. Already foetuses are exposed to 

sweet-tasting sugars like glucose and fructose through their first food, the amniotic fluid [73]. 

After birth the innate sweet preference attracts the infant to the sweet taste of breast milk 

determined by its high content of lactose [74]. The repeated exposure to sweet(ened) foods 

magnifies this preference even further during infancy and childhood [75–77]. Although in 

particular infancy has been highlighted as a sensitive period for the acceptance of new foods and 

the development of favourable food preferences, sensory experiences during childhood and 

beyond still have the potential to shape individual preferences (Figure 1). However, social 

influences like parental or peer modelling, the imitation of other role model’s behaviour, or media 

gain impact with increasing age [45,78,79]. 

 

1.3 Early feeding experiences and their long-term influence on childhood 

dietary behaviour 

The infant’s food preferences are to a great extent shaped by repeated early pre- and postnatal 

sensory experiences, whether from amniotic fluid, breast milk, or formula as presented in the 

previous chapter. It remains unclear; however, whether any of these early experiences have the 

potential to also form long-term food preferences and dietary behaviour. 

The few available studies focus on the long-term influence of breastfeeding on later dietary 

behaviour. According to a Canadian study, three or more months of exclusive breastfeeding 

predicted a higher vegetable consumption in preschool children [80]. Further, the duration of any 

breastfeeding (i.e. exclusive and partial breastfeeding) predicted fruit and vegetable intake in four 

European birth cohorts [81]. In two of those birth cohorts, never being breastfed or a short 

breastfeeding duration (<1 month) was also associated with lower variety scores of healthy foods 
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in early childhood; the remaining two cohorts showed at least a trend in the same direction [82]. 

Consistently, duration of any breastfeeding was positively associated with fruit and vegetable 

variety as well as healthy core food variety at 2 years of age in Australian children [83]. Resuming 

these results, they support the hypothesis that flavour variations transmitted via breast milk not 

only facilitate infants’ food acceptance but also improve children’s food choice prospectively.  

Given that breastfeeding seems to shape later dietary behaviour – most likely due to the provision 

of constant flavour changes and repeated exposure to novel flavours – one can hypothesize that 

differing sensory properties of homemade and commercial CF (i.e. taste, flavour, and texture) 

may also contribute to differences in later dietary behaviour. The much-noticed study by 

Coulthard et al. on early fruit and vegetable feeding practice showed a positive association 

between home-cooked fruits and vegetables fed in infancy and later fruit and vegetable 

consumption, whereas feeding ready-prepared fruits and vegetables was not related [84]. The later 

was ascribed to the rather homogenous taste and texture of commercial CF providing only a 

limited taste range compared to homemade CF.  

Experimental data from Maier et al. showed further that a frequent change of fed vegetables 

during complementary feeding increased the subsequent acceptance of new foods more than the 

number of different vegetables fed. This effect was also shown to persist for several weeks [85]. 

Recent follow-up data suggest that children with exposure to a high vegetable variety during 

weaning ate and liked more vegetables with 15 months, 3 and 6 years of age than those children 

given no or low variety in infancy [86]. In terms of variety, homemade CF is commonly 

anticipated to provide higher sensory variation, although in practice at least vegetable variety in 

homemade CF is nearly as low as in commercial CF [36]. 

Based on these results the question arises, whether these prospective associations between CF and 

later dietary behaviour can also be shown not only for the preparation type of single CF 

components (i.e. fruits and vegetables) but also for commercial CF in general as part of the entire 

diet as well as for other dietary outcomes.  
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2 RESEARCH AIMS AND APPROACH 

As outlined in the previous chapter, besides innate taste preferences, early sensory experiences in 

infancy via amniotic fluid, breast milk, and formula play a crucial role in the development of 

individual food preferences and dietary behaviour. However, the potential of CF’s sensory 

properties in particular with regards to its preparation type in shaping later dietary behaviour has 

not been extensively examined so far. 

Further, most existing studies investigating the associations between early feeding experiences 

and later dietary behaviour have been focusing on fruit and vegetable consumption, since 

promoting fruit and particularly vegetable acceptance and intake has been a major public health 

goal and hence an important research topic recently. The inborn taste preferences with the 

unlearned rejection of sour and bitter tastes characterising several fruits and vegetables in 

combination with the innate liking of sweet tastes characterising sugar and sweets stand in direct 

contrast to current dietary recommendations for children [87]. Given the results of representative 

nutrition surveys, fruit and particularly vegetable intake in German toddlers and children is below 

recommendations, whereas the intake of sugar and sweets is clearly higher than recommended 

[88,89]. Thus, it is of great public interest to identify modifiable determinants like the preparation 

type of CF in order to facilitate healthy dietary choices in children, i.e. increasing fruit and 

vegetable consumption as well as reducing added sugar intake.  

Therefore, the overall aim of this thesis was to investigate the relevance of commercial CF 

consumption in infancy and its cross-sectional as well as prospective relation to dietary behaviour. 

To address this objective the following three research aims with their respective research 

questions (RQ) have been formulated for this thesis: 

 

Research aim 1: to identify time and age trends in breastfeeding and weaning practices 

(Study I) 

Hypothesis: Breastfeeding and weaning periods are sensitive time frames for the development of 

food preferences and dietary behaviour, but are subject to constant changes. Due to recent societal 

trends, e.g. higher proportion of working mothers, the relevance of commercial CF may play a 

continually increasing role in today’s infant nutrition. 

RQ 1.1: Has the full or total breastfeeding duration changed during the last decade?  

RQ 1.2: What is the proportion of commercial CF in today’s infant feeding practice and what 

characterises high consumers of commercial CF? 
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RQ 1.3: Has the consumption of commercial CF changed with age or time?  

 

Research aim 2: to examine the association between commercial CF consumption and fruit 

and vegetable intake and variety cross-sectionally and prospectively (Study II) 

Hypothesis: Sensory properties of commercial CF differ presumably from those of homemade CF 

by differences in flavour or texture experiences, due to the standardised production processes as 

well as a lower exposure to different fruits and vegetables or multiple combinations of flavours 

diluting the taste of individual fruits and vegetables. Thus, a high commercial CF consumption 

may affect fruit and vegetable consumption in infancy and childhood. 

RQ 2.1: Is the consumption of commercial CF associated with the fruit and vegetable intake or 

variety in infancy? 

RQ 2.2: Is the consumption of commercial CF in infancy associated with the fruit and vegetable 

intake or variety in preschool and primary school age? 

 

Research aim 3: to examine the association between commercial CF consumption and added 

sugar intake cross-sectionally and prospectively (Study III) 

Hypothesis: A high consumption of commercial CF and the concomitant early and frequent 

exposure to added sugar in infancy may further enhance the inborn preference for sweet taste and 

thus predispose to a high intake of added sugar later in life.  

RQ 3.1: Is the consumption of commercial CF associated with the total added sugar intake or 

added sugar intake from CF during infancy? 

RQ 3.2: Is the consumption of commercial CF in infancy associated with the total added sugar 

intake in preschool and primary school age? 

 

A set of three consecutive analyses (Studies I-III) as summarised in Figure 2 has been carried out. 

The resulting publications are presented in the following chapter 3.  
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Figure 2: Scheme of research questions and the respective studies over the course of infancy and childhood. Solid 

lines mark the considered age groups. AS, added sugar; CF, complementary food; FV, fruit and vegetable; RQ 

research question 

To address the formulated research questions, data from the longitudinal DONALD Study 

providing detailed repeated measurements of dietary intakes at several points of ages was used. 

The DONALD Study is an ongoing open cohort study conducted at the DONALD Study centre 

(formerly FKE) in Dortmund. Since recruitment started in 1985, detailed data concerning diet, 

growth, development, and metabolism in healthy subjects between infancy and early adulthood 

have been collected. Every year, infants are newly recruited and first examined at the age of 3 

months. Each child returns for up to three more visits in the first year, two in the second, and then 

annually until young adulthood. The non-invasive assessments include interviews on lifestyle, 

anthropometric measurements, a medical examination, and relevant for this thesis, detailed 3-day 

weighed dietary records (Figure 3). The study was approved by the ethics committee of the 

University of Bonn, and all of the examinations are performed with parental, and later on with the 

children’s written consent [90,91].  
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Figure 3: DONALD Study schedule [adapted from 90] 

For the dietary records, the parents of each child are instructed to weigh and record all foods and 

beverages consumed by their child using electronic food scales (±1g) on three consecutive days. 

The participants choose the day of the beginning of dietary recording within a given period of 

time, usually around the child’s birthday. The detailed dietary assessment also requests the 

recording of all recipes (ingredients and preparation) of homemade foods and meals as well as a 

detailed description including type and brand of commercial products. Subsequently, any recorded 

food or drink is entered into the continuously updated in-house food composition database 

LEBTAB, which incorporates information from standard nutrient tables [92]. If parents record 

new foods or commercial food products, those are added into the database. For commercial food 

products, energy and nutrient content is estimated using recipe simulation based on the labelled 

ingredients and nutrients. This unique feature of LEBTAB also allows the estimation of the 

composition of commercial CF products [92].  

More detailed methodological information can be found in the published scientific papers (see 

chapter 3). 
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4 GENERAL DISCUSSION 

4.1 Synopsis of research results 

The characterisation of breastfeeding and weaning trends in the DONALD Study revealed a 

decreasing time trend in full breastfeeding duration in the last decade, whereas total 

breastfeeding duration has not changed (RQ 1.1). Further, commercial CF proved to be of high 

relevance in today’s infant nutrition with almost 60% of consumed CF being commercially 

prepared, while homemade and combined (i.e. homemade mixed with commercial) CF 

accounted for circa 20% each. Subjects with high commercial CF consumption were 

significantly older, had shorter full and total breastfeeding duration, were introduced to CF 

earlier, and were more likely to have mothers with a lower educational status (RQ 1.2). Both 

commercial and homemade CF showed opposing, nonlinear age trends; with increasing age the 

proportion of commercial CF showed a decrease, followed by an increase. However, no time 

trends could be found during the observed study period (RQ 1.3).  

The proportion of commercial CF consumption was associated with fruit and vegetable intake as 

well as added sugar intake in infancy and beyond; although results differed between boys and 

girls depending on the respective outcome. Associations between proportion of commercial CF 

consumption and fruit and vegetable intake were stratified by sex due to significant sex 

interactions. In contrast, associations between proportion of commercial CF consumption and 

fruit and vegetable variety as well as added sugar intake showed no significant sex interactions. 

In infancy, a higher commercial CF proportion was associated with lower vegetable intake in 

both sexes and with a higher juice intake in girls only (RQ 2.1). With respect to fruit and 

vegetable variety, no clear associations could be found (RQ 2.1). Infants with a high contribution 

of commercial CF had higher odds for a high consumption of added sugar from CF as well as a 

high total added sugar intake (RQ 3.1). 

Prospectively, only boys showed an association between a higher commercial CF proportion and 

a lower vegetable intake in preschool age as well as lower total fruit and vegetable intake in 

preschool and primary school age. The latter might be at least to some extent due to the notable 

differences in fruit and vegetable juice intake in these age groups. For girls, no significant 

prospective association could be observed (RQ 2.2). The association between proportion of 

commercial CF and total added sugar intake could also be shown prospectively: commercial CF 

proportion in infancy was positively related to added sugar intake in preschool and primary 

school age (RQ 3.2). However, this association attenuated in the statistical analysis when 
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adjusted for total added sugar intake in infancy indicating that a high early added sugar intake 

mediates this association, i.e. early added sugar intake is an important determinant of added 

sugar intake in later childhood.  

 

4.2 Interpretation of research results in broader context 

Up to now, various, partially interrelated aspects of CF are discussed to potentially impact on 

later health outcomes: age of introduction of CF, nutrient composition and amount of CF, 

sensory properties, texture, and preparation type of CF as well as feeding style and frequency 

[93]. The set of the present three conducted analyses within the DONALD Study is not designed 

to conclusively prove, which of the properties of commercial CF explains the observed 

associations or to examine the underlying pathways. Overall, there are two potential mechanisms 

discussed as the main explanatory approaches, which are, however, not mutually exclusive. 

On the one hand, the hypothesis of this thesis builds on the assumption that there are noticeable 

sensory differences in the taste and flavour profiles of commercial and homemade CF, 

imprinting later food preferences. Since sensory perception and taste acceptance are difficult to 

evaluate in infants given the ambiguous outcome measurements (i.e. intake amount, feeding 

duration/rate of consumption, maternal rating of infants’ food acceptance, videotaping facial 

expression during feeding) the presumed sensory differences between homemade and 

commercial CF have not been confirmed scientifically yet. However, the different preparation 

processes are likely to result in different sensory properties with homemade CF providing more 

varied sensory experiences closer to the natural taste and texture of foods than commercial CF. A 

certain part of individual taste acceptance and food preferences seem to be programmed in utero 

and during early infancy (see chapter 1.2). Analogous to the effect of breastfeeding, the higher 

taste and flavour variation in homemade CF can contribute to the sensory imprinting of 

favourable food preferences by promoting the familiarisation to and enhancing the liking of 

unknown tastes and flavours as reflected in the cross-sectional and to some extent prospective 

higher fruit and vegetable intake. In addition, the absence of added sugar in homemade CF can 

prevent infants from the intensification of their inborn sweet preference and thereby lower their 

added sugar intake. 

With respect to a potential sensory imprinting induced by early feeding experiences, the recent 

systematic review by Nehring et al. showed that the development of taste acceptance might 

underlie different mechanisms across tastes. While studies on sweet and salty tastes provided 

inconclusive results, early bitter and specific (e.g. single vegetables) taste experiences showed a 
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clear programming effect on later acceptance of the same tastes [57]. However, apart from 

missing studies with long-term follow-ups (> 1 year) there is a lack of evidence of more complex 

taste experiences like entire CF meals combining various ingredients influencing later taste 

acceptance or food preferences.  

On the other hand, the consistency of the associations between CF feeding practice and dietary 

behaviour in infancy and childhood may also reflect the tracking of certain dietary patterns 

established early in life throughout childhood [93] rather than causal effects of differences in CF 

exposure. Several other cohort studies described the tendency of dietary patterns to be stable 

throughout infancy and childhood [94–97] – which could also be referred to as ‘behavioural 

imprinting’ as proposed by Nicklaus et al. [51]. A high commercial CF consumption in infancy 

may predispose to a highly processed diet with a frequent use of convenience foods later on, 

which tends to be associated with lower nutrient intakes than healthy diets [98,99]. The 

increasing offer of toddler foods and in particular toddler meals that are presented in the same 

style and packaging as CF meals for infants [100] may further contribute to this development. A 

recent trend analysis of the DONALD Study indicated a slight, but significant shift towards a 

delayed introduction of family foods that may be triggered by the broad range of available ready-

to-eat toddler meals [101]. But even if the observed associations reflect the tracking of a certain 

dietary behaviour rather than taste programming it remains unclear, whether this results from the 

persistence of learned food preferences or the continuous impact of other social influences, e.g. 

parental dietary behaviour. However, the DONALD Study design is not able to distinguish 

between a possible programming versus tracking effect. 

Dietary patterns emerge and differentiate already early in life [99] and are thereby highly 

influenced by the parental nutritional knowledge and attitudes. Generally, mothers who breastfed 

for longer durations are more likely to comply with infant feeding guidelines and make better 

dietary choices in terms of their infant’s diet [102,103]. With regards to CF, dietary pattern 

analyses of infants from different birth cohort studies revealed a typical pattern characterised by 

a long breastfeeding duration, high frequency of homemade CF consumption, and a seldom use 

of commercial CF [96,104–107]. As indicated by these findings breastfeeding mothers are likely 

to pay more attention to the quality of foods offered during weaning. These so-called “healthy” 

patterns were consistently associated with a higher adherence to complementary feeding 

guidelines [108], higher maternal age [96,104,106] as well as mothers or families with a higher 

education level [96,104–106], lower Body Mass Index (BMI) [96,104,105], and a higher diet 

quality [96]. On the contrary, the preferred use of commercial CF was often accompanied by the 

consumption of infant formula [105,106,109], biscuits, chocolate, and snack foods [96,105,106]. 
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Further, those commercial CF dominated patterns were more likely associated with a higher 

maternal BMI, lower maternal education levels [96,105,106] as well as lower maternal diet 

quality [96] – most of these associations being also reflected in the DONALD Study sample 

(RQ 1.2). Thus, the observed associations between commercial CF consumption and later dietary 

behaviour are unlikely to result only from sensory imprinting. Given that commercial CF tends 

to be preferred from mothers with lower educational levels and lower diet quality, a high 

commercial CF intake might rather act as a proxy for an overall less favourable diet in infancy 

and beyond [97,108].  

During the transition from infancy to childhood, children’s social and food environment is 

continuously changing. Particularly infants and young children do not have full autonomy in 

making their food choices; parents or other primary caregivers determine mostly which foods 

their infants are exposed to [110–113]. While infants are usually fed at home by their parents or 

other caregivers during their first year of life, new eating environments are introduced gradually 

when children attend day-care, preschool, and primary school. But also during preschool and 

primary school age, children are still not choosing their diet independently as most foods are still 

eaten at or provided from home (e.g. as packed lunch), which may add to the dietary tracking in 

childhood [114]. It remains unclear to what extent children are actually able to establish their 

own dietary choices before they enter primary school given the strong parental influence and the 

obvious accordance between the diets of parents and their children. Thus, the true imprinting of 

taste preferences via CF may not come into effect as it is overlapped by the parental supply and 

choice of foods.  

The results of this thesis revealed some inconsistencies between boys and girls. While there were 

no sex differences in breastfeeding and weaning practices (Study I) and the association between 

commercial CF consumption and added sugar intake (Study III), the prospective association 

between commercial CF consumption and fruit and vegetable intake (Study II) was only present 

in boys. In general, boys tend to have less favourable food preferences than girls resulting in 

different dietary behaviours that already diverge in early childhood [115,116]. The more distinct 

influence of commercial CF in boys can be ascribed to differences in early feeding practices 

between both sexes as shown in a Finnish study with the ready-to eat baby food pattern being 

more present in boys [117]. By the end of toddlerhood, girls are also known to have a higher 

(fruit and) vegetable intake than boys, while there are no differences in added sugar intake [88]. 

Hence, there might be more preventive potential to modulate long-term food preferences and 

favourable dietary intakes in boys by a shift from commercial to homemade CF. Apart from this 

behavioural perspective there might also be a methodological reason for this discrepancy since 
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all three study samples included fewer girls than boys. The prospective associations between 

commercial CF consumption and girls’ fruit and vegetable intake might have failed to reach 

statistical significance due to the reduced power in the smaller sample sizes (as discussed in 

chapter 4.3). 

The analyses conducted in this thesis were designed with the intent to examine the influence of 

early CF feeding practice on later dietary behavior, i.e. fruit and vegetable as well as added sugar 

intake. However, the possible environmental impact on children’s food preference varies by food 

type according to findings from a UK twin study: While genetic influences dominate children’s 

fruit and vegetable preferences; the individual preference for snacks and sweets is dominated by 

environmental effects instead [118]. This provides a possible explanation for the more distinct 

impact of the CF preparation type on added sugar intake compared to fruit and vegetable 

consumption as shown in this thesis. But even if the preference for fruits and vegetables is highly 

determined by heritability, this thesis indicates that it is still modifiable by early dietary 

exposure. 

Taken together, the results of this thesis confirm that early feeding practices have the potential to 

modify long-term dietary behaviour, although our understanding of how they influence it is 

limited as the observed associations do not prove any underlying causation. 

 

4.3 Methodological considerations 

There are several methodological challenges that hamper the identification of specific CF effects, 

e.g. the long delay between the exposure in infancy and the different outcomes in childhood [93]. 

Those challenges need to be faced in order to provide clear evidence if and how CF can 

influence later dietary behaviour. Given the lack of randomised controlled trials in infants, 

research has to rely on observational studies with their respective assets and drawbacks, although 

they do not allow causal inference [119].  

 

Study population 

The studies presented here were conducted using observational data from the DONALD Study. 

This unique longitudinal study accompanies its participants from infancy until young adulthood 

allowing cross-sectional as well as prospective analyses with a longer follow-up duration 

compared to most other studies. In addition, due to the open cohort design, participants have 
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been continuously recruited from 1985 onwards, providing a suitable data basis for age and time 

trend analyses [91].  

However, the demanding study protocol of the DONALD Study combined with the local 

recruitment in the city of Dortmund and surrounding communities result in a non-representative 

convenient sample [91]. The DONALD participants are characterised by a higher socio-

economic status and higher level of education compared to the general population as discussed in 

the resulting publications (see chapter 3). While the external validity (i.e. Study I) may be 

limited due to the regional sample and since lower-educated mothers are more likely to engage in 

unfavourable patterns of complementary feeding [120], the internal validity (i.e. Studies II and 

III) is unlikely to be affected [91]. Although the characteristics of the DONALD population seem 

to be relative homogenous due to the non-representativeness of the study, the exposure variable 

(percentage of commercial CF) showed considerable variation as all three study sample included 

several infants with either no or exclusive commercial CF consumption (data not shown). 

In view of the elaborate assessment procedures the sample sizes derived from the DONALD 

Study are relatively small compared to other birth cohort studies [91] resulting in a reduced 

statistical power to identify underlying associations. This might be one explanation for the lack 

of significance of the association between commercial CF and later fruit and vegetable intake in 

girls (RQ 2.1). Overall, the findings from this thesis should be treated as a pioneering explorative 

analysis to generate new hypotheses and thus providing important implications for future larger 

studies whose designs allow looking closer into causality. 

 

Dietary assessment 

This thesis makes use of a novel research approach by using the percentage of commercial CF 

consumption as a nutritional marker characterising the whole diet during infancy instead of only 

focusing on singular nutrients or food groups as exposure variables [e.g. 84]. In order to 

represent the typical infant diet and to assess the extent of habitual commercial CF consumption 

it is imperative to measure the total food intake during multiple days [120]. Most studies on 

long-term effects of early feeding practices rely on retrospective study designs providing only 

limited validity due to the high susceptibility to recall biases. In the DONALD Study, the dietary 

intake is assessed prospectively with consecutive 3-day weighed dietary records, the quasi-gold 

standard of dietary assessment methods, and does therefore not rely on the participant’s memory.  

Given the usually structured eating environment of infants and younger children with most food 

provided from and/or eaten at home, their parents work well as surrogate reporters for children 
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under 10 years of age [121,122]. With increasing age children spent more time away from home 

and hence parents have less control over what their children eat. Still, the extent of misreporting 

in 1-13 year old children is known to be very low (1-3%) [123], which adds to the validity of the 

analysed dietary data. The thesis benefits from its precise and comprising assessment of the 

dietary predictor and outcome variables providing the exact meal composition as well as the 

weighed intake amounts, which is superior to most other studies relying only on questionnaires 

or food frequency questionnaire (FFQ) data with estimated portion sizes [e.g. 42,80,83,84]. 

Further, all composite commercial products can be broken down into their single ingredients 

based on the simulated recipes providing comprehensive intake amounts of specific food groups, 

e.g. fruits and vegetables [92]. As a unique feature the DONALD Study also allows the 

differentiation between commercial and homemade CF resulting in a well-defined exposure 

variable [92], which is essential to answer the proposed research questions. 

However, due to the high day-to-day variability of children’s diets, dietary records are still not 

ideal to represent the usual diet [124]. Reported foods and recipes may be related during the 

three consecutive days of recording due to leftovers or offering the same meals to minimize the 

burden of recording [36]. Further, in our study sample the proportions of homemade and 

commercial CF shifted with increasing age (Study I). To account for this variability, the 

subsequent analyses (Studies II and III) assessed CF consumption at two different time points 

during infancy (beginning and main phase of complementary feeding) in order to properly 

describe the habitual CF intake. For future analyses, it might be even more feasible to either 

collect non-consecutive single-day dietary records or to use a blending of methods (e.g. 

combining 3-day weighed dietary records with FFQs) to assess the use of homemade and 

commercial CF over a longer time period and to have a more reliable measure of dietary variety, 

e.g. with respect to seasonality.  

 

Early life and family characteristics 

This thesis gains scientific impact due to the several different early life and family characteristics 

that were taken into account as potentially confounding factors. Since breastfeeding is known to 

be a strong determinant of later dietary behaviour [80,81,83,102] it is inevitable to include 

breastfeeding data into the models to investigate the remaining influence of CF. The overall 

rather small CF effect sizes, which did not always reach statistical significance, can be partly 

explained by the adjustment for breastfeeding, whose effect is presumably stronger than the 

additional effect of CF exposure.  
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The DONALD Study is not designed to assess the parental diet, although particularly the 

maternal diet is known to impact on children’s food intake [111,112,125]. Parents or other 

primary caregivers act as food providers and role models and thereby influence the child’s 

dietary behaviour directly through home availability and accessibility as well as indirectly 

through modelling [64,82]. Thus, favourable dietary practices, like a high intake of fruits and 

vegetables or a low intake of added sugar in infants and young children may reflect the family’s 

overall high diet quality rather than an independent effect of taste programming by the choice of 

CF. To account for the missing data on the maternal diet in the analyses, maternal education 

level was used as a proxy assuming that a higher education is functionally related to a better diet 

quality mediated through a higher nutritional knowledge and income. This is underlined by 

results of the US Infant Feeding Practices Study II with lower-educated mothers being more 

likely to exhibit less favourable patterns of complementary feeding [126] and the Identification 

and Prevention of Dietary- and Lifestyle-induced Health Effects in Children and Infants 

(IDEFICS) Study where children from higher educated parents were more likely to show a 

healthy dietary pattern [127].  

Moreover, other maternal characteristics like age at birth as well as overweight status were 

considered as confounding factors to account for potential differences in CF choice or later 

dietary behaviour based on familial background as discussed in the previous chapter. Further, the 

birth order or number of older siblings is an established influence on dietary patterns of infants 

[99]. Since children with older siblings are more likely to be introduced to non-core foods like 

biscuits, cakes, and ice cream in their first year of life [128] or to display less favourable dietary 

patterns compared to infants without siblings [96,97,105], it was important to control for this in 

the present analyses where necessary. 

 

4.4 Public health relevance and practical implications 

Given the results from current nutrition surveys increasing children’s fruit and in particular 

vegetable intake in combination with lowering their added sugar intake are essential public 

health goals [129]. Thus, it is important to closely monitor infant feeding practices and study the 

relationship between those early dietary experiences during infancy and their relevance for later 

dietary behaviour. Since most chronic diseases evolve from unfavourable food choices the 

identification of factors shaping individual dietary behaviour carries implications for effective 

public health strategies. Besides the well-established preventive capability of breastfeeding also 

complementary feeding practices may have the potential to influence the risk of non-
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communicable diseases later in life [93]. Neither the type of foods fed during weaning nor the 

quality or preparation type of CF is likely to have a direct effect on growth or later obesity risk 

[130–132]. The weaning diet and particularly the choice of homemade or commercial CF may, 

however, still be predictive for the diet during childhood and thus be of relevance for long-term 

health outcomes through the possible sensory imprinting of favourable food preferences or the 

continuation of a certain dietary behaviour. 

The lack of studies dealing with the different preparation types of CF impedes the provision of 

consistent infant feeding recommendations with respect to the use of homemade and commercial 

CF across industrialised countries. While German guidelines do not favour homemade CF over 

commercial CF at present, the current recommendations in the UK and Ireland encourage the use 

of homemade rather than commercial CF due to sensory differences (see chapter 1.1), which is 

supported by the findings of this thesis. The respective German institutions need to consider the 

observed cross-sectional and prospective associations between a high commercial CF 

consumption and less favourable dietary behaviour, i.e. lower intake of fruits and vegetable 

(RQ 2.1 & 2.2) combined with a higher added sugar intake (RQ 3.1 & 3.2) and modify their 

infant feeding guidelines accordingly. Parents should therefore be encouraged to give their 

infants the possibility to experience a wide range of varying foods, flavours, tastes, and textures 

during weaning – which is usually easier to achieve by providing homemade CF. According to 

the results of this thesis giving homemade CF at least the occasional preference to commercial 

CF might be one strategy to increase fruit and vegetable intake and reduce sugar intake in 

infancy and beyond. Although some institutions already recommend to not solely feed 

commercial CF, most infant feeding guidelines do not provide sufficient guidance on how to 

prepare CF at home [64]. The provision of simple standard recipes for homemade CF can help 

parents to overcome potential uncertainties or inhibitions regarding the self-preparation and also 

ensures an adequate energy content and nutrient composition of homemade CF.  

However, infant feeding recommendations should not only constitute the ideal case but also aim 

to consider current everyday reality reflected by the prevalent dominance of commercial CF 

(RQ 1.2). Despite the advantages of homemade CF (see chapter 1.1), commercial CF still is a 

convenient and time-saving feeding option that caters the nutritional needs of infants during 

weaning well. Although concluding from the results of this thesis the current choice of 

commercial CF products in retail has some room for improvement. Infants would benefit from 

commercial CF avoiding added sugar without exception as well as a greater and more diverse 

offer of single vegetable products. In addition, technological progress is needed to improve 

sensory properties of industrially produced CF by providing taste and texture experiences that 
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are closer to those of common table foods. In this regard the latest development of deep-frozen 

CF provides a promising alternative combining the sensory variety of homemade CF with the 

convenience aspect of commercial CF. In a German pilot study, infants fed with deep-frozen CF 

showed a greater acceptance of unknown foods than those fed with commercial CF [133]. This 

study is the first to indicate the potential of other industrially produced CF in promoting food 

acceptance by providing infants with the essential sensory variety. 

In principle, infant feeding guidelines need to provide parents with all necessary information on 

the advantages and disadvantages of both common CF preparation types to give them the 

opportunity of making an autonomous, informed choice on what type of CF to feed their infants. 

Those guidelines should further convey the message that the early sensory experiences provide 

the foundation for infants’ taste development. Hence, parents would benefit from more detailed 

guidelines with practical advice on how to promote food acceptance during weaning [21]. It is 

crucial to repeatedly expose infants to a wide variety of different flavours and textures within 

and between meals from the start of complementary feeding. Moreover, it is important to avoid 

redundant ingredients like added sugars as they magnify the inborn preference for sweet taste 

and can thus promote the development of unfavourable food preferences. Consequently, 

emphasizing the role of repeated exposure and a wide dietary variety as well as the redundancy 

of added sugar during weaning will help parents to enhance their children’s food acceptance and 

facilitate the development of a healthy dietary behaviour irrespective of the choice of homemade 

or commercial CF.  
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5 CONCLUSION AND PERSPECTIVES 

Currently, there is a lot of interest in taste programming during infancy and whether exposure to 

different tastes or certain foods early in life may have implications for lifelong dietary choices. 

Still, current (German) infant feeding guidelines provide only limited guidance and practical 

advice on how to promote taste and food acceptance and the development of favourable dietary 

behaviour during the complementary feeding period. Although the available scientific literature 

provides profound evidence for the imprinting of individual food preferences through early 

sensory experiences via amniotic fluid and breast milk during infancy, it is difficult to draw a 

definite conclusion on the influence of CF’s sensory properties based on the existing body of 

research. The set of three analyses conducted in this thesis contributes to the growing knowledge 

on what early feeding experience – focusing on the preparation type of CF – looks like and how 

it can shape children’s dietary behaviour by means of increasing fruit and vegetable consumption 

as well as limiting added sugar intake in this instance. 

The observed associations between the consumption of commercial CF and dietary behaviour in 

infancy and childhood provide important implications for future studies, which may have the 

ability to look closer into detail to detect underlying mechanisms. Randomised intervention 

studies with infants fed either commercial or homemade CF exclusively including long-term 

follow-ups would be urgently needed to verify these results and to better understand the 

influence of different CF types on later dietary behaviour as they allow causal inferences. 

However, given their known practical and ethical limitations it is almost impossible to conduct 

those studies under real-life conditions. Since most available studies on the effects of early 

feeding experience were conducted in laboratory settings of limited duration with only very 

small sample sizes this thesis’ findings gain relevance as the influence of habitual CF feeding 

practices has been investigated during a long exposure period throughout infancy. Given the 

observed differences between high and low commercial CF users with regards to breastfeeding 

duration and total energy intake, additional analyses in other well-conducted cohort studies 

should aim to investigate typical dietary patterns that derive from the predominant use of either 

homemade or commercial CF as well as their possible consequences for health outcomes in 

infancy and beyond.  

Overall, this thesis highlights the important role of commercial CF in today’s infant nutrition and 

further provides first evidence of the CF preparation type being a relevant modifiable factor 

shaping long-term dietary behaviour. Given the study design, this thesis cannot conclusively 

answer the questions whether it is the early diet tracking through childhood or the sensory 
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properties of CF imprinting later taste and food preferences. Still, it underlines that the at least 

occasional provision of homemade CF can help infants to develop beneficial food preferences 

and contribute to a favourable dietary behaviour, in particular to a higher intake of fruits and 

vegetables as well as a lower added sugar intake in childhood. 
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Emerging research indicates that besides innate taste preferences early sensory 

experiences in infancy via amniotic fluid, breast milk, and infant formula play a 

crucial role in the development of individual food preferences and dietary 

behaviour. With the introduction of complementary food (CF) during weaning, the 

spectrum of different flavours and textures increases further. However, the 

potential of CF’s sensory properties – particularly with regards to its preparation 

type, i.e. homemade or commercial – in shaping later food preferences has not 

been extensively examined so far. Thus, the overall aim of this thesis was to 

determine existing trends in complementary feeding practice, and their relevance 

for later dietary behaviour. Three analyses (Studies I-III) were conducted using 

data from the German DOrtmund Nutritional and Anthropometric Longitudinally 

Designed (DONALD) Study, an ongoing, open cohort study. 

Study I (n=366) revealed that commercial CF dominated infant feeding, especially 

in infants who were breast-fed for a shorter duration and whose mothers had a 

lower educational status. Both commercial and homemade CF showed opposing, 

nonlinear age trends; however, no time trends could be found during the 

observed study period (2004-2012). In Study II (n=281), a higher commercial CF 

proportion was associated with lower vegetable intake in infancy in both sexes. 

Prospectively, only boys showed an inverse association between a higher 

commercial CF proportion and a lower vegetable intake in preschool age as well as 

lower total fruit and vegetable intake in preschool and primary school age. For 

girls, no significant prospective association could be observed. With respect to 

fruit and vegetable variety, no distinct associations were found. Study III (n=288) 

indicated that infants with a high contribution of commercial CF had higher odds 

for a high consumption of added sugar from CF as well as a high total added sugar 

intake. Commercial CF consumption in infancy was also positively related to added 

sugar intake in preschool and primary school age.  

In conclusion, this thesis highlights the constantly high and widespread 

consumption of commercial CF in today’s infant nutrition and further provides first 

evidence of the preparation type of CF being a relevant modifiable factor shaping 

long-term dietary behaviour. Although the question, whether it is the early diet 

tracking through childhood or the sensory properties of CF imprinting later taste 

and food preferences cannot be conclusively answered, these results underline 

that the occasional provision of homemade CF can help infants to develop 

beneficial food preferences and contribute to a favourable dietary behaviour by 

means of increasing fruit and vegetable consumption as well as limiting added 

sugar intake in childhood. 


