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Abstract

Diet in early infancy has an impact on early growth and the formation of flavour preferences, as 

well as on later life health outcomes. Although breast milk is the preferred source of nutrition 

during infancy, more than half of American infants receive infant formula by the age of 4 months. 

As a group, formula-fed infants weigh more by the age of one year and have a greater risk for later 

obesity than breastfed infants. However, a recent randomized study found that, when compared to 

breastfed infants, infants fed an extensively hydrolysed protein formula (ePHF) had more 

normative weight gain velocity than infants fed cow’s milk formula (CMF). Therefore, grouping 

all formula-fed infants together with respect to certain health outcomes such as obesity may not be 

appropriate. Scientific evidence also suggests that there are sensitive periods for flavour learning. 

Infants become familiar with and learn to accept the flavours they experience through their 

mother’s amniotic fluid and breast milk as well as formula. These early experiences influence 

flavour preferences of children that may affect food choices and therefore later life health. Further 

research on the influence of early diet on growth, flavour preferences, and food choices is 

imperative.

Introduction

Diet composition and subsequent growth during infancy affect later-life health outcome 

(Barker, 2004; Lucas, 1998, 2005b). In particular, rapid rates of growth during the first year 

of life are associated with increased risk for later obesity (Baird et al., 2008; Chomtho et al., 

2009; Dennison et al., 2006; Eid, 1970; Melbin & Vuille, 1976; Ong et al., 2009; Parsons et 

al., 2001; Stettler et al., 2002, 2003), metabolic syndrome (Ekelund et al., 2007), and 

mortality from cardiovascular disease (Barker, 1997), leading some to argue that early life 

should be the focus for both preventive intervention and further scientific inquiry into body 

weight control (Ekelund et al., 2007; Gluckman & Hanson, 2008; Lucas, 2005a).

The notion that there are sensitive periods (sometimes called ‘critical periods’) when the 

organism is particularly susceptible to long-term effects of various sorts of environmental 

influences, or triggers, has been the focus of research for centuries. In particular, several 

animal model studies and some work in humans provide convincing evidence for a sensitive 

period during early life that influences a variety of metabolic, developmental, and 
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pathological processes in later life (Lucas, 1990). For example, the ability of the young child 

to learn languages more rapidly and with greater facility than older (post-pubertal) 

individuals has been attributed to the existence of a sensitive period, probably related to 

neurological development (Hurford, 1991). That nutrition is a key environmental influence 

that acts on the genome during sensitive periods during ontogeny is suggested by the 

findings that brief periods of dietary manipulations, as well as diet in early infancy, can 

influence a variety of processes, including lipid and carbohydrate metabolism, blood 

pressure, and cognitive development (Lucas, 1998; McCance, 1962; Mott et al., 1991; 

Singhal et al., 2003, 2004).

Since early diet can programme risks for later obesity and other chronic diseases (Gluckman 

& Hanson, 2008; Lucas, 1990), research has aimed at determining the mechanisms 

underlying growth differences as well as how early diet influences food and flavour likes 

and dislikes. In this chapter we review scientific evidence that suggests that there are age-

related changes in functional plasticity, or sensitive periods, for growth and flavour learning, 

both of which provide the foundation for long-term health and food habits. We also focus on 

recent studies that examined how diets of different macronutrient composition affect growth 

and flavour learning and why some formula-fed infants differ substantially from infants who 

are breastfed, the gold standard of infant feeding. It is imperative that we understand the 

influence of infant formula composition on growth and subsequent diet, given that more 

than 50% of American infants receive infant formula while in hospital (either exclusively or 

as a supplement to breast milk), and this percentage increases steadily to more than 60% by 

4 months of age (Grummer-Strawn et al., 2008).

Sensitive periods in growth

An environmental trigger for early growth is diet. Infants who are fed infant formula, the 

vast majority of whom are fed a cow’s milk formula (CMF) (Martinez & Ballew, 2011; 

Oliveira et al., 2010), tend to weigh more and have a greater risk for later obesity than do 

infants who are breastfed (Armstrong & Reilly, 2002; Burke et al., 2005; Grummer-Strawn 

& Mei, 2004; Owen et al., 2005; Dewey et al., 1993). However, formula-fed infants are not 

a homogeneous group since infants randomized to feed one type of formula exhibited 

growth rates comparable to that of breastfed infants, whereas those randomized to feed 

another type of formula, although isocaloric, exhibited faster rates of growth (Mennella et 

al., 2011b).

Not all formulas are alike in macronutrient composition

Globally, several categories of infant formula are available. Among formulas for healthy 

term infants, one of the main distinctions is their protein source and/or degree of protein 

hydrolysis. CMF is the most common formula consumed by infants, accounting for 80% of 

all US infant formula sales (Oliveira et al., 2010). Its protein source is cow’s milk, which 

usually includes combinations of intact casein and whey proteins (Committee on Nutrition, 

2009b). Soy-based formulas account for 14% of infant formula sales (Oliveira et al., 2010); 

its protein source is intact soy protein isolate (Committee on Nutrition, 2009b)and these 

formulas are typically lactose free. Protein hydrolysate formulas (PHFs) account for 6 – 7% 

of all US infant formula sales (Oliveira et al., 2010). These formulas contain protein that has 
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been enzymatically treated (cleaving the peptide bonds) to yield smaller peptides, as 

opposed to intact long-chain proteins (Committee on Nutrition, 2009b). Some hydrolysate 

formulas contain extensively hydrolysed protein (ePHF), meaning that most of the nitrogen 

is in the form of free amino acids (FAAs) and peptides < 1,500 kDa (Committee on 

Nutrition, 2000), whereas other hydrolysate formulas contain partially hydrolysed protein 

(pPHF), which provide protein mainly in the form of peptides; pPHF has higher 

concentrations of intact proteins (1,000 – 100,000 times higher) than does ePHF (Committee 

on Nutrition, 2000).

A primary nutritional role of protein in infant formula is to support infant growth by 

supplying appropriate amounts of essential and semi-essential amino acids (Committee on 

Nutrition, 2009b). Infants have a greater requirement for essential amino acids than do 

adults because of their rapid rates of growth, and certain amino acids are considered semi-

essential during infancy because the metabolic pathways needed to create these amino acids 

are not fully developed (Chesney et al., 1998; Committee on Nutrition, 2009c). The US 

Federal Food, Drug, and Cosmetic Act (USFDA, 2004) provides guidance on the minimum 

and maximum protein concentration of US infant formula. Globally, the World Health 

Organization/Food and Agriculture Organization (WHO/FAO) and European Union also 

provide guidance on infant formula composition via the Codex Standard for Infant Formulas 

(Codex Alimentarius Commission, 1981), and the European Commission Regulation (EU 

Commission, 2006), respectively. These authoritative recommendations specify minimum 

and maximum protein and amino acid concentration for infant formula and follow-on infant 

formula.

Differences in protein source, degree of hydrolysis, and manufacturing processes lead to 

large differences in quantities and qualities of FAAs, with ePHF having the highest 

concentrations of FAAs and most diverse FAA profile (Ventura et al., in press). The total 

protein concentration of infant formula is the sum of true protein (intact proteins composed 

of amino acids) and non-protein nitrogen (low-molecular-weight compounds such as small 

peptides, FAAs, urea, uric acid, ammonia, creatinine, creatine) (Donovan & Lonnerdal, 

1989). FAAs in breast milk are thought to confer beneficial physiologic effects. For 

example, glutamic acid, the most predominant FAA in human milk (Donovan & Lonnerdal, 

1989), is proposed to play a role in zinc absorption (May et al., 1982); and taurine, the 

second most abundant FAA in human milk (Donovan & Lonnerdal, 1989), is thought to 

support central nervous system function by aiding in bile acid conjugation (Vessey, 1978). 

We hypothesize that differences in the quantity of FAAs found in human milk and infant 

formulas play a role in differential infant growth.

Not all infant formulas are alike in terms of growth

Differences in total protein concentration of infant formula affect growth. Prospective 

randomized trials have shown that infants receiving a higher-protein cow’s milk formula 

have greater weight gain or greater weight-for-age z-scores than do infants receiving a 

lower-protein cow’s milk formula (Axelsson et al., 1989; Koletzko et al., 2009b; Raiha et 

al., 1986). It has been hypothesized (Koletzko et al., 2009a) that the higher total protein 

concentration of cow’s milk infant formula relative to human milk leads to increased 
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concentrations of circulating plasma amino acids; increased plasma concentrations of 

insulin-releasing amino acids are thought to stimulate insulin and insulin-like growth factor 

1 (IGF-1) secretion, resulting in greater weight gain and greater adipogenic activity 

(Koletzko et al., 2009a). Some randomized trials did not find a difference in weight gain 

when infants were fed formulas of differing protein composition (Janas et al., 1987; Picone 

et al., 1989; Turck et al., 2006); however, these studies had smaller differences in protein 

concentration between the formulas, as well as a smaller sample size, and therefore may not 

have had the power to detect growth differences.

Emerging research suggests that the form of protein may be as important as the amount of 

protein in the diet when it comes to growth. Evidence for this hypothesis comes from three 

clinical trials, two that enrolled healthy infants with a family history of atopic disease (FHA) 

(Roche et al., 1993; Rzehak et al., 2009) and one that enrolled healthy infants with no FHA 

(Mennella et al., 2011b) (see Table 1). In these studies, infants were randomized at or 

shortly after birth to feed PHF (pPHF or ePHF) or CMF for the first 4 (Rzehak et al., 2009), 

6 (Roche et al., 1993b), or 7.5 (Mennella et al., 2011b) months of life. However, in the 

Rzehak et al. study (2009), many infants were not exposed to the study formula until 5 or 6 

weeks after birth, and breastfeeding as well as postponing the introduction of solid foods 

until after the end of the fourth month were recommended for all infants. Despite these 

differences in experimental designs, findings were consistent: infants randomized to be fed 

either pPHF or ePHF gained less weight during the first year of life than did infants 

randomized to feed CMF. In the study by Mennella et al, length-for-age z-scores and linear 

growth velocity did not differ between groups (see Fig. 1), indicating that growth differences 

were attributable to differences in gains in weight, not length, across the study period 

(Mennella et al., 2011b). The rate of weight gain of ePHF infants was comparable to 

national norms for breastfed infants (Mennella et al., 2011b). In contrast, infants fed CMF 

gained weight at a faster rate than breastfed infants, a finding consistent with 

epidemiological studies (Dewey et al., 1992; Kramer et al., 2004). Two other trials failed to 

find growth differences; both of these studies were of shorter duration (< 4 months) but 

reported that overall the CMF-fed infants consumed more formula than did the ePHF-fed 

infants (Hyams et al., 1995; Vandenplas et al., 1993), suggesting that formula composition 

(protein, FAAs) affects satiation. Thus, formula-fed infants are not a homogeneous group 

(Mennella et al., 2011b) – the form of the protein provided to the infant is also important.

The mechanism or mechanisms by which feeding ePHF results in growth normative to 

breastfed infants remain unknown. We suggest that there are several alternative, not 

mutually exclusive, hypotheses for the observed growth differences. First, infant feeding 

behaviours and consequent growth may differ because of the sensory characteristics of the 

formulas. To adults, protein hydrolysate formulas have a distinctive, unpleasant flavour 

(taste and odour) because the hydrolysis results in high levels of FAAs and small peptides, 

which taste sour, bitter, and savory, and elicits unpleasant sulphur-based odours (Cook & 

Sarett, 1982; Mennella & Beauchamp, 2005; Schiffman & Dackis, 1975). It is possible that 

infants may dislike the taste of ePHF and consequently consume less, which in turn leads to 

slower weight gain. However, there is little evidence that negative sensory properties of food 

or beverages alone can result in decreased growth during infancy. For example, in animal 
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models, total food intake and the growth efficiency of weanling rats were not affected by 

feeding a solid-food diet adulterated with aversive tastes (Mennella et al., 2004; Naim et al., 

1980). Moreover, infants who are introduced to ePHF during the first 3 months of life, a 

sensitive period for flavour learning, accept ePHF formula throughout infancy (see below) 

(Mennella et al., 2004). When infants were introduced to ePHF during this sensitive period, 

they fed ePHF to satiation, and their mothers perceived that they enjoyed the formula 

throughout the study. Together, these data suggest that the lower intakes and differences in 

growth were not attributable to rejection of the formula based on its negative sensory 

characteristics.

Second, the higher protein content of the ePHF may be more satiating to infants compared 

with CMF, a finding that has been observed in animal model studies and studies on older 

children and adults (Johnson & Vickers, 1993; Poppitt et al., 1998; Rolls et al., 1988; 

Westerterp-Plantenga et al., 1999). While ePHF and CMF are isocaloric, the protein content 

of ePHF is 35% higher than that of CMF (Mead Johnson Nutrition, 2012). However, this 

explanation is contradictory to data obtained from a recent European clinical trial in which 

infants fed a high-protein cow’s-milk infant formula consumed more formula and gained 

more weight than did infants who consumed lower-protein cow’s milk infant formula, even 

when controlling for energy intake (Koletzko et al., 2009b; Schulze et al., 1987). 

Specifically, Koletzko and colleagues (Koletzko et al., 2009b) randomized healthy newborns 

to either a lower-protein CMF infant and follow-on formula (1.8 and 2.2 g protein/100 kcal, 

respectively) or a high-protein CMF infant and follow-on formula (2.9 and 4.4 g protein/100 

kcal, respectively; as a reference, the CMF and ePHF used in our study were 2.1 and 2.8 g 

protein equivalent/100 kcal, respectively). Infants consuming the higher-protein CMF and 

follow-on formula had higher weight-for-age z-scores than did infants consuming the lower-

protein CMF formulas. Thus, absolute difference in the protein equivalencies of the two 

formulas, in and of themselves, was unlikely to be solely responsible for the relative 

differences in intake, body weight, and weight gain between the two groups.

The third and most plausible explanation for the findings is that the form in which the amino 

acids are delivered to the infants, rather than overall total protein concentration, was 

responsible for the differences in infant intake and growth. Specifically, the amino acids in 

ePHF are predominantly FAAs, meaning they are not contained within intact proteins, 

whereas very little of the amino acid content of CMF is in free form (Ventura et al., in press) 

a difference that may have important implications for nutrient absorption, metabolism, and 

signalling (Diepvens et al., 2008; Foltz et al., 2008; Keohane et al., 1985; Koopman et al., 

2009). Differential intake and growth patterns of infants fed ePHF may result from the 

ability of FAAs to stimulate sensory receptors in the oral cavity and/or gastrointestinal tract 

(Agostoni et al., 2000), which in turn may serve as key signals for satiation and satiety 

(Viarouge et al., 1992; Viarouge et al., 1991). Further support of the hypothesis comes from 

a recent within-subject experimental study (Ventura et al., 2012a). We found that infants 

self-regulate and satiate at lower intake volumes when feeding ePHF than when they feed 

either CMF (see also Hauser et al., 1993; Hyams et al., 1995; Mennella & Beauchamp, 

1996a, 1998a; Mennella et al., 2011b) or CMF with free glutamate levels that approximate 

levels found in ePHF; thus, growth differences may be due to decreased energy intake.
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It has been hypothesized that a key difference between breastfeeding and formula feeding is 

that breastfeeding is an infant-led process, thus fostering infants’ developing abilities to self-

regulate intake, whereas formula feeding is a parent-led process that may lead to habitual 

overfeeding and infants losing their abilities to self-regulate intake (Bernal & Richards, 

1970; Crow et al., 1980). However, experimental research in infants illustrates that, 

regardless of prior feeding history, formula-fed infants can self-regulate intake in response 

to the formula they are fed when given the opportunity to do so through infant-led feeding 

practices (Ventura et al., 2012b); Mennella & Beauchamp, 1996a, 1998a; Mennella et al., 

2004). Decreased energy intake may contribute to differential rates of weight gain in infants 

fed ePHF compared with those fed CMF.

In other words, what an infant is fed may be more important than how it is delivered. This 

point is also underscored by a recent pilot study evaluating growth of infants fed breast milk 

primarily via the breast versus by bottle. This study found no differences in weight or 

weight-for-age z-scores during the first 4 months of life, suggesting that the mode of feeding 

(breast versus bottle) may not influence early growth. This study should be interpreted with 

caution, however, because the sample size was small (36 infants total) and thus the study 

may be insufficiently powered to detect growth differences (Bartok, 2011).

Sensitive period in flavour learning

While much research has focused on the effects of the nutrient quality of the diet or on the 

long-term effects of early growth, relatively little attention has been paid to another 

important feature of nutrition: how humans learn to like the flavours of foods. During the 

past two decades, research has systematically studied the transfer of dietary volatiles to 

amniotic fluid and human milk to determine the effects this has on the behaviour of 

breastfed infants (see Mennella, 2007 for review). This has revealed that a wide variety of 

flavours either ingested (e.g. fruits, vegetables, spices) or inhaled (e.g. tobacco, perfumes) 

by the mother are transmitted to her amniotic fluid and/or breast milk (Mennella, 2007; 

Mennella & Beauchamp, 1991a, 1991b, 1998b,1999; Mennella et al., 1995). In general, the 

intensity of the flavour in milk increased significantly within hours after consumption.

That amniotic fluid and breast milk share flavour profiles with foods eaten by the mother 

suggests that breast milk ‘bridges’ experiences with flavours in utero and while nursing and 

flavours experienced from solid food (Barker, 1980). Variations in flavour from mother to 

mother and from feeding to feeding suggest that breastfeeding, unlike formula feeding, 

provides the infant with the potential for a rich source of sensory variety. The types and 

intensities of flavours experienced may be unique for each infant and characteristic of the 

culinary traditions of the family. These are the foods their mothers eat (Park et al., 2003; 

Skinner et al., 2002b) and will be the foods that their mothers will feed them as they grow.

Thus, learning about the diet of the mother through transmitted flavours may be a 

fundamental feature of dietary learning for humans, as well as for other mammals. Such 

experiences early in life cause a variety of neurological and physiological changes that 

influence later behaviours, and there is some evidence that dietary learning is more 

pronounced during early life. In a recent study, mice were exposed during nursing to odours 
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that activate GFP-tagged olfactory receptors (ORs), and then the size of tagged glomeruli in 

the olfactory bulb where axons from olfactory sensory neurons coalesce by OR type was 

measured (Todrank et al., 2011). Mice exposed to these activating odours in mother’s milk 

had significantly larger glomeruli and significant preferences for the activating odour. Thus, 

early experiences with retronasally perceived odours (flavours) in milk result in enhanced 

detection of these learned odours that in nature would facilitate selection of foods that 

mothers find palatable.

This pattern makes evolutionary sense because the foods that a mother eats when she is 

pregnant and nursing are precisely the ones that her infant should prefer. All else being 

equal, these are the flavours associated with nutritious foods or, at the very least, with foods 

the mother has access to, and hence the foods to which the child will have the earliest 

exposure. Because food habits established during infancy track into later childhood and 

adolescence (Nicklaus et al., 2004; Skinner et al., 2002b), early experiences with nutritious 

foods and flavour variety should increase the chance that, as infants grow, they will enjoy a 

more healthy diet because they like its tastes. In support of this hypothesis, longitudinal 

studies have shown that the strongest predictors of what foods young children eat are (1) 

whether they like how the foods taste, (2) how long they were breastfed and whether their 

mothers ate these foods, and (3) whether they have been eating these foods from an early 

age (Cooke et al., 2004; Nicklaus et al., 2005a; Resnicow et al., 1998; Skinner et al., 2002a; 

Skinner et al., 2002b). The varied sensory experiences with food flavours in mother’s milk 

among children whose mothers eat a varied diet may explain why children who were 

breastfed are less picky (Galloway et al., 2003) and more willing to try new foods during 

childhood (Cooke et al., 2004; Nicklaus et al., 2005b; Skinner et al., 2002b).

Using the analogy reviewed above for growth patterns, we began investigating whether there 

were sensitive periods in flavour learning (Beauchamp & Mennella, 1998; Mennella et al., 

2004, 2011a). The absence of a robust experimental paradigm, like that employed for other 

sensory systems and other animals, inhibited progress until we began investigating a model 

system that exploits the naturally occurring flavour variation in infant formulas (Mennella et 

al., 2004). To adults, extensively hydrolysed protein hydrolysate formulas are extremely 

unpalatable compared with cow’s milk formulas because of ePHF’s distinctive, unpleasant 

flavours, including both volatile (odours) and non-volatile (bitter and sour tastes) 

components (Mennella & Beauchamp, 2005). In previous investigations we identified a 

‘window’ of acceptance when young infants readily accept ePHF (Mennella & Beauchamp, 

1998a). Then, beginning around 4 months of age and continuing through adulthood, its 

flavour is rejected unless the individual has been exposed to ePHF during early life 

(Mennella & Beauchamp, 1996a, 1998b). That is, ePHF acquires a completely different 

hedonic tone depending on whether the individual was exposed to this formula during the 

first few months of life (Mennella et al., 2004). Effects of early exposure on taste and food 

preferences were particularly persistent and lasted several years (Liem & Mennella, 2002; 

Mennella & Beauchamp, 2002).

To characterize the sensitive period in early development when hedonic responses to 

flavours are established, we conducted randomized clinical trials and varied the age at which 

ePHF exposure began and the length of exposure. We tested the hypothesis that the infants’ 
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acceptance of ePHF at 7.5 months is a function of exposure duration, by comparing infants 

exposed to ePHF for only 1 month with infants exposed for 3 months. To test the hypothesis 

that early exposure is more potent and persistent than later exposure, we held the duration of 

exposure constant at 1 month but altered its timing. For both hypotheses, treatment groups 

were compared to control groups of infants with either no ePHF exposure or 7 months of 

ePHF exposure.

Three months of ePHF exposure led to similar acceptance as 1 month of exposure. Although 

these infants were more accepting than infants with no exposure, they were less accepting 

than infants with seven months of exposure (Mennella et al., 2004). The most parsimonious 

explanation is that acceptance is a function of the absolute amount of exposure. We also 

found that when the flavour experiences began was also significant. Among infants exposed 

to PHF for 1 month, those who first fed ePHF at 3.5 months rejected PHF relative to CMF 

more than infants first fed ePHF at younger ages (1.5 and 2.5 months). This suggests that, in 

addition to quantity of exposure, timing is important. A relatively brief flavour experience of 

1 month in duration before the baby is 3.5 months, was sufficient to cause a shift of hedonic 

tone from rejection to acceptance (Mennella et al., 2011a) (see Fig. 2). Further, since those 

exposed to ePHF at 3.5 months had the most recent 1-month exposure to ePHF, we conclude 

that the recency of the exposure per se does not appear to be as important as when the 

exposure began.

Children who were fed ePHF as infants are programmed to like not only the taste of ePHF 

(Fig. 2) but also the taste of foods that are more savoury (e.g. chicken), sour (e.g. lemon), 

and bitter (e.g. broccoli) compared with children who were fed CMF (Liem & Mennella, 

2002; Mennella & Beauchamp, 2002; Mennella et al., 2009, 2006; Owada et al., 2000; 

Schuett et al. 1980, 1985). These findings provide further evidence the early diet can 

programme later dietary habits, which could in turn affect growth. We caution that one 

cannot assume there is only one sensitive period in flavour programming, any more than 

there is only one sensitive period for auditory (Ruben, 1997) or visual (Lewis & Maurer, 

2005) learning. The model system that we identified allows us to explore the ability to 

change behavior based on experiences during only one period. As for other senses 

(Huttenlocher, 2002; Sharma et al., 2002), windows of plasticity in flavour learning may not 

shut abruptly, and some level of plasticity is probably retained as the child ages.

The neural substrates underlying the observed developmental transition in human flavour 

learning remain unknown (but see Sullivan & Holman, 2010). We suggest that knowledge 

about the sensitive periods for other senses, particularly vision (Olitsky et al., 2002), may 

shed light on aspects of flavour learning not yet explored. Before we gained scientific 

knowledge of the timing of the sensitive period of visual development, physicians rarely 

removed cataracts in children younger than 6 months, and this resulted in a lifetime of poor 

vision (Beller et al., 1981; Olitsky et al., 2002). Equipped with knowledge of the timing of 

this sensitive period, particularly the deleterious effects of monocular deprivation during the 

first 3 months of life, physicians now often remove cataracts during the first weeks of life, 

with significantly improved outcomes. Whether similar long-term effects occur if infants are 

deprived of food flavours during early life is an important area of future research.
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Although our model system examined the flavours of hydrolysed formulas, the general 

principles observed are likely of much broader significance for food preferences, revealing a 

fundamental feature of human development. We suggest that the adaptive reason for this 

age-related plasticity reflects the importance of infants becoming familiar with and 

accepting the flavours that their mothers consume and transmit to breast milk (Mennella et 

al., 2001). By analogy, we hypothesize that it is important for the human infant to accept and 

be particularly (but not exclusively) attracted to the flavours that are consumed by the 

culture and, more specifically, by the mother. All else being equal, these are the flavours that 

(1) are associated with nutritious foods – or at least foods as nutritious as the mother has 

access to, and (2) the foods and flavours that the infant will be confronted with at weaning 

and probably thereafter. Under this hypothesis, much of the normal exposure to flavours 

would occur very early: in utero and during nursing, when flavours mothers consume are 

transferred to the infants’ chemosensory environment.

Conclusion

During the past decade, emerging research revealed that the composition of the diet fed 

during early infancy plays a role in both short- and long-term health outcomes. Breast milk 

is by far considered the preferred diet in infancy and is the gold standard for infant nutrition 

(Committee on Nutrition, 2009a; WHO, 2003). While breastfeeding rates in the USA have 

continued to increase during the new millennium (Ryan et al., 2002), more than 50% of 

American infants receive infant formula while in hospital, and more than 60% of infants 

have received formula by 4 months of age (Grummer-Strawn et al., 2008). Research has 

shown that infants who are fed infant formula (mostly CMF) (Martinez & Ballew, 2011; 

Oliveira et al., 2010) tend to weigh more and have a greater risk for later obesity than do 

infants who are breastfed (Armstrong & Reilly, 2002; Burke et al., 2005; Dewey et al., 

1993; Grummer-Strawn & Mei, 2004; Owen et al., 2005).

Today, there is a plethora of infant formulas on the market that differ in macronutrient 

composition. In this review we described how the protein composition differs between two 

types of formula, CMF and ePHF, and that infants fed ePHF show the same growth rates as 

breastfed infants. Therefore, when evaluating the effect of diet composition on growth and 

health outcomes, it may no longer be appropriate to consider all formula-fed infants as a 

homogeneous group with respect to certain health outcomes such as obesity. In addition, it is 

important to recognize that infant formulas may also differ in both fat and carbohydrate 

composition/structure as well as protein composition, and these differences may also affect 

growth. Because rapid rates of growth during the first year of life are associated with 

increased risk for later obesity (Baird et al., 2008; Chomtho et al., 2009; Dennison et al., 

2006; Eid, 1970; Melbin & Vuille, 1976; Ong et al., 2009; Parsons et al., 2001; Stettler et 

al., 2002, 2003), metabolic syndrome (Ekelund et al., 2007), and mortality from 

cardiovascular disease (Barker, 1997), it is imperative that we understand the influence of 

infant formula composition on growth and subsequent diet.

There is also increasing evidence for a sensitive window for flavour learning, encompassing 

in utero and nursing periods of growth. During this sensitive period, infants become familiar 

with and learn to accept the flavours they experience through their mothers’ amniotic fluid 
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and breast milk. These early flavour experiences influence flavour and food preferences of 

children that last several years (Liem & Mennella, 2002; Mennella & Beauchamp, 2002; 

Mennella et al., 2006, 2009; Owada et al., 2000; Schuett et al., 1980, 1985) and may affect 

food choices and health later in life. It is therefore also imperative that we understand how 

early diet influences later food choices.
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Fig. 1. 
Infant weight-for-length z-score trajectories from birth to 7.5 months by formula group. Z-

scores were calculated using WHO growth standards. The arrow (↓) indicates the age at 

which infants were randomized to either CMF (Enfamil; circles) or ePHF (Nutramigen; 

triangles). A z-score of 0 is considered normative, and z-score tracking is a clinical indicator 

of normative growth. *Significant differences between groups; groups differed significantly 

at P<0.05 in the post hoc comparison. Reproduced with permission from Pediatrics, 127, pp. 

110–118, Copyright 2011 by the AAP.
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Fig. 2. 
Facial expressions suggest infants respond differently to ePHF at 7.5 months when they (A) 

have been consuming CMF for the previous 7 months and do not appear to have been 

programmed to like the flavour of the formula or (B) have been consuming the ePHF 

formula for the previous 7 months and are perceived to like the formula. Permission 

obtained from mothers of the infants for use of images. From the American Journal of 

Clinical Nutrition, 2011, 93, 1019–1024, American Society for Nutrition.
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Table 1

Summary of growth studies in which infants were randomized to receive CMF or PHF.

Study population

Age infants 
first fed study 
formula Exclusive formula feeding? Intake and growth outcomes Reference

Healthy Birth Yes ePHF-fed infants consumed less formula 
than did CMF-fed infants
No significant differences in weight, 
length, or head circumference gain during 
the 13-week study period

Hauser et al., 
1993
Vandenplas et 
al., 1993

Healthy 4 weeks old Yes ePHF-fed infants consumed less formula 
than did CMF-fed infants
No differences in weight gain during 2-
week study period

Hyams et al., 
1995

Healthy 6 weeks old No, predominantly BF prior to study Intake data not provided
No significant differences in weight, 
length, or weight or height gain were 
found between the groups, but study not 
powered to detect such differences

Hernell & 
Lonnerdal, 2003

Healthy 2 weeks old Yes ePHF-fed infants consumed less formula 
to satiation than did CMF-fed infants
ePHF-fed infants had significantly lower 
weight-for-length z-scores across ages 
2.5–7.5 months and slower weight gain 
velocity than did CMF-fed infants

Mennella et al., 
2011b

FHA Birth Yes, exclusively FF until 4 months, 
when solids were introduced

Intake data not provided
CMF- and pPHF-fed infants tended to be 
heavier than BF infants; weight-for-length 
not presented

Roche et al., 
1993

FHA 5–6 weeks old No, BF for first 5–6 weeks, then 
received mixed feedings (breast 
milk and formula) or exclusively FF

Intake not assessed
CMF-fed infants exhibited greater BMI 
change than did ePHF-fed infants between 
2 and 12 months; no group differences 
after 12 months

Rzehak et al., 
2009

FHA 4 weeks old No, BF for first 4 weeks of life, then 
received mixed feedings or 
exclusively FF

No difference in intake among groups
BMI of infants fed ePHF was significantly 
lower at 3 months compared to BF and 
SF-fed infants

Giovannini et 
al., 1994

ePHF, extensively hydrolysed protein hydrolysate formula; pPHF, partially hydrolysed protein hydrolysate formula; CMF, cow’s milk formula; 
BF, breastfed; SF, soy formula; FF, formula fed; BMI, body mass index; FHA, family history of atopic disease. ‘Healthy’ refers to healthy infants 
with no family history of atopic diseases.
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