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(52.5, 146.3) grams vs controls 67.5 (37.5, 101.3) grams, P = 0.042. Veg-only infants 

consumed the target vegetables at a faster rate (broccoli, P < 0.001; spinach, P = 0.004) 

and showed greater acceptance than controls (all target vegetables P = 0.018). Fruit 

intake (target and daily) was similar, as were all other acceptance variables. At 12 

months of age (n = 107), these effects were maintained as daily vegetable intake was 

20 % higher in the veg-only group, than controls (P = 0.021); daily fruit intake and liking 

of vegetables and fruit remained similar. 

With respect to secondary outcomes, intake, rate of eating and liking of the study foods 

during the 4-week intervention were similar between groups and increased significantly 

between week one and four (all P < 0.001). Frequency of negative behaviours in 

response to study foods in both groups significantly decreased over time (both 

P < 0.001) while positive behaviours did not change (veg-only P = 0.07; control 

P = 0.147). In terms of iron status, most were iron sufficient at baseline (93 %) and at 9 

months of age (92 %). 

Conclusion: Providing vegetables as first foods increased vegetable intake at 9 months 

of age, and may be an effective strategy for improving child vegetable consumption and 

developing a preference for vegetables in infancy. Meanwhile, vegetable-only first foods 

were well-accepted and iron status maintained, which may be of encouragement to 

parents. However, given limited generalisability, more research investigating ways to 

support families in feeding vegetables as first foods at a population level is warranted.
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1.1. Introduction and justification 

Most children around the world are not eating enough vegetables (Barends et al., 

2019; Ministry of Health, 2020). This means that they may be missing out on 

important nutrients for growth, development and health, including the prevention 

of obesity and obesity-related illness later in life (Boeing et al., 2012; Wallace et 

al., 2020).  

 

New Zealand Health Survey 2019/20. 

Enjoyment of food is a key predictor of fruit and vegetable intake, and vegetables 

are often disliked by children (Bell et al., 2021; Chambers, 2016). Innate 

preferences for sweet flavours drive an inclination towards the consumption of 

sweet foods, e.g., breast milk, and an avoidance of bitter-tasting foods, e.g., green 

leafy vegetables. This predisposition is thought to have adaptive value as 

sweetness indicates the presence of sugar, a safe source of energy, whereas 

bitterness may signal harmful toxins (Mennella & Bobowski, 2015). Fortunately, 

Less than half (45.6%) New Zealand 
children are eating enough vegetables 

No improvements over the last 2 years 
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Translational research, or the process of moving knowledge from 

basic science to practical implications that improve human well-

being, is a global priority (Fort et al., 2017). This thesis is highly 

translational as it involves a human RCT within a natural setting, 

and results are intended to develop key infant feeding messages 

for better health outcomes. 

This dissertation is the first to report an infant feeding trial comparing the effects 

of a vegetables first approach to CF versus starting with fruit and vegetables, all 

within the home setting. Such a comparison is relevant because many infant 

feeding guidelines recommend fruit and vegetables as first foods in no set order, 

and infants typically receive sweet fruit and vegetables as first foods (Miles & 

Siega-Riz, 2017; Morison et al., 2018; Siega-Riz et al., 2010; Szymlek-Gay et al., 

2010). In addition, despite limited evidence, some authorities are advocating for a 

focus on single vegetables at the start of CF. While this thesis by no means 

presumes to definitively address the evidence gaps on this topic, it is a first step to 

justify ongoing research. Findings may lead to a future study examining the 

feasibility and implementation of a nationwide infant feeding programme focusing 

on vegetables as first foods. 

Overall, scaling up promising interventions, focusing on early prevention (i.e., 

targeting childhood), and conducting high quality research (e.g., cause-effect 
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literature on iron for infants is included due to concerns that a focus on vegetables 

during this critical period could negatively impact the provision of iron-rich foods. 

This is followed by five manuscripts, which stand as chapters and follow a logical 

order: the study protocol described the materials and methods for the RCT that is 

central to this thesis (chapter 3); the findings during the 4-week intervention 

(chapter 4); the primary outcome at 9 months of age (chapter 5); the follow-up 

study at 12 months of age (chapter 6); and the iron status results for participating 

infants (chapter 7). There may be repetition given that each is presented in the 

form of a manuscript ready for publication, but this has been minimised where 

possible. Publications are in their original wording unless otherwise noted, and 

reformatted to ensure consistency in language, layout and referencing style. The 

thesis concludes with a discussion which brings to light the knowledge gained from 

the research including its significance, relevance, impact, and methodological 

strengths and limitations (chapter 8). This final chapter includes concluding 

remarks and recommendations for future research.  
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Chapter 2. Literature review 

 

This chapter has been a research journey in itself and an iterative process in that 

the candidate continued to review the literature throughout the project. Through 

a documented search strategy, key evidence on a vegetables first approach to 

complementary feeding has been identified, as well as current knowledge 

supporting infant feeding guidelines and the importance of vegetable 

consumption during childhood. The chapter critically engages with and synthesises 

this information to present the necessary background to and justification for study 

design and implementation. Furthermore, this process has allowed the candidate 

to develop a voice on the topic. 
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important for weight maintenance or loss (Mytton et al., 2014), which is important 

for preventing chronic disease (Zou et al., 2019). 

The evidence demonstrating the health benefits of fruit and vegetable 

consumption in children is relatively less clear, largely due to a lack of intervention 

data and the availability of only a few cohort studies that often reveal no risk 

relations (Barends et al., 2019; Boeing et al., 2012; Ledoux et al., 2011). 

Nevertheless, eating fruit and vegetables during childhood can be protective 

against chronic disease in later years, while providing essential nutrients for 

growth and development, strengthening the immune system and improving 

digestion (Appleton et al., 2016; Ministry of Health, 2008). Given that vegetable 

consumption is markedly lower than fruit consumption amongst children (Barends 

et al., 2019), the aim of the following section is to explore the literature concerning 

vegetables as a health protective food for children, with a nutritionally adequate 

diet for infants and children (Arimond & Ruel, 2004; Food and Nutrition Technical 

Assistance [FANTA], 2006; Kennedy et al., 2007; Steyn et al., 2006; Zhao et al., 

2017). 
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Nutrient-dense diet for a healthy start to life  

Vegetables are a rich source of nutrients for overall child health. 

Each type of vegetable has a unique nutrient profile, thus consuming a variety of 

vegetables in different combinations can help meet overall nutrient requirements 

for health, growth and development during childhood (Arimond & Ruel, 2004; 

Dias, 2012; Kennedy et al., 2011; Liu, 2013; Wallace et al., 2020; Zhao et al., 2017). 

Food composition tables are typically used to estimate the nutrient content of 

foods, including vegetables (Grande & Vincent, 2020). The Concise New Zealand 

Food Composition Database, jointly owned by Plant and Food Research and the 

Ministry of Health, provides reliable estimates of the usual composition of foods 

in New Zealand; and is managed and regularly updated by Plant and Food 

Research. Despite natural variations in nutrient values across databases, 

vegetables feature as important dietary sources of vitamins, minerals, fibre and 

phytonutrients (Kennedy et al., 2011; Marles, 2017; The New Zealand Institute for 

Plant and Food Research Limited & Ministry of Health, 2019).  

The colours of the edible parts of vegetables typically indicate the presence of 

specific nutrients (Griep et al., 2011). For example, the natural red-violet pigment 

of beetroot is indicative of betalins like betacyanin which may have antiviral, 

antioxidant and anti-inflammatory properties (Panghal et al., 2017). Using 

vegetable colours has been a useful tool to translate nutrition science into dietary 
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for gestational age (SGA) and/or low birth weight (Garay et al., 2019; Gomez Roig 

et al., 2017; Jang et al., 2018; Kjøllesdal & Holmboe-Ottesen, 2014; C. Wang et al., 

2019). A cross-sectional prospective study compared fetal growth during the third 

trimester of mothers with SGA (n = 46) and those with appropriate for gestational 

age (AGA) fetuses (n = 81) (Gomez Roig et al., 2017). It was observed that mothers 

in the AGA group ate significantly more vegetables, especially green beans, carrots 

and lettuce, compared to mothers in the SGA group. Despite limited 

generalisability due to the small sample size and the use of a specific urban Catalan 

population, these results suggest that maternal vegetable intake has the potential 

to improve intrauterine growth conditions. 

Similarly, a large cohort study of 1138 Korean pregnant women found an increased 

intake of fruit and vegetable or vitamin C at mid-pregnancy is associated with 

increased fetal and infant growth up to 6 months of age (Jang et al., 2018). The 

large sample size was a strength, but the reliance on retrospective self-reported 

dietary data using a single 24-hour food recall likely introduced information bias. 

Overall, further inquiry using more reliable dietary periods of time may be needed 

to clarify the relationship between vegetable intake and child growth, but thus far 

a positive relationship seems plausible. 
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(Blackwood et al., 2000; Dhingra et al., 2012; Grundy et al., 2016). Much of what 

is known about the effects of dietary fibre-rich vegetables is based on in vitro and 

in vivo mechanistic studies in animals and adults (Grundy et al., 2016); however, 

there is some recent evidence that is specific to children. 

A recent review identified 12 studies that examined the effects of fibre-containing 

foods (e.g., grains and vegetables) and/or supplements on digestive health 

outcomes in children (Korczak et al., 2017). It was found that partially hydrolysed 

guar gum from cluster beans, glucomannan from the konjac plant and bran may 

positively support gut outcomes, including transit time and stool frequency. 

However, due to considerable heterogeneity across studies (e.g., different age 

ranges, study durations and dietary assessment tools), comparability of findings 

was limited. In addition, the review was unable to identify studies examining the 

direct effects of whole vegetable intake on gut function, thus a causal relationship 

is difficult to determine. 

A better understanding of the relationship between vegetable intake and gut 

outcomes can be found in studies examining an association between common GI 

problems and dietary intake. Two cross-sectional studies of dietary habits and 

childhood constipation reported low dietary fibre intake, particularly from 

vegetables, may increase the risk of hard stools and constipation (Okuda et al., 

2019; Taylor et al., 2016). However, it is possible that undue emphasis was placed 

on the single nutrient of dietary fibre without considering the whole diet and 
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inconsistent dietary assessment methods across studies and poor availability of 

standardised indicators of adequate fruit and vegetable intake during infancy.  

Types of vegetables and fruit 

Sweet and starchy vegetables/fruit are popular amongst children. 

Recent data on the types of fruit and vegetables typically consumed by New 

Zealand young children is limited. Some evidence can be taken from the Baby-Led 

Introduction to Solids (BLISS) RCT, which compared effects of a modified version 

of baby-led weaning (BLW) on infant dietary outcomes, versus traditional spoon-

feeding. BLW was defined as infants feeding themselves handheld foods during 

family mealtimes and modified in the sense that foods offered reduce the risk of 

iron deficiency, choking and growth faltering. Parents were free to choose which 

vegetables and fruit to feed their child; broccoli, cabbage, spinach, cauliflower and 

tomato were the common savoury vegetables offered at 12 months of age in both 

groups (Morison et al., 2018), bananas were the predominant fruit. At 24 months 

of age, all infants had been exposed to broccoli, cabbage, carrots, cauliflower, 

green beans, mushrooms, parsnips, lettuce and tomato; fruits included apples, 

bananas, oranges, grapes, peaches and strawberries. There was an overall high 

preference for fruit and a slightly lower preference for vegetables. However, as 

consumption of specific vegetables/fruit s was not the focus of the study and some 

data restricted by questionnaire items (i.e., nine vegetable items and nine fruit 

items), an accurate account of which foods were most popular remains limited. 
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al., 2020; Wolstenholme et al., 2020), and if not handled with care, could lead to 

a continued lack of dietary variety during adulthood (Dovey et al., 2008).  

In addition to natural rejection of vegetables during early childhood, some families 

face economic pressures that may cause them to forego vegetables that are 

relatively high cost compared to processed foods that are typically cheaper, high 

in sugar, fat and sodium, but easily fill up a stomach (Harris et al., 2019). Eurostat 

data shows that 6.6 % of households with children in the European Union (5.5 % 

in the UK) cannot afford a meal with meat, fish or a vegetarian alternative every 

second day (Van Lancker & Parolin, 2020). In a systematic review of the status of 

food insecurity among children in high-income European countries (Zaçe et al., 

2020), prevalence of food insecurity (low and very low) in the UK went from 9 % 

in one study (Yang et al., 2018), to 100 % in another (Harvey, 2016). Similar data 

in the US suggests that 14 % of households with children were food insecure in 

2018 (United States Department of Agriculture [USDA], 2019). In New Zealand, 

although most children live in food-secure households, almost one in five (19 %) 

children experienced severe-to-moderate food insecurity in 2015/16 (Ministry of 

Health, 2019). 

More recently, the GUiNZ study identified that food insecurity, to one degree or 

another, affected around 72 % of New Zealand infants, and may be associated with 

poorer health and infant morbidity (Schlichting et al., 2019). Infants at higher odds 

of being food insecure were from minority ethnic groups, and born to mothers 
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socioeconomic/environmental factors including food insecurity and the high 

availability of sweet/starchy vegetable infant foods. Overall, this section has 

highlighted a rising need for interventions to focus on improving vegetable 

consumption, rather than fruit, during the early years of life.  
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2.4. Dietary guidelines for infants and children  

With efforts to improve overall health and disease prevention, there has been a 

shift towards using an evidence-based approach to population dietary guidelines 

(Baghurst, 2003; HHS, 2015; WHO, 2003b), to the extent that there are now 

established protocols and tools for guideline development (Dewey & Harrison, 

2020; Institute of Medicine [IOM], 2011; Kredo et al., 2016; Qaseem et al., 2012; 

Schünemann et al., 2014; WHO, 2014c) and quality assessment (Appraisal of 

Guidelines for Research and Evalulation Enterprise, n.d.; Grimmer et al., 2014). 

However, these methods have not been adopted universally, and despite progress 

in early life nutrition research, there is a lack of high-level evidence from clinical 

trials and systematic reviews to base recommendations on (Dewey & Harrison, 

2020). Global collaborative efforts are scant which along with inconsistent review 

processes and an increased reliance on non-clinical data and narrative reviews, 

likely contribute to the nuances found across guideline documents (Dewey & 

Harrison, 2020; Maki et al., 2014). 

Existing evidence relating to infant feeding was recently summarised by an ad hoc 

committee in the US (Dewey & Harrison, 2020). A multipronged targeted 

systematic search strategy identified 43 guidelines documents that reflected 

contributions of 26 authoritative entities from Australia, Canada, Europe, Italy, 

New Zealand, the UK and the US, alongside guidance from the WHO. Overall, it 

was found that many feeding recommendations (i.e., type of foods, key nutrients 
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including iron) were consistent or generally consistent across guideline 

documents, with most inconsistencies relating to specific timings and ages. This is 

likely because of two longstanding evidence gaps on certain areas of infant 

feeding, namely, timing and content of complementary feeding and duration of 

breastfeeding (Dewey & Harrison, 2020; Fewtrell et al., 2017; Zalewski et al., 

2017). 

Although it is reassuring to find some global consensus on important infant feeding 

topics, harmonisation of current guidelines remains limited. This is because the 

documents tend to differ widely (i.e., type, scope, level of collaboration, wording, 

overall methodologies) which makes them difficult to compare. As outlined by the 

2020 ad hoc committee, most recommendations have not been graded, and some 

appear based on little, if any, evidence (Dewey & Harrison, 2020). Furthermore, it 

is typical for a document to be prepared by a single organisation, thereby 

procuring cohesive decisions in an informed, cost-effective and timely manner is 

less possible. This highlights a responsibility to carefully interpret dietary advice 

(even if consistent across countries) that may be partial, out of date or where 

clinical data is not available, while also advocating for greater collaboration and 

more longitudinal RCTs and systematic reviews (Maki et al., 2014; Zalewski et al., 

2017). 
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The review process: New Zealand 

New Zealand, like many countries, relies on the collaborative work of the WHO 

and FAO to review, establish and disseminate information on human nutrition for 

their dietary guidelines (WHO, n.d.-a). Historically, the infant feeding dietary 

guideline background papers, developed under the Ministry of Health, summarise 

the available evidence within the New Zealand context (Ministry of Health, 2008). 

Issue-based documents provide in-depth reviews beyond what is covered in the 

background papers (Gerritsen & Wall, 2017). Currently, New Zealand is 

transitioning towards presenting food and nutrition guidelines in a more user-

friendly format that outlines evidence-based eating and physical activity 

statements, followed by why each is recommended and how these can be put into 

practice. However, until the transition is complete, the above-mentioned 

background papers remain the most current infant nutrition advice. Overall, these 

documents and changes show increasing interest in translating evidence into 

simple guidance, and the application of a review process that aligns with 

international best practice, including the use of systematic reviews, food 

modelling and graded evidence (Baghurst, 2003; Ministry of Health, 2020d; 

National Health and Medical Research Council [NHMRC], 2013a).  

One of the consequences of moving towards an evidenced-based approach is an 

increased demand on time and resources (Baghurst, 2003), which may delay 
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Breastfeeding 

Human milk is the safest and most ideal nutrition for infants (Andreas et al., 2015; 

Ministry of Health, 2008, 2020c). Exclusive breastfeeding (EBF) is typically defined 

as receiving only breast milk and no other solids or liquids (including infant 

formula) except medications or supplements (Ministry of Health, 2008; NHMRC, 

2013a; World Health Assembly, 2002). Partial, mixed or any breastfeeding refers 

to a child receiving some breast milk but also receiving other milk and/or solids 

(Gontijo de Castro et al., 2018). The Ministry of Health recommend EBF to around 

6 months of age, then continued breastfeeding up to two years or longer (Ministry 

of Health, 2020c). All dietary guidelines promote breastfeeding due to convincing 

evidence of the associated benefits to health (Victora et al., 2016) and the 

environment (Davidove & Dorsey, 2019). Thus, it makes sense that any 

complementary feeding intervention advocate for and demonstrate a sound 

understanding of the importance of breastfeeding.  

For infants, the health benefits of breastfeeding may include improved physical 

and emotional/psychological development (Horta & Victora, 2013; Saini, 2018), 

protection against mortality and morbidity caused by infectious diseases, reduced 

hospitalisation (Sankar et al., 2015; Scientific Advisory Committee on Nutrition 

[SACN], 2018), fewer dental malocclusions, improved intelligence (Horta et al., 

2015), and protection against sudden unexplained death in infancy (SUDI) (Hauck 





Chapter 2. Literature review 

51 

 

From a global perspective, breastfeeding initiation rates in Australia and New 

Zealand may be relatively higher but the prevalence of continued breastfeeding 

appears similar to other countries (Australian Institute of Family Studies, 2009; 

AIHW, 2011; Castro et al., 2017; Heath et al., 2002a; Ministry of Health, 2020b; 

Newby & Davies, 2015). According to the 2010 National Infant Feeding Survey in 

Australia, 9 out of 10 (96 %) infants initiated EBF, but less than 2 in 10 (2 %) met 

the WHO recommendation to EBF to 6 months; only 39 % were EBF to 3 months 

and 15 % were EBF past 5 months of age (AIHW, 2011). In New Zealand, the 

2019/20 National Health Survey found 49.8 % of infants were EBF until 4 + months, 

and only 7.6 % EBF until 6 + months of age; the latter a significant 3.2 % decrease 

since 2011/12 (Ministry of Health, 2020b). Other data from Well Child/Tamariki 

Ora, an infant health service in New Zealand, found 61 % of New Zealand infants 

were exclusively or fully breastfed at 3 months of age in 2020, with rates lower in 

highly deprived areas and overall well below the national target of 70 % 

(Nationwide Service Framework Library, 2020). That said, births are often missed 

(Castro et al., 2017) and methodologies to assess and definitions used to describe 

BF initiation and duration differ between countries, thus comparability of data is 

limited (Heath et al., 2002a; Victora et al., 2016). 

Various reasons exist as to why guidelines for breastfeeding and EBF are not being 

met, including poor self-efficacy, the perception of short milk supply, low intention 

to breastfeeding, higher maternal BMI (> 25kg/m2), returning to work and 







Chapter 2. Literature review 

54 

 

Timing of introduction of complementary feeding 

Starting solids at around 6 months of age is recommended, yet 

many infants likely start CF earlier.  

It is agreed that by 6 months of age it becomes increasingly difficult for an infant 

to meet nutrient needs from breast milk alone (Ministry of Health, 2008; WHO, 

2003a). Iron and zinc stores have declined since birth and breast milk is a poor iron 

source, thus complementary foods and liquids are needed (Friel et al., 2018; 

Lapillonne & Becquet, 2017). However, there is ongoing controversy around the 

optimal duration of EBF and the timing of introducing complementary foods 

(Borowitz, 2021; Costantini et al., 2019; Dewey & Harrison, 2020).  

In 2002, the WHO dietary guidelines were changed from EBF for 4 to 6 months to 

EBF for the first 6 months of life (World Health Assembly, 2002). Subsequently, the 

target range for the CF period increased to 6 to 24 months of age, although BF 

could continue beyond two years if desired by the mother and infant (PAHO, 

2003). Following this, the UK, New Zealand and Australia recommend infants start 

CF at around 6 months of age, alongside breastfeeding, until at least one year of 

age, or beyond (Ministry of Health, 2008; NHMRC, 2013a; SACN, 2018); but to align 

with the latest breastfeeding guidelines in New Zealand, upcoming infant feeding 

guidelines may advise infants are breastfed for up to two years or more (Ministry 

of Health, 2020c). In contrast, some countries (e.g., Belgium, Spain) continue to 

recommend starting CF between 4 and 6 months of age (Costantini et al., 2019; 
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Warren, 2018). Likewise, the European Society for Paediatric Gastroenterology, 

Hepatology and Nutrition (ESPGHAN) recommend that complementary foods 

(solids and liquids other than breast milk or infant formula) should not be 

introduced before 4 months but no later than 6 months (Fewtrell et al., 2017). 

International variations across infant feeding guidelines largely derive from 

limitations within the literature, as previously noted (Agostoni et al., 2008; Dewey 

& Harrison, 2020; European Food Safety Authority [EFSA], 2013; EFSA Panel on 

Dietetic Products and Nutrition and Allergies,  2009; Fewtrell et al., 2017). A 

common critique is that the WHO primarily based EBF guidelines on a systematic 

review comparing EBF for 6 months to EBF for 3 to 4 months with partial 

breastfeeding until 6 months, lacking a consideration of the optimal time to 

introduce solid foods in formula-fed infants (Kramer & Kakuma, 2004). Also, only 

two RCTs out of 16 eligible studies compared different EBF recommendations, and 

both were conducted in the low-income setting of Honduras (Cohen et al., 1994; 

Dewey et al., 1998). From these studies, it was concluded that there were no 

significant differences in growth nor food allergy risk between infants EBF for 6 

months compared to those breastfed for shorter durations. Iron supplementation 

(Kramer & Kakuma, 2004) and/or delayed cord clamping were considered effective 

to mitigate the risk of iron deficiency associated with 6 months EBF, rather than 

early introduction of CF (Blouin et al., 2011; Gyorkos et al., 2012; Pérez-Escamilla 

et al., 2019; WHO, 2014b). 
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small sample size, self-selected group and presence of infant characteristics (e.g., 

high birth weight, mostly formula-fed) that were not typical of most European 

populations limited generalisability of findings. Nevertheless, this study provided 

key evidence to inform the ESPHAN position on CF (Fewtrell et al., 2017) and may 

help to explain why guidelines are not consistent in the recommended age of 

introduction of iron-rich complementary foods (Dewey & Harrison, 2020). 

Despite the controversy, most authorities agree that infants should not start solids 

before 4 months of age, and that infants should be developmentally ready to start 

CF (Dewey & Harrison, 2020; Fewtrell et al., 2017; Ministry of Health, 2008; 

NHMRC, 2013a; SACN, 2018; WHO, 2009). Between 4 and 6 months, infants 

typically start to show signs that they are developmentally ready to eat solid food 

safely (Figure 2.1) (Arvedson, 2006; Carruth & Skinner, 2002; Ministry of Health, 

2008; Naylor & Morrow, 2001). By 4 months, infants are able to digest solid food, 

with further gastrointestinal maturation being driven by the foods ingested 

(Naylor & Morrow, 2001).  
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infant foods that are limited in variety, compared to home-made) (Katiforis et al., 

2021; Moding et al., 2018), and poor access to foods (Bailey et al., 2019; Miller et 

al., 2016). As fruit, vegetables and meat are relatively costly, it is possible that 

some infants receive cheaper foods such as grains and porridge as a result of living 

within a low-income household (Miller et al., 2016). It is known that in several 

West African developing countries (e.g., Ethiopia, Nigeria), where access to a 

variety of food is often limited, infants receive mostly homemade complementary 

foods that are plant-based, non-fortified staple cereals or starchy tubers (e.g., 

maize, rice, potato, yam) as first complementary foods (Abeshu et al., 2016) and a 

low portion of animal-source foods, fruits and vegetables are provided. In the Asia 

Pacific region, tradition may be a greater factor, for example, rice-based foods 

have been reported as culturally the most popular first complementary food, 

followed by fruit; whereas some countries such as Malaysia (Inoue & Binns, 2014) 

and Thailand (Jackson et al., 1992) may provide fish or soft meat by 6 months of 

age.  

Safe and positive feeding environment for infants 

Feeding to infant hunger/fullness cues is encouraged, 

but not always practiced. 

Creating a safe and positive feeding environment is important for infants learning 

to eat and accept new foods (Lafraire et al., 2016; Ministry of Health, 2008; 

Nicklaus, 2016). Mealtime recommendations include sitting the infant in a high-
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Infants who feed in a responsive and positive environment are more likely to enjoy 

meals and practice self-regulation of food intake, which is further hypothesised to 

prevent inappropriate weight gain associated with under- or overeating (DiSantis 

et al., 2011; Gerritsen & Wall, 2017; Hetherington, 2020; Pérez-Escamilla et al., 

2017). The How We Eat report by Gerritsen et al. (2017) indicated the strength of 

their dietary advice using the NHMRC grades (A to D) of recommendations 

(NHMRC, 2009). For example, Grade A was allocated if the body of evidence can 

be trusted to guide practice, then Grade B if it can be trusted to guide practice in 

most situations, and so on. The report found Grade B evidence to show that 

responsive feeding can lead to small improvements in the diet, food preferences 

and eating behaviours of infants and toddlers, while also being protective against 

excessive weight gain. There was Grade A evidence to show that coercive practices 

such as pressure to eat or food restriction can lead to poor dietary behaviours and 

increased body weight (Gerritsen & Wall, 2017). The supporting evidence for these 

statements included eight systematic reviews (Cameron et al., 2012; Clark et al., 

2007; Fraser et al., 2011; Hurley et al., 2011; Russell et al., 2016; Shloim et al., 

2015; Ventura & Birch, 2008) and one RCT (Magarey et al., 2016).  

Other papers could be added to the evidence reviewed in the How We Eat report. 

For example, the INSIGHT longitudinal RCT (n = 291) (Hohman et al., 2017) 

investigated the effects of a responsive feeding intervention on infant dietary 

patterns. Infants of mothers who received a responsive feeding intervention were 
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obvious (Research New Zealand Limited, 2014). Most had adopted more 

controlling or structured feeding practices and lacked confidence in reading infant 

hunger/satiety cues, which appeared related to a desire to establish a routine as 

soon as possible. Other qualitative and cross-sectional studies in Canada and the 

US report that while parents have the best intentions to feed their infant 

responsively, factors such as limited time, societal pressures (including public 

health messages to eat more fruit and vegetables) and knowledge deficits may 

make it difficult for them to implement and sustain the practice without adequate 

support (Almaatani et al., 2017; Bante et al., 2008; Tucker et al., 2006).  
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Follow-up study 

The follow-up study occurred when infants were 12 (n = 86) and 23 (n = 81) 

months of age, and examined whether baseline intervention effects were 

maintained (Barends et al., 2014). Daily vegetable consumption was recorded by 

mothers using a 3-day weighed food diary, and intake of green beans and apple 

purées were measured in the laboratory over two separate days in randomised 

order. These target foods were selected because all infants had tasted them during 

the baseline intervention, and additional foods were not tested due to the 

participant burden. Similar to the baseline study, mothers rated how much their 

infant liked the foods in the laboratory, but also reported on how often 

vegetables/fruits were consumed at home and how much their child liked them. 

As hypothesised by authors, the infants who had started CF with vegetables 

continued to eat more vegetables than those who started with fruit. However, this 

was only true at 12 months of age and for daily vegetable/fruit intake as effects in 

the vegetable group had disappeared by 23 months of age, and vegetable/fruit 

intake in the laboratory did not differ by group at either follow-up. That said, 

vegetable preferences in the laboratory showed some stability over time as intake 

of green beans correlated between time points (i.e., baseline with 12 months, then 

12 months with 23 months).  
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A possible reason as to why effects were not maintained at 23 months could have 

been due to an increase in neophobia or pickiness, but this was unclear without 

the use of a validated tool to assess the influence of such developmental factors. 

Another limitation was the continued use of purée test meals that were no longer 

age-appropriate in texture. While this allowed for standardisation between 

assessments, it is likely that infants rejected the food due to the texture rather 

than taste. In addition, the results of daily liking of vegetables are not available. 

Nonetheless, the longitudinal design of this study leads the way in furthering our 

knowledge of the long-term effects of a vegetables first approach to CF. 

A step-by-step vegetables first approach in the UK 

The next study to be published was that of Hetherington et al. (2015), which tested 

the effects of gradually introducing vegetables to infants at the start of CF on 

intake and liking of vegetables. Infants randomly assigned to the intervention 

group (n = 18) received a step-by-step exposure to vegetables in milk then rice 

cereal over 24 days. Those assigned to the control received plain milk and rice 

cereal. Over the next 11 days, all infants received pure vegetable purées, as 

illustrated in Figure 2.3.  
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Figure 2. 3. Feeding schedule used by Hetherington et al. (2015) for each 
treatment group 

Key:    
 plain infant milk formula 

 
carrot 

 plain rice cereal  green bean 
 or  vegetable-flavoured infant milk formula  spinach 

 or  vegetable-flavoured rice cereal  broccoli 
   parsnip 

 
Step 1: Vegetable flavoured or plain milk (home; 12 days) 

Day 1 2 3 4 5 6 7 8 9 10 11 12 X 1 a day 

Intervention 

            
max ~50g 

Control             usual 

Step 2: Vegetable flavoured or plain infant rice cereal (home; 12 days) 

Day 13 14 15 16 17 18 19 20 21 22 23 24 X 2 a day 

Intervention 

            

max ~72g 

Control             max ~77g 

Step 3: Pure vegetable purées (11 days) 

 Lab Home Lab  

Day 25 26 27 28 29 30 31 32 33 34 35 X 1 a day 

Intervention 
           

max ~260g 

Control 
           

max ~260g 

Note. Target purées: carrot, green bean, spinach, broccoli, parsnip.  
Adapted from Hetherington et al. (2015). 
 

The root vegetables and cruciferous/leafy green vegetables were selected based 

on what was common in the UK and because these are typically liked and disliked 

by children, respectively. Unlike Barends et al. (2014), this study took additional 

measures of food acceptance, including liking rated by both a researcher and 
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exposures early. In addition, pairing vegetables with the sweeter flavour of milk 

and allowing a smooth transition from a diluted flavour to a strong flavour (i.e., 

pure vegetable purées) may have improved acceptance in the intervention group 

(see conditioning strategies below). Reasons as to why effects were not 

maintained in the long-term were largely attributed to study limitations, including 

the use of vegetable purées that were not age-appropriate, a small sample size, 

short intervention duration, feeding in a laboratory and limited detail on foods 

eaten between the baseline study and follow-up. Also, all infants had received the 

same vegetable schedule during the final 11 days, thus applying a too-similar 

condition to both groups could have made it difficult to detect group differences. 

However, their study had improved on the limitation of Barends et al. (2013, 2014) 

in that it offered parents more infant feeding support and a longer vegetable 

exposure period in the home. Furthermore, a number of food acceptance 

variables were measured to improve accuracy of results and the step-by-step 

method is similar to a French practice recommended in certain national CF 

guidelines (Schwartz et al., 2013). 
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Repeated exposure to vegetables  

Repeated exposure to foods involves experiencing a novel or distinct taste several 

times without a negative association (Rozin, 1990). For infants, it could take 10 or 

more exposures to the same vegetable before it is accepted (Barends et al., 2019), 

and as few as three exposures for younger infants (Ahern et al., 2014; Caton et al., 

2014).  

Two recent comprehensive systematic reviews found unequivocal evidence that 

repeated exposure to a single vegetable increased acceptance of that vegetable, 

while repeated exposure to a variety of vegetables improved acceptance of a 

new/unfamiliar vegetable (Appleton, Hemingway, et al., 2018; Barends et al., 

2019). In the latter, all intervention studies (n = 21) on repeated exposure to a 

single vegetable and five studies on repeated exposure to a variety (which always 

involved at least three repeated exposures to the same vegetable) led to increased 

vegetable intake during and/or directly after the exposure period (Barends et al., 

2019). However, limitations to their analyses were acknowledged, including a lack 

of longitudinal RCTs, variable methodologies used in the experimental papers, 

small effect sizes, poor ecological validity and low compliance and/or reporting. 

Some studies aiming to evaluate the effects of repeated exposure or variety of 

vegetables on child vegetable acceptance, arguably, have also investigated a 

vegetables first approach to CF (Coulthard et al., 2014; Gerrish & Mennella, 2001; 
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Kalhoff et al., 2021; Maier-Nöth et al., 2016; Maier et al., 2008). Maier and 

colleagues (2008) conducted a 10-day RCT in Germany and France to measure the 

effects of milk feeding mode and experience with vegetable variety early in the CF 

period on new food acceptance. Infants (n = 147) received their very first 

vegetable (carrot purée) on day 1, and then randomised to either: carrot daily; 

three vegetables changed every three days; or three vegetables changed daily. On 

day 12 and 23, new vegetable purées (zucchini, tomato, then peas) were offered 

and then two new foods (turkey, monkfish) several weeks later. They showed that 

daily changes in vegetables offered early in the CF period, especially in 

combination with breastfeeding, can facilitate acceptance of new foods for at least 

up to 2 months. Follow-up at 6 years of age indicated that the group exposed to a 

high variety of vegetables consumed and liked vegetables more in the laboratory 

than the no or low variety of vegetable exposure group (Maier-Nöth et al., 2016). 

In another study, Gerrish et al. (2001) tested the hypothesis that providing a 

variety of flavours during the first stages of CF improves acceptance of novel foods 

amongst formula-fed infants. On day 1, all infants (n = 48) received carrot in the 

laboratory, and then over the next 9 days at home received either carrots, potato, 

or a variety of vegetables (peas, potato, squash). On day 11 and 12, carrot and a 

novel food (puréed chicken) was offered, respectively. It was found that infants 

fed either carrots or a variety of vegetables, but not potatoes, towards the 

beginning of CF ate significantly more of the carrots after the exposure period. 
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Exposure to a variety of vegetables early on in the CF period also improved 

acceptance of the novel food.  

More recently, some of the first outcomes from the OTIS trial (as described in 

Table 2.3) were published in a paper aiming to investigate the feasibility of 

systematically introducing taste portions, with repeated exposure of a variety of 

fruits and vegetables (Johansson et al., 2019). Infants randomised to the Nordic 

diet were introduced to a variety of fruits and then vegetables at the start of CF, 

along with other Nordic foods. This was based on an idea that introducing sweet 

tastes that are inherently familiar to infants first would be easier than starting with 

bitter and sour tastes. At 6 months of age, fruit and vegetable intake was similar 

between groups, but at 9 months of age fruit and vegetable intake in the Nordic 

group was 44 % higher than the control, both separately and combined 

(P < 0.001); at both time points, more fruit than vegetables were consumed. 

However, accuracy may be questionable given the self-reported 5-day food 

records (not necessarily weighed), and, due to all the components of the study, it 

is difficult to determine which factors had the most impact. In their follow-up 

study, fruit and vegetable intake decreased between the age of 12 and 18 months, 

but the Nordic group still consumed 32 % more compared to controls (Johansson 

et al., 2021). 

Why studies may not immediately be included as key evidence supporting a 

vegetables first approach to CF could be due to a number of factors, including the 
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added oil, salt and sugar to compare learning mechanisms of repeated exposure, 

flavour-nutrient learning (FNL) and flavour-flavour learning (FFL). FNL is learning 

to like food based on positive post-ingestive effects of high energy density, while 

FFL is learning to like foods based on a liked flavour. Results showed repeated 

exposure was as effective as, and simpler to implement than, FFL and more 

effective than FNL for increasing vegetable acceptance (Remy et al., 2013). 

Similarly, in the review by Barends et al. (2019) it was concluded from eight FFL 

and five FNL studies that repeated exposure and introducing vegetables at the 

beginning of CF are comparatively more promising strategies (Barends et al., 

2019).  

Educational approach to promote child vegetable acceptance  

Caregivers can play a vital role in helping infants learn to like and eat more 

vegetables. Yet, evidence suggests that the current support provided to parents 

and caregivers around infant feeding may be inadequate, with mothers reporting 

that they receive mixed nutrition messages (Brown, 2020; Murray, 2019). A recent 

cross-sectional survey of 458 New Zealand women found potentially unreliable 

sources (e.g., family, friends, internet) to be key sources of dietary information 

while breastfeeding (Brown, 2020). In New Zealand, free handouts (Ministry of 

Health, 2012, 2013), online information (Ministry of Health, 2018b; Plunket, n.d.) 

and community talks from established charities (e.g., Plunket) around starting 
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solids are available. However, advice on how to help children like and eat more 

vegetables is generally lacking.  

Providing education around positive infant feeding practices is helpful to parents 

(Gibson & Cooke, 2017; Peters et al., 2012) and intervention trials show that an 

educational approach could improve infant feeding practice (Nicklaus, 2016). 

However, increasing knowledge alone does not always result in behaviour change 

(Butler et al., 2020), and additional measures like ongoing in-home reinforcement 

may be needed (Horodynski et al., 2004). A small New Zealand case study of four 

first-time mothers participating in an infant feeding programme reported that 

education around infant feeding cues was the most valuable component (Murray, 

2019). Being home-based, offering practical activities and fostering a good 

relationship with the interventionist were also appreciated. As mentioned, 

participants involved in the study by Hetherington et al. (2015) found the infant 

feeding support extremely useful, and similarly, Horodynski and colleagues (2008) 

found that mothers in their infant feeding programme particularly enjoyed the 

educational hands-on activities, doing the workbook and watching the DVD.  

Alongside the view that education on infant feeding is helpful, there is evidence of 

parents desiring more contact support; for example, Murray et al. (2019) found 

mothers want ongoing access to someone to ask questions while introducing 

solids. In the qualitative research commissioned by the Health Promoting Agency, 

mothers suggested that in order to make responsive feeding a viable option they 
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would need to be provided a clear and prompt explanation on benefits of the 

practice, proof that it works and a range of practical resources on how to interpret 

hunger/satiety cues (Research New Zealand Limited, 2014). Also, it has been 

recommended that additional support be given to those experiencing a number of 

socioeconomic stressors, such those addressing limited resources and low food 

budgets (Tucker et al., 2006). 

All intervention studies investigating vegetables as first foods include an 

educational component where participants receive information on various infant 

feeding topics, including responsive feeding, recognising developmental signs of 

readiness to start CF and infant cues for food liking (Barends et al., 2013; Barends 

et al., 2014; Fildes et al., 2015; Hetherington et al., 2015). However, the 

comprehensiveness of advice needs standardisation, especially in order to assess 

if education is fundamental to the success and reliability of an intervention. 

Moreover, if mothers enjoy the education and feel engaged due to learning about 

topics that they find practical and useful, then confounders (e.g., different feeding 

practices) and study compliance could be improved. 
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Conclusion 

It is clear that a vegetables first approach to CF is a promising strategy for 

improving vegetable acceptance, especially if it entails repeated exposures to a 

variety of vegetables. Yet, the need for more longitudinal RCTs that address the 

limitations of previous work is equally apparent, particularly with respect to 

ecological validity. Such studies may shed light on the long-term benefits of 

prioritising vegetables as first foods and whether the approach is feasible for 

families. This should help policy makers decide on whether a vegetables first 

approach should be adopted by infant feeding dietary guidelines and make it 

easier to translate findings into simple and practical tips to help children like and 

eat more vegetables (Appleton, Tuorila, et al., 2018; Chambers et al., 2016).  
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Duration of a meal and pace of eating are considered other objective but indirect 

measures of food liking and wanting. Duration is measured by recording the start 

and end time of the meal, whereas pace of eating is calculated by amount eaten 

divided by duration (Hetherington et al., 2015). As the duration or pace of a meal 

can be affected by hunger, eating traits and maternal traits/feeding practices 

(Moding et al., 2014), studies have collected information on such traits using a 

range of available tools. These include the state-trait anxiety questionnaire, 

variety-seeking questionnaire, food neophobia questionnaires, infant 

characteristic questionnaires and the Baby Eating Behaviour Questionnaire (BEBQ) 

(Barends et al., 2013; Barends et al., 2014; Gerrish & Mennella, 2001; 

Hetherington et al., 2015; Maier et al., 2007; Maier et al., 2008). Studies examining 

infant food acceptance are inconsistent in their choice of questionnaires, but the 

BEBQ is particularly useful as it describes traits directly related to infant appetite 

and interest/enjoyment of food. 
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based on specialised foods (i.e., small-quantity lipid-based nutrient supplements) 

and so may not be generalised to vegetable acceptance. Still, rate of acceptance 

as a parameter using either of the 4-point scales is a potentially simple and short 

method to measure child food acceptance (Moding et al., 2020; Nekitsing et al., 

2016). 

Infant foods used to measure liking 

Many different types of vegetable purées have been used as target foods to 

measure vegetable liking, including carrot, green bean, spinach, broccoli, potato, 

squash, sweet potato, peas, artichoke, eggplant, parsnip and tomato. Several 

studies considered carrot as a liked vegetable (Coulthard et al., 2014; Gerrish & 

Mennella, 2001; Hetherington et al., 2015; Maier-Nöth et al., 2016; Maier et al., 

2007; Maier et al., 2008; Remy et al., 2013) and green bean as a disliked vegetable 

(Barends et al., 2013; Barends et al., 2014; Hetherington et al., 2015; Maier-Nöth 

et al., 2016; Maier et al., 2007). Other disliked or novel foods have included 

artichoke (Barends et al., 2013; Fildes et al., 2015; Maier et al., 2007; Remy et al., 

2013) and parsnip (Hetherington et al., 2015). Target fruits have included peach 

(Fildes et al., 2015), plum and apple (Barends et al., 2013; Barends et al., 2014).  

Across studies, the choice of intervention foods is evidently based on what is 

known about what vegetables and fruits are liked and familiar/unfamiliar within a 

specific population or region. For example, green bean and apple purées were 
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American Academy of Paediatrics on the other hand reasons that because breast 

milk iron content varies widely and there is evidence that exclusively breastfed 

infants are at increased risk of iron deficiency after 4 months of age, then 

supplementation is routinely needed. 

Another source of contention relates to normal physiological shifts in iron 

compartments during early infancy. At birth, Hb synthesis is halted and then over 

the next 6 weeks, Hb concentrations fall from an average of 170 g/L to about 

120 g/L (Domellöf et al., 2014). Mobilisation of iron stores and Hb concentrations 

in the blood are high, thus exogenous iron requirements may be practically zero. 

It is not known when iron stores are fully utilised, except that it is somewhere 

between 4 and 6 months of age (Friel et al., 2018; IOM, 2001). Furthermore, 

contrary to what is implied by recommendations, iron needs do not merely jump 

to 11 mg/day at 7 months of age as the increase is likely more gradual (Baker et 

al., 2010). Thus, it is has been duly noted that nutrient reference values should be 

applied with caution (IOM, 2001). 

It is agreed that breastfed infants require very little exogenous iron during the first 

6 months of life, but that iron needs significantly increase after 6 months (Baker 

et al., 2010; Domellöf et al., 2014; Friel et al., 2018). At 7 months of age, a factorial 

approach to calculating iron requirements that involves more certainties can be 

applied to improve consistency across guidelines (IOM, 2001). Also, it is accepted 

that these requirements in proportion to body size in the infant are markedly 
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higher than other life stages due to the developmental state already discussed 

(i.e., rapid growth, relatively immature immune system) (Alles et al., 2014; Dewey, 

2013). 

Dietary sources of iron 

Although iron contained in human breast milk is highly bioavailable (about 50 % 

absorbed), it contains a low quantity of iron, and so is a poor iron source (Ministry 

of Health, 2008; Saarinen et al., 1977). For this reason and as mentioned, infants 

accumulate iron stores in utero, which they primarily rely on during the first few 

months of life. By 6 months of age, iron stores are assumed to be depleted, and 

requirements are high, so human milk cannot meet iron requirements alone and 

complementary foods must be introduced.  

A recent systematic review of CF and micronutrient status found strong evidence 

suggesting that iron-rich complementary foods (e.g., meat, fortified cereal) may 

help maintain adequate iron status or prevent deficiency in the first year of life, 

especially amongst at risk infants (Obbagy et al., 2019). Most guidelines reflect this 

by recommending iron-rich foods as first complementary foods (i.e., meat, poultry, 

fish and iron-fortified infant cereal) (Dewey & Harrison, 2020; Ministry of Health, 

2008; Netting & Makrides, 2017; SACN, 2018; WHO, 2003a). However, more 

studies are needed to determine if this is necessary for infants starting solids 

younger than 6 months (Obbagy et al., 2019).  
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conduct high-quality studies and navigate ethical concerns are often beyond the 

capability of small research teams or single organisations. Greater collaborative 

effort between expert groups should improve the feasibility of such research, 

avoid unnecessary repetition of work and help to establish more consistency 

across guidelines.  
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Infant foods 

Freeze-dried infant foods are specifically developed for the study by the 

researchers. According to study specifications, these are manufactured by 

FreshAs° who specialise in the production of high-quality freeze-dried vegetables 

and fruits and are based in Auckland, New Zealand. Vegetables and fruits are 

selected based on availability, infant nutrition guidelines, total sugar content per 

100 grams and colour. A dietitian and speech language therapist who specialise in 

child feeding and development will conduct recipe testing in the laboratory. This 

confirms that to reconstitute the powders into age-appropriate infant purées, 

each sachet requires the addition of 50 ml of water (except potato and green bean 

which require 80 ml). The food is then heated in the microwave for three 20 

second intervals, stirred in between, and then cooled for 10 minutes until it is at a 

safe temperature for infants to consume. Final instructions are provided on recipe 

cards to participants. 

The foods provided to the intervention group will be less sweet than controls 

(< 4 grams total sugar per 100 grams) and made from vegetables-only (Table 3.1). 

The control group receives foods that will be sweeter than intervention (> 4 grams 

total sugar per 100 grams) and fruit based, resembling commercial infant foods 

that are currently available on the market; sugar content will be calculated using 

FoodWorks® (version 10, Xyris Software), entering the variety of vegetable that is 
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group of New Zealand mothers and with further expert consultation it was agreed 

that a pictorial 5-point liking scale (1 = dislikes very much to 5 = likes very much), 

and a list 10 positive and 10 negative behaviours per spoon, which mothers can 

tick as they occur would reduce participant burden. The greater percentage of 

positive behaviours recorded may indicate greater liking, while an average score 

of at least 4 on the liking scale should indicate that the food is liked. It is required 

that a researcher provides mothers with additional guidance on feeding 

environment, feeding style to adopt, when to terminate the meal (three 

consecutive refusals) and the list of cues related to liking/disliking. These are 

adapted to align with New Zealand infant feeding guidelines (Ministry of Health, 

2008), for example, the instruction to minimise verbal communication during 

feeding is removed as this conflicts with recommendations to interact with and 

talk to the child at meal times (see Appendix H).  

Video coding tool 

During the intervention, mothers will be asked to video record their infant trying 

each study food at home for the first time in week one, then again in week four 

without the researcher present. This provides a total of eight videos. When infants 

turn 9 months old, mothers will video record their infant at home trying Meal A, B 

and C. Each participant will be given access to their own secure online shared 

OneDrive file to upload their videos. To assess rate of acceptance, the videos will 





Chapter 3. Study protocol (Paper I) 

206 

 

Figure 3. 4. Video coding for rate of acceptance 

 

Early acceptance (score 3) 

Opens mouth when spoon is at 
least 1 spoons length away or 
grabs spoon to self-feed 

 

Late acceptance (score 2) 

Opens mouth when spoon is 
less than a spoons length away 

 

Enforced (score 1) 

Opens mouth when spoon 
touches lips 

 

Refused (score 0) 

Did not open mouth, kept 
mouth shut, turned head 
away/pushed spoon away 

Note. Images provided with written permission from the participating subjects. 
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protected by Citrus Consulting Group Limited, a high security data management 

and storage company in New Zealand. Only the researcher and the participant 

have access to the designated video folder labelled by Subject number. All data 

will be stored safely under confidential conditions and archived for at least five 

years, and only the researchers will have access and permissions to the final 

intervention dataset. 

Statistical analysis 

Statistical analysis will be performed using IBM SPSS version 25.0 (IBM Corp. 

Released 2017. IBM SPSS Statistics for Windows Version 25.0. Armonk, NY. IBM 

Corp.). Data will be cleaned and checked for coding errors and completeness. To 

assess if data is normally distributed, the Kolmogorov-Smirnov, Shapiro-Wilk tests 

and normality plots will be used. Data that is not normally distributed will be 

transformed using log transformations to improve normality. Mean (standard 

deviation) and median (25, 27 percentiles) will be used to report normal and non-

normal data, respectively. Transformed data will be reported at geometric mean 

(95 % CI) following back transformation, and categorical data as frequencies.  

For the primary analysis at 9 months, independent t-test or Mann-Whitney test 

will be used to assess differences in vegetable intake and other food acceptance 

variables, depending on data distribution. Additional analyses will be performed 

to investigate if the intake of intervention foods and mothers-rated liking and rate 
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cruciferous vegetables (Cockroft et al., 2005; Fu et al., 2018; Mennella et al., 2005; 

Miles & Siega-Riz, 2017; Siega-Riz et al., 2010). This may reflect commercially 

available combinations of infant foods (Foterek et al., 2015; Garcia et al., 2016; 

Mesch et al., 2014; Moding et al., 2018; Padarath et al., 2020), or a strategy to 

encourage intake of vegetables paired with a sweeter flavour from fruits via 

flavour-flavour learning (Barends et al., 2019; Remy et al., 2013). Infants are born 

with an unlearned acceptance of sweet taste, alongside an aversive response to 

the bitterness that is common to most vegetables (Forestell, 2017; Mennella & 

Bobowski, 2015; Wardle & Cooke, 2008). Parents are likely to provide foods that 

are preferred by their child (Savage et al., 2007; Søndergaard & Edelenbos, 2007), 

which may limit food exposure opportunities that are necessary for the acquisition 

of new food preferences including for vegetables. 

Recent systematic reviews (Barends et al., 2019; Scientific Advisory Committee on 

Nutrition, 2018) and a consensus paper (Chambers et al., 2016) suggest that 

starting CF with vegetables is advantageous for later acceptance of vegetables . 

However, further longitudinal RCTs are needed (Chambers et al., 2016; Lind et al., 

2019; Maier et al., 2008; van der Veek et al., 2019) as the few studies examining 

this approach, although compelling, are limited by factors including short follow-

up periods, small samples and the use of control groups that do not necessarily 

reflect common practices (Barends et al., 2013; Barends et al., 2014; Fildes et al., 

2015; Hetherington et al., 2015). 
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was < 110 g/L, mothers were advised to consult their doctor about their infant but 

could continue with the study as the provision of plain meat was permissible. 

Statistical analysis 

On the assumption of a 20 % dropout rate and findings reported by Barends and 

colleagues (Barends et al., 2014), we calculated a sample size of 52 participants as 

necessary to detect a clinically significant difference in food intake (grams) with a 

two-sided 5 % significant level and a power of 80 %. Participant characteristics 

were described, and significance testing was not performed to align with 

CONSORT guidelines (de Boer et al., 2015). 

Mean daily intakes of the vegetable-only and control foods on week one were 

calculated as total amount eaten over the first four days divided by four (number 

of recording days). The same method was applied for week four, and to other 

variables (i.e., intake of each type of food, overall liking score, liking of each type 

of food). Mean percentage of positive behaviours was calculated as total positive 

behaviours over the first nine spoons divided by a maximum score of 90 (as there 

were 10 positive behaviours per spoon) and then converted to a percentage; mean 

percentage of negative behaviours was calculated in the same way. Rate of eating 

(pace) was calculated by dividing daily study food intake by time taken to finish the 

meal. Log transformations improved normality of daily intake of the study foods 
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performed using IBM SPSS version 25.0 (IBM Corp. Released 2017, Armonk, NY). 

All statistical tests were two-tailed with an alpha value of P < 0.05. 

4.4. Results 

Participants 

Figure 4.2 provides a flow diagram of participant enrolment. A total of 117 

completed the 4-week feeding intervention and provided complete data sets for 

primary outcomes and so were included in our analyses; these had been 

randomised to either the veg-only (n = 61) or the control group (n = 56). Table 4.2 

shows baseline demographic characteristics. We had 515 parents indicate interest 

in the study and 282 completed the screening questionnaire. The primary analysis 

was per protocol and involved all participants who completed the food diaries. 

Compliance was high and similar between groups with most mothers reporting 

that they fed their infant the food every day; median (25th, 75th percentile) number 

of days for week one and four was 7 days/week (7,7), and other weeks 7 

days/week (6,7). However, some compliance data was missing and there were a 

few instances where infants had consumed food that was outside the study 

protocol. The first participant recruited was in 2019 and last in 2020, and all 4-

week follow-ups were completed by the end of 2020. Normal haemoglobin levels 

were maintained throughout the 4-week intervention for all infants except three, 

one of whom had levels that were already below normal (107 g/L) at the start, 
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Figure 4. 2. Flow diagram of the randomised controlled trial investigating the 
effects of starting complementary feeding with vegetable-only first foods on 
vegetable acceptance, compared to combined fruit and vegetables 

 

 

 

 

 

Ineligible (n = 68) 

Analysed (n = 61) 

None excluded from analysis 

Lost to follow-up/Discontinued (n = 6) 

   Unwell (n = 2) 

   Relocation (n = 1) 

Allocated to veg-only (n = 73) 

Withdrawn/declined protocol (n = 6) 

Received vegetables-only (n=67) 

Lost to follow-up/Discontinued (n = 15) 

   Unwell (n =1) 

   Missed appointments (n = 1) 

Allocated to control (n = 81) 

Withdrawn/declined protocol (n = 10) 

Received fruit and vegetables (n=71) 

Analysed (n = 56) 

None excluded from analysis 

Allocation 

Analysis 

Follow-Up 

Randomised (n = 154) 

Assessed for eligibility (n = 282) Enrolment 
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Daily intake of the study foods 

Median (25th, 75th percentile) daily intake of the vegetable-only foods in the veg-

only group increased significantly from 19.5 (11.4, 28.4) grams on the first week 

to 34.8 (19.4, 66.5) grams on the fourth week (P < 0.001) (Figure 4.3); median 

change in daily intake of these foods for the veg-only group was 12.0 (-1.4, 

33.3) grams. Daily intake of the fruit and vegetable study foods in the control 

group increased significantly from 19.6 (13.6, 32.1) grams, on the first week to 

31.8 (19.8, 69.2) grams on the fourth week (P < 0.001); median change in intake 

of these foods for control infants was 12.1 (-1.8, 38.9) grams, and did not differ 

from the veg-only group (P = 0.998). Daily intake of the assigned foods did not 

significantly differ between groups at each time point, and there was no main 

effect of group [F (1, 115) = 0.687, P = 0.409]; adjusting for the potential covariate 

of exclusive breastfeeding duration did not change results [F (1, 115) = 0.662, 

P = 0.418]. 
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Figure 4. 3. Daily food intake of each group on week one and four of the 
intervention 

 

Note. CI = confidence interval. a = significant increase in both groups, P < 0.001; no group differences. 
Foods consumed were the veg-only or control purées provided by the study.  
 
 
 
 
 
 
 
 
 
 

a 
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Intake of each type of food 

Median intake of each type of food provided on the study significantly increased 

after four weeks (P < 0.01), except for pumpkin which was unchanged (P = 0.362) 

(Figure 4.4; see Supplementary Table O1). After four weeks, the food with the 

highest intake belonged to the veg-only group and was potato: median (25th, 75th 

percentile) 53.0 (23.5, 75.5) grams; the lowest intake belonged to the control and 

was pumpkin: 16.8 (10.3, 30.1) grams.  

Figure 4. 4. Intake of each type of food on week one and four of the intervention 

 

Note. Bars marked with an Asterix indicate a significant increase from week one.  
*P < 0.05, **P < 0.01, ***P < 0.001. 
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group in two instances: controls consumed apple/beetroot at a faster rate than 

veg-only infants consumed beetroot/potato; controls consumed pumpkin at a 

slower rate the veg-only infants consumed green bean (all P < 0.05). On week four, 

rates significantly differed between potato and pear, then green bean and 

pumpkin (all P < 0.05); with the veg-only group consuming potato and green bean 

faster than the controls consumed pear and pumpkin. However, differences only 

just reached significance in all cases, except for green bean and pumpkin on week 

four (see Supplementary Table O3). Infant food consumption rate of each food 

significantly increased over time in both groups, except for the control pear where 

rate of eating did not change (P = 0.055). 

Correlations between liking and intake 

Overall liking positively correlated with daily food intake at each time point for 

both groups (Table 4.3). Similar relationships were observed between other 

measures of liking and intake. On week one, occurrence of positive behaviour was 

positively correlated to daily food intake for the veg-only (rs = .59, P < 0.001) and 

controls (rs = 61, P < 0.001); there was an inverse correlation between negative 

behaviour and intake for the controls (rs = -.30, P < 0.05) but not the veg-only 

group (rs = -.12, P = 0.34). On week four, positive behaviour was positively 

correlated to daily food intake for both groups (veg-only, rs = .36, P < 0.01; control 

rs = .47, P < 0.001); negative behaviours inversely correlated with intake (veg-only, 
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An interesting observation was the particularly high intake and liking of potato 

among infants assigned to the vegetables-only group, as was the low intake and 

liking of pumpkin among the control. Infants in the veg-only group received many 

more exposures to potato. This was both in pure form (at least four times) and 

combined with spinach and beetroot (at least eight times). It is possible that 

infants liked potato for other reasons, including relatively bland flavour, higher 

energy density, carbohydrate content or smoother texture. It has been 

hypothesised that infants seek out energy-dense foods as part of an adaptive 

mechanism to ensure adequate nutrition (Wardle & Cooke, 2008), and that 

children prefer fruit and vegetables that contain the most energy per gram such 

as banana and potato, rather than melon and marrow/courgetti which have higher 

water contents (Gibson & Wardle, 2003). Similarly, pumpkin may have been 

accepted least because it had the lowest energy density, or because it was the only 

food offered which had a coarse texture. Indeed, due to the season and variety of 

pumpkin used, a very smooth consistency was not achieved during the 

manufacturing process. 

It is important to acknowledge that some infants consumed only a few tastes at 

the beginning and end of the intervention, while others finished the whole meal. 

Such wide variation is common (Barends et al., 2013; Forestell & Mennella, 2017; 

Hetherington et al., 2015) and could reflect the age of starting CF or that infants 

develop at different rates (Ministry of Health, 2008). Nevertheless, our findings 
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illustrate that vegetables tend to be well accepted at the beginning of CF, which 

should offer encouragement to caregivers and new parents who are apprehensive 

about offering vegetables as first foods (Søndergaard & Edelenbos, 2007). 

A major strength of this study is that it is the first to investigate acceptance of 

vegetable only first foods compared to a combination of fruit and vegetables at 

the beginning of CF. The sample size was adequately powered and baseline 

characteristics similar between groups, thus observed outcomes were likely an 

effect of the intervention, rather than confounding factors. By conducting the 

entire intervention in the home environment in alignment with recommended 

infant feeding practices (i.e., responsive feeding) and in a way that parents found 

easy to achieve, our findings can be easily translated into practical guidelines (e.g., 

SACN, 2018). 

Limitations of the present study relate to aspects of social desirability and 

convenience sampling which can weaken generalisability of findings. The study 

may have attracted highly motivated mothers interested in health and a 

vegetables first approach, which may have yielded good compliance and 

influenced infant intakes. However, mothers received a detailed protocol, 

completed weekly compliance questionnaires, and video-recorded meals so that 

adherence could be checked. Although completing the intervention at home was 

favorable in terms of improving ecological validity, we could not rule out all 

breaches of protocol, especially as there was some data missing from the 
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compliance questionnaires. Other random factors could have skewed findings 

including infants being upset or tired due to teething or unknown reasons, but 

these were documented, and the use of several food acceptance measures likely 

reduced bias.  

4.6. Conclusion 

Vegetable only first foods were consumed and liked to the same extent as a 

combination of fruit and vegetables, demonstrating that adding a sweeter fruit 

flavour to vegetables is unnecessary during first food exposures. These findings 

reassure caregivers that offering infants vegetables first will not result in 

substantial food refusal and food waste. Given the infant feeding education 

component of this intervention, it would seem beneficial for those wishing to 

prioritise vegetables over fruit at the start of CF to receive practical advice on 

infant-led feeding practices and the introduction of iron-rich foods. A reminder 

that not all infants will accept food in the same way is important but other research 

may be needed to investigate the best ways to help parents in knowing when to 

seek tailored advice from a health professional. While our study supports a current 

movement towards a variety of vegetables as first foods, additional follow-ups are 

necessary to identify if adopting a vegetables first approach to CF has a long-term 

benefit, including improved vegetable acceptance later in life. 
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Results: Intake of the target vegetables per day was significantly higher among 

veg-only infants than controls: median (25th, 75th percentile) for broccoli was 

47.0 (27.0, 72.0) vs 30.0 (16.0, 62.0) grams, P = 0.024, respectively; spinach was 

37.0 (19.0, 55.0) vs 24.0 (12.0, 41.0) grams, P = 0.028, respectively. Daily total 

vegetable intake as derived from the food frequency questionnaire was 

significantly higher in the veg-only group: 86.3 (52.5, 146.3) grams vs control 67.5 

(37.5, 101.3) grams, P = 0.042. Veg-only infants consumed the target vegetables 

at a faster rate (broccoli, P < 0.001; spinach, P = 0.004) and showed greater 

acceptance than controls (both vegetables P = 0.018). Fruit intake (target and 

daily) was similar across groups, as were all other acceptance variables. 

Conclusion: Providing vegetables as first foods increased vegetable intake at 9 

months of age, and may be an effective strategy for improving child vegetable 

consumption and developing preferences for vegetables in infancy. 
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This RCT investigates the effects of starting CF with vegetables-only on vegetable 

acceptance, compared to a combination of fruit and vegetables. We hypothesised 

that introducing vegetable-only first foods at the start of CF would result in greater 

vegetable acceptance at 9 months of age compared to introducing combined fruit 

and vegetables. 

5.3. Methods  

Experimental design 

This study was a randomised controlled trial comprising a 4-week intervention at 

the start of CF with the primary endpoint assessed at 9 months of age. A detailed 

protocol has been published (Rapson et al., 2021) and described in chapter 3 of 

this thesis. 

Outcomes 

The primary outcome measure was intake (grams) of vegetables at 9 months of 

age. A secondary measure was liking of vegetables, as measured by a 5-point 

mother-rated Likert scale, frequency of positive/negative behaviours as reported 

by mothers, rate of eating (grams/min), rate of acceptance (video coding), and 
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daily vegetable intake reported via a food frequency questionnaire. Additional 

analyses of intake and liking of fruit were conducted for comparative purposes.  

Participants 

Mother-infant dyads (N = 117) participated in the 4-week intervention (between 

May 2019 and May 2020, depending on their start date) in Auckland, New Zealand, 

and were randomly assigned to start CF with vegetables-only (veg-only = 61) or a 

combination of fruit and vegetable purées (control = 56). Of these, 108 completed 

provided target food intake data (grams) for the primary analysis at 9 months of 

age, thus is the total sample. Loss to follow-up was due to family time constraints 

(n = 5) and one infant was excluded from all analysis as they had started taking 

PediaSure® due to feeding issues. The first participant to complete this study was 

in September 2019 and last in July 2020. Informed, written consent to participate 

was obtained during recruitment. Ethical approval was granted by the Massey 

University Human Ethics Committee: Southern A, Application SOA 18/56.  
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Figure 5. 1. Order of foods given over three consecutive days at 9 months of age 

 

 
 
 
Note. None of the foods listed the ingredients, but mothers were reassured that the foods aligned with 
New Zealand infant feeding guidelines. The labels Meal A, Meal B and Meal C acted as identifiers for 
researchers and helped mothers feed the foods in the correct order of feeding. Spinach contained 20 % 
potato to improve feasibility of manufacture. Dry weight of each food 8 grams; wet weight 80 grams. 
 
 

Mothers were asked to choose the same time each day to provide the meal, 

making sure that no other solid food had been consumed within one-hour prior. 

Infants could consume their usual foods and drinks during the rest of the day. 

Feeding guidelines were similar to those given during the 4-week intervention. A 

researcher contacted mothers before the experiment to ensure they understood 

the guidelines, and mothers were reminded to stop feeding after three 

consecutive spoon refusals. Mothers weighed the pre- and post-weight of the 

bowl containing food using digital scales (±1 gram) and estimated the amount spilt 

in teaspoons/tablespoons, recording these in a weighed food diary. Only intake of 

the target foods was weighed, but other vegetables and fruit consumed that day 

were noted, as well as anything else that may have affected feeding (e.g., infant 

feeling unwell, teething). 

Day 1
Broccoli
(Meal A)

Day 2
Spinach/potato

(Meal B)

Day 3
Pear

(Meal C)
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During the feed, mothers rated how much they thought their infant liked the food 

using the same liking tool as during the 4-week intervention, which comprised a 

pictorial 5-point liking scale (1 = dislikes very much to 5 = likes very much), and a 

list of 10 positive and 10 negative behaviours per spoon that mothers ticked as 

they occurred. Greater liking was indicated by a greater score on the liking scale, 

higher percentage of positive behaviours and/or lower percentage of negative 

behaviours.  

Target foods 

Vegetables and fruits used in the study for the veg-only and control foods were 

selected based on availability, infant nutrition guidelines and sugar content. The 

target vegetables (broccoli and spinach) at 9 months were chosen as these are 

typically disliked and eaten less frequently than sweet vegetables such as carrots, 

whereas fruit (pear) is typically consumed and liked by children. In addition, the 

spinach was the same food provided to the veg-only and the pear was the same 

as was given to the control group at during the 4-week intervention. These foods 

were considered familiar within the respective groups but neither group had 

tasted broccoli within the first four weeks of CF. Only three foods were tested at 9 

months to reduce participant burden. Throughout this study, parents were 
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unaware as to which group that they had been originally assigned (since foods 

were named for their colour not their content). 

All foods provided by the study were freeze-dried powders which rehydrated with 

the addition of water to an age-appropriate texture, i.e., mashed or puréed. Recipe 

instructions asked mothers to add 50 ml water, heat the food in the microwave 

for three 20 second intervals, stir in between, and then cool for 10 minutes until it 

was at a safe temperature for infants to consume. Freeze-drying the foods was 

preferred as these were easy to store and manufacture within the study time 

frame. 

Video-recorded meals 

Mothers video recorded each meal using a personal video camera or mobile 

phone following detailed instructions on where to position the camera 

(Figure 5.2) and how to upload videos to a secure database. These instructions 

were the same as given during the 4-week intervention and thus familiar to 

mothers.  
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Figure 5. 2. Example images used to instruct mothers on how to video record the 
meals 

 

Note. Permission to use infant image provided by mother. 
 

The videos captured the moment when infants opened their mouth as food 

approached, which has been established to reflect the degree or rate of food 

acceptance (Hetherington et al., 2016). To assess rate of acceptance, an 

independent research assistant who was blinded to the originally assigned groups 

was trained to score the videos according to a set of coding rules: early 

acceptance = 3; late acceptance = 2; enforced = 1; and refused = 0. The first nine 

spoons were coded, and an average score was calculated by dividing the sum of 

scores by nine spoons. A complete nine spoons could not be coded for some 

videos due to the feeding session ending following infant cues (19 videos) or 

because the video was cut short for technical or unknown reasons (10 videos). In 

these instances, the average scores were calculated by the number of available 

spoons offered and coded. When the visibility was obscured or obstructed (e.g., 
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Figure 5. 3. Intake of the target foods at 9 months of age 

   

Note. CI = confidence interval. Target foods: broccoli (Meal A), spinach (Meal B), pear (Meal C). Mann-
Whitney test used to assess group differences in broccoli and spinach intake. Independent t-test used to 
assess differences in pear intake. Median reported to improve comparability.  
*P < 0.05. 
 
 
 
 
 

 

 

*
 

*
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Figure 5. 5. Rate of eating for each target food 

  
 
Note. CI = confidence interval. Target foods: broccoli (Meal A), spinach (Meal B) and pear (Meal C). Cell 
sizes: broccoli (veg-only, n = 48; control, n = 48); spinach (veg-only, n = 50; control, n = 46); pear (veg-only, 
n = 51; control, n = 46). Independent t-test performed following log transformation. Data presented as 
original median with 95th confidence interval. *P < 0.05, ***P < 0.001. 
 
 
 
 
 
 
 
 
 
 
 

 

 

***  

 

 

*  
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Daily vegetable intake 

Daily intake of vegetables as derived from the FFQ was significantly higher among 

infants in the veg-only group compared to controls: 86.3 (52.5, 146.3) vs 67.5 

(37.5, 101.3) grams, P = 0.043, respectively (Figure 5.7). Daily intake of fruit did 

not differ between groups: veg-only, 75.1 (35.0, 159.4); control, 86.3 (33.7, 

128.8) grams, P = 0.770. There was no difference in the number of occasions that 

vegetables had been tried over the previous 3 months between groups: veg-only 

98 ± 37 occasions; control 96 ± 38 occasions (mean ± SD), P = 0.710. Fruit had also 

been tried to the same frequency between groups: veg-only 64 ± 35 occasions; 

control 68 ± 33 occasions, P = 0.923. 

Figure 5. 7. Daily intake of vegetables and fruit at 9 months of age 

 
Note. CI = confidence interval. Daily vegetable and fruit intake reported by mothers using a food frequency 
questionnaire. Independent t-test performed on log transformed vegetable intake data (veg-only, n = 53; 
control, n = 49). Mann-Whitney test used for fruit intake data (veg-only = 53; control = 51). Median 
presented for comparability. *P < 0.05. 

 

 

*  
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Daily liking of vegetables 

Figure 5.8 shows daily liking of the vegetables and fruits infants had tried since 

completing the 4-week intervention, as reported by mothers using the food 

preference questionnaire. There was no significant difference in liking of the 

overall category of vegetables (P = 0.734) or fruit (P = 0.178) between groups. The 

number of times that fruit was tried was also similar between groups: median 

(25th, 75th percentile) veg-only, 64.0 (39.0, 90.0); control, 58.0 (46.0, 84.0), 

P = 0.937. The number of different types of vegetables that infants had tried over 

the previous 3 months did not differ between the veg-only (16 ± 4 types) and 

controls (15 ± 4 types); number of different fruits tried also did not differ by group 

(veg-only, 13 ± 5; control, 14 ± 5 types). Two infants in the veg-only group and one 

infant in the control had not tried any green vegetables (broccoli, cabbage, green 

bean, kale, lettuce, green leafy salad, spinach, sprouted beans) since the 4-week 

intervention. Six infants (three per group) had not tried broccoli, nineteen had not 

tried spinach (eight of these were controls) and none had tried artichoke.  
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Figure 5. 8. Daily liking of vegetables and fruit at 9 months of age 

 
Note. CI = confidence interval. Liking of vegetables and fruit tried over the previous three months, as rated 
by mothers using a vegetables and fruit preferences questionnaire. Independent t-test performed. No 
significant group differences found. 
 
 
 
 

Intervention-related adverse events 

There were no reported harms or serious adverse events observed in either group. 
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also important for subsequent acceptance. Translating this evidence into practice 

is promising as the intervention was achieved within the home, but access to 

vegetables and resources (e.g., videos, leaflets, education sessions) as used in the 

study might be required to replicate results in a wider population. On-going follow-

up is necessary to examine sustainability of intervention effects. 
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6.3. Methods  

Experimental design 

This was a follow-up of infants (12 months of age) who participated in a two-arm 

RCT, which included a 4-week intervention at the start of CF and a primary 

endpoint at 9 months of age. 

Outcomes 

The follow-up measure of key interest was daily vegetable intake (grams) at 12 

months of age as reported by mothers using a validated food frequency 

questionnaire. Other measures included mother-rated liking (1 = dislike very 

much, 5 = likes very much) of vegetables and fruit, and daily intake (grams) of fruit. 

Participants 

Mother-infant dyads (n = 108) living in Auckland had completed the 4-week 

intervention and primary endpoint at 9 months of age between May 2019 and May 

2020, depending on recruitment date. All but one participated in this follow-up 

study, thus the total sample was 107. Reason for loss to follow-up was unknown 

as the participant could not be reached. The first participant to complete this 
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Table 6. 1. Characteristics of infants at the 12-month follow-up 

 Veg-only Control Total 

Infants (n) 56 51 107 

Age (months) 12.0 (12.0, 12.0) 12.0 (12.0, 12.0) 12.0 (12.0, 12.0) 

Weight (kg) a 10.0 ± 1.2 10.2 ± 1.1 10.1 ± 1.2 

Length (cm) a 77.0 ± 3.8 75.9 ± 3.1 76.5 ± 3.5 

Head circumference (cm) a 46.6 ± 1.5 47.0 ± 1.7 46.8 ± 1.6 

Duration of BF (months) b 12.0 (7.5, 12.0) 12.0 (11.0, 12.0) 12.0 (9.0, 12.0) 

Milk feeding type at 12 m    

Breast milk only 16 (30 %) 20 (43 %) 36 (36 %) 

Infant formula only 29 (54 %) 18 (39 %) 47 (47 %) 

Both Breast/formula milk  8 (15 %) 7 (15 %) 15 (15 %) 

No longer milk feeding 2 (4 %) 0 (0 %) 2 (2 %) 

Note. CF = complementary feeding; BF = breastfeeding; m = months. Data presented as mean ± SD, 
numbers (%) or median (25th, 75th percentile). a Sample sizes: weight (veg-only, n = 44; control, n = 45), 
length (veg-only, n = 46; control, n = 45), head circumference (veg-only, n = 44; control, n = 41); missing 
data due to Covid-19 restrictions. b 35 mothers had stopped breastfeeding before 12 months of age; 6 
stopped at 12 months of age; the remaining were still breastfeeding at the time of follow-up. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Chapter 6. Findings (Paper IV) 

320 

 

Daily vegetable intake 

Median (25th, 75th percentile) daily intake of vegetables was significantly higher 

among the veg-only group (84.4 (67.5, 160.6) grams) than controls (67.5 (33.8, 

120.0) grams), P = 0.021. Daily intake of fruit was similar between groups: veg-

only, 133.8 (75.0, 206.9) grams; control, 138.6 (63.8, 203.4) grams, P = 0.689 

(Figure 6.1). Fruit was consumed more than vegetables in both groups (veg-only, 

P = 0.022; control, P < 0.001).  

Figure 6. 1. Daily intake of vegetables and fruit at 12 months of age  

  
Note. CI = confidence interval. Medians presented for consistency.  
*P < 0.05. 

 

 

*  
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9 month versus 12 month vegetable intake 

Daily vegetable intake at 9 months was similar to vegetable intake at 12 months in 

both groups: veg-only, P = 0.361; control, P = 0.365 (Figure 6.2). Meanwhile, daily 

fruit intake had significantly increased: veg-only, P < 0.001; control, P = 0.003 

(Figure 6.3). 

Figure 6. 2. Comparison of daily vegetable intake between 9 and 12 months of 
age by group 

 

 
Note. CI = confidence interval. Medians presented for consistency. a = no differences over time but veg-
only group intake significantly higher than controls at both 9 months (P = 0.043) and 12 months (P = 0.021).  
*P < 0.05. 
 
 

a 

a 
*  

*  
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Figure 6. 3. Comparison of daily fruit intake between 9 and 12 months of age by 
group 

 
Note. CI = confidence interval. a = significant increase over time for veg-only (P < 0.001) and controls 
(P < 0.01), with no group differences.  
 

Vegetable variety and frequency 

There was no difference in the number of different types of vegetables that infants 

had tried over the previous three months between groups: veg-only, 18 ± 4 (mean 

± SD); control 18 ± 4, P = 0.574. Number of fruits tried were also similar: veg-only, 

18 ± 5; control 18 ± 4, P = 0.832. The frequency to which vegetables had been tried 

over the previous three months did not differ by group: veg-only group 121 ± 27 

occasions vs controls 120 ± 39 occasions, P = 0.949. There were no group 

a 
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Correlations 

In both groups, daily intake of vegetables did not significantly correlate with 

mother-rated liking of vegetables at 12 months of age; nor did daily intake and 

liking of fruit correlate. Daily vegetable intake at 9 months significantly correlated 

with daily intake at 12 months (veg-only group, rs = .28, P < 0.05; control, rs = .48, 

P < 0.01); as did vegetable liking between time-points (veg-only, rs = .59, P < 0.01; 

control, rs = .60, P < 0.01). Daily fruit intake at 9 months also correlated with fruit 

intake at 12 months (veg-only, rs = .48, P < 0.01; control, rs = .47, P < 0.01); as did 

liking (vegetable, rs = .60, P < 0.01; control, rs = .63, P < 0.01). 

Intervention-related adverse events 

There were no reported harms or serious adverse events observed in either group. 
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6.5. Discussion 

This longitudinal RCT demonstrated that starting CF with vegetable-only first foods 

resulted in a 20 % higher daily vegetable intake at 12 months of age than starting 

with a combination of fruit and vegetables. These findings paralleled those at 9 

months, thus intervention effects were maintained. There were no group 

differences in daily fruit intake over time, and according to mothers, daily liking of 

vegetables and fruit did not differ.  

Two other intervention studies investigating a vegetables first approach to CF have 

reported effects at 12 months of age. Consistent with our findings, Barends et al. 

(2014) demonstrated that commencing CF with vegetables-only led to a 38 % 

higher daily vegetable intake at 12 months of age, compared to commencing with 

fruit-only. They also showed intervention effects had proven stable over time, with 

no apparent negative impact on daily fruit intake. 

In contrast, Hetherington et al. (2015) observed no effect of early introduction of 

vegetables on vegetable intake at 12 months of age. This is probably due to 

differences in study design. First, while the intervention group was introduced to 

vegetables earlier and gradually (first added to milk then cereal), all infants 

received the same vegetable purées, and no fruit, during the last 11 days of the CF 
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intervention. Second, daily vegetable intake was assessed using an adapted FFQ 

which had not been validated in young infants, and a detailed account of foods 

consumed between follow-ups was not available. Last, differences in vegetable 

consumption were largely assessed from intake of purées (green beans and apple) 

in the laboratory that may have been too smooth to be well accepted at 12 months 

of age. Indeed, Barends et al. (2014) found that intake of green bean purée in the 

laboratory at this age did not differ by group likely due to the unfamiliar feeding 

environment and use of age-inappropriate textured purées. 

No difference in mother-rated liking of vegetables and fruit observed in this study 

is likely due to the subjective nature of analysis, especially as liking was measured 

by a single 5-point Likert scale within a non-validated online food preferences 

questionnaire. However, previous reports on infant vegetable liking are mixed and 

most relate to liking of a particular vegetable immediately after a feeding session, 

rather than daily vegetable liking (Barends et al., 2013; Barends et al., 2014; Fildes 

et al., 2015; Hetherington et al., 2015). Thus, more research examining the 

relationship between liking and intake of vegetables during infancy seem 

warranted.  
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experiment at 12 months largely for feasible and practical reasons, especially as 

changes in the food format (i.e., purée to finger foods) would be necessary. In 

addition, many mothers return to work by this time and may have found it difficult 

to commit to the study (Peterson et al., 2018). Another potential limitation is that 

we were unable to control the foods offered between the 9- and 12-month time 

points, and while no group differences were found in the frequency or number of 

types of vegetables/fruit tried over the previous three months, the veg-only group 

had eaten a greater amount of vegetables than controls. Thus, greater vegetable 

exposure among the veg-only group during the previous three months may have 

been more responsible for higher vegetable intake at 12 months, rather than the 

baseline intervention. Also, possible effects of neophobia and/or pickiness were 

not examined, which although do not typically set in until around 20 months of 

age, may start earlier (Cole et al., 2017; Dovey et al., 2008; Johnson, 2016; Johnson 

et al., 2018) and so cannot be ruled out. Further data on these potential 

confounders may have strengthened the analysis, but it remains clear that infants 

who started CF with only vegetables achieved favourable vegetable consumption 

later. 
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75th percentile) SF: 40 (29, 59) µg/L. Most (93 %) infants consumed iron-rich foods 

(meat, fish, poultry) by 9 months, and half (53 %) were introduced to these foods 

within the first month of CF. Higher baseline SF (B-coefficient ± s.e. 4.1 ± 0.5, 

P < 0.001), later age at the start of CF (1.1 ± 0.5, P = 0.017), receiving formula only 

during initial stages of CF (-1.1 ± 0.5, P = 0.042), and later introduction of meat (1.2 

± 0.4, P = 0.001) were associated with higher SF at 9 months. Introducing 

vegetables as the first food was not associated with 9-month SF. 

Conclusion: The majority of infants recruited to a vegetables first approach for CF 

trial who had good iron status prior to starting solids maintained their status; this 

was in the context of mothers receiving iron-rich food advice as well. 
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to report how often their infant ate beef, lamb, pork, ham, chicken/poultry and 

fish in the last four days, and typical quantity at each feed. A free text option was 

available to capture information on other meat (e.g., rabbit, turkey). Milk feeding 

history was collected at 9 months of age, which included breast milk/formula milk 

introduction/cessation, number of feeds per day and amount of milk per feed. 

Throughout the study however an accurate assessment of milk intake, such as 

weighing infants before and after a breastfeed, was not feasible. 

Statistical analysis 

Descriptive statistics were used for participant characteristics and other variables 

of interest (indicators of iron status and its potential determinants). Group 

differences (e.g., veg-only vs control, milk feeding type, age started CF) were 

explored using independent t-test or Mann-Whitney test for continuous variables, 

depending on normality; and chi-square test used for categorical variables. Paired 

samples t-test were used to compare changes in SF and Hb between baseline and 

9 months only since fewer blood samples (n = 50) were available post-intervention 

(25 missing due to Covid-19 restrictions). SF at baseline and 9 months were not 

normally distributed, but log transformation and square root transformation 

improved normality, respectively. Outliers identified through boxplots were 
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(2017). This brings forward the question as to whether breastfed infants require 

different CF guidelines to those who are formula-fed, in which case further 

research is warranted. Tailored advice may also need to consider sex differences 

as we observed lower SF concentrations among males than females, as have 

others (Domellöf et al., 2002; Emond et al., 1996; Larsson et al., 2019; Pérez-

Acosta et al., 2021; Ziegler et al., 2014). However, according to our regression 

analysis, no association was found between sex and SF at 9 months of age. The 

unadjusted sex differences seen in SF at 9 months may, in part, be attributed to 

higher baseline SF among females (P = 0.006), or other dietary factors such as 

more females eating meat at 9 months, compared to males. 

This analysis was more interested in the presence of ID and IDA due to their 

associated deleterious health effects, but some (< 5 %) infants were found to be 

iron depleted. As the conditions that typically cause iron depletion (e.g., malaria, 

hookworm, folate/B12 deficiency, thalassemia) are rare in New Zealand and infants 

were reported as generally healthy, then maybe the Hb cut-off of < 110 g/L 

exaggerated occurrence. This Hb cut-off is well accepted but supported by 

negligible evidence in young infants (Abdullah et al., 2017; Garcia-Casal et al., 

2019), and a lower cut-off may be more suitable (Domellof et al., 2002).  
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Chapter 8. Discussion, research 

impact & conclusion 

 

 

This chapter summarises the findings of the Veges First Study and discusses the 

implications of those findings. The chapter ends with suggested future research 

directions and concluding remarks.  
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The second finding that differed from previous work is the similar acceptance of 

vegetable-only first foods and fruit-based foods during the 4-week trial. In Barends 

et al. (2013), single fruit purées were accepted to a higher degree than single 

vegetable purées at the start of CF. Non-identical results likely reflect differences 

in the study design, particularly as our fruit-based foods contained a small quantity 

of vegetables.  

Third, while increased vegetable intake at 12 months supports the findings of 

Barends et al. (2014), this finding is inconsistent with Hetherington et al. (2015) 

who found no improvement in vegetable acceptance among infants with early 

vegetable exposure. However, this is likely because by the end of the intervention, 

all infants had received 11 days of the same rotation of vegetables, which perhaps 

diluted effects. Also, at the 12-month follow-up, their study tested infant purées 

that were smooth in texture and may not have been well accepted by infants who 

had progressed to eating more finger and family foods at 1 year of age. 

Overall, the few data available and heterogeneity between studies might limit 

comparability of results and be viewed as a weakness. However, comparisons 

remain possible as the feeding strategy investigated by each study was the same 

(starting CF with vegetables), as were the outcome measures (vegetables intake 
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Exposure to vegetable-only first foods was a driving factor for study findings, but 

mechanisms of repeated exposure and responsive feeding were likely present as 

infants were offered vegetables (or fruit-based foods) on more than one occasion 

according to their hunger/satiety cues. Both of these other feeding practices have 

been shown to improve child food acceptance (Barends et al., 2019; Gerritsen & 

Wall, 2017; Scientific Advisory Committee on Nutrition, 2018), with effects of 

repeated exposure often limited within food categories (i.e., exposure to 

vegetables improves acceptance of the vegetable category, but not the fruit 

category). This could explain why starting CF with vegetable had no effect on fruit 

acceptance, and vice versa. Potential synergies between feeding strategies may 

require further investigation, but it seems that incorporating well established and 

recommended infant feeding practices into a vegetables first approach has proven 

beneficial.  

Innate preference for sweet taste is another common theory discussed in the 

context of infant vegetable acceptance. In our study, if infants had an inbuilt 

preference for sweet taste, this did not seem to dictate their ability to accept more 

savoury vegetables during the early weeks of CF. Instead, preferences for sweeter 

flavours may be responsible for fruit being well accepted in both groups. This 

underscores a greater need to encourage infants to learn to like more difficult-to-
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accept flavours and foods, such as bitter-tasting green-leafy vegetables, rather 

than those that are immediately enjoyable. 

The mechanistic relationship between food intake and liking is complex but it is 

often thought that children will eat more of a food they like (Bell et al., 2021; 

Shehan, 2014). Thus, it was interesting to find that mothers rated vegetable liking 

similarly between groups despite difference in vegetable intake. As mentioned, 

this is not uncommon to observe (Fildes et al., 2015; Hetherington et al., 2015) 

and is likely due to the subjective nature of assessment. That said, based on the 

correlations between intake and liking, as well as data on other food acceptance 

variables supporting improved vegetable intake, this present study suggests a 

possibility that the more infants ate vegetables, the more they liked them. 

What about infant iron status? 

Although a vegetables first approach to CF may improve child vegetable 

acceptance, there are concerns that an emphasis on vegetables may lead to the 

unintended neglect of other important first foods (i.e., those that are iron-rich), 

increasing the risk of iron deficiency. For this reason, a recent consensus paper 

stressed that any focus on vegetables during early CF should be in the context of 
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cereal vs no cereal). In the meantime, it remains sensible to adhere to current 

infant feeding guidelines which promote both iron-rich foods and vegetables as 

important first complementary foods (Dewey & Harrison, 2020; Ministry of Health, 

2008).  

8.2. Strengths and limitations 

RCTs are considered a gold standard for establishing causal conclusions of an 

intervention and are needed to demonstrate the actual outcome if it were 

implemented (Hariton & Locascio, 2018; Moher et al., 2012). There is a significant 

need for longitudinal RCTs for the evaluation of long-term efficiency and impact of 

a vegetables first approach to CF (Bell et al., 2021; Chambers et al., 2016). Thus, 

our longitudinal RCT study design was a major strength of this research. In 

acknowledging that RCTs still need to be well designed and properly executed to 

obtain reliable evidence, Figure 8.1 highlights key elements of our intervention 

that improved study quality, as well as inherent limitations that need 

consideration when interpreting results. 
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Figure 8. 1. Important strengths and limitations of the Veges First Study 

Strengths 

 
Longitudinal, randomised controlled trial (RCT) 

 
Adequately powered 

1st First to use control foods that contain fruit and vegetables 

 
Conducted in the home 

 
Participant blinding 

Limitations 

 
Social desirability bias 

 
Covid-19 restrictions 

 
Limited generalisability 
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This scaffolding of support for parents to successfully adhere to the study protocol 

may indicate the care and guidance that parents require to following infant 

feeding guidelines. This thesis is also the first to present results on the iron status 

of infants following a vegetables first approach to CF, thus has made a valuable 

contribution in addressing concerns regarding intervention safety. 

These study characteristics are considered improvements on the limitations of 

previous research, which were shorter in duration, featured smaller samples, used 

controls that did not necessarily reflect current practice, did not monitor or report 

infant iron status, experienced significant loss to follow-up and/or were partly 

conducted in a laboratory setting. Finally, guidelines for the Consolidated 

Standards of Report Trials (CONSORT) were followed to improve transparency and 

quality of reporting. 

Study limitations 

The limitations of this study relate to factors and circumstances that were difficult 

to control, including Covid-19 restrictions introduced after the study had 

commenced, family practices between follow-ups and the characteristics of the 

population sampled.  
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feeding infants, and improving the diet and health of New Zealand children and 

beyond. 

Figure 8. 2. Potential implications of the results of the Veges First Study 

 

Infant feeding guideline development 

e.g., guideline documents may include additional information 
on a vegetables first approach to CF. 

 

Simple tips for parents 

e.g., focus on offering vegetable-only first foods at the start of 
CF; no need to sweeten first foods with fruit to encourage 
vegetable acceptance in young infants. 

 

Resource development 

e.g., videos, mobile apps and visual flyers covering practice tips 
on starting CF. 

 

Improved vegetable intake 

e.g., children's vegetable consumption may improve among 
infants with early vegetable exposure. 

 

Obesity prevention 

e.g., if a vegetables first approach to CF improves vegetable 
acceptance later and improves child weight trajectories, then 
the approach could be one effective strategy to reduce disease 
burden and associated economic cost. 
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Environmental benefits 

At an environmental level, there are complex dimensions that were beyond the 

scope of this thesis (i.e., the impact on sustainable food systems), but one 

implication of evidence demonstrating the importance of vegetables as first foods 

could be changes in food regulations or market trends that demand the availability 

of more vegetables for children. These trends may drive industry to support local 

vegetable growers and develop commercially available infant foods featuring 

more vegetable varieties, including single dark green vegetable products that are 

currently lacking (Bakke et al., 2020).  
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8.4. Research gaps 

Despite the valuable contribution of our study and others discussed, many 

questions remain about commencing CF with vegetables-only, with those of some 

urgency summarised in Figure 8.3. A future research possibility includes 

conducting a larger intervention by which parents purchase/grow, cook and 

prepare their own vegetables at home to feed their infant rather than relying on 

the study foods that were supplied. Focus groups may be needed to identify the 

best format and information needed for resource development in order to 

develop a sustainable way to support parents from a range of socioeconomic and 

cultural backgrounds. In the meantime, our study has offered compelling results 

and supports current efforts to promote the consumption of a variety of 

vegetables from an early age. 
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Figure 8. 3. Suggested research gaps within the topic of a vegetables first 
approach to complementary feeding 

 

 

 

 

 

 

 

 

 

 

 

 

 

FRUIT AND INFANT CEREAL 
If, when and how to introduce 
other recommended first foods, 
including fruit and iron-fortified 
infant cereal. 

IRON 
Optimal conditions 
(advice and dietary 
practices) to reduce ID 
risk among infants 
following a vegetables 
first approach to CF. 

TYPES OF VEGETABLES 
Recommended types of 
vegetables provided as first 
foods, including the order, 
frequency, schedule and amount. 

FEEDING ENVIRONMENT 
Interaction between other 
recommended practices 
(e.g., responsive feeding) 
and a vegetables first 
approach to CF. 

EDUCATION 
Effective education and support 
strategies for those wishing to 
adopt a vegetables first 
approach. 
 

FEASIBILITY 
Feasibility of home-based 
interventions to advance the 
knowledge related to CF. 

Longer-term intervention effects 
(12-36 months into adulthood).  
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Appendices  

  

 

 

The following section provides supplementary information to this thesis, including 

ethics approval, study materials and additional tables to support research findings. 
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Appendix B: CONSORT diagram outline 
 

 

  

 

 

CONSORT 2010 Flow Diagram 

Assessed for eligibility (n=  ) 

Excluded  (n=   ) 
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Appendix C: Recruitment material 
 

 
Note. Poster/flyer. This material was distributed via e-mail, social media (i.e., Facebook groups) and 
community notice boards with permission from respective persons of each channel. 
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Note. Massey University press release to promote recruitment. 
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Infant feeding participant study pack 

 

Note. Items include: weighed food diaries, stool collection kit (for wider study), infant feeding resources, 
petrol voucher, mobile phone tripod cup, kitchen scales, personalised fabric bag and all infant foods.  
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Infant feeding videos (available on request) 

 
Duration: 1 min 13 sec 

 
Duration: 1 min 29 sec 

 
Duration: 1min 39 sec 
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Meat purée preparation videos (available on request) 

 
Duration: 1 min 15 sec 
 

 
Duration: 42 sec 

 
Duration: 47 sec 
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Example of specified consistency of study foods - video 
 

 

Duration: 27 sec 
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Appendix E: Consent form 

 
 
 

 

 
Note. Created by PhD candidate using Qualtrics Survey Software.  
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Appendix F: Information sheet 

 

 
School of Sport, Exercise and Nutrition 

Massey University, Albany  
Gate 4, Building 80, Turitea Place 

Albany, 0632  
Auckland 

 
Vegetables as first foods for babies study 

 

INFORMATION SHEET 

You are invited to take part in the Vegetables as first foods for babies study which is looking at the impact 
of a vegetables first approach to complementary feeding on infant food preferences.  
 
The researchers are as follows: 

 

 

 

 

 
 

 

Lead researcher 
 

Supervisor Supervisor 

Jeanette Rapson 
PhD candidate, registered dietitian 
School of Sport, Exercise and Nutrition 
 

0210773419 

vegesfirst@massey.ac.nz 

Dr Cath Conlon 
Senior Lecturer  
School of Sport, Exercise and Nutrition 
 

09 414 0800 ext. 43658 

C.Conlon@massey.ac.nz 

Dr Pam von Hurst 
Associate Professor 
School of Sport, Exercise and Nutrition 
 

09 414 0800 ext. 43657 

P.R.vonHurst@massey.ac.nz 
 

 
Whether or not you take part is your choice. If you do not want to take part, you do not have to give a 
reason. If you do want to take part now, but change your mind later, you can pull out of the study at any 
time.  
 
This Participant Information Sheet will help you decide if you would like to take part. It sets out why we are 
doing the study, what your participation would involve, what the benefits and risks to you might be, and 
what would happen after the study ends. We will go through this information with you and answer any 
questions you may have. You do not have to decide today whether or not you will participate in this study. 
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If physical injury results from your participation in this study, you should visit a treatment provider to make 
a claim to ACC as soon as possible. ACC cover and entitlements are not automatic and your claim will be 
assessed by ACC in accordance with the Accident Compensation Act 2001. If your claim is accepted, ACC 
must inform you of your entitlements, and must help you access those entitlements. Entitlements may 
include, but not be limited to, treatment costs, travel costs for rehabilitation, loss of earnings, and/or lump 
sum for permanent impairment. Compensation for mental trauma may also be included, but only if this is 
incurred as a result of physical injury. 
 
If your ACC claim is not accepted you should immediately contact the researcher. The researcher will 
initiate processes to ensure you receive compensation equivalent to that to which you would have been 
entitled had ACC accepted your claim. 
 

Data management 

The data will be used only for the purposes of this project and no individual will be identified. Only the 
investigators and administrators of the study will have access to personal information and this will be kept 
secure and strictly confidential. Participants will be identified only by a study identification number. 

Results of this project may be published or presented at conferences or seminars. No individual will be able 
to be identified.  

At the end of this study the list of participants and their study identification number will be disposed of. 
Any raw data on which the results of the project depend will be retained in secure storage for 16 years, 
after which it will be destroyed.  

Samples will be stored separately and only Dr Cath Conlon, Owen Mugridge and Jeanette Rapson will have 
access to these records. You will be given the option for samples donated by yourself or your child to be 
stored for use in future research studies. 

What happens if I change my mind? 
 
You are able to stop participating in the study at any time and will be compensated accordingly for your 
time. Further you are welcome to discuss any concerns you have with the research team at any time, and 
you have free access to your data. If you withdraw from the study all of the data that was related to you 
will be destroyed. 

 
The foods and support from a dietitian will not be available to any participant after the study. The outcomes 
of this study may inform future recommendations enable further investigation in a long-term intervention 
study. 

 
The study data will be stored at a secure location at Massey University Albany Campus. Electronic data and 
records will be the responsibility of the Principal investigator. All data will be kept for 10 years, at which 
point it will be destroyed using University Security methods for removal of confidential material. At the 
completion of the study all biological samples collected will be disposed of using established methods for 
discarding biological waste. Any participant can request to have their remaining blood sample returned to 
them.  
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Appendix G: Covid-19 response and communication 
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