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Thesis Abstract 

Globally, two-thirds of children experience the triple burden of malnutrition, encompassing 

undernutrition, micronutrient deficiencies, and overweight/obesity. The excessive consumption of 

ultra-processed food and drinks (UPF) leads to dietary patterns lacking nutrient-dense 

wholefoods. UPF have been linked to various negative health outcomes including cardiometabolic risks 

and asthma, and the synthetic additives in UPF have been associated with immune and endocrine 

disruption. Moreover, highly-processed dietary patterns inherent to current food systems contribute to 

environmental degradation, including greenhouse gas emissions, plastic waste, land and water 

pollution, and biodiversity loss. Consequently, promoting sustainable healthy diets that nourish 

individuals while ensuring long-term ecological sustainability has become a priority 

across international public health agendas. 

School food environments are a key setting for promoting healthier diets among children. In New 

Zealand (NZ), home-packed school lunchboxes are the norm; however, research on the extent of UPF 

in home-packed lunchboxes in NZ is lacking, and there is limited knowledge regarding the eco-

environmental impacts of these packed-lunches. Drawing upon the emerging literature in eco-nutrition, 

this thesis aimed to explore the healthiness and sustainability of lunchboxes in terms of their level of 

food processing and their environmental impact from single-use plastic packaging. 

To establish the context for this work, a narrative review was performed to cover two key areas: (1) the 

distinctive nature of UPF and their impact on human and planetary health, and (2) healthy and 

sustainable diets for children, with a focus on child-centred food systems, and schools as strategic 

intervention settings. The review highlighted the unique metabolic effects of UPF on gut and brain 

health, as well as concerns associated with excessive exposure to food additives, particularly in children. 

It also emphasised the need to update current dietary guidelines to consider the role of food processing, 

food matrix, and food sustainability, as well as the need to reorient existing food systems to meet 

children’s unique nutritional needs. The review further revealed that most school lunchboxes fail to 

meet dietary guidelines, and an absence of national dietary regulations and school-level lunchbox 

policies.   

A two-part cross-sectional study was undertaken, which included 110 children from four primary 

schools representing different socioeconomic deciles and regions in Auckland, NZ. Lunchboxes were 

digitally photographed and complemented with a Lunchbox Food Checklist. Part 1 of the study aimed 

to assess the level of food processing in home-packed lunches and investigate the relationship with the 

nutritional content (energy and sugar) of lunchbox items, while Part 2 aimed to determine the proportion 

of single-use plastic packaging waste in lunchboxes and examine the association with the level of food 

processing.  



iii 

In Part 1, the nutritional composition (total energy and total sugars) of lunchboxes was calculated, and 

lunchbox items were also categorised into one of three levels of processing (unprocessed/minimally-

processed, processed, ultra-processed) based on the NOVA classification system. Statistical analyses 

explored differences in energy (kJ) and sugar (g) among the processing levels, while adjusting for 

school, gender, and who packed the child’s lunch (child, parent). Results revealed that UPF accounted 

for approximately two-thirds of the overall energy (61.8 ±27.0%), and half of total sugars (50.4 ±31.5%) 

in lunchboxes. Among the 599 food items (6.0 ±1.9 items per lunchbox), sweet and savoury UP snacks 

were the primary contributors to energy from UPF (40%), while there was a significant lack of 

minimally-processed foods (13.7±16.6%) in lunchboxes. Findings were consistent across genders, 

schools, and lunchbox packer (child/parent). 

For Part 2 of the study, the packaging of lunchbox food and drink items was categorised into four groups 

(single-use plastic, single-use other, reusable, no packaging), and two methods of packaging coding 

were employed to account for packaging removed from food at home. Analysis revealed that of 541 

lunchbox packaging items, 35.6% were single-use plastic packaging (SUPP). However, when 

considering the original packaging (removed at home), the proportion of SUPP increased significantly 

to 53.2% (p < 0.001, g = 0.91). The majority of SUPP originated from UPF (76.2%), while minimally-

processed foods contributed to only 0.9% of SUPP. Soft plastic bags/wrappers from UP snacks (58.8%) 

were the most prevalent type of SUPP in lunchboxes. 

Taken together, these results show that prioritising the inclusion of whole and minimally-processed 

foods in home-packed lunchboxes can reduce single-use plastic packaging waste while promoting 

healthier and environmentally-friendlier dietary patterns in school settings. Additionally, results 

underscore the need for updated dietary guidance for children that consider the impact of extreme food 

processing on the overall healthiness and sustainability of food choices.  

This body of work makes important contributions to existing literature. This is the first known study to 

explore the association between the level of food processing and packaging waste in lunchboxes. It 

provides valuable and credible data for future eco-nutrition-based research and interventions in school 

settings. This research contributes to the emerging field of child-centred food system research, which 

seeks to identify the types of foods children are currently consuming (or not consuming) to help reorient 

existing food systems towards increased availability and demand for healthier child-oriented product 

choices. Future research should prioritise gathering population-level data on children’s overall UPF 

consumption in NZ and investigate the environmental and social-economic determinants of lunchbox 

food choices. Exploring the potential eco-nutrition application of the ‘NOVA-SUPP’ model developed 

in this thesis could help foster healthier and more sustainable diets for children and improve planetary 

health.  
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Chapter 1 – Introduction 

Background 

Diet is a crucial determinant of health, as evidenced by its substantial contribution to the burden of 

disease worldwide (G. B. D. Diet Collaborators, 2019). The impact of the triple burden of malnutrition 

on children, encompassing undernutrition, hidden hunger, and overweight/obesity is significant; an 

alarming two-thirds of children worldwide are affected (UNICEF, 2019). Suboptimal diets, 

characterised by nutrient deficiencies or excessive consumption of unhealthy foods, can exert a 

detrimental impact on important aspects of children’s lives, including their development, growth, 

academic performance, mental well-being, quality of life, and longevity (Ministry of Health, 2012). 

During childhood, obesity is positively associated with a range of adverse cardiometabolic, 

gastrointestinal, and psychological health issues. These include conditions such as asthma, sleep 

apnoea, high blood pressure, and food addiction, as well as factors like low self-esteem, diminished 

educational attainment, and increased susceptibility to severe illness from COVID-19 (Chiavaroli et al., 

2019; Filgueiras et al., 2019; Reichelt & Rank, 2017; Zachariah et al., 2020). In addition, overweight 

and obese children are significantly more likely to experience persistent obesity as they transition into 

adulthood (WHO, 2016).  

As children progress through different stages of life, their dietary patterns continue to be significantly 

influenced by a range of sociocultural, economic, and political systems that shape society (UNICEF, 

2019). These systems, which encompass the environments where children live, study, and play, exert a 

lasting impact on food choices. The accessibility, affordability, and promotion of foods within these 

environments, along with prevailing social norms, play a crucial role in shaping dietary decisions over 

time (Fox & Timmer, 2020; Swinburn et al., 2011).  

NZ currently ranks as second-worst in the OECD for childhood obesity, with 39% of Kiwi children 

being overweight or obese UNICEF (2019). Rates are worse for Māori and Pacific children, with odds 

of obesity 1.6 times greater for Māori than non-Māori children and 3.3 times greater for Pacific than 

non-Pacific children, respectively, as well as for children living in areas of higher deprivation (MoH, 

n.d) For example, in New Zealand (NZ), children residing in socio-economically deprived

neighbourhoods face a staggering 2.5 times higher risk of obesity compared to children in less deprived 

areas (Ministry of Health, 2021). Furthermore, children attending schools in lower decile areas in NZ 

are disproportionally exposed to marketing of unhealthy foods in close proximity to their schools, as 

compared to their peers in higher decile areas (Vandevijvere et al., 2018). This exposure contributes to 

increased consumption of nutrient-poor, ultra-refined food and beverages, leading to a preference for 

such items (Sadeghirad et al., 2016). These examples serve to highlight the disproportionate burden of 
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malnutrition experienced by specific population groups, which is underpinned by pervasive health 

inequities (Gibb et al., 2019). 

Significant transformations in industrial food systems, driven by increased urbanisation and 

globalisation, have facilitated the rapid proliferation of a wide array of cheap, convenient, highly-

palatable, yet nutritionally deficient foods and beverages (HLPE, 2017). These products, commonly 

referred to as “ultra-processed foods” (UPF), represent a tangible outcome of such changes (Monteiro 

et al., 2018a). According to Monteiro et al. (2018a) , UPF are “Formulations of food substances often 

modified by chemical processes and then assembled into ready-to-consume hyper-palatable food and 

drink products using flavours, colours, emulsifiers and . . . other cosmetic additives” (p. 939). UPF 

encompass a vast range of items, including well-known discretionary foods such as confectionary, fast-

foods, and sugary beverages, as well as ‘everyday’ food items like flavoured yoghurts, reconstituted 

meat products, and mass-produced breads (Monteiro et al., 2018a). The dominance of UPF is evident 

in dietary patterns and food supply chains worldwide, contributing to over half of the total energy intake 

in high-income countries (Monteiro et al., 2013; Pan American Health Organization, 2015). For 

instance, recent data from NZ indicates that UPF account for 45%, 42%, and 51% of the average daily 

energy intake in young children aged 12, 24, and 60 months, respectively (Fangupo et al., 2021). 

Moreover, UPF constitute a staggering 83% of food items available for purchase in NZ supermarkets 

(Luiten et al., 2016), including numerous child-oriented UPF often marketed as ‘healthy and nutritious’ 

choices (Al-Ani et al., 2016). 

UPF have garnered increased recognition in the academic literature as synonymous for unhealthy foods, 

with consistent links between UPF consumption and a range of adverse health outcomes across all age 

groups (Chen et al., 2020; Elizabeth et al., 2020). These include an increased risk of cardio-metabolic 

complications, asthma, dental caries, as well as higher body fat during childhood and adolescence 

(Cascaes et al., 2023; Costa et al., 2018; Elizabeth et al., 2020). Of particular interest, is the suggestion 

that the deleterious effects of UPF extend beyond their poor nutrient profile, negatively impacting 

metabolic mechanisms that have evolved in response to wholefood diets and safeguard against the 

development of diet-related non-communicable diseases (NCDs) (Dagbasi et al., 2020; Hall et al., 2019; 

Zinöcker & Lindseth, 2018). For instance, multiple stages of extreme food processing alter the natural 

structural composition of wholefoods, disrupting human digestive processes and causing imbalances in 

the delicate ecosystem of the gut microbiota (Dagbasi et al., 2020; Zinöcker & Lindseth, 2018). 

Moreover, these highly-processed foods have the potential to disrupt gut-brain appetite signals, 

predisposing individuals to behaviours such as binge-eating (Contreras-Rodriguez et al., 2022; Schulte 

et al., 2021).  

Highly-processed diets high in UPF, in the context of industrial food systems, also contribute to the 

degradation of eco-planetary health  (Fardet & Rock, 2020). The production, manufacturing, transport, 
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retail and disposal stages of UPF typically require considerably more natural resources and have a 

greater environmental footprint compared to less-processed dietary patterns (Kesse-Guyot et al., 2022; 

Leite et al., 2022; Rivera et al., 2014; Tubiello et al., 2022). Notably, the global food system plays a 

pivotal role in driving climate change, with industrial agricultural activities being a major contributor 

to greenhouse gas emissions (Willett et al., 2019). Furthermore, the excessive reliance on single-use 

plastic packaging for commercially-packaged food and beverages, is a leading driver of the global 

plastic waste crisis, further impacting the environment through indiscriminate waste and pollution 

(Chakori et al., 2021; Kadac-Czapska et al., 2023). While the environmental consequences of the global 

food system degrade the health of the planet, adverse changes in climate and the natural environment 

pose significant threats to the wellbeing of populations in return (Fanzo et al., 2021). For example, 

climate change-induced events, such as heatwaves, floods, and wildfires, adversely impact global food 

security. These events disrupt agricultural production, leading to reduced food yields and decimated 

staple crops (McMichael, 2013), in turn contributing to food inaccessibility and increased food costs 

(HLPE, 2017; Pérez-Escamilla, 2017). Consequently, the promotion of healthy and sustainable diets 

that nourish individuals while simultaneously ensuring the long-term sustainability of the natural 

environment for future generations has become a key focus of various international public health 

agendas. These include the United Nations (UN) Sustainable Development Goals (2015), the 

WHO/FAO Guiding Principles for Sustainable Healthy Diets (2019), the High Level Panel of Experts 

on Food Security and Nutrition (HLPE) Nutrition and Food Systems Report (2017), and 

UNICEF/GAIN’s Innocenti Framework on Food Systems for Children and Adolescents (2019). 

These profound shifts in population diets and food systems, along with the escalating prevalence of 

diet-related NCDs, and detrimental environmental consequences, have posed new challenges for 

traditional public health nutrition (PHN) science and action. Novel strategies and approaches are being 

developed within the field of PHN to address these evolving issues (Fanzo et al., 2021; Mozaffarian et 

al., 2018b). Of particular significance is the gradual shift in epidemiological research from focusing on 

nutrient profiling to exploring the intricate relationship between actual foods, their production 

processes, dietary patterns, and disease (Aguilera, 2019; Heindel et al., 2022; Lustig, 2020; Monteiro 

et al., 2019a). This paradigm shift acknowledges the comprehensive composition and characteristics of 

foods to better elucidate the associations between dietary patterns and health outcomes. Furthermore, 

the growing emphasis on planetary health has expanded the scope of PHN, demanding the integration 

of the multifaceted aspects of sustainable healthy diets across modern food systems (Miller et al., 2021; 

Seferidi et al., 2020). Consequently, addressing the complex challenges currently faced by PHN within 

a planetary health context demands a transdisciplinary, eco-nutrition approach (Cannon & Leitzmann, 

2022; Drewnowski et al., 2020; Fanzo et al., 2021).  
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Thesis Rationale 

According to UNICEF (2019), prioritising the unique and critical nutritional needs of children within 

modern food systems is essential to uphold their universal human rights to nutrition, health, and 

wellbeing. However, current drivers of food systems, such as food marketing and globalisation of food 

supplies, continue to shape children’s dietary patterns towards ‘less-healthy’ food choices (Fox & 

Timmer, 2020). This poses challenges for children in achieving recommended nutrition goals and for 

parents and caregivers in guiding children towards more nutritious and sustainable diets (Hawkes et al., 

2020; Kupka et al., 2020). Child-centred food system research aims to examine various key entry points 

within food systems, including supply chains (e.g., food production, processing, retail and waste 

disposal), personal and external food environments (e.g., households, schools, supermarkets), and the 

behaviours of children and caregivers (e.g., eating patterns, food preparation, socio-economic 

characteristics) (UNICEF, 2019). Hawkes et al. (2020) recently developed a tool based on UNICEF’s 

Innocenti Framework (2019) which outlines six methodological steps necessary to realign existing food 

systems to better meet the nutritional needs of children. One of these steps involves conducting dietary 

assessments of children to identify gaps between dietary recommendations and actual consumption 

patterns. These assessments play a crucial role in guiding child-centred food systems by highlighting 

the specific foods that need to be provided and promoted more or less within food environments and 

supply chains (Hawkes et al., 2020). 

UNICEF (2019) has identified schools as a key setting for child-centred food systems research. A recent 

study conducted in NZ found that food environments in schools remain largely unhealthy, including the 

promotion of unhealthy food options, failure to prioritise healthier dietary choices among 

schoolchildren, weak school-level nutrition policies, and a lack of official regulatory legislation by the 

government (D'Souza et al., 2022). Most research and health promotion efforts that have focused on 

healthy eating and nutrition in school settings have centred on preventing or reducing childhood obesity 

through conventional strategies such as limiting sugar, sodium, saturated fat, and promoting physical 

activity (Black et al., 2015; Micha et al., 2018). However, evidence indicates that these approaches have 

not yielded meaningful reductions in obesity prevalence (Micha et al., 2018; Nathan et al., 2019). 

Emerging literature proposes an eco-nutrition approach with an ecological sustainability focus as a 

promising and innovative alternative for promoting sustainable healthy diets in schools (Black et al., 

2015; Goldberg et al., 2015; Jones et al., 2012; Oostindjer et al., 2017; Parker & Koeppel, 2020; Prescott 

et al., 2019). This approach recognises that altruism and environment concern are powerful motivators 

among school-aged children  (Folta et al., 2018), and that combining food, sustainability, and health as 

an integrated educational tool is more appealing to children compared to traditional food and nutrition 

concepts and messages (Parker & Koeppel, 2020; Prescott et al., 2019). 
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In NZ, most children bring home-packed lunchboxes to school, accounting for up to one-third of their 

total dietary intake (Regan et al., 2008; Sanigorski et al., 2005; Sutherland et al., 2021). Other common 

food provision channels for NZ schoolchildren include purchasing foods at or near schools, such as 

from school canteens, vending machines, or through lunches delivered by external caterers. 

Government-funded programmes, such as the recently introduced Ka Ora Ka Ako free healthy school 

lunches initiative, the longstanding Fruit in Schools (FIS) programme, and other private and public-

funded initiatives, like the Fonterra/Sanitarium co-sponsored Kickstart Breakfast program (KickStart 

Breakfast, n.d.), are also notable. Research on home-packed lunchboxes in the NZ context is limited 

and somewhat outdated, warranting further investigation (Dresler-Hawke et al., 2009). Previous studies 

examining the food and nutrient quality of lunchboxes have shown that discretionary snacks (i.e.; high 

in salt, sugar, fat) dominate home-packed school lunches (Dresler-Hawke et al., 2009; Regan et al., 

2008; Rockell et al., 2011a), and these generally lack nutritious foods, such as vegetables (Dresler-

Hawke et al., 2009). This evidence is consistent with recent studies conducted overseas, which have 

reported that a minority of school lunchboxes meet food and nutrition guidelines (Evans et al., 2020; 

Stanham et al., 2020; Sutherland et al., 2020). Furthermore, limited research has examined the extent 

of UPF content in home-packed school lunchboxes. Recent studies from Brazil (Barbosa et al., 2021), 

the UK (Parnham et al., 2022), and the US (Blondin et al., 2021) have reported concerningly high 

proportions of UPF in primary schoolchildren’s home-packed lunches (80.0%, 81.2%, 70.0%, 

respectively). However, no study has investigated the processing level of children’s school lunches in 

NZ, or explored how food processing is related to single-use plastic packaging waste. 

A deeper comprehension of the food processing levels and packaging waste present in children's home-

packed lunches holds the potential to decrease the consumption of UPF among schoolchildren, enhance 

the sustainability of these lunches, and offer valuable insights for the advancement and promotion of 

child-centred food systems that prioritise children’s unique nutritional requirements.  Given the existing 

knowledge gaps around the processing and environmental implications associated with lunchbox 

content, and the growing recognition of eco-nutrition approaches for fostering sustainable healthy diets, 

further research is warranted to advance understanding in this area. Therefore, the primary objectives 

of this thesis are: 

1. To present a narrative review of the existing literature with a focus on:

a. Examining ultra-processed foods (UPF), emphasising the impacts on human and planetary

health (Chapter 2, Part 1)

b. Examining healthy and sustainable diets for children from a Public Health eco-nutrition

perspective, focusing on child-centred food systems, schools as a key setting for action, and

home-packed lunchboxes (Chapter 2, Part 2).
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2. To undertake a cross-sectional study on the healthiness and sustainability status of primary

schoolchildren’s home-packed lunchboxes in NZ, with a focus on:

a) Describing the level of food processing in home-packed lunches among NZ primary

schoolchildren (Chapter 3).

b) Examining the relationship between the nutritional content (energy and sugar) of lunchbox

food and drink items and their level of processing (Chapter 3).

c) Determining the proportion of single-use plastic packaging in home-packed lunchboxes

among NZ primary schoolchildren (Chapter 4).

d) Examining the relationship between the single-use plastic packaging of lunchbox food and

drink items and their level of processing (Chapter 4).
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Thesis Structure 

This thesis structure is illustrated in Figure 1-1. In Chapter 1, the study context is introduced, including 

the identification of research objectives and the research rationale. Chapter 2 presents a narrative 

review of the existing literature, divided into two parts. Part 1 examines UPF, with a special emphasis 

on their impacts on human and planetary health. Part 2 investigates healthy diets and sustainable food 

systems, focusing on a public health nutrition perspective. It places particular emphasis on sustainable 

healthy diets for children and child-centred food systems, while also exploring schools as a key setting 

for action. Chapters 3 and 4 are two distinct publications presented in chapter format. As these chapters 

are written as separate articles, there may be some repetition of information, such as data collection 

methods. Finally, Chapter 5 summarises the key findings from each study and discusses their 

limitations. It also highlights the implications for future work, both in terms of scientific research and 

the broader societal relevance. 

Figure 1-1. Structure of the thesis 

Chapter 1 

Introduction 

Chapter 2 

Literature Review 

Chapter 5 

General Discussion and Conclusion 

Chapter 3 

Study 1. Lunchbox Processing 

Chapter 4 

Study 2. Lunchbox Packaging 

Part 1. Ultra-processed Foods Part 2. Healthy & Sustainable Diets 

Key Findings Research Impact Conclusion 
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Chapter 2 – Literature Review 

Preface 

The following literature review chapter establishes the thesis context in preparation for subsequent 

research chapters. The review is organised into two parts. Part 1 covers the distinct nature of ultra-

processed foods and their impact on human and planetary health. Part 2 focuses on healthy and 

sustainable diets for children from a public health eco-nutrition perspective. Specifically, this covers 

child-centred food systems, schools as a strategic setting for intervention, and the significance of home-

packed school lunchboxes.  
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Part one: Ultra-processed foods, impacts on human and planetary health 

Introduction 

Most foods that are purchased and consumed undergo some form of processing (Monteiro et al., 2018a). 

This is true even for minimally-processed, nutrient-dense foods, such as frozen vegetables, pasteurised 

milk, and brown rice. Food processing has been a practice since ancient times, with humans 

continuously improving methods to preserve fresh produce for longer periods, enhance taste, and ensure 

safety for consumption (Knorr & Watzke, 2019; Silva et al., 2018). Food processing benefits include 

providing a consistent, safe, and adequate food supply to individuals and communities. It also facilitates 

year-round access to a variety of nutritious foods, including out-of-season produce, and facilitates 

transportation of foods between various points of food systems, including manufacturers, retailers, and 

consumers’ households (Knorr & Watzke, 2019; Silva et al., 2018). Examples of readily-available 

nutritious processed foods include cheese, salted nuts and seeds, and canned sardines (Monteiro et al., 

2016). 

However, the food industry underwent a significant transformation over the past century, with advances 

in agriculture and food processing technologies leading to the globalisation of food supply chains (Boye 

& Arcand, 2013; Lang, 2003). This was partly driven by significant migration of people from rural to 

urban areas and a greater demand for convenient and easy-to-prepare meals (Boye & Arcand, 2013; 

Lang, 2003). Consequently, food processing became no longer solely focused on ensuring longer shelf-

life and food safety, but also on taste and convenience (Silva et al., 2018). In the 1980s, these shifts 

brought about an “explosion of flavours, colours, textures, and formats of processed foods” (Silva et 

al., 2018, p. 5), including pre-packaged products like instant noodles, flavoured crisps and cookies, and 

fluorescent-coloured sweetened beverages. Furthermore, food packaging evolved into a sophisticated 

and attractive means of communication between food manufacturers and consumers, with plastics 

becoming the predominant material used due to their low-cost and versatility (Silva et al., 2018).  

Although traditional methods of food processing such as salting, fermentation, and pasteurisation 

continue to be used by food manufacturers of all sizes, a significant portion of current industrial food 

production utilises extreme processing techniques and non-food substances that were previously not 

used in food production. This has given rise to a category of processed foods that differ from traditional 

processed foods, commonly known as ultra-processed foods, that have transformed contemporary food 

supplies and dietary patterns worldwide (Monteiro et al., 2018a). 

Defining Ultra-processed Foods 

According to Monteiro et al. (2018a) ultra-processed foods and drinks (UPF) are not considered “real 

foods” in the traditional sense. Instead, they are formulated from food substances that are often modified 

by chemical processes and assembled into ready-to-consume hyper-palatable food and drink products 
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using various flavours, colours, emulsifiers, and other cosmetic additives. UPF are typically made from 

cheaper, nutrient-poor ingredients and contain little to no intact food in their composition (Monteiro et 

al., 2019b). To compensate for the absence of wholefoods, UPF formulations often contain high 

amounts of sodium, added sugars, and ultra-refined oils, which are then combined with industrial 

cosmetic additives only found in this category of foods. Examples include bulking and debulking 

agents, emulsifiers, foaming and anti-foaming agents, artificial sweeteners, and several other additive 

categories which are generally not suitable or found in traditional kitchens or freshly-prepared meals 

(Monteiro et al., 2018a).   

Moreover, UPF are industrial formulations that undergo multiple processing stages across multiple 

industries in the supply chain. These processes usually start with the fractioning of wholefoods into 

single components (e.g., sugars, protein, fibre), often through extreme-processing techniques such as 

hydrolysis and hydrogenation (Monteiro et al., 2018a). Modified substances are then combined with 

unmodified and/or other modified substances and cosmetic additives in industrial processes such as 

extrusion, re-shaping, or moulding to assemble the final product (Monteiro et al., 2018a). For instance, 

maltodextrin, a widely-used modified substance derived from starchy crops, is used as binding or 

bulking agent to add texture and volume to foods, sweetener, substitute for oil in low-fat products, and 

preservative to prolong shelf-life (Chronakis, 1998; Hofman et al., 2016). Maltodextrin is only one of 

thousands of food additives found in UPF products (Ravichandran et al., 2022). Finally, UPF are 

industrially packaged into sophisticated packaging, usually single-use plastics (Muncke et al., 2017).  

It is essential to note that UPF include ‘everyday’ products such as ‘fruit’ yoghurts, breakfast ‘cereals’, 

reconstituted meats, and mass-produced packaged bread, highlighting the importance of distinguishing 

the term ‘processed’ from ‘ultra-processed’ (Monteiro et al., 2018a). For instance, processed foods and 

drinks (PF) generally contain one to three ingredients from unprocessed/minimally-processed foods 

(MPF) combined with culinary ingredients such as salt, sugar, and vinegars, and occasionally, 

preservatives or antioxidants for food safety and shelf-life. On the other hand, UPF formulations utilise 

multiple food additives to perform various functions such as enhancing taste, texture, aroma, 

appearance, or to replace sugar, salt, and saturated fats (Monteiro et al., 2019b), When additives 

typically found in UPF are added to MPF and PF, these foods are classified as ultra-processed, such as 

natural yoghurt with added flavourings and thickeners, or mass-produced breads with added emulsifiers 

(Monteiro et al., 2016). 

NOVA Food Classification System 

The term “ultra-processed foods” was coined in 2009 by Monteiro and colleagues (2009), who posited 

the classification of industrial food and beverage should extend beyond the binary categorisation of 

processed and unprocessed. They argued that food encompasses more than nutrients, with the nature, 

extent, and purpose of food processing potentially influencing its healthfulness (Monteiro et al., 2019a). 
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To address this, they proposed the NOVA (a name, not an acronym) food classification system, which 

includes four categories: unprocessed or minimally-processed, culinary ingredients, processed, and 

ultra-processed (Monteiro et al., 2016) (Table 2-1). NOVA has gained global recognition as a valuable 

tool in PHN research (Chang et al., 2021; Elizabeth et al., 2020; Steele et al., 2019), and is endorsed by 

organisations such as FAO and PAHO for the assessment of dietary patterns, their link to diet-related 

diseases, and the promotion of healthy and sustainable diets (Pan American Health Organization, 2015). 

Several countries, starting with Brazil in 2014, have incorporated the NOVA concept into their national 

food-based dietary guidelines, including France, Belgium, and Peru (Food and Agriculture Organization 

of the United Nations (FAO), n.d.; Monteiro et al., 2018a). 

Table 2-1. The NOVA Food Classification System 

NOVA Description Examples 

GROUP 1 

Unprocessed 

or 

minimally 

processed 

Unprocessed: Edible parts of plants or from 

animals, fungi, algae, and water.  

Minimally-processed: Unprocessed foods altered by 

industrial processes such as crushing, freezing, 

packaging; non-alcoholic fermentation, without 

added salt, sugar, oils or other substances. 

Fresh, chilled, frozen, or dried fruit, 

vegetables/legumes; meat, 

fish/seafood; eggs; fresh or 

pasteurised milk, plain yoghurt; grains 

or flour; oats; nuts without salt/sugar; 

pasta herbs/spices; tea, coffee, water.  

GROUP 2 

Culinary 

ingredients 

Substances obtained directly from group 1 foods or 

from nature by processes such as pressing, refining 

or extracting. 

Salt; oils from seeds, nuts or fruit; 

butter/lard; starches from plants; 

sugar, honey, syrup from trees. 

GROUP 3 

Processed 

Products made by adding group 2 ingredients to 

group 1 foods to enhance sensory qualities, prolong 

shelf-life, and ensure food safety. Processes include 

canning, bottling, non-alcoholic fermentation. May 

contain preservatives/antioxidants 

. 

Canned or bottled vegetables, 

legumes and fruits; salted or sugared 

nuts and seeds; salted, cured, or 

smoked meats and fish; canned fish; 

cheeses; fresh unpackaged breads.  

GROUP 4 

Ultra-

processed 

Formulations of ingredients mostly of exclusive 

industrial use. Processes include fractioning of 

wholefoods, chemically modified substances, 

assembly of unmodified and modified substances, 

techniques like extrusion, moulding, pre-frying; 

extensive use of cosmetic additives to perform 

different functions like making the final product 

palatable/hyper-palatable, more attractive, 

sophisticated packaging usually plastic.  

Common ingredients: Added sugar/salt, ultra-

refined oils/starches; high fructose syrups; protein 

isolates; flavour enhancers; colours; emulsifiers; 

hydrogenated fats; thickeners; or sweeteners.  

Ready-to-eat products: 

Fizzy drinks; packaged snacks; 

confectionary; margarines; breakfast 

‘cereals, instant soups; energy drinks, 

flavoured milk, fruit drinks’; ‘fruit’ 

yoghurt; mass-produced breads.   

Ready-to-heat products: 

Chicken ‘nuggets’/fish ‘fingers’; 

reconstituted meats; powdered instant 

sauces, cup noodles, cake mixes; 

vegan/vegetarian meat-substitutes; 

baby formula; meal replacements.  

Note: (adapted from Monteiro et al., 2019a) 

UPF Consumption Trends 

UPF dominate diets worldwide (Monteiro et al., 2013; Pan American Health Organization, 2015). In 

high income countries, over half of all energy intake comes from UPF (Adams et al., 2020), while 
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lower-income countries may have diets comprising up to 30% of these products (Marrón-Ponce et al., 

2018; Martins et al., 2013). UPF consumption is high across all age groups, appearing to decline with 

age (Bielemann et al., 2018; Chen et al., 2020; Nardocci et al., 2019). In NZ, introduction of UPF to 

children occurs early, with UPF contributing to 45%, 42%, and 51% of children’s average energy intake 

at 12, 24 and 60 months, respectively (Fangupo et al., 2021, p. 306). In Canada, nearly half of total 

calories consumed by Canadians aged ≥ 2 years were from UPF in 2015, with children aged ≥ 9 years 

and adolescents being the highest UPF consumers (Moubarac, 2017). Meanwhile, UPF comprises 

approximately two-thirds of US youths (2–19 y) total dietary intake (Wang et al., 2021). Overall, UPF 

consumption in lower-income countries is higher among higher income classes (Khandpur et al., 2020a; 

Marrón-Ponce et al., 2018), possibly because UPF cost is relatively higher than that of MPF (Simões et 

al., 2018). In contrast, in high-income countries, UPF consumption appears to affect people of lower 

socio-demographics groups the most (Khandpur et al., 2020b; Machado et al., 2020). 

The proportion of unhealthy foods in food supplies is often used as an indicator of overall population 

diet quality (Mackay et al., 2018). Between 2000–2013, global sales of UPF increased by 47.3%, with 

the Asian and Pacific region experiencing a 114.9% increase, overtaking North America as the leading 

global UPF consumer, accounting for nearly one-third (29.2%) of the UPF global market share (Pan 

American Health Organization, 2015). In NZ, 83% of food items sold in supermarkets were classified 

as UPF (Luiten et al., 2016), including many child-targeted UPF marketed as ‘healthy’ choices (Al-Ani 

et al., 2016). Studies also indicate supermarkets in the most deprived areas of NZ allocate more shelf 

space to unhealthy foods than retailers in the least deprived areas, and residents in higher deprivation 

neighbourhoods have lower access to healthy food outlets (1.3 outlets) compared to those in the least 

deprived areas (3.3 outlets) (Mackay et al., 2018). These examples illustrate that higher UPF 

accessibility is linked to broader social determinants of health and societal inequities (Mackay et al., 

2018). This disparity is due to poverty, which affects upstream socioeconomic determinants such as 

food security, that is, an individual or household’s level of accessibility, affordability, and availability 

to healthy foods based on their disposal income (Pérez-Escamilla, 2017). The high proportion of UPF 

in food supplies, particularly in low-income areas, highlights the need for equity-based PH policies that 

promote healthy dietary patterns and address underlying social determinants of health (Adams et al., 

2020). Policy recommendations from the literature include taxing unhealthy foods and beverages, 

subsidising fresh fruit and vegetables, and regulating UPF labelling and advertising, especially those 

targeted at children (Adams et al., 2020; Mozaffarian et al., 2018a; UNICEF, 2019). 

UPF and Human Health 

UPF consumption has been associated with several negative health outcomes across all age groups 

(Adams et al., 2020; Elizabeth et al., 2020). Adverse effects include overweight and obesity, cardio-

metabolic risks, cancers, type-2 diabetes, irritable bowel syndrome, depression, frailty conditions, and 
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all-cause mortality in adults, and cardio-metabolic risks, asthma and wheezing in children (Chen et al., 

2020; Elizabeth et al., 2020). UPF consumption has also been associated with increased body fat during 

childhood and adolescence (Chang et al., 2021; Costa et al., 2018). Notably, the simulation study by 

Livingstone et al. (2021) found that reducing UPF consumption among US children could result in a 

16% decrease in overweight and a 9% decrease in obesity rates, respectively. Moreover, Thornley et al. 

(2021) reported that excessive consumption of added sugars and refined starchers, as those found in 

sugary UP snacks and drinks, were strongly associated with poor oral health and tooth decay in 

childhood, leading to negative impacts such as chronic pain, changes in eating habits, and disruptions 

to children and families’ daily routines. In contrast, no study has identified benefits associated with UPF 

consumption (Elizabeth et al., 2020).  

Metabolic effects of the food structure of UPF versus wholefoods 

The high consumption of UPF raises concerns about the displacement of traditional, fresh, and 

minimally-processed meals from diets that contribute to overall good health and a reduced risk of 

chronic NCDs (Adams et al., 2020; Monteiro et al., 2013). Diets rich in wholefoods, such as the 

Mediterranean diet, emphasise the consumption of fruits, vegetables, wholegrains, nuts, seeds, and 

moderate protein intake, offering various health benefits, such as phytonutrients with antioxidant and 

anti-inflammatory properties (Dias, 2012; Evans, 2020a; van der Merwe, 2021). Phytonutrients help 

protect body cells, reduce the risk of diseases like cancer, heart disease, and Alzheimer’s, and support 

overall wellbeing (Dias, 2012; van der Merwe, 2021). Conversely, UPF-dominant diets, prevalent in 

Western societies, interfere with the metabolic mechanisms developed for consuming wholefood diets, 

negatively impacting health outcomes (Dagbasi et al., 2020; Lustig, 2017; Zinöcker & Lindseth, 2018). 

Whole plant-based foods have a unique structure composed of cellular nutrients enclosed within cell 

walls, primarily consisting of indigestible polysaccharides and dietary fibre (Zinöcker & Lindseth, 

2018). These components resist digestion and reach the lower gut intact, where they are metabolised by 

gut microbiota into short-chain fatty acids (SCFA) (Dagbasi et al., 2020; Zinöcker & Lindseth, 2018). 

SCFA play a crucial role in the microbiota-gut-brain axis, influencing neurochemical pathways (Dias, 

2012) and promoting satiety signals that help prevent overeating (Dagbasi et al., 2020). Additionally, 

fibre fermentation by the gut microbiota supports the growth, diversity, and behaviour of beneficial 

bacteria. The diet consumed by individuals affects the composition of their gut microbiota, influencing 

the strains of bacteria that thrive or decline throughout their lifetime (van der Merwe, 2021). 

In contrast, the extensive processing of food destroys the cell walls of whole plant-based foods, resulting 

in easily digestible and absorbable acellular nutrients. These nutrients are primarily absorbed in the 

upper gut, reducing the amount of fibre that reaches the lower gut (Zinöcker & Lindseth, 2018). This 

deprivation of essential substrates for fermentation and SCFA production disrupts the balance of the gut 

microbiota, promoting the growth of harmful bacteria, leading to body inflammation, oxidative stress 



26 

 

(Martínez Leo & Segura Campos, 2020), and disrupted appetite signals in the gut-brain axis (Dagbasi 

et al., 2020). Excessive UPF may provide a unique environment in the gut that fosters the growth and 

evolution of microorganisms linked to various inflammation-related diseases, which are common 

denominators of diet-related NCDs (Zinöcker & Lindseth, 2018). 

Brain Health Impacts of UPF Consumption 

A growing body of evidence suggests UPF consumption has negative effects on brain function 

(Contreras-Rodriguez et al., 2022; Reichelt & Rank, 2017; Schulte et al., 2021). UPF intake may affect 

neural pathways involved in appetite control and food-related decision-making, including the reward 

system and biobehavioural mechanisms associated with adverse eating behaviours such as food 

addiction (Contreras-Rodriguez et al., 2022; Reichelt & Rank, 2017; Rolls, 2015; Schulte et al., 2021). 

UPF are specifically engineered to be highly rewarding, combining taste, texture, odour, and visual 

inputs that often involve highly-processed sugars, fats, and non-food substances – a combination that is 

not naturally found (Schulte et al., 2021). This engineered composition leads to heightened neural 

reward responses, surpassing the brain’s perceived reward value of whole and minimally-processed 

foods, resulting in overstimulation of the reward system (Filgueiras et al., 2019; Lustig, 2020; Reichelt 

& Rank, 2017; Rolls, 2015). This overstimulation can override hunger and satiety cues, impairing the 

ability to regulate food intake based on feeling satiated (Contreras-Rodriguez et al., 2022; Reichelt & 

Rank, 2017). Frequent overstimulation of the reward system may have significant and long-lasting 

effects on the brain’s appetite control system, contributing to impulsive eating and overeating 

(Contreras-Rodriguez et al., 2022; Reichelt & Rank, 2017). 

Furthermore, UPF consumption appears to activate biobehavioural addiction-related mechanisms, such 

as dopamine sensitisation, which resemble those observed in substance-abuse (Schulte et al., 2021).  A 

study by Filgueiras et al. (2019) examined the association between UPF consumption and food 

addiction in overweight children (9–11 y). The findings revealed that nearly one-quarter of participants 

had a food addiction diagnosis, and 95% displayed at least one symptom related to food addiction. 

Another study suggested excessive UPF consumption during adolescence can trigger neurobiological 

changes in brain reward systems, potentially interfering with the natural process of brain maturation 

(Reichelt & Rank, 2017). This disruption may result in impaired cognition, reward-seeking behaviour, 

and a preference for unhealthy foods (Reichelt & Rank, 2017). Moreover, the pervasive marketing of 

UPF may contribute to the automatic activation of brain-reward areas associated with consumption and 

choice, negatively impacting inhibitory control systems in the prefrontal cortex (Contreras-Rodriguez 

et al., 2022). 

Beyond Nutrients – Direct and Indirect Additives in UPF 

Further research is needed to determine the primary cause of adverse health effects resulting from UPF 

consumption. Two main factors are: (1) UPF’s poor nutritional composition, characterised by high 
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levels of added sugar, unhealthy fats, sodium, and low nutrient and fibre content, and (2) additional 

characteristics of UPF beyond nutritional value, such as direct and indirect additives introduced during 

food processing. These additives can be intentionally added to food products during processing or 

migrate into food from contact materials like packaging and processing machinery (Dicken & 

Batterham, 2021; Srour & Touvier, 2021; Trasande et al., 2018; Zinöcker & Lindseth, 2018).  

Evidence suggests that factors introduced during food processing, beyond nutritional composition, have 

a significant impact on human physiology and metabolism (Contreras-Rodriguez et al., 2022; Heindel 

et al., 2022; Zinöcker & Lindseth, 2018). For example, a randomised trial by Hall et al. (2019) 

demonstrated that a UPF diet led to increased energy intake and weight gain in weight-stable adults 

compared to an unprocessed diet matched for calories and macronutrients. Conversely, individuals in 

the unprocessed diet group showed improved metabolic markers and increased satiation signals. 

Another study across 21 countries found that UPF subgroups, including processed meats, refined 

sweetened foods, and salty snacks, were associated with higher risks of irritable bowel syndrome (IBS), 

while unprocessed red meat, dairy, and starch showed no association (Narula et al., 2021). Furthermore, 

meta-analyses have indicated that higher whole-grain intake may protect against risk of type-2 diabetes, 

whereas there is no association between refined grain intake and this condition. Additionally, red 

processed meat intake has been linked to a higher incidence of coronary heart disease (CHD) and 

diabetes, while unprocessed red meat has shown no such associations (Aune et al., 2013; Micha et al., 

2010) .  

Among the various food additives, both direct and indirect, several substances have garnered strong 

evidence supporting cause for concern. Emulsifiers, non-nutritive sweeteners (NNS), bisphenol-A 

(BPA), and phthalates are widely used in the general industrial food supply. Emulsifiers, utilised for 

several purposes such as food texture stabilisation and enhancing palatability (Gultekin et al., 2020), 

can disrupt the gut microbiota, leading to low-grade gut inflammation (Paula Neto et al., 2017; Zinöcker 

& Lindseth, 2018) and potentially promoting colon cancer (Viennois et al., 2017). Consumption of 

NNS, such as aspartame and saccharin, has been associated with adverse effects on the microbiota, 

glucose intolerance, weight gain (Gultekin et al., 2020; Roca-Saavedra et al., 2018), and increased risks 

of cancer, reproductive and neurological disruptions, and metabolic syndrome (Heindel et al., 2022). 

BPA, found in polycarbonate plastics used in food and beverage containers (Heindel et al., 2022; 

Trasande et al., 2018), can interfere with hormone function, impacting various bodily systems, including 

development, reproduction, metabolism, cardiovascular health, and the immune system (Bergman et 

al., 2012). Phthalates, found in numerous consumer products, including cling-wrap and fast-food 

wrappers (Heindel et al., 2022; Trasande et al., 2018), can damage the endocrine system, promote 

inflammation, increased oxidative stress (Bergman et al., 2012; Trasande et al., 2018), and adversely 

affect male hormones, potentially impacting fetal development, testosterone levels, and sperm 
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production (Bergman et al., 2012). Given these concerns, the American Academy of Paediatrics (AAP) 

recommends avoiding consumer goods with phthalates and bisphenols (Trasande et al., 2018). 

Current testing methods for direct and indirect food additives may not accurately assess the risks of 

additive ‘cocktails’ or the long-term effects of additive accumulation in the body. Risk assessments 

focus on individual food additives’ acceptable daily intake (ADI), which represents the safe amount for 

daily consumption over a lifetime (Pressman et al., 2017). However, these methods do not adequately 

account for combined additive effects or the compounding effects of additive accumulation, particularly 

in modern diets dominated by pre-packaged UPF. Consequently, individuals may unknowingly be 

exceeding safety levels by consuming high amounts of single additives or additive ‘cocktails’ (Muncke 

et al., 2020; Paula Neto et al., 2017; Pressman et al., 2017; Trasande et al., 2018).  

Children may be especially vulnerable to direct and indirect additives due to their higher exposure levels 

relative to body weight and ongoing organ development (Heindel et al., 2022; Trasande et al., 2018). 

Key recommendations to address these concerns include updating testing and regulatory processes 

based on current scientific knowledge, phasing out hazardous chemicals, incentivising research for safer 

alternatives, and improving food labelling to include food processing levels, additive lists, and 

proportion of wholefoods in the final product. Prompt action is necessary to ensure the safety of food 

additives and protect the health of populations, particularly vulnerable individuals and children (Paula 

Neto et al., 2017; Pressman et al., 2017; Trasande et al., 2018; Zinöcker & Lindseth, 2018). 

UPF and Planetary Health 

Planetary health, encompassing the overall wellbeing of human civilisation and the natural systems that 

support it (Whitmee et al., 2015), is greatly threatened by current global food production practices. 

These practices, driven by the goal of providing abundant and affordable food for a growing population, 

contribute significantly to climate change, land degradation, freshwater depletion, ocean acidification, 

biodiversity loss, and pollution (Global Panel on Agriculture and Food Systems for Nutrition, 2020; 

Willett et al., 2019). Industrial agriculture, characterised by harmful practices such as monocultures and 

industrial livestock production, prioritises the production of cheap staple crops like corn, rice, and 

wheat, which are extensively used in the mass production of UPF (Boye & Arcand, 2013; Fardet & 

Rock, 2020; Global Panel on Agriculture and Food Systems for Nutrition, 2016). There is urgent need 

for transformative actions in the industrial food system, including production and consumption of UPF. 

Without these changes, the threats to global human health and the planet’s sustainability will escalate 

(Global Panel on Agriculture and Food Systems for Nutrition, 2020; HLPE, 2017; IPCC, 2022; 

Whitmee et al., 2015). With the world population projected to reach 9.6 billion by 2050 and the 

increased demand for food production, current practices further strain the earth’s natural systems 

(Population Division of the Department of Economic and Social Affairs of the UN Secretariat, 2013; 

Willett et al., 2019). 
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Although the impact of UPF production on planetary health encompasses multiple dimensions, this 

research focuses specifically on two critical aspects: the relationship between UPF and climate change, 

and the association between UPF and the plastic waste crisis.  

UPF and Climate Change 

The global food system is a major contributor to climate change, accounting for 31% of total greenhouse 

gas emissions (GHGEs) worldwide (Tubiello et al., 2022). These emissions, including carbon dioxide, 

methane, and nitrous oxide, originate from various sources within the food system. For example, 

methane is produced through the digestive fermentation of ruminant animals, while nitrous oxide is 

released from the use of synthetic fertilisers and other chemicals in crop production. Additionally, 

carbon dioxide originates from burning fossil fuels during food production, processing, and 

transportation (Global Panel on Agriculture and Food Systems for Nutrition, 2016). Food waste is 

another significant contributor, producing methane when trapped in landfills, and it’s unable to 

decompose naturally due to a lack of light and oxygen (FAO, 2019).  

Animal-based foods generally have higher GHGEs than plant-based foods, although there are marked 

variations within both groups (Poore & Nemecek, 2018). For instance, pork and poultry have lower 

emissions (6 and 7 kg CO2-e [GHGE per kilogram of food produced], respectively), compared to beef  

(60 kg CO2-e), and certain plant-based foods like coffee and palm oil  (17 and 8 kg CO2-e, respectively) 

(Poore & Nemecek, 2018). Traditional assessments of food-related emissions for single foods and 

eating patterns, have typically focused on the production and land usage at farm level, neglecting 

emissions occurring in pre- and post-production processes such as fertiliser production, food 

manufacturing, packaging, and transportation (Boye & Arcand, 2013; Fardet & Rock, 2020; Tubiello et 

al., 2022). However, it is crucial to consider the entire lifecycle of food, as mass-produced UPF undergo 

multiple transformations and processes that contribute to their total energy and resource expenditure 

(Fardet & Rock, 2020). Additionally, studies have shown that assessments of overall dietary patterns 

and the sustainability impacts of the entire supply chain are vital for understanding the environmental 

impacts of food (Drewnowski et al., 2020; Tubiello et al., 2022).   

For instance, recent research across 196 countries has highlighted the significant contribution of pre- 

and post-production stages to food system-related GHGEs, with emissions increasing by 17% between 

1990–2019 (Tubiello et al., 2022). The comparison of industrially-made ready meals and matched 

home-made versions (i.e., made from scratch using wholefoods) has demonstrated that homemade 

meals have up to 35% less global warming and toxicity potentials, and up to 3 times lower levels of 

eutrophication (Rivera et al., 2014). Moreover, a study conducted in Australia examining the 

environmental effects of UPF consumption found that over a third of the total effects are associated 

with UPFs, including energy, land, and water usage (39%, 35%, 35%, respectively), as well as GHGEs 

(33%). According to the same study, if current dietary trends continue, GHGEs per capita are projected 
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to nearly double by 2050 (Hadjikakou, 2017). Therefore, considering food processing as a crucial aspect 

of food sustainability is essential (Boye & Arcand, 2013; Drewnowski et al., 2020), and reducing UPF 

consumption is seen as an important step towards decreasing environmental impacts and diet-related 

carbon footprints (Fardet & Rock, 2020).  

UPF & Single-use Plastic Food Packaging 

Pollution and waste from food and drink packaging, particularly plastics, present a significant challenge 

associated with industrial food systems (Global Panel on Agriculture and Food Systems for Nutrition, 

2020). Packaging plays a vital role in food processing by safeguarding the quality and freshness of food 

products during storage and transportation (Marsh & Bugusu, 2007). It extends a product’s shelf-life, 

allows for traceability throughout supply chains, provides convenience, facilitates handling and 

preparation, and conveys important information to consumers, such as nutritional details and recycling 

instructions (Marsh & Bugusu, 2007, p. 40). Moreover, food packaging serves as a marketing tool often 

forming the initial point of contact between consumers and a product. While packaging materials 

include glass, metals, paper, cardboard, and various plastics, plastics have gained popularity due to their 

low-cost, lightweight nature, and design flexibility, allowing them to be easily moulded into unlimited 

shapes and forms, including bottles, pouches, and cling-film (Marsh & Bugusu, 2007).  

However, the surge in plastic waste has led to a global plastic waste crisis with severe health and 

environmental impacts, primarily from water and land plastic pollution (Geyer et al., 2017). As of 2015, 

approximately 6.3 billion metric tons of plastic waste had been generated globally, with around 79% 

accumulating in landfills or the natural environment (Geyer et al., 2017). Single-use plastic food 

packaging (SUPP) constitutes the largest source, comprising 42% (Fardet & Rock, 2020). Studies on 

marine litter across various aquatic environments have identified SUPP as the primary source of litter, 

with single-use plastic bags, plastic drink bottles, disposable food containers/cutlery, and food wrappers 

being the most prevalent items (Morales-Caselles et al., 2021). The impact of SUPP littering on marine 

life is grave, resulting in ingestion and entanglement by seabirds, sea turtles, and marine mammals, 

leading to injuries, malnutrition, and even death (Thiel et al., 2018). 

Plastic waste is non-biodegradable and persists in the environment for centuries, gradually fragmenting 

into microplastics (<5 mm particles) (Geyer et al., 2017; Peng et al., 2017). Microplastics pose 

significant concerns for human and animal health due to the toxic chemicals they contain from 

manufacturing and those absorbed from the surrounding environment (Peng et al., 2017). Microplastics 

have been detected in various components of the human food chain, including shellfish, honey, and tap 

and bottled water (Senathirajah et al., 2021). They can travel through animal organ systems and transfer 

from prey to predator (Peng et al., 2017). Recently, airborne microplastics have been found in human 

lung tissue (Jenner et al., 2022), and they can enter the human bloodstream (Leslie et al., 2022). 

Although further research is needed to fully understand the potential risks to human health associated 
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with microplastics, evidence suggests that high concentrations in human tissue may contribute to 

chronic inflammation and be linked to the increased prevalence of autoimmune disorders, cancers, and 

neurodegenerative diseases in modern societies (Kadac-Czapska et al., 2023; Prata et al., 2020). Given 

the concerns surrounding the detrimental effects of plastics and microplastics on human and 

environmental health, there have been strong calls for a global reduction in SUPP waste (Chen et al., 

2021; Peng et al., 2017).  

Part 1 Conclusion 

The widespread consumption of UPF has numerous negative impacts on human and planetary health. 

Besides being associated with unhealthy, nutritionally-poor diets and increased risk of NCDs, the 

production, processing, and disposal of UPF generally requires significantly more natural resources and 

are less-environmentally friendly than wholefoods. Shifting from UPF-rich dietary patterns to less-

processed diets sourced from sustainable food systems is a crucial step towards improving both human 

and planetary health.  
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Part two: Healthy and sustainable diets for children: child-centred food systems, schools 

as a setting for action, and home-packed school lunchboxes 

Introduction 

Promoting healthy and sustainable diets is a key objective in global public and environmental health 

agendas, as evident in the UN 2016–2025 Decade of Action on Nutrition (FAO, 2016) and the UN 2015 

Sustainable Development Goals (SDGs) (2015). Sustainable healthy diets are recognised as vital for 

achieving nearly all 17 SDGs, including ending hunger, improving nutrition, ensuring good health and 

wellbeing, promoting quality education, reducing inequalities, and addressing climate action (Grosso 

et al., 2020). This emphasis on sustainable diets is essential for food security and nutrition for all, and 

aligns with the goal of maintaining the economic, social, and environmental foundations necessary for 

future generations (FAO, 2018). 

However, the prevalence of highly-processed Western-diets in developed countries provides challenges. 

While these diets often provide sufficient calories to meet or exceed requirements, they often lack the 

necessary nutrients for optimal health and chronic disease prevention (Global Panel on Agriculture and 

Food Systems for Nutrition, 2020; HLPE, 2017). Furthermore, the negative impacts of mass-

industrialisation and globalisation of food systems have had adverse effects on human and planetary 

health (Cannon & Leitzmann, 2022; Fanzo et al., 2021; Ridgway et al., 2019; Willett et al., 2019). To 

address these issues, a paradigm shift has occurred in the field of Public Health Nutrition (PHN) towards 

an ecologically-oriented approach. This shift, also known as “eco-nutrition”, acknowledges the equal 

importance of health, the natural environment, society, and economy within the food and nutrition 

system (Ridgway et al., 2019). 

Eco-nutrition recognises the significance of environmental factors on health outcomes, particularly in 

relation to food security, malnutrition, and diet-related NCDs among vulnerable populations, including 

children (FAO & WHO, 2019; HLPE, 2017; UNICEF, 2019). It expands the scope of PHN to encompass 

broader considerations of food and nutrition systems, such as the impact of industrial food production 

practices, food accessibility, availability, affordability, and the management of food and packaging 

waste (Miller et al., 2021; Seferidi et al., 2020). By adopting a transdisciplinary and holistic approach, 

which considers the multifaceted aspects of sustainable healthy diets within food systems, eco-nutrition 

aims to address the complex challenges currently faced by PHN in the context of planetary health 

(Drewnowski et al., 2020; Fanzo et al., 2021). 

Evolution of Public Health Nutrition and dietary guidelines 

PHN investigates the impacts of nutrients, foods, and diets on health and disease, with the aim of 

translating scientific knowledge into policies and guidance for promoting diet-related wellbeing in 

society (Ridgway et al., 2019; Tapsell, 2016). PHN has undergone several paradigm shifts since the 
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discovery and synthesis of essential vitamins and minerals in the first half of the 20th century 

(Mozaffarian et al., 2018b; Ridgway et al., 2019). Back then, PHN focused on addressing nutrient-

deficiency diseases, such as scurvy (vitamin C) and anaemia (B12), leading to the establishment of 

nutrient reference values (NRVs) and the fortification of staple foods to alleviate nutrient deficiencies 

and prevent disease (Ridgway et al., 2019).  

However, a paradigm shift occurred as the prevalence of diet-related NCDs increased during the 2nd 

half of 20th century, linking these conditions to dietary imbalances and overconsumption (Ridgway et 

al., 2019). During this shift, PHN research continued to focus on single nutrients such as dietary fat, 

cholesterol, and sugar, and their association with chronic diseases, such as heart disease and type-2 

diabetes (Ridgway et al., 2019). Dietary guidelines advised limiting calories, avoiding sugar, sodium, 

dietary fat, and cholesterol intake, and promoting the consumption of starch and fiber-rich foods (Fardet 

& Rock, 2014; Monteiro et al., 2015). The food industry responded by mass-producing low-fat/fat-free 

and low-sugar/sugar-free food products (Mozaffarian et al., 2018b).  

In the 1990s, scientific advancements in research methods, including clinical trials and large cohort 

studies, revealed the complexity of foods and overall dietary patterns, leading to a more holistic 

approach in PHN (Mozaffarian et al., 2018b). Studies identified specific diets, such as the 

Mediterranean diet, and low-carb or low-fat diets, as better indicators to health outcomes (Fardet & 

Rock, 2014; Mozaffarian et al., 2018b). Additionally, PHN research expanded to include other 

modifiable risk factors and external co-determinants beyond dietary intake, such as physical activity, 

smoking, socio-economic factors, culture, and food environments (Fardet & Rock, 2014). 

To reflect these changes, food-based dietary guidelines were introduced in 1995 by FAO/WHO (1998). 

Food-based dietary guidelines provide guidance on healthy eating and serve as the basis for food and 

agriculture policy development (FAO, 2016). They typically include recommendations for core food 

groups such as fruit and vegetables, grains, and dairy, and appropriate serving sizes for different age 

groups, often represented visually using food pyramids or plates (Herforth et al., 2019). The nutrient 

profiling approach informing food-based dietary guidelines (i.e., adequate intake of single nutrients 

within a varied diet composed of different food groups) continues to dominate PHN policy and action 

to this day, including the development, production, reformulation, marketing, and legislation, as well as 

front-of pack-labelling and health claims, of industrially-processed foods and drinks (Adams et al., 

2020; Elizabeth et al., 2020; Mozaffarian et al., 2018b). 

However, current dietary guidelines have faced criticism due to their nutrient profiling approach, which 

focuses on single nutrients within a varied diet (Astrup et al., 2019; Dicken & Batterham, 2021; Lustig, 

2020; Monteiro et al., 2015). For example, recommendations to reduce saturated fat intake (WHO, 

2020) have been challenged by studies showing no significant association between saturated fats and 
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NCDs, and by evidence suggesting the impact of saturated fat on health may depend more on the food 

matrix in which it is found than on saturated fat itself (Astrup et al., 2019). Additionally, the  

classification of UPF using the NOVA system has gained attention, in light of modern dietary patterns 

and UPF’s association with increased disease risk (Elizabeth et al., 2020).  

As a result, a growing number of experts are calling for an urgent update to dietary guidelines, 

considering the complexity of the food matrix, processing methods, direct and indirect additives, and 

their impact on health (Adams et al., 2020; Aguilera, 2019; Gultekin et al., 2020; Heindel et al., 2022; 

Monteiro, 2009; Narula et al., 2021; Roca-Saavedra et al., 2018; Zinöcker & Lindseth, 2018). Some 

argue, for instance, that reformulating mass-produced UPF staples by adding or removing single 

nutrients may unintentionally contribute to increased UPF consumption, as typically such products are 

labelled/perceived as healthy (Adams et al., 2020; Dicken & Batterham, 2021; Srour & Touvier, 2021; 

Zinöcker & Lindseth, 2018).  

Recommendations for sustainable healthy diets  

Ensuring sustainable nourishment for an expanding global population while preserving natural 

resources has become an ongoing concern, requiring comprehensive dietary recommendations 

(Drewnowski et al., 2020; Herforth et al., 2019). In 2019, following the launch of the 2015 UN-SDGs, 

the EAT-Lancet Commission on Healthy Diets from Sustainable Food Systems (Willett et al., 2019) 

proposed an alternative to unhealthy dietary trends by introducing a universal reference diet that 

promotes both health and sustainability. The EAT-Lancet diet, supported by multidisciplinary evidence-

based literature on healthy dietary patterns, health outcomes, and sustainable food production,  

considers the safe operating spaces for food systems to prevent the environmental impacts from 

exceeding set planet boundaries, such as greenhouse gas emissions and freshwater usage (Willett et al., 

2019).  

The EAT-Lancet-diet is predominantly plant-based and establishes specific dietary intake targets for 

each food group, such as 811 kcal/day wholegrains and 15 kcal/day red meat, on a 2500kcal/day intake. 

It consists “mainly of vegetables, fruits, wholegrains, legumes, nuts, and unsaturated oils, with low to 

moderate amounts of seafood and poultry, and minimal or no consumption of red meat, processed meat, 

added sugar, refined grains, and starchy vegetables” (Willett et al., 2019, p. 447). 

However, the EAT-Lancet diet has faced criticism due to the unique nutritional requirements of 

individuals and the influence of multiple external factors such as cultural relevance and socio-economic 

status, which a universal diet cannot fully address (Fanzo et al., 2021; Miller et al., 2021). For instance, 

children benefit from having meat and dairy in their diets to ensure adequate intake of protein, calcium, 

and other essential micro-nutrients required for healthy growth (Chouraqui, 2023; Hollis et al., 2020). 

A study on the affordability of the EAT-Lancet diet in 159 countries revealed that the cheapest option 
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was unaffordable for at least 1.58 billion of the world’s poorest, primarily due to insufficient household 

income (Hirvonen et al., 2020). Furthermore, ongoing debates persist regarding the definition of a 

healthy and sustainable diet (Fanzo et al., 2021). 

The global shifts towards plant-based diets (Alae-Carew et al., 2022; Curtain & Grafenauer, 2019) has 

led to an increasing production and consumption of UP plant-based food and drink items, which may 

not be healthy. For example, high-tech meat substitutes like the Impossible Burger, “designed to mimic 

the taste and experience of eating meat” (Hu et al., 2019, p. 1547), and other UP plant-based dairy and 

meat substitutes (e.g.; soy “milk”; textured soy protein “sausages”) (Gehring et al., 2021), have gained 

popularity (Alae-Carew et al., 2022; Curtain & Grafenauer, 2019; Gehring et al., 2021; Hu et al., 2019). 

Moreover, the environmental benefits of plant-based diets vary, as demonstrated in studies that have 

shown diets with one serving of meat per day produces fewer GHGs than vegetarian diets that allow 

eggs and dairy (due to the significant emissions associated with dairy production) (Scarborough et al., 

2014). Similarly, the water usage per serving required for producing nuts, seeds, and fruits is comparable 

to that of certain animal-based dishes (Stylianou et al., 2021). Thus, sustainable diets are not always 

synonymous with healthy diets, just as healthy diets are not always sustainable (Fanzo et al., 2021; 

Stylianou et al., 2021).  

Despite ongoing debates, consensus exists on the inclusion of plenty of fruits, vegetables, wholegrains, 

legumes, nuts, and smaller amounts of unprocessed animal foods in sustainable healthy diets (FAO & 

WHO, 2019; HLPE, 2017). Prioritising whole, seasonal, organic, and locally produced foods is also 

recommended (Fardet & Rock, 2020). The 2014 Dietary Guidelines for the Brazilian Population 

(Monteiro et al., 2015) serve as an exemplary eco-nutrition-aligned dietary guideline. Brazil’s guide 

emphasises dietary patterns by replacing traditional food groups with one “golden rule”, four easy-to-

follow recommendations, and several photographs depicting culturally-diverse meal suggestions 

tailored for different lifestyles and geographical areas within Brazil (Figure 2-1). Furthermore, the guide 

incorporates sustainability across multiple dimensions, encompassing the natural environment, social, 

economic, and cultural impacts of UP dietary patterns (Monteiro et al., 2015). Currently, food-based 

dietary guidelines in only four countries worldwide explicitly address all of the multi-faceted domains 

of sustainable diets, with a few more countries partially including some of these domains, mainly the 

environment dimension (Herforth et al., 2019). 
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Figure 2-1. Dietary Guidelines for the Brazilian Population 

Note: (adapted from Ministry of Health of Brazil, 2015). 

 

Sustainable Heathy Diets for Children 

Childhood nutrition 

Childhood is a critical period of growth and development, encompassing various physiological, social, 

behavioural, and cognitive changes (UNICEF, 2019). It is well-established that nutrition during 

different childhood stages significantly influences children’s ongoing growth and development, as well 

as health and wellbeing throughout their life course (Ministry of Health, 2012; UNICEF, 2019). For 

example, consuming a diverse range daily of fruits and vegetables from the introduction of solid foods 

is strongly associated with preventing NCDs and obesity later on (Rush et al., 2019). Additionally, 

regular fish consumption has been shown to enhance learning, thinking, and information retention in 

school-aged children (de Groot et al., 2012; Kim et al., 2010). Therefore, childhood is an ideal time for 

supporting the adoption of long-lasting dietary habits that are beneficial for both children and the planet 

(Hollis et al., 2020).   

However, research indicates that the consumption of nutrient-dense foods, particularly fruits and 

vegetables, is generally low among most children worldwide (Kupka et al., 2020). Conversely, 

children’s diets are increasingly characterised by the consumption of pre-packaged, nutrient-poor, 

highly-processed snacks, such as confectionary, flavoured crisps, and sweetened drinks, starting from 

an early age (UNICEF, 2019). This global trend of poor diet quality contributes to the triple burden of 

malnutrition, which includes undernutrition, micronutrient deficiencies, and overweight and obesity,  

affecting two-thirds of children and adolescents worldwide (UNICEF, 2019). 

FOUR RECOMMENDATIONS AND 

ONE GOLDEN RULE 
 

➢ Make natural or minimally processed foods the 

basis of your diet 

 

➢ Use oils, fats, salt and sugar in small amounts 

for seasoning and cooking foods and to create 

culinary preparations 

 

➢ Limit the use of processed foods, consuming 

them in small amounts as ingredients in culinary 

preparations or as part of meals based on natural 

or minimally processed foods 

 

➢ Avoid ultra-processed products 

 
“Always prefer natural or minimally-processed 

foods and freshly made dishes and meals to  

over-processed foods” 
 



37 

In NZ, only half of children meet the recommended intake of three or more servings of vegetables per 

day (Ministry of Health, 2003a), while UPF contribute to over half of the daily average energy intake 

of 5-year-olds (Fangupo et al., 2021). Moreover, NZ school-aged children (mean =12.6 y) consume an 

average of 5.2 discretionary snacks per day, with a preference for unhealthy snacks compared to healthy 

snack options at all times, regardless of location or activity (Gage et al., 2020). Snacking on unhealthy 

foods has been associated with poor nutrition and unhealthy dietary patterns among school-age children, 

leading to the displacement of nutrient-dense alternatives, childhood obesity, and increased weight in 

adulthood (Gage et al., 2020; Hollis et al., 2020; Kupka et al., 2020; Lee & Yoon, 2018).  

Food and Nutrition Guidelines for Children 

According to WHO (2020) a child’s healthy diet should consist of sufficient amounts of safe and varied 

nutrient-dense wholefoods, such as fruits, vegetables, wholegrains, legumes, nuts, fish, and modest 

amounts of red meat. Meanwhile, the consumption of foods high in added sugar, salt, and fats should 

be limited (Hollis et al., 2020; UNICEF, 2019; WHO, 2020). Dietary requirements for children vary 

throughout different stages of childhood, depending on age, gender, physical activity levels, and the 

ongoing growth and development processes (Hollis et al., 2020; UNICEF, 2019; WHO, 2016). For 

example, the NZ Ministry of Health (2012) has estimated an average energy intake range of 1500–2100 

kcal/day for moderately active children during middle childhood (5–10 y) compared to 2000–3300 

kcal/day for moderately active adolescents (11–18 y) due to differences in body size, rapid growth 

patterns, and major physiological changes resulting in higher nutritional requirements (Hollis et al., 

2020).  

Furthermore, the WHO guidelines for sugar intake (2015) recommend that “free sugars” (added sugars 

and naturally-occurring sugars in honey, syrups, fruit juice, and fruit concentrates) should constitute 

less than 10% of total energy intake, with the ideal target being 5% of for long-term health benefits. 

However, the guidelines exclude “intrinsic sugars” (found in whole fruits and vegetables, and sugars 

from milk) due to the lack of reported evidence on adverse health effects associated with their 

consumption (WHO, 2015). Excessive consumption of free sugars is strongly associated with childhood 

dental caries, a leading cause of preventable hospitalisations in NZ (Thornley et al., 2021).  

The current “Food and Nutrition Guidelines for Healthy Children and Young People (Aged 2–18 Years)” 

by the NZ Ministry of Health (2012) are based on four food groups: 1) fruits and vegetables, 2) breads 

and cereals, 3) milk and milk products, and 4) lean meat, poultry fish, seafood, eggs, legumes, nuts. 

These guidelines provide recommended daily servings for each food group at different stages of 

childhood, and offer serving size examples (Table 2-2). 
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Table 2-2. Eating for Healthy Children aged 2 to 12 years: serving size examples 

Food 

group 

Vegetables Fruits Breads and 

Cereals 

Milk & Milk 

Products 

Legumes, nuts, 

seeds, fish/seafood, 

eggs, poultry, lean 

red meat 

Daily 

servings 

At least 3 

servings 

2 servings At least 5 

servings 

At least 2–3 

servings 

At least 1 serving 

Vegetarians:  

At least 2 servings 

Serving 

size 

1 medium 

potato, or 

kūmara (130g) 

1 apple, pear, 

banana or 

orange (130g) 

1 medium 

slice bread 

(26g) 

1 cup reduced-

/low-fat milk 

(250ml) 

2 slices cooked lean 

meat (100g)  

½ cup cooked 

vegetables 

(50-80g) 

½ cup fresh 

fruit salad 

(120g) 

1 cup  

cornflakes 

(30g) 

1 pottle 

reduced-/low-fat 

yoghurt (150g)  

¾ cup cooked beans 

(e.g., baked beans)  

½ cup salad 

(60g) 

½ cup canned 

fruit (135g) 

1 cup cooked 

pasta, noodles 

or rice (150g) 

½ cup grated 

cheese (40g) 

¾ cup tofu (200g) 

1 egg  

Note: (adapted from HealthEd, 2017) 

The MoH guidelines also recommend limiting sugar, salt, and saturated fat intake, while suggesting 

reduced-fat/low-fat ‘milk and milk products’ for children over 2-years-old (Ministry of Health, 2012). 

However, it is important to note that limiting saturated fat consumption may result in the reduction or 

exclusion of nutrient-dense foods that are essential for healthy growth and overall health, as pointed out 

by Astrup et al. (2019). Moreover, the current guidelines do not consider the levels of food processing 

or synthetic additives present in foods or migrating from contact materials such as packaging 

(Contreras-Rodriguez et al., 2022; Trasande et al., 2018; Zinöcker & Lindseth, 2018). Furthermore, 

current food labelling regulations in NZ do not differentiate between intrinsic and free sugars (Ministry 

for Primary Industries, 2022a), making it challenging to determine the exact proportion of free sugars 

in processed food and drink items. However, excessive UPF consumption has been linked to 

overconsumption of free sugars across all age groups, highlighting the importance of limiting UPF 

intake, particularly pre-packaged sweet snacks and sugar-sweetened beverages (Machado et al., 2020; 

Rauber et al., 2019; Smirk et al., 2021; Thornley et al., 2021).  

The implications of the current MoH guidelines in relation to children’s consumption patterns can be 

illustrated by comparing two milk products available in NZ, both of which have a Healthy Star Rating 

(HSR). The Australia/NZ HSR is a voluntary labelling system that aims to facilitate consumers in 

making healthier choices when selecting package foods. The system uses a scoring range from 0.5 to 5 
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stars. When comparing similar foods, higher star ratings indicate healthier options compared to those 

with lower star ratings (Ministry for Primary Industries, 2022b). 

The comparison below reveals that a popular branded UP chocolate-flavoured milk drink receives a 

higher rating (4.5 stars) compared to regular full-fat milk (4.0 stars). This higher rating is primarily due 

to the lower saturated fat content achieved by using low-fat-milk in the production of the chocolate-

flavoured milk drink, despite the fact that the chocolate-flavoured milk drink contains a lengthy list of 

ingredients, including added sugars and cosmetic additives, while the full-fat milk is simply “fresh 

milk” (Hemingway, 2023) (Figure 2-2). 

 

         

 

 

Figure 2-2. Ingredients list for flavoured (top) and standard fresh milk (bottom). 

 

 

Table 2-3. Nutritional information panel and HSR comparison between flavoured milk and standard 

full-fat milk. 

NPI  Branded flavoured chocolate milk  Fresh milk, full-fat 

 Per 100 ml* 

Energy  328 kJ 260 kJ 

Protein 3.3 g 3.3 g 

Fat, total 1.7 g 3.3 g 

Saturated Fat 0.2 g 2.1 g 

Total Sugars 6.5 g 4.7 g 

Calcium   120 mg 120 mg 

Health Star Rating    

*Serving size for both milk products is 250ml.  

Branded Chocolate Flavoured Milk Drink 

 Ingredients  

Water, Skim Milk Powder, Maltodextrin (Wheat, Corn), Cane Sugar, Plant 

Fibre, Soy Protein, Vegetable Oils (Sunflower, Canola), Fructose , Oat Flour, 

Cocoa (0.5%), Flavours, Acidity Regulator (Potassium Citrate), Mineral 

(Calcium), Vegetable Gums (460, 466, 407), Stabiliser (452), Vitamins (C, 

B3, A, D2, B2, B1, B12, B6), Salt 

Standard Milk 

Ingredients 

Fresh Milk 
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On the other hand, when examining the nutritional content of both milk products, they share certain 

similarities, such as equal amounts of protein and calcium. However, the chocolate-flavoured milk drink 

has much lower saturated fat content compared to standard milk (0.2 vs. 2.1 g) and slightly higher sugar 

content compared to standard milk (6.5 vs. 4.7 g). This example serves to illustrate how current food 

systems continuously influence children’s diets. It represents just one small aspect of the broader factors 

that shape children’s preference for “less-healthy” food options and may pose challenges for them to 

achieve recommended nutrition goals (Hawkes et al., 2020; Kupka et al., 2020; UNICEF, 2019). 

Child-centred food systems 

A child-centred food system makes healthy diets “available, affordable, appealing, and aspirational 

for children”, taking into account the context of their lives (Hawkes et al., 2020, p. 2). In other words, 

child-centred food systems encourage children to make healthier food choices and make it easier for 

parents and caregivers to guide children towards nutritious foods (Hawkes et al., 2020; UNICEF, 2019). 

The UN Convention on the Rights of the Child (United Nations, 1989) requires countries to recognise 

children’s rights to the “highest attainable standard of health”, which includes access to adequate and 

nutritious food, nutrition knowledge for parents and children, and protection from information or 

materials that could be harmful to children’s wellbeing (p. 7). According to UNICEF (2019), to realise 

children’s universal human rights to nutrition, health, and wellbeing, it is crucial to prioritise children’s 

unique nutritional needs in modern food systems.  

To guide child-centred food system research and action, the 2018 UNICEF/GAIN Innocenti Framework 

on Food Systems for Children and Adolescents was developed in collaboration with the public, private, 

civil, and academic sectors during the 2018 Global Consultation on Food Systems for Children and 

Adolescents (UNICEF, 2019) (Figure 2-3). The aim of the consultation was twofold: 1) to provide a 

universal framework for child-centred food systems, and 2) to identify key action points in food systems 

that may support and promote healthy diets for children within the context in which malnutrition 

develops and where children live their lives (Hawkes et al., 2020). Priority action points include four 

key food system areas: 1) food supply chains; 2) behaviour of caregivers, children and adolescents; 3) 

personal food environments; and 4) external food environments. The key areas interlink in particular 

ways with multiple upstream food system drivers, such as socio-cultural, political-economic, 

demographic, and biophysical-environmental factors.  
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Figure 2-3. The UNICEF/GAIN Innocenti Framework on Food Systems for Children and Adolescents 

Note: Adapted from (UNICEF, 2019) 

 

Food environments encompass all the physical and social elements that influence where people, 

including children and their caregivers, acquire and consume food (Drewnowski et al., 2020). This 

includes the types of food and beverage options available for purchase, their affordability, convenience, 

and advertising strategies, which collectively shape individuals’ preferences and influence their 

purchasing-behaviour (UNICEF, 2019). Moreover, food environments extend to socio-economic, 

political, and cultural factors that affect lifelong food choices. At an individual and household level, 

personal food environments are influenced by factors such as lack of income, time constraints for meal 

preparation, and knowledge of heathy cooking (UNICEF, 2019). As such, food environments play a 

pivotal role in determining children’s dietary choices and eating behaviours, ultimately impacting 

children’s nutritional status (Drewnowski et al., 2020; HLPE, 2017).  

The behaviours of parents and caregivers also significantly influence children’s diets through the food 

choices available at home, parent-child feeding practices, and household-diet-related cultural beliefs 

and habits (Fox & Timmer, 2020; O'Rourke et al., 2020; UNICEF, 2019). Therefore, targeting parents’ 

purchasing behaviour becomes a crucial strategy for promoting healthier food choices among children 

(Fox & Timmer, 2020; Gage et al., 2020; Regan et al., 2008). However, food options marketed to and 

consumed by children often do not align with their nutritional needs and recommendations, both in 
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terms of quality and variety. Notably, evidence suggests that food marketing strategies primarily 

promote UPF rather than healthier alternatives (Cairns et al., 2013), making it challenging for families 

to make informed choices. For instance, a recent study on nutrition claims on child-targeted food and 

drink products found that over half (56%) of UPF displayed nutrition claims, with only  a minority of 

products (18%) complying with food labelling regulations (Pulker et al., 2018). These claims can 

effectively capture children’s attention and influence their parents’ purchasing decisions (Sato et al., 

2022). Such claims not only breach parents’ right to accurate nutrition information and children’s right 

to protection from unhealthy foods (United Nations, 1989), but also misguide children’s understanding 

of healthy foods (Sato et al., 2022).  

Governments and the food industry are the primary influencers shaping food environments, consumers’ 

food choices, and dietary patterns (Mozaffarian et al., 2018a; Vandevijvere et al., 2018; WHO, 2016). 

Food manufacturers and retailers influence through product characteristics, pricing, marketing, and 

placement. Governments exert influence through legislation and public health strategies (Vandevijvere 

et al., 2018; Mozaffarian et al., 2019). Recommendations from UNICEF include interventions such as 

financial incentives for businesses increasing the supply and affordability of healthy foods, and financial 

disincentives for unhealthy options, such as taxation of sugary UP beverages. UNICEF emphasises the 

importance of simultaneously increasing the demand for nutritious foods among children (UNICEF, 

2019).  

Intersectoral action 

“Good health is not the sole responsibility of the Ministry of Health but belongs to a range of private 

and public actors” (Health Promotion Forum of NZ, 2012, p. 12). This statement underscores that many 

health determinants, such as poverty and climate change, fall outside the public health sector’s 

jurisdiction, as reflected in the UN Sustainable Development Goals (2015). Sectors beyond PH include 

agriculture, the food industry, retailers, advertising, education, local communities, and all levels of 

government (Mozaffarian et al., 2018a). Each of these players has the potential to positively impact 

child-centred food systems through actions like investing in research and development of novel, 

healthier products, creating supportive food environments, and implementing legislation to enhance 

healthy food accessibility, availability, and affordability (Mozaffarian et al., 2018a; United Nations, 

2015). 

The demand for convenient, ready-to-consume foods remains substantial (Khandpur et al., 2020b; 

Nardocci et al., 2019; Pan American Health Organization, 2015). However, research indicates that 

consumers are increasingly seeking healthier and more sustainable food choices that not only benefit 

personal health but also have positive collective and environmental impacts (Cannon & Leitzmann, 

2022; Fanzo et al., 2021; Miller et al., 2021; Silva et al., 2018). According to literature and prominent 
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global PH reports, the food industry sector can and should be an essential part of the solution due to the 

urgent need for increased research and innovation in food production and reformulation (G. B. D. Diet 

Collaborators, 2019; Mozaffarian et al., 2018a; Silva et al., 2018; UNICEF, 2019). Therefore, 

government policies must incorporate incentives to promote transparent and unbiased nutrition 

research, with the aim of discovering novel methods to produce and manufacture foods that are healthier 

and accessible to consumers, while being environmentally-sustainable (Adams et al., 2020; Mozaffarian 

et al., 2018a).  

A snapshot of NZ food environments 

There is substantial evidence indicating that food environments in NZ, especially those affecting 

children (e.g., schools, sports clubs, takeaway shops, supermarkets) are predominantly unhealthy 

(Vandevijvere et al., 2019). Unhealthy food environments are the primary driver of the obesity 

pandemic in NZ, contributing significantly (18.6%) to the overall burden of disease in the country 

(Vandevijvere et al., 2018). Although excess calorie consumption and unhealthy diets are generally the 

primary causes of increased weight in individuals, these factors are modifiable, while people often have 

limited control over the healthiness of the food environments they encounter in their daily lives 

(Vandevijvere et al., 2019). 

Currently, New Zealand ranks second globally in childhood obesity prevalence, with higher rates 

affecting Māori and Pacific children, as well as those living in the most disadvantaged areas (Chiavaroli 

et al., 2019; UNICEF, 2019). The triple burden of malnutrition disproportionally affects children facing 

food insecurity – defined as an individual or household’s limited accessibility, affordability, and 

availability to foods based on their disposal income (Chiavaroli et al., 2019). For example, due to 

economic constraints, families with lower incomes often opt for lower-quality, more-affordable foods 

(UNICEF, 2019). Childhood food insecurity poses serious risks to physical, mental, and emotional 

health, including micronutrient-deficiencies, growth issues, poor academic outcomes, and overall 

reduced wellbeing (Dimov et al., 2021; Macaulay et al., 2022; Ministry of Health, 2019b). In NZ, 

poverty is recognised as the main driver of persistent food insecurity, particularly among Māori and 

Pacific children and those from disadvantaged areas (Ministry of Health, 2019b). According to the 

2014/15 NZ Material Wellbeing Index (Perry, 2017), which measures levels of child poverty, 32% of 

households lacked regular access to fresh fruits and vegetables, and 10% were unable to include meat, 

fish, or a vegetarian protein alternative in meals at least every second day due to food costs. 

Additionally, children living in food-insecure households in NZ consume highly-processed ‘fast foods’ 

and sugary beverages (3 or more times/week) more frequently than their counterparts in food-secure 

homes (Ministry of Health, 2019b).  
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Moreover, many NZ children reside in ‘food deserts’ and/or ‘food swamps’ – areas characterised by 

lower accessibility to healthy foods and/or higher density of unhealthy food outlets (Vargas et al., 2017). 

Higher deprivation neighbourhoods have 13.7 more fast food and takeaways’ outlets compared to 3.7 

in lower deprivation neighbourhoods (Vandevijvere et al., 2018). Accessibility to healthy foods is lower 

in the most deprived area (1.3 outlets) compared to the least deprived (3.3 outlets) (Vandevijvere et al., 

2018). Supermarkets in the most deprived areas allocate more shelf space (0.44/meter) to unhealthy 

foods than retailers in the least deprived areas (0.38/meter) (Vandevijvere et al., 2018b). Consequently, 

lower-income NZ families are most affected and may be unable to make the healthier food choice. 

Recommendations for the NZ government from the 2017 INFORMAS national food environments and 

policies assessment in NZ include adopting a 20% sugary drinks tax, ensuring healthy food school 

environments, restricting the marketing of unhealthy foods to children, and strengthening the HSR 

system (Vandevijvere et al., 2018). In terms of intersectoral action, one of NZ’s major food retailers’ 

initiatives, ‘Free Fruits for Kids’, distributes an average of 50,000 pieces of fruit per week nationwide 

to children visiting their stores, as one of five nutrition targets set by the chain in alignment with a food 

retailer sector-wide ‘Reducing Childhood Obesity’ pledge, in collaboration with the NZ Government 

(Supermarket News, 2017). On the other hand, the median value of the NZ food industry’s commitment 

to reformulating UPF to healthier options sits at 34% (Vandevijvere et al., 2018).  

 

Child-centred food systems research 

Reorienting food systems to meet children’s dietary needs is increasingly recognised in the literature 

(Fox & Timmer, 2020; Hawkes et al., 2020; UNICEF, 2019). Hawkes et al. (2020) developed a child-

centred food system research tool that complements the recently launched UNICEF Innocenti 

Framework (2019). The tool aims to identify actions necessary to realign existing food systems to 

prioritise children’s nutrition. Data collection can be conducted at the community and district levels, 

focusing on various entry points within the food system, such as supply chains, household and external 

food environments, and consumer behaviours (Hawkes et al., 2020; UNICEF, 2019). 

Child-centred food system research, although relatively emergent, builds upon commonly used research 

methods. One of the six research steps involved is conducting dietary assessments to determine the 

disparity between recommended diets and actual food consumption by children (Figure 2-4 – Step 2). 

This step also identifies the specific foods that child-centred food systems need to increase or decrease. 

Subsequent steps investigate the factors that influence children’s food choices, including the reasons 

behind their consumption or avoidance of certain food.  For example, exploring food-related behaviours 

of children and caregivers, such as food preparation and household eating patterns. Additionally, the 

assessment encompasses the examination of food availability, affordability, safety, convenience, and 

promotion across personal and external food environments, as well as within the supply chain. This 
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comprehensive assessment enables the development of a priority package of actions (Step 6) aimed at 

efficiently reorienting the system to provide more or less of the identified foods (Hawkes et al., 2020). 

Figure 2-4. The six methodological steps to child-centred food system research 

Note: (adapted from  Hawkes et al., 2020)  

Promoting sustainable healthy diets in the school setting 

The UNICEF Innocenti Framework (2019) has identified schools as a key environment for promoting 

healthy, safe, and sustainable diets for children. Schools may achieve this through the provision and 

promotion of healthier and more nutritious food and drinks, as well as fostering sustainable eating 

habits. Moreover, schools are considered an ideal setting for promoting healthy eating due to their 

central location within communities, providing easy access to children, parents, extended whānau, and 

the wider community (WHO, 2016). Research has demonstrated that regular consumption of nutritious 

foods leads to better learning outcomes among children (Burrows et al., 2017; Ministry of Health, 2012), 

and healthy school environments are associate with lower levels of obesity (D'Souza, 2019). In contrast, 

diets high in ‘junk foods’ have been associated with poorer academic performance and decreased 

wellbeing (Smith & Richards, 2018). 

In NZ, most children typically bring a home-packed lunchbox to school. Evidence shows that home-

packed school lunches typically contribute to about one third of children’s daily dietary intake (Nathan 

et al., 2019) including in NZ (Regan et al., 2008). However, recent studies from abroad indicate that 
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only a small proportion of school lunchboxes meet national dietary guidelines, lacking core food groups 

such as vegetables, as well as protein and fibre (Evans et al., 2020; Manson et al., 2021; Stanham et al., 

2020; Sutherland et al., 2020). They are instead dominated by nutrient-poor, pre-packaged discretionary 

snacks (Blondin et al., 2021; Evans et al., 2020; Manson et al., 2021). For example, a study conducted 

in Australia found the majority of primary-school children’s lunchboxes (85%) included discretionary 

snacks, such as confectionary, biscuits, and chips, with two or more servings in two-thirds of observed 

lunchboxes (Sutherland et al., 2020). In NZ, outdated lunchbox studies show similar patterns, with a 

significant portion of children’s energy intake during school hours coming from discretionary snacks 

(Dresler-Hawke et al., 2009; Regan et al., 2008; Rockell et al., 2011a). Moreover, NZ children are more 

likely to choose unhealthy snacks over healthy options, even when the latter are included in their 

lunchboxes (Dresler-Hawke et al., 2009). 

In addition to the foods available in children’s households, crucial factors within NZ children’s 

immediate food environments that can positively or negatively influence their school-time diet include 

food outlets in and around schools, school fundraising, advertising and sponsorship practices, and 

school food and nutrition policies along with various public and private sector-funded programmes 

(D'Souza et al., 2022; Vandevijvere et al., 2018).  

In NZ there are notable programmes and initiatives aimed at improving schoolchildren’s diets. The Ka 

Ora Ka Ako | Healthy School Lunches government-funded programme, initiated in 2019, aims to 

address food insecurity among NZ children (Ministry of Education, 2022b). It offers free school lunches 

on a daily basis to all students enrolled at participating schools. Targeted toward schools facing 

significant socio-economic barriers that may impact student achievement, such as child poverty and 

child hunger, the Ka Ora Ka Ako program currently provides cost-free lunches to 960 of the 2500 

existing schools across New Zealand (Ministry of Education, 2022b).  Additionally, the long-running 

initiative Fruit in Schools (FIS) provides a daily piece of fresh produce to children attending schools in 

disadvantaged areas (Te Whatu Ora Health NZ, n.d.). FIS was introduced in 2005 and has consistently 

been evaluated as a high-value programme by students, whānau and schools (Te Whatu Ora Health NZ, 

n.d.). Furthermore, the private sector co-sponsored Fonterra/Sanitarium Kickstart Breakfast Club 

initiative, which is now co-funded by the NZ government, has been providing free cereal  and milk to 

children in schools facing socio-economic challenges since 2009 (KickStart Breakfast, n.d.). 

Despite these initiatives, D'Souza et al. (2022) have reported that school food environments in NZ are 

predominantly unhealthy and do not favour healthy food choices for children. For example, the majority 

of school canteen offerings are considered ‘occasional’ foods, and most fundraising practices in NZ 

schools (81%) involve selling UPF. Additionally, less than half of schools (40%) have a food and 

nutrition policy, and those policies, according to D'Souza et al. (2022), “are weak and lack 

comprehensiveness” (p. 325). Moreover, existing school-level food and nutrition guidelines generally 
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lack mandatory provisions applicable to lunchboxes, except for a few exceptions such as the ‘water and 

milk only’ policy adopted by two-thirds of primary schools (D'Souza et al., 2022). 

Furthermore, as in most countries, NZ lacks official regulatory legislation from the ministry of health 

for home-packed lunchboxes (Stanham et al., 2020), as existing guidelines typically apply to food 

provided by schools, excluding foods brought from home (Ministry of Health, 2019a). For example, 

the Ka Ora Ka Ako free school lunches programme has specific nutrition guidelines that participating 

schools and suppliers must adhere to (Ministry of Education, 2022b; Ministry of Health, 2019a).  

This absence of official guidance places the responsibility on parents and caregivers to determine the 

lunchbox foods their children consume at school (Nathan et al., 2019; O'Rourke et al., 2020).  However, 

research shows that decision-making in this regard is challenging due to complex factors influencing 

parent packing behaviour, particularly child preferences, cost, and convenience. Parents and caregivers 

require support in this area (O'Rourke et al., 2020). On the other hand, primary-aged children’s 

preference for branded, pre-packaged UP snacks, driven by flavour, pervasive marketing tactics, and 

peer-pressure, influences their desire to consume such products at school (Sato et al., 2022). Further 

research is needed to understand lunchbox packing behaviours of parents and children (Lalchandani et 

al., 2023b; O'Rourke et al., 2020), including children’s requirements and perceptions (Folta et al., 2018). 

It is also important to explore constraints and barriers, such as lack of time, food preparation skills, and 

financial constraints to inform interventions that support parents and children in packing nutritious 

school lunchboxes (Hawkes et al., 2020; Lalchandani et al., 2023b). Active involvement of children in 

decision-making, recognising their role as consumers and potential drivers of food system change, is 

recommended (UNICEF, 2019). Increasing children and parents’ knowledge on food marketing tactics 

and their detrimental effects on children’s food choices is also suggested (Sato et al., 2022). 

Therefore, it is essential to improve school food environments to encourage healthier and more 

sustainable eating habits among schoolchildren. Experts emphasise the need to focus on 

schoolchildren’s unique dietary requirements (Kupka et al., 2020; UNICEF, 2019) and improve school 

food and nutrition policies (D'Souza et al., 2022; O'Rourke et al., 2020; Parker & Koeppel, 2020; 

Parnham et al., 2022). Recommendations include developing official guidelines that consider the level 

of food processing (Parnham et al., 2022), particularly addressing the high prevalence of UP snacks 

brought from home, and strengthening existing policies and strategies (O'Rourke et al., 2020; Parker & 

Koeppel, 2020; Parnham et al., 2022; UNICEF, 2019).   

Home-packed school lunchboxes: UPF and eco-nutrition 

Research on the extent of food processing in home-packed school lunchboxes is limited. One study, 

which conducted a secondary analysis of a RCT in primary schools in the US (mean age, 9 y), found 

that the majority of foods in lunchboxes were UPF, accounting for 70 % of food energy. These UPF 
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were primarily pre-packaged UP snacks (Blondin et al., 2021). Another study conducted in Brazilian 

private primary schools also observed a high prevalence of UPF in children’ lunchboxes (80% of 

lunchbox items). Cakes, cookies, and juice drink cartons were the most frequently included UPF 

(Barbosa et al., 2021). When examining the association between meal type (school-provided vs. home-

packed) and total UPF intake in primary and secondary students in UK schools, Parnham et al. (2022) 

found that UPF intake was high in both age groups, constituting 72.6% and 77.8% of total lunch 

calories, respectively. Children with home-packed lunches had higher UPF intake compared to those 

with school-provided meals, as they were more likely to contain the UP version of core foods (Parnham 

et al., 2022).  

From an eco-environmental perspective, the consumption of UP snacks in lunchboxes contributes 

significantly to waste and pollution due to the disposal of plastic packaging (Chen et al., 2021; Fardet 

& Rock, 2020; Lalchandani et al., 2022; Seferidi et al., 2020). However, research on lunchbox 

packaging waste is scarce. In one study, an eco-nutrition guided intervention implemented in primary 

schools categorised lunchbox food packaging into three types: single-serve packaging, reusable 

containers, and other packaging such as cling-wrap and foil. At baseline, it was found that more than 

half (58.9%) of lunchbox items were packaged in single-serve packaging, while only 13.1% were in 

reusable containers. These proportions did not show significant changes at the follow-up assessment 

(Goldberg et al., 2015). Another study, which examined the environmental impacts of packed-lunches 

from an eco-nutrition lens, revealed that discretionary snacks were the primary source of soft plastic 

packaging in primary schoolers’ lunchboxes, whereas most fruit and vegetables were packed in reusable 

containers (Lalchandani et al., 2023a).  

While no academic study has examined single-use plastic packaging in schoolchildren’s home-packed 

lunches in NZ, data from local government suggest that a typical “litter-full” lunchbox may generate 

up to 30 kg/year of food and packaging waste, contributing to the largest source of waste sent to landfill 

by the average NZ school (Kapiti Coast District Council, n.d.). To address this issue, schools are 

increasingly promoting zero-waste lunchboxes, encouraging the use of reusable containers and 

refillable drink bottles, and educating children about waste minimisation (Eames & Mardon, 2020; 

Kapiti Coast District Council, n.d.; Lalchandani et al., 2022). These environmentally-friendly practices 

provide a basis for developing interdisciplinary policies in primary schools to improve nutrition and 

environmental outcomes (Lalchandani et al., 2022). 

Existing school-based healthy eating and nutrition interventions and policies have primarily focused on 

preventing childhood obesity through a combination of conventional nutritional messages and physical 

activity strategies (Black et al., 2015; Micha et al., 2018). However, these approaches have shown 

limited effectiveness in reducing obesity prevalence (Micha et al., 2018; Nathan et al., 2019). The eco-

nutrition concept, which emphasises ecological sustainability, has emerged as a promising approach in 
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promoting healthy and sustainable diets in school settings (Black et al., 2015; Goldberg et al., 2015; 

Jones et al., 2012; Oostindjer et al., 2017; Parker & Koeppel, 2020; Prescott et al., 2019). Several studies 

suggest that highlighting the connection between food choices that benefit both individual health and 

environmental sustainability can leverage two powerful motivators for school-aged children: altruism 

and concern for the planet. This approach may encourage children to adopt healthier and more 

sustainable dietary habits (Eames & Mardon, 2020; Folta et al., 2018). Moreover, a combined approach 

that integrates food, sustainability, and health as an educational tool is more appealing to children than 

traditional food and nutrition concepts that focus on reductionism constructs, such as limiting saturated 

fat and sugar. The latter approach can sometimes overly “medicalise” nutrition rather than promote 

sustainable healthy diets (Parker & Koeppel, 2020; Prescott et al., 2019). 

An increasing number of schools internationally, including in Canada, Japan, the US, and Scandinavian 

countries, have adopted a school-wide sustainable food systems approach encompassing various aspects 

such as school food provision and consumption, programmes, and policies (Parker & Koeppel, 2020; 

Prescott et al., 2019). In NZ, 40% of primary and secondary schools participate in the long-term 

sustainability programme ‘Enviroschools’, with the two most popular action areas being ‘Zero Waste’ 

(adopted by 100% of these schools) and ‘Kai/ Food Production’ (93% of schools) (Eames & Mardon, 

2020). Additionally, the NZ Ministry of Education (2022b) recommends that schools incorporate 

school-wide zero-waste policies, including measures to reduce food and single-use plastic packaging 

waste. This suggests there is considerable potential for NZ schools to embrace a child-centred 

sustainable food system approach. Moreover, this approach aligns well with the UN-SDGs (2015), such 

as ‘Sustainable Cities and Communities’, ‘Responsible Production and Consumption’, and ‘Climate 

Change Action’. 

Part 2 Conclusion  

The promotion of nutritious and minimally-processed school lunchboxes may improve children’s 

overall diet quality, reduce the burden of diet-related chronic diseases, and lessen the environmental 

impacts of UPF. Investigating the healthiness and sustainability status of NZ schoolchildren lunchboxes 

will help reorient and promote child-centred food systems that prioritise the nutritional needs of 

children.  
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Chapter 3 – The relationship between nutritional content and 

level of processing in primary school children’s lunchboxes 
 

Preface 

The previous chapter emphasised the need to shift from UPF-dominated diets towards prioritising 

minimally processed foods sourced from sustainable food systems. Schools were also identified as a 

critical setting for public health nutrition action, but it was noted that most lunchboxes brought to school 

by children do not meet dietary requirements. Several gaps in the lunchbox literature were identified, 

particularly evidence around the level of food processing and the environmental impacts of lunchbox 

waste.  

In response to these gaps, a cross-sectional study was conducted in four primary schools located in 

Auckland, NZ, with the objective of assessing the healthiness and sustainability of home-packed 

lunchboxes. The following chapter represents the first part of this study, which examines the 

relationship between the nutritional content (energy and sugar) of lunchbox food and drink items, and 

their level of food processing.  
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Abstract 

Purpose: Ultra-processed foods have become a major public health concern, given their detrimental 

impacts on health, including in children. Despite home-packed school lunchboxes representing a 

significant portion of most children’s diets in New Zealand, lunchbox-related research is limited and 

somewhat outdated. No study has investigated the level of processing of food and drink items in NZ 

children’s lunchboxes. This study aims to assess the level of food processing in home-packed lunches 

among NZ primary schoolchildren and investigate its relationship with the nutritional content (energy 

and sugar). 

Method: A cross-sectional study was conducted with 110 children in Auckland, NZ, using digital 

photographs and a pen-and-paper questionnaire. The energy (kJ) and sugar (g) of lunchbox food and 

drink items were estimated, before categorising each item into one of three levels of processing 

(unprocessed/minimally-processed, processed, ultra-processed) based on the NOVA classification 

system. Statistical analyses explored differences in energy and sugar among the processing levels, while 

adjusting for school, gender, and who packed the child’s lunch (child, parent). 

Results: UPF accounted for approximately two-thirds of the overall energy (61.8 ±27.0%), and half of 

total sugars (50.4 ±31.5%) in lunchboxes. Among the 599 food items (6.0 ±1.9 items per lunchbox), 

sweet and savoury UP snacks were the primary contributors to energy from UPF (40%), while there 

was a significant lack of minimally-processed foods (13.7±16.6%) in lunchboxes. Findings were 

consistent across genders, schools, and lunchbox packer (child/parent). 

Conclusion: NZ primary schoolchildren’s home-packed lunches were highly processed, with an 

overreliance on branded, pre-packaged ultra-processed snacks, while fresh and minimally-processed 

foods from core food groups were underrepresented. This study highlights the need for updated dietary 

guidelines and guidance for children and parents that consider the impact of extreme food processing 

on the overall healthiness status of foods.  
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Background 

Childhood (0–18 years) is a period of continuous growth and development, including multiple 

physiological, social, behavioural, and cognitive changes (UNICEF, 2019). It is well-established that 

regular, nutritious, sufficient, safe, and varied wholefood-rich diets (combined with limited intake of 

sugar, salt, and unhealthy fats) are supportive not only of normal growth and development during all 

stages of childhood but also contribute to lifelong positive health and wellbeing outcomes across all 

ages (UNICEF, 2019; WHO, 2020). Plus, nutrient-rich dietary patterns protect children's immune 

systems (Calder et al., 2020; Childs et al., 2019; Hosseini et al., 2017), fuel the young brain for learning 

(Burrows et al., 2017; Florence et al., 2008), provide the daily energy children require to move and play 

(Wu et al., 2019), and reduce the risk of poor health outcomes in childhood, such as overweight and 

obesity (Chiavaroli et al., 2019; Costa et al., 2018), dental caries (Thornley et al., 2021), and anxiety 

and mood disorders (Dimov et al., 2021; O'Neil et al., 2014). However, children's dietary patterns 

worldwide are increasingly characterised by excessive consumption of unhealthy, pre-packaged, highly-

refined foods and drinks, such as confectionery, sugary and salty snacks, and sweetened beverages, as 

well as by low intake of nutrient-rich foods, particularly fruit and vegetables (Kupka et al., 2020; 

UNICEF, 2019). Taken together, these global trends contribute to suboptimal diets and poor health 

outcomes among children (Dicken & Batterham, 2021). 

Traditionally, public health nutrition (PHN) research and efforts have focused on key nutrients to 

prevent diet-related non-communicable diseases (NCDs) and promote nutritionally-adequate diets 

across populations (Mozaffarian et al., 2018b; Ridgway et al., 2019). For example, the Ministry of 

Health ‘Food and Nutrition Guidelines for Healthy Children and Young People (2–18y)’ (2012) support 

the reduction of sugar, salt and saturated fats, and increased dietary fiber intake. Similarly, the voluntary 

front-of-pack Healthy Star Rating (HSR) labelling system, aimed at helping consumers make healthier 

packaged food choices, scores the ‘healthiness’ of foods from 0.5 to 5 stars (“the more stars, the 

healthier”) by awarding ‘positive’ points for higher fibre, protein, fruit, vegetable, nut, or legume 

content, and subtracting points for ‘risk’ nutrients (total kilojoules, saturated fat, total  sodium, and total 

sugars, but not added sugars) (Ministry for Primary Industries, 2022b). Based on traditional food groups 

and a limited set of single nutrients, this approach overlooks the complexity of foods and the broader 

composition of the food source where these nutrients are found (Astrup et al., 2019; Dickie et al., 2018; 

Mozaffarian et al., 2018b). Additionally, it fails to consider other crucial factors related to modern 

industrial food processing methods that are increasingly associated with poor diets and health outcomes 

in populations across all ages (Adams et al., 2020; Lustig, 2017; Monteiro, 2009; Mozaffarian et al., 

2018b; Srour & Touvier, 2021). For example, multiple stages of extreme food processing alter the food 

structure of wholefoods and negatively affect human digestive processes and the gut microbiota 

(Dagbasi et al., 2020; Zinöcker & Lindseth, 2018), as well as disrupt gut-brain appetite signals, 
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predisposing individuals to overeating (Contreras-Rodriguez et al., 2022; Dagbasi et al., 2020). 

Moreover, there is growing concern associated with excessive consumption and ‘mixing’ (i.e., cocktail-

effect) of synthetic additives present in heavily-processed dietary patterns, both from food additives 

directly added to foods during processing (e.g., emulsifiers, artificial sweeteners), as well as other 

chemicals migrating into foods from food packaging and other food contact materials during 

manufacturing (e.g., plasticisers, bisphenols). These have been associated with metabolic syndrome in 

populations (Bergman et al., 2012; Heindel et al., 2022), including potential disruption of the endocrine 

and immune systems in infants and children (Trasande et al., 2018).  

Concurrently, a more inclusive approach increasingly applied in PHN analysis has emerged (Ridgway 

et al., 2019). The NOVA (a name, not an acronym) food classification system, focuses on the healthiness 

of foods beyond their nutritional characteristics, by considering the type, extent, and purpose of food 

processes undertaken by food and drink items prior to purchase and consumption (Monteiro et al., 

2018a). According to NOVA, food and drink items are classified into four groups: 1) unprocessed or 

minimally-processed; 2) culinary ingredients; 3) processed; and 4) ultra-processed (Monteiro et al, 

2018). Ultra-processed food and drink items (UPF) differ considerably from foods found in other food 

processing categories. Contrary to unprocessed/minimally-processed (fruit and vegetables; milk; rice) 

and processed foods (salted nuts; canned vegetables; cheeses), UPF generally contain little or no intact 

wholefoods in their composition (Monteiro et al., 2019).  Additionally, UPF are formulated to be highly 

palatable, usually containing high amounts of sodium, added sugar, ultra-refined oils and starches, as 

well as cosmetic additives (e.g.; flavourings, colourings, emulsifiers, bulking agents), to compensate 

for the lack of wholefood in their industrial formulations (i.e., “recipes”) (Monteiro et al., 2018). Popular 

UPF are not limited to ‘junk foods’ – but also include “everyday” products, such as breakfast ‘cereals’, 

‘fruit’ yoghurts, mass-produced breads, and reconstituted meat products (Monteiro et al., 2018). The 

Food and Agricultural Organisation of the United Nations (FAO) officially advises limiting UPF intake 

and encourages countries to consider NOVA when developing national food-based dietary guidelines 

(Monteiro et al., 2019a). 

Approximately one third of children’s daily energy and nutrient intake consumption occurs while at 

school (Regan et al., 2008; Sanigorski et al., 2005; Sutherland et al., 2021). As school lunchboxes 

represent a significant portion of children's daily dietary intake, it is crucial to prioritize the inclusion 

of foods and drinks that positively impact their health and help them achieve their nutrition goals. 

School-provided meals are an exception in NZ, with most children bringing a lunchbox from home. 

According to Dresler-Hawke et al. (2012), the nutritional status of children’s overall diets, including 

the contents of their lunchboxes, are directly linked to “behaviour, performance, achievement, and 

obesity levels in school children” (p. 736). Findings from studies here and abroad investigating school 

lunchboxes indicate that highly-refined, nutritionally-poor snacks, dominate home-packed lunches 
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(Blondin et al., 2021; Dresler-Hawke et al., 2009; Evans et al., 2020; Regan et al., 2008; Rockell et al., 

2011a; Sanigorski et al., 2005). 

In NZ, it has been shown that UPF contribute to 45%, 42% and 51% of average daily energy intake in 

young children aged 12, 24 and 60 months, respectively (Fangupo et al., 2021, p. 306), but no study has 

investigated the extent of UPF in home-packed lunchboxes brought to school by children in NZ. A 

better understanding of food processing levels in children's home-packed lunches could help reduce 

UPF intake and improve the overall dietary quality and sustainability of such lunches. Therefore, the 

aims of this study were: 1) to describe the level of food processing of home-packed lunches among NZ 

primary schoolchildren; 2) to examine the relationship between the nutritional content (energy and 

sugar) of lunchbox items and their level of processing; and 3) to determine if the relationship between 

nutrients and level of food processing varies by child gender, school, and who packs the lunches 

(parent/guardian vs child). 

Methods 

Participants 

In NZ, schools are categorized into deciles, with low decile schools falling within the range of 1–3, 

medium decile schools within 4–7, and high decile schools 8–10. Decile 10 schools represent the 10% 

of schools with the lowest proportion of students living in low socio-economic areas, while decile 1 

schools represent the 10% of schools with the highest proportion of students living in these communities 

(ref). The recruitment process started by randomly selecting four primary schools from both lower and 

higher deciles, two from the East and two from the South regions in Auckland. This selection was made 

using the NZ MOE online database (ref). Schools were initially contacted by mail and invited to 

participate in the study. All the schools agreed to participate, as indicated through their response to an 

initial information letter sent to the school’s principal, along with a “Permission for Researcher to 

Access School’s Staff and Students” reply form. Information pertaining to the packed-lunch food and 

packaging guidelines of participating schools as well as any programs that may have influenced 

lunchbox choices (e.g., litterless lunchbox initiatives) was sought from the respective participating 

schools’ websites during the data analysis process.  

Within each consenting school, primary school students from Year 4–6 classrooms (classrooms selected 

by the schools) were invited to participate in the study and received an information pack to take home 

which contained parental consent and student assent forms. Those interested returned signed 

consent/assent forms to a classroom drop box prior to data collection. In total, 250 children were invited, 

with 115 children and their parents agreeing to participate. However, five children in total (across all 

schools) were absent from school during collection day. Parents and students were not notified of the 
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data collection day in advance. Ethical approval was granted by the Auckland University of Technology 

Ethics Committee (AUTEC), reference number 21/174.  

Sample size calculation 

Using the PASS 15 software and a repeated measures analysis, we estimated that 53 subjects would 

allow us to detect a difference in the proportion of energy across the three levels of NOVA processing, 

with 90% power and a type I error rate of 0.05. This is based on an F Test with a single three-level 

within-subject factor, a conservative between-subject standard deviation of 40, an autocorrelation 

among the repeated measurements of 0.2, and applying the Greenhouse–Geisser degrees of freedom 

adjustment. We based our assumed means across the three processing levels on previous work from the 

United States (Blondin et al., 2020) and on unpublished data from Manurewa Primary School, NZ (MP 

= 18.7%, P = 18.8%, UP = 62.7%). We scaled the mean effect to 0.5 to allow us to detect a smaller mean 

difference across conditions. Allowing for 10% data loss, we increased the sample size to 59 

participants. 

Data Collection 

Data collection in participating schools occurred during May-June 2022 and all data was gathered by 

the principal researcher. On data collection day, consenting students’ lunchboxes were digitally 

photographed at the start of the school day, following a validated method for measuring lunchbox 

contents (Blondin et al., 2021). To ensure students’ privacy and confidentiality, a privacy screen was 

placed on the edge of the data collection desk. One at a time, students placed their lunchbox items on a 

28 x 43 cm placemat and photographed directly from above (Figure 3-1).  

Digital photographs were complemented by a pen-and-paper Lunchbox Food Checklist (adapted from 

Blondin et al., 2021) (Figure 3-2). The Lunchbox Food Checklist was used for recording complementary 

information which would not be possible to gather from photos alone. This included details about 

sandwich fillings, foods within non-transparent wrappers or containers, and additional  information 

from the children, such as the product’s brand (if the product had been removed from its original 

packaging), whether the food item was homemade, or if it was typically purchased in bulk (e.g., nuts).  

Additionally, the lunchbox checklist enabled the collection of additional information from the children, 

such as the product’s brand (if product had been removed from its original packaging), whether the food 

item was homemade, or if it was typically purchased in bulk (e.g., nuts). To protect the confidentiality 

of participants, photographs and lunchbox food checklist responses were matched by an ID number. 

Participants disposed lunchbox food packaging waste into lidded buckets which were collected by the 

researcher at the end of the day. 
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Figure 3-1. Digital photograph of lunchbox 

 

Figure 3-2. Lunchbox Food Checklist 

Note: (adapted from Blondin et al., 2021) 
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Measures 

Lunchbox food and drink items were coded into eight food categories (i.e., Fruit, Vegetables, 

Sandwich  Filling, Sandwich Bread, Leftovers/Takeaways, Miscellaneous, Snacks, Beverages), and 

twenty  subcategories (e.g., food item category [subcategories], Sandwich bread [white, wholemeal, 

other]; Sandwich filling [meat & alternatives; milk & alternatives]; Fruit [fresh; dried]) as per the 

Lunchbox Food Checklist. Sandwich components (i.e., bread, fillings, spread, vegetables) were coded 

as individual food items and assessed separately.  

Nutritional composition  

The nutritional composition (i.e., energy, total sugars) of branded, pre-packaged food items and 

respective serving sizes were obtained from the Nutrition Information Panel (NIP) on the food item’s 

packaging or by consulting major food retailers and manufacturers’ websites. Nutrient content of food 

items without a NIP (e.g., homemade culinary preparations, fresh fruit), were generated using a 

nutritional tracking  software (Cronometer free Web version) (Cronometer, n.d. ). Serving sizes were 

calculated following recommended serving sizes for school-aged children in the Ministry of Health 

Guidelines for Healthy Children 2–18 years  (2012). Total energy (kJ) and total sugars (grams) of 

lunchboxes were subsequently calculated and subsequently extracted into Excel. 

Level of food processing  

Lunchbox food items were categorised into one of three food processing categories adapted from the 

NOVA food classification system (Monteiro et al., 2019a): MP = natural and minimally-processed  

foods and drinks, and homemade culinary preparations; P = processed food and drink items; and 

UP  =  ultra-processed food and drink items. Level of food processing of pre-packed items were 

ascertained by consulting the ingredients’ list on the food item’s packaging. Discretion was used when 

coding food items without nutritional labelling. For instance, handmade culinary preparations, such as 

leftovers/takeaways, when constituted of mainly minimally-processed and processed foods, with added 

culinary ingredients (oils, salt), were coded as MP (e.g., homemade minestrone, takeaway egg fried 

rice), whereas a homemade pizza with vegetables and cheese topping on a pre-packaged, shop-bought 

crust was coded as processed. Homemade baking (e.g., bread, cakes) were coded as processed, whereas 

shop-bought bakery items (baked in-store, pre-packaged) were coded following the ingredients’ list on 

individual items. For subsequent analysis, the percentage of total energy and total sugar from each of 

the processing categories were calculated. 

Statistical Analyses 

Descriptive statistics were used to determine the mean total energy (kJ) and mean total sugar (grams) 

for the lunchboxes (Aim 1). A series of repeated measures ANOVA models were used to determine if 

the proportion of total energy and proportion of total sugars differed among the three levels of food 

processing (MP, P, UP), which was treated as the within-subject factor (Aim 2). Next, the ANOVA was 
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repeated with the addition of school (four levels), gender (male, female), and who packed the child’s 

lunch (child, parent) to determine if the relationship between level of processing and the two outcome 

variables differed by these factors (Aim 3). For each of the processing levels, estimated means and 95% 

confidence intervals were calculated, pairwise contrasts among the three processing levels were 

estimated, and p-values were adjusted for multiple comparisons using the Holm correction. All analyses 

were performed in R version 4.2.0. 

Results  

Table 3-1. Sociodemographic characteristics of participants across schools 

Variable                         All (n=110)                    

 n                                   % 

Gender (n. %)   

Female 71 64.5 

Male 39 35.5 

School yearᵃ    

  Year 4  26 23.6 

  Year 5  41 37.3 

  Year 6  43 39.1 

School region/decileᵇ    

  School 1 East Auckland, decile 3 25 22.7 

  School 2, East Auckland, decile 9 33 30.0 

  School 3, South Auckland, decile 4 29 26.4 

  School 4, South Auckland, decile 8 23 20.9 

* SD = standard deviation 

ᵃ School Year level: Primary school education system in NZ starts at Year 1 (approximately 5 years of age) and concludes at 

the end of Year 8  (approximately 12 years of age) (Ministry of Education, 2022a). 

ᵇ School decile: The extent to which the school’s students live in low socio-economic or poorer communities. Decile 1 schools 

are the 10% of schools with the highest proportion of students from low socio-economic communities. Decile 10 schools are 

the 10% of schools with the lowest proportion of students from these communities. School deciles in NZ are categorized as 

low decile = 1–3, medium decile = 4–7, high decile = 8–10 (Ministry of Education, 2022c). 

 

The study sample included 110 participants aged 9–11 years, and approximately two-thirds were girls 

(64.5%). There were proportionally more children from Year 5 (37.3%) and Year 6 (39.1%), compared 

to Year 4 (23.6%). The study included four schools in total, two from the East and two from the South 

regions in Auckland, NZ. Each region included a lower decile and a higher decile school. The 

distribution of participants was reasonably equal across the four region/decile categories (Table 3-1). 
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Table 3-2. Characteristics of lunchboxes brought to school by children. 

Variable All (n=110) 

mean  SD 

Total lunchbox items per child 

   MP 

   P 

   UP 

   Total 

1.3 

1.2 

3.5 

6.0 

1.0 

0.9 

1.7 

1.9 

Mean energy (kJ) per lunchbox 2504 1089 

Mean sugars (g) per lunchbox  40.5 19.4 

Proportion of total energy by processing level 

   MP (%) 13.7 16.6 

   P (%) 24.5 22.4 

   UP (%) 61.8 27.0 

Proportion of total sugars by processing level 

   MP (%) 37.9 29.9 

   P (%) 11.7 17.2 

   UP (%) 50.4 31.5 

n % 

Packed byᶜ 

   Child 38 34.5 

   Parent/Guardian 72 65.5 
* SD = standard deviation

ᵃ NOVA processing levels: MP = minimally processed, P = processed, UP = ultra-processed (adapted from Monteiro et al., 

2019) 

ᵇ Total energy (kJ) and total sugars (g) in home-packed lunchboxes brought to school were assessed one time at the beginning 

of the school day. Data collection method was adapted from Blondin et al., 2021, and used digital photography and a 

complementary lunchbox food checklist. 

ᶜ Packed by: proportion of home-packed lunches brought to school packed by a parent/guardian or the child 

In total, there were 599 food items (6.0 ±1.9 items per lunchbox) observed  in all lunchboxes (Table 

3-2). Mean total energy was 2504 kJ, with the ultra-processed food category contributing almost two-

thirds of total energy (61.8% ±27.0), followed by 24.5% processed, and just 13.7% minimally-

processed. Lunchboxes had a mean of 40.5 grams total sugars. Half of total sugars (50.4% ±31.5) 

originated from ultra-processed food items and over one-third of sugars (37.9% ± 29.9) was brought 

from the natural and minimally processed categories. Approximately two-thirds of participants’ 

lunchboxes (n=72, 65.5%) were packed by a parent or guardian, compared to lunchboxes packed by the 

child (n=38, 34.5%) (Table 3-2). 
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Table 3-3. Most frequent food item categories across NOVA processing levels and their contribution to 

total energy and total sugars 

Food item category and 

subcategory/processing level 

Food item 

frequency 

Mean 

energy (kJ) 

 

Proportion 

energy (%) 

per lunchbox 

Mean 

sugars (g) 

Proportion 

sugars (%) 

per lunchbox 

  Mean (SD) 

NOVA MP      

   Fruits - fresh 122 202.1 (133.7) 9.7 (8.1) 12.7 (5.9) 31.9 (17.0) 

   Sandwich filling - meat & 

    alternatives 

6 449.9 (406.4) 15.9 (11.1) 0.4 (0.2) 1.5 (1.3) 

   Vegetables 6 159.4 (213.2) 9.5 (16.9) 3.1 (3.6) 9.6 (13.8) 

NOVA P      

     Sandwich filling -spreads 32 316.9 (180.4) 12.0 (6.7) 2.2 (2.9) 4.8 (6.3) 

     Leftovers/Takeaways 15 814.1 (530.4) 34.4 (22.8) 3.2 (4.0) 9.0 (10.4) 

     Sandwich filling - milk     

     & alternatives 

13 511.4 (241.2) 25.3 (12.8) 0.1 (0.2) 0.6 (1.5) 

NOVA UP      

   Snack Foods - sweet 113 546.1 (296.6) 19.8 (10.6) 11.6 (13.6) 25.0 (18.4) 

   Snack Foods - savoury 83 449.4 (245.2) 19.3 (13.4) 0.9 (1.1) 3.1 (4.5) 

   Sandwich bread - white 46 302.6 (277.0) 13.1 (12.8) 1.7 (0.5) 6.4 (5.4) 

* NOVA processing levels – MP = minimally processed, P = processed, UP = ultra-processed (adapted from Monteiro et al., 

2019a)  

** Lunchbox food item categories [subcategories] as per Lunchbox Food Item Checklist used during data collection. (i.e., 

Fruit [fresh; dried], Sandwich [fillings, spreads, bread type], Vegetables, Leftovers/Takeaways, Miscellaneous Foods [meat & 

alternatives, milk & alternatives, other], Snacks [sweet, savoury], Sweetened Beverages [flavoured water, flavoured milk, 

fizzy/sport]). 

 

The two food item categories with the highest frequency of ultra-processed food items present in 

lunchboxes were sweet and savoury snacks (n=113 and n=83 respectively), together representing nearly 

40% of energy from UPFs (Table 3-3). Sweet snacks contributed most to the proportion of total sugars 

from UPFs in lunchboxes (25% ±18.4). Fresh fruit was the most frequent food item group  (n=122) in 

the minimally-processed NOVA category, representing nearly one third of total sugars from minimally-

processed food items in lunchboxes (31.9% ±17.0). Vegetables were markedly absent from the sample, 
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with only 6 servings of vegetables across all 110 lunchboxes observed in the study. There were no fizzy 

or sport drink items present in lunchboxes (not on table). 

Table 3-4. ANOVA results illustrating the relationship between total energy and sugar in lunchboxes, 

and level of food processing. 

Measure SS MS F η2 p 

Energy (kJ)      

   NOVA                                      10.80 5.40 69.70 0.397 < 0.001* 

   School <0.001 <0.001 0.003 <0.001 1.000 

   Gender <0.001 <0.001 <0.001 <0.001 0.989 

   Packed by <0.001 <0.001 0.001 <0.001 0.974 

   NOVA*School 0.294 0.049 0.632 0.011 0.705 

   NOVA*Gender 0.005 0.003 0.033 <0.001 0.968 

   NOVA*Packed by 0.001 <0.001 0.009 <0.001 0.991 

      

Total sugars (g)      

    NOVA 7.363 3.681 33.211 0.236 < 0.001* 

    School <0.001 <0.001 -0.001 <0.001 1.000 

    Gender <0.001 <0.001 <0.001 <0.001 1.000 

    Packed by <0.001 <0.001 -0.002 <0.001 1.000 

NOVA*School 0.598 0.100 0.899 0.019 0.497 

NOVA*Gender 0.136 0.068 0.613 0.004 0.543 

NOVA*Packed by 0.022 0.011 0.100 <0.001 0.904 

Note: * indicates statistically significant result (p <. 05) 

SS = Type III sum of squares; MS = Mean square 

NOVA processing levels: MP = minimally processed, P = processed, UP = ultra-processed (adapted from Monteiro et al., 

2019a)  

 

There were significant variations across the levels of food processing for total energy F(2, 212) = 69.7, 

p < 0.001 and total sugars F(2, 212) = 33.2, p < 0.001, present in lunchboxes. Figure 3-3 displays the 

estimated means for each processing level. There was a gradual increase in the proportion of total energy 

from MP food items (13.7%) to P food items (24.5%); however, the UP contribution to total energy in 

lunchboxes was nearly double the amount of these combined (61.8%). Similarly, UP was the highest 

contributor to total sugars (50.4%), P was lowest (11.7%), with MP contributing to over one-third total 

sugars (37.9%). No statistically significant differences in nutrient content were identified among the 

schools, between genders or who packed the lunchbox (Table 3-4), and the relationship between levels 

of processing and each nutrient did not vary by gender or who packed the lunchbox (Figure 3-4). 
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Figure 3-3. Estimated means and 95% confidence intervals for the proportion of total energy (A) and 

total sugars (B) in lunchboxes across the three NOVA processing levels 

Note: MP = minimally processed, P = processed, UP = ultra-processed. These results are adjusted for 

gender, school, and who packed the lunchbox. 
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Figure 3-4. Estimated means and 95% confidence intervals for the proportion of (A) total energy, and 

(B) total sugar, across the three NOVA processing levels, split by gender and who packed the lunchbox.  

Note: MP = minimally processed, P = processed, UP = ultra-processed. 

 

Discussion 

The present study is the first in NZ to evaluate lunchbox healthiness in the school context by level of 

processing. Results indicated consistently high levels of UPF in children’s lunchboxes, accounting for 

nearly two-thirds of the overall energy (61.8 ±27.0%), and half of total sugars (50.4 ±31.5%), 

independently of children’s gender, if a parent or child had packed the lunchbox, and school. Although 

no study has examined daily UPF intake in NZ primary school-aged children, the proportion of energy 

from UPF was higher than the estimate daily average UPF consumption by 5-year-old NZ children 
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(51.0%) (Fangupo et al., 2021), and higher than the total dietary share of UPF among Canadian children 

aged 9–13 (57.2%) (Moubarac, 2017). There is some evidence that UPF consumption during school 

hours may be higher than all other times of the day (Parnham et al., 2022). Given the association 

between UPF intake, poor dietary quality, and adverse health outcomes in children (Elizabeth et al., 

2020), the high proportion of UPF in school lunchboxes is concerning. 

Research examining school lunchboxes by NOVA processing level is still scarce. Recent studies from 

the US (Blondin et al., 2021), Brazil (Barbosa et al., 2021), and UK (Parnham et al., 2022) have reported 

even higher proportions of UPF in primary schoolchildren’s lunchboxes (70.0, 80.0, 81.2% of energy 

from UPF, respectively). Across these UPF-related lunchbox analyses, including in the present study, 

pre-packaged, nutrient-poor sugary and salty UP snacks, such as cookies, muesli bars, and crisps, were 

overwhelmingly the most common food category across packed-lunches (Figure 3-5). As shown in 

Table 3-4, these food items were the highest contributors to total energy and total sugars from UPF in 

children’s lunchboxes (40.0% and 25.0%, respectively). Previously conducted lunchbox food and 

nutrient quality analyses in NZ show high consumption of discretionary snacks (high in salt, sugar, fat), 

indicating this has been an issue of concern for some time (Dresler-Hawke et al., 2009; Regan et al., 

2008; Rockell et al., 2011a). To illustrate, a 2009 study (Dresler-Hawke et al.) found the majority of 

packed-lunches had an average of three servings of discretionary snacks, such as biscuits, cakes, 

chocolate, and lollies – a trend that somewhat mirrors the present study. Evidence shows consumption 

of popular, commercially-produced UP snacks is a pervasive dietary pattern among school-aged 

children globally, and has been associated with poor nutrition and dietary patterns among this age group 

(Evans et al., 2020; Gage et al., 2020; Kupka et al., 2020). 

Figure 3-5. Sample of observed packed-lunches dominated by sweet and savoury UP snacks. 
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The most concerning issue with excessive intake of UPF is the replacement of nutrient-dense whole 

and minimally-processed foods in children’s diets, in favour of food-like products high in empty 

calories, added sugars, ultra-refined oils and starches, and cosmetic additives (Kupka et al., 2020; 

Monteiro et al., 2013; UNICEF, 2019). There was a significant lack of MPF/PF in lunchboxes, including 

only 6 servings of vegetables from across the entire sample – a markedly limited amount when 

compared to the current MoH recommendation of  ≥ 3 servings of vegetables/day for school-aged 

children (Ministry of Health, 2012). In fact, apart from fresh fruit (n=122), most foods from core food 

groups such as ‘milk and milk products’, and ‘meat and meat products’, were under-represented, and 

when present, most items among these were UP, most likely impacting on children meeting set daily 

nutritional goals needed to grow, learn and thrive. Recent lunchbox analyses report primary school 

children’s lunchboxes are failing to meet dietary guidelines of food groups and nutrient consumption at 

a global level, with current nutritional guidelines and efforts having little impact in improving children’s 

dietary intake during school hours (Evans et al., 2020; Manson et al., 2021; Stanham et al., 2020). The 

overwhelming dominance of UPF, in contrast with the absence of wholefoods, support the increased 

calls in the literature for updated PHN approaches and guidance that consider the quality and level of 

industrial processing of foods, given the growing evidence on the relationship between UPF and adverse 

child health outcomes (Parnham et al., 2022; Trasande et al., 2018; Zinöcker & Lindseth, 2018). 

Updated dietary guidelines and front-of-pack food labelling systems, for example, could provide better 

nutrition guidance to help children and whānau make informed, healthier choices when purchasing and 

consuming foods and beverages (Dickie et al., 2018; UNICEF, 2019; Zinöcker & Lindseth, 2018). 

Support in school settings could also promote increased consumption of nutrient-dense, less-processed 

foods, and thus, improve children’s diets (Parnham et al., 2022; Stanham et al., 2020). 

As children’s school lunchbox contents are mainly determined by parents and caregivers, and food 

choices available within children’s households (O'Rourke et al., 2020), targeting parent buying 

behaviour is a key strategy where changes can be made to support and encourage healthier food choices 

among children (Gage et al., 2020; Regan et al., 2008). Evidence shows convenience, cost, and child 

preferences are the main factors motivating parents when purchasing for, and packing school lunches 

(O'Rourke et al., 2020). For example, parents choose popular-branded pre-packaged UPF because they 

are easy to pack and transport; to avoid wasting money (as ‘children will eat them’); and because 

children have asked for them (Blondin et al., 2021; O'Rourke et al., 2020). However, as highlighted by 

UNICEF (2019), healthier diets for children cannot be demanded from parents and caregivers unless 

nutritious wholefoods are available, sufficient, convenient, and affordable to them. Research shows NZ 

food environments are largely unhealthy (Vandevijvere et al., 2018), including 83% of all packaged 

food items for sale in NZ supermarkets classified as UPF (Luiten et al., 2016); extensive usage of 

misleading ‘nutrition claims’ on pre-packaged, nutrient-poor foods and drinks (Al-Ani et al., 2016; 

Pulker et al., 2018; Sato et al., 2022); UPF products accounting for the majority of pre-packaged items 
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displaying Healthy Star Rating (HSR) labels (Dickie et al., 2018); and food marketing strategies to 

children predominantly targeting UPF (Cairns et al., 2013). These are factors determined by food 

systems’ upstream drivers, such as global food supply chains and nutrition-related policies by 

governments (or the lack thereof) (HLPE, 2017; Mozaffarian et al., 2018a), and thus, beyond individual 

control of children and caregivers, even though they are well-known critical influencers to parents’ 

purchasing habits and children’s food choices and dietary behaviours (Cairns et al., 2013; Folkvord & 

Hermans, 2020; Hawkes et al., 2020; UNICEF, 2019). Relevant PHN policies and strategies which may 

support children in reducing UPF intake and the overall quality of school lunchboxes include the 

increased production, promotion, and availability of healthier, less-processed child-targeted foods and 

snacks for sale (Hallez et al., 2020; UNICEF, 2019); strengthened regulations on health and nutrition 

claims on pre-packaged items (Al-Ani et al., 2016; Pulker et al., 2018); and adopting novel marketing 

strategies on food packaging, such as front-of-pack visual cues to promote healthier foods for children 

(Folkvord & Hermans, 2020; Hallez et al., 2020). 

Strengths and Limitations 

This study adds to the growing literature exploring the dietary share of UPF in schoolchildren's lunch 

boxes, as well as contributes to the somewhat outdated home-packed lunchbox research in NZ. One of 

the main strengths of the study was using a validated digital photography method complemented by a 

pen-and-paper lunch box food checklist, which allowed for precise measures of lunchbox contents, as 

opposed to relying on recalled data. However, the study only captured data from one school day and 

did not measure children’s food intake from packed-lunches, to ascertain how much food was actually 

consumed by children within school hours. Classifying lunchbox items using NOVA, in addition to 

nutrient metrics, allowed for a more in depth analysis of the healthiness status of single food and drink 

items in packed lunches, as well as within traditional food groups when disaggregating food groups 

across the three processing levels. Seemingly alike products, such as processed and ultra-processed 

cheese, or two popular branded ‘salt n’ vinegar’ flavoured crackers, for example, differed substantially 

in terms of the ingredients (e.g., additives) once NOVA was applied, even if items were similar in 

nutritional value, or sometimes, the ultra-processed item having ‘healthier’ nutritional scores or greater 

Health Star Rating, compared to the less-processed alternative. However, coding lunchbox food items 

using NOVA presents some limitations; for example, foods of different levels of nutrient content may 

fall in the same category (e.g., UP mass-produced bread with added iron vs UP snacks), and discretion 

was applied on several occasions to categorise food items without food labelling, such as shop-bought 

leftovers and bakery items.  

The ubiquity of cheap UPF in NZ food environments may be an explanation for the absence of 

significant variations in the proportion of UPF between lunchboxes packed by boys vs. girls, 

parent/guardian vs. child, and across school decile/region. However, the lack of variations could also 
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be influenced by considerably more girls (n=71) participating in the study than boys (n=39), or 

differences between schoolchildren who volunteered for the research and those who did not. The limited 

availability of socio-demographic data in existing literature makes it challenging to make comparisons, 

emphasising the need for further research in this area. 

Future work 

School lunchbox-related literature is somewhat limited and outdated in NZ, with all existing studies to 

date underpinned by traditional PH nutrition-based analyses and policies. Expanding this area of 

research by (1) adding NOVA as another layer to traditional nutrient-based analyses, as well as (2) using 

only NOVA, would not only update the existing data but help inform how the two approaches compare 

as a basis for better nutrition epidemiology. Additionally, future studies could investigate how the 

proportion of UPF in school lunchboxes predict overall UPF consumption in school-aged children’s 

total daily dietary intake in NZ. Considering the growing availability of UPF in food environments and 

their potential health risks,  other significant gaps to be explored include lunchbox packing behaviours 

of children and parents, how processing level is related to cost, and how NOVA-underpinned dietary 

guidelines and/or lunchbox nutrition policies at schools would benefit reduced UPF intake, increased 

wholefood consumption, and overall diet quality of school-aged children. 

Conclusion 

In the study, NZ primary schoolchildren’s home-packed lunches were highly processed, independent of 

gender, school, or if lunchboxes were packed by a parent or child. Branded, pre-packaged UP sweet and 

savoury snacks dominated children’s lunchboxes. Food items from traditional core food groups were 

generally under-represented, most notably vegetables, and when present, these core food items were 

more likely to be a UP version as opposed to their healthier, less-processed alternative. Therefore, this 

study highlights the need for updated PHN policies and guidance that consider the complexity of 

wholefoods and the impact of industrial food processing on the overall ‘healthiness’ status of foods. 

This may help to promote healthier diets and reduce UPF-related health risks among school-aged 

children.     
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Chapter 4 – The relationship between single-use plastic packaging 

and level of food processing in primary school children’s 

lunchboxes 
 

Preface 

The previous chapter presented the first part of a cross-sectional study examining the healthiness and 

sustainability of home-packed lunchboxes in four primary schools located in Auckland, NZ. The first 

part explored the relationship between the total energy and sugar content of observed lunchboxes and 

their level of food processing. Building upon these findings, the next chapter presents the second part 

of this study, focusing on the relationship between single-use plastic packaging of food and drink items 

and the levels of food processing. By analysing packaging profile of lunchbox items and the connection 

with food processing level, this study aims to provide insights into the sustainability implications of 

home-packed lunchboxes.  
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Abstract 

Purpose: Single-use plastic packaging contributes to global plastic waste and pollution. In response, 

numerous schools are promoting zero-waste lunchbox initiatives. However, limited research exists on 

the environmental impacts of home-packed lunchboxes to guide such initiatives. The relationship 

between single-use plastic packaging and the level of processing of lunchbox contents remains 

unexplored. This study aims to determine the proportion of single-use plastic packaging in home-packed 

lunches and investigate the association with the level of processing of food and drink items.  

Design: A cross-sectional study was conducted with 110 children in Auckland, NZ, to estimate the 

proportion of single-use plastic packaging in lunchboxes, using digital photographs and a pen-and-paper 

questionnaire. Packaging of lunchbox food and drink items was categorised into four groups (single-

use plastic, single-use other, reusable, no packaging), while the level of processing was assigned based 

on the NOVA classification system, with three levels (unprocessed/minimally processed, processed, 

ultra-processed). Two methods of waste coding were employed to account for packaging removed from 

food at home. 

Results: Analysis of 541 lunchbox food and drink packaging items revealed that 35.6% (n=194) were 

single-use plastic packaging (SUPP). However, when considering the original packaging (removed at 

home), the proportion of SUPP increased significantly to 53.2% (p < 0.001, g = 0.91). Simultaneously, 

the percentage of food items with no packaging decreased from 44.4% to 34.0% (p < 0.001, g = 0.63). 

The majority of SUPP originated from ultra-processed foods (76.2%), while minimally-processed foods 

contributed to only 0.9% of SUPP. Soft plastic bags or wrappers from ultra-processed snacks (58.8%) 

were the most prevalent type of SUPP in lunchboxes.  

Conclusion: The home-packed lunchboxes of primary schoolchildren in New Zealand generate a 

significant amount of single-use plastic packaging waste, primarily from the soft plastic bags and 

wrappers of ultra-processed sweet and savoury snacks. Prioritising the inclusion of wholefoods and 

minimally-processed items in home-packed lunches could contribute to reducing single-use plastic 

packaging waste while promoting healthier and more environmentally-friendly school lunches. 
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Background 

Single-use plastic packaging, designed for one-time use and subsequent disposal, is the primary 

contributor to global plastic waste, with < 10% being recycled (Geyer et al., 2017). Specifically, single-

use plastic food and beverage packaging (SUPP) waste, including disposable drink bottles, food 

wrappers, bags, and containers, account for approximately 42% of plastic waste accumulated in landfills 

and nature (Chen et al., 2021; Geyer et al., 2017). These items are also the most commonly littered 

across aquatic environments worldwide (Morales-Caselles et al., 2021). The impact of plastic waste on 

wildlife is devastating, with reports of entanglement, ingestion, and death among various species (Peng 

et al., 2017; Thiel et al., 2018). Additionally, SUPP waste may take hundreds of years to fragment into 

microplastics (< 5mm), releasing hazardous chemicals and perpetuating environmental pollution and 

contamination (Chen et al., 2021; Geyer et al., 2017; Peng et al., 2017). Microplastics have been found 

in the human bloodstream (Leslie et al., 2022), lung tissue (Jenner et al., 2022), and the human food 

chain, including water, salt, honey, and shellfish (Senathirajah et al., 2021). While more research is 

needed to fully understand the potential health risks of microplastics, concerns have been raised 

regarding their possible contribution to chronic inflammation, neurodegenerative diseases, autoimmune 

disorders, and cancers (Kadac-Czapska et al., 2023; Prata et al., 2020).  

Consequently, there have been strong calls for SUPP reduction and minimisation of SUPP waste (Chen 

et al., 2021; Peng et al., 2017). The exponential increase in SUPP has been primarily driven by global 

demand for convenience, ready-to-eat foods, and increased preference for ultra-processed food and 

drink items (UPF) consumed ‘on the go’ (Chakori et al., 2021). Heavily-packaged UPF, dominant in 

food environments and diets worldwide (Monteiro et al., 2013; Pan American Health Organization, 

2015), contribute to over 50% of total calorie consumption in high-income countries (Khandpur et al., 

2020b; Marino et al., 2021). In NZ, UPF contribute to over half (51%) of the average dietary intake 

among 5-year-old children (Fangupo et al., 2021) and represent 83% of food and drink items available 

in supermarkets (Luiten et al., 2016). UPF tend to be nutrient-poor, lacking wholefoods, and high in 

added sugars, sodium, highly-processed oils and starches, as well as cosmetic additives (e.g.; 

emulsifiers; artificial sweeteners) (Monteiro et al.2019). UPF consumption has been associated with 

multiple negative health outcomes across all ages, including increased cardiometabolic risks and asthma 

in children (Adams et al., 2020; Elizabeth et al., 2020; Monteiro et al., 2018a). Marketing strategies, 

including visual cues on child-directed UPF packaging, also influence unhealthy eating behaviours 

(Cairns et al., 2013; Elliott, 2019; Hallez et al., 2020; Sato et al., 2022). Furthermore, synthetic additives 

commonly found in SUPP (e.g., bisphenols; phthalates), can migrate into foods (Muncke et al., 2020) 

and have been associated to immune and endocrine disruption in children (Trasande et al., 2018), and 

metabolic syndrome in adulthood (Heindel et al., 2022).  
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In NZ, most children bring home-packed lunchboxes to school, contributing to approximately one third 

of their daily energy and nutrient intake (Nathan et al., 2019; Regan et al., 2008; Sanigorski et al., 2005; 

Sutherland et al., 2020). Literature from both NZ and abroad indicate home-packed lunches generally 

consist of highly-processed foods, with pre-packaged UP snacks like biscuits, crisps, and confectionary 

dominating lunchboxes (Blondin et al., 2021; Dresler-Hawke et al., 2009; Evans et al., 2020; Manson 

et al., 2021; Rockell et al., 2011a; Stanham et al., 2020), while fresh and less-processed foods such as 

vegetables are lacking (Dresler-Hawke et al., 2009; Evans et al., 2020; Stanham et al., 2020). Moreover, 

child-oriented UP snacks are often designed for single-serve consumption, resulting in significant 

amounts of packaging waste (Chakori et al., 2021). An increasing number of schools are promoting 

zero-waste lunchboxes, where children are encouraged to use reusable food containers and refillable 

drink bottles instead of disposable plastic packaging and single-serve items, and take any lunchbox 

waste back home (Eames & Mardon, 2020; Lalchandani et al., 2022). While this initiative has become 

popular across schools in NZ (Eames & Mardon, 2020), data from local government on school waste 

audits suggest that a typical “litter-full” lunchbox may generate up to 30 kg/year of food and packaging 

waste, with lunchboxes being the largest source of waste sent to landfill by the average NZ school 

(Kapiti Coast District Council, n.d.). 

Limited literature exists on food and drink packaging waste in schoolchildren’s lunchboxes (Goldberg 

et al., 2015; Lalchandani et al., 2023a), with no studies conducted in NZ. Additionally, no research has 

explored the relationship between SUPP usage and level of processing of food and drink items brought 

from home to school. Eco-nutrition, which combines healthy eating with an ecological sustainability 

focus, has emerged as a promising concept for promoting sustainable healthy diets in schools (Folta et 

al., 2018; Goldberg et al., 2015; Prescott et al., 2019). This approach aligns with international public 

health agendas, including the United Nations (UN) Sustainable Development Goals (2015) and 

UNICEF’s Innocenti Framework on Food Systems for Children and Adolescents (2019), which 

emphasise the importance of sustainable diets that nourish children while preserving the environment 

for future generations. 

Given the knowledge gaps regarding the environmental impacts of school lunchbox contents and the 

growing recognition of eco-nutrition as a viable strategy, further research is warranted. This study aims 

(1) to determine the proportion of single-use plastic packaging in home-packed lunchboxes among NZ

primary schoolchildren, (2) to examine the relationship between single-use plastic packaging in 

lunchboxes and the level of processing, and (3) to assess whether this association varies by child gender, 

school, and who packed the lunches (parent/guardian or child). 
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Methods 

In NZ, schools are categorized into deciles, with low decile schools falling within the range of 1–3, 

medium decile schools within 4–7, and high decile schools 8–10. Decile 10 schools represent the 10% 

of schools with the lowest proportion of students living in low socio-economic areas, while decile 1 

schools represent the 10% of schools with the highest proportion of students living in these communities 

(ref). The recruitment process started by randomly selecting four primary schools from both lower and 

higher deciles, two from the East and two from the South regions in Auckland. This selection was made 

using the NZ MOE online database (ref). Schools were initially contacted by mail and invited to 

participate in the study. All the schools agreed to participate, as indicated through their response to an 

initial information letter sent to the school’s principal, along with a “Permission for Researcher to 

Access School’s Staff and Students” reply form. Information pertaining to the packed-lunch food and 

packaging guidelines of participating schools as well as any programs that may have influenced 

lunchbox choices (e.g., litterless lunchbox initiatives) was sought from the respective participating 

schools’ websites during the data analysis process.  

Within each consenting school, primary school students from Year 4–6 classrooms (classrooms selected 

by the schools) were invited to participate in the study and received an information pack to take home 

which contained parental consent and student assent forms. Those interested returned signed 

consent/assent forms to a classroom drop box prior to data collection. In total, 250 children were invited, 

with 115 children and their parents agreeing to participate. However, five children in total (across all 

schools) were absent from school during collection day. Parents and students were not notified of the 

data collection day in advance. Ethical approval was granted by the Auckland University of Technology 

Ethics Committee (AUTEC), reference number 21/174.  

Sample size calculation 

Using the PASS 15 software and a repeated measures analysis, we estimated that 53 subjects would 

allow us to detect a difference in the proportion of energy across the three levels of NOVA processing, 

with 90% power and a type I error rate of 0.05. This is based on an F Test with a single three-level 

within-subject factor, a conservative between-subject standard deviation of 40, an autocorrelation 

among the repeated measurements of 0.2, and applying the Greenhouse–Geisser degrees of freedom 

adjustment. We based our assumed means across the three processing levels on previous work from the 

United States (Blondin et al., 2020) and on unpublished data from Manurewa Primary School, NZ (MP 

= 18.7%, P = 18.8%, UP = 62.7%). We scaled the mean effect to 0.5 to allow us to detect a smaller mean 

difference across conditions. Allowing for 10% data loss, we increased the sample size to 59 

participants. 
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Data Collection 

Data collection in participating schools occurred during May-June 2022 and all data was gathered by 

the principal researcher. On data collection day, consenting students’ lunchboxes were digitally 

photographed at the start of the school day, following a validated method for measuring lunchbox 

contents (Blondin et al., 2021). To ensure students’ privacy and confidentiality, a privacy screen was 

placed on the edge of the data collection desk. One at a time, students placed their lunchbox items on a 

28 x 43 cm placemat and photographed directly from above (Figure 4-1).  

Digital photographs were complemented by a pen-and-paper Lunchbox Food Checklist (adapted from 

Blondin et al., 2021). The Lunchbox Food Checklist was used for recording complementary information 

which would not be possible to gather from photos alone. This included details about sandwich fillings, 

foods within non-transparent wrappers or containers, and additional  information from the children, 

such as the product’s brand (if the product had been removed from its original packaging), whether the 

food item was homemade, or if it was typically purchased in bulk (e.g., nuts).  Additionally, the 

lunchbox checklist enabled the collection of additional information from the children, such as the 

product’s brand (if product had been removed from its original packaging), whether the food item was 

homemade, or if it was typically purchased in bulk (e.g., nuts). To protect the confidentiality of 

participants, photographs and lunchbox food checklist responses were matched by an ID number. 

Participants disposed lunchbox food packaging waste into lidded buckets which were collected by the 

researcher at the end of the day. 

To further assist with lunchbox packaging profiling, participants were asked to dispose of any lunchbox 

food and packaging waste into lidded buckets provided during data collection which were collected by 

the researcher at the end of the day. Additionally, children were also asked who had packed their 

lunchbox that morning and whether they had brought a drink bottle to school, along with the type of 

drink it contained. To ensure the confidentiality of participants, photographs and lunchbox food 

checklist responses were matched with an ID number. 

Figure 4-1. Digital photograph of lunchbox 
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Measures 

Level of food processing  

Lunchbox food and drink items were coded into eight food categories (i.e., Fruit, Vegetables, Sandwich 

Filling, Sandwich Bread, Leftovers/Takeaways, Miscellaneous, Snacks, Beverages), and twenty 

subcategories (e.g., food item category [subcategories], Sandwich bread [white, wholemeal, other]; 

Sandwich filling [meat & alternatives; milk & alternatives]; Fruit [fresh; dried]) as per Lunchbox Food 

Checklist. Sandwich components (i.e., bread, fillings, spread, vegetables) were coded as individual food 

items. Subsequently, lunchbox food and drink items were individually coded into three level of food 

processing categories adapted from the NOVA food classification system (Monteiro et al., 2019) as MP 

= natural and minimally processed foods and drink items; P = processed food and drink items; and UP = 

ultra-processed food and drink items. Level of food processing of pre-packed items were ascertained 

by consulting the ingredients’ list on the food item’s packaging. Discretion was used when coding food 

items without nutritional labelling. For instance, handmade culinary preparations, such as 

leftovers/takeaways, when constituted of mainly minimally-processed and processed foods, with added 

culinary ingredients (oils, salt), were coded as MP (e.g., homemade minestrone, takeaway egg fried 

rice), whereas a homemade pizza with vegetables and cheese topping on a pre-packaged, shop-bought 

crust was coded as processed. Homemade baking (e.g., bread, cakes) were coded as processed, whereas 

shop-bought bakery items (baked in-store, pre-packaged) were coded following the ingredients’ list on 

individual items. 

Food packaging  

Lunchbox food and drink packaging items were coded based on their packaging type and material (e.g. 

Tetra-Pak drink carton, beeswax wrapper, paper/cardboard, foil). Subsequently, each item was further 

categorised into one of four packaging categories: SUPP = single-use plastic packaging; SUPO = single-

use packaging other; RP = reusable packaging; and NP = no packaging (Table 4-1).  Note that individual 

sandwich items (i.e., fillings, spreads) were not coded into packaging categories. For each participant, 

the proportion of total packaging that was SUPP was calculated and as the main outcome variable in 

subsequent analyses.  

Table 4-1. Lunchbox food and drink packaging items coded into four packaging categories  

Packaging Category Lunchbox Packaging Item (examples) 

Single-use plastic packaging 

(SUPP) 

Soft plastic bag or wrapper (chip bag, muesli bar, cookies, 

confectionary, nuts) 

Plastic cup with peel off-lids (yoghurt pottle, fruit cup)  

Squeeze pouch & lid (yoghurt) 

Tetra-Pak carton with straw (juice, flavoured milk) 

Hard plastic bottles (fizzy, juice, water) 

Plastic tray with lid or wrapper (sushi, seaweed, crackers) 

Cling wrap 
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Single-use packaging other 

(SUPO) 

Foil 

Paper & cardboard, brown/white (bags, napkins, kitchen 

towel) 

Paper & cardboard, waxed/plastic-coated/colour-printed  

Metal/aluminium cans (snack tuna) 

Reusable packaging (RP) Reusable container plastic 

Reusable container other (metal, glass) 

Zip-lock bags 

Beeswax wrappers 

No packaging (NP) Fruit and vegetables (no packaging) 

Sandwiches, rolls & homemade preparations (no packaging) 

Other foods (no packaging) 

To ensure the robustness of our packaging coding strategy, we employed two methods of coding 

lunchbox packaging: observed, and original packaging. The first method involved coding each food 

item’s packaging based on its observed state in the photograph. For instance, a cereal-type bar that was 

still in its original wrapper was coded as ‘soft plastic bag or wrapper – SUPP’ (Figure 4-2, lunchbox A), 

while the same-type bar found unwrapped inside a reusable plastic container was coded as ‘other foods 

– NP’ (Figure 4-2, lunchbox B). The second method involved coding each food item’s packaging using

the original packaging of food and drink items, regardless of whether the packaging was brought to 

school. This was done by asking the question, “Is this food/drink item usually packaged in SUPP? 

(yes/no)”. In this method, the photographed unwrapped cereal-type bar (lunchbox B) would be coded 

as ‘soft plastic bag or wrapper – SUPP’, even though it had no packaging. Homemade items, such as 

baking and sandwiches, were still coded as NP. Sandwich fillings (e.g., spreads) were excluded from 

packaging coding in both methods. 

Figure 4-2. Comparison of lunchbox coding methods: observed packaging (A) and original packaging 

(B). 

A B 

L

L
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Statistical Analyses 

Descriptive statistics were used to examine the frequency of different types of packaging (SUPP, SUPO, 

Reusable, and No packaging) in lunchboxes (Aim 1). To determine if these estimates varied by the 

packaging coding method employed (observed packaging, original packaging), we compared the 

proportion of food items in each of these categories between the two coding methods using a paired 

samples t-test. The magnitude of any differences were expressed as Hedge’s g effect size. A series of 

ordinary least squares linear regression models were used to explore the relationship between SUPP 

from lunchboxes and the level of food processing of lunchbox content (Aim 2). The proportion of 

lunchbox packaging that was classified as SUPP was specified as the dependant variable, while the 

proportion of lunchbox items within each processing level (M, P, and UP) were treated as independent 

variables (separately).  Next, gender (male, female), school (four levels), and who packed the child’s 

lunch (child, parent) were added as additional independent variables to determine if the relationship 

between SUPP and level of food processing varied by these factors (Aim 3). For each of these additional 

covariates, interactions with the level of processing variable were tested. All analyses were performed 

in R version 4.2.0. 

 

Results  

Table 4-2. Sociodemographic characteristics of participants across schools 

Variable                         All (n=110)                    

 n                                   % 

Gender (n. %)   

   Female 71 64.5 

   Male 39 35.5 

School yearᵃ    

   Year 4  26 23.6 

   Year 5  41 37.3 

   Year 6  43 39.1 

School region/decileᵇ    

   School 1 East Auckland, decile 3 25 22.7 

   School 2, East Auckland, decile 9 33 30.0 

   School 3, South Auckland, decile 4 29 26.4 

   School 4, South Auckland, decile 8 23 20.9 

ᵃ School Year level: Primary school education system in NZ starts at Year 1 at around 5 years old and concludes at the end of 

Year 8  (approximately 12 years old) (Ministry of Education, 2022a). 

ᵇ School decile: The extent to which the school’s students live in low socio-economic or poorer communities. Decile 1 schools 

are the 10% of schools with the highest proportion of students from low socio-economic communities. Decile 10 schools are 

the 10% of schools with the lowest proportion of students from these communities. School deciles in NZ are categorized as 

low = 1–3, medium = 4–7, and high = 8–10 (Ministry of Education, 2022c) 
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The study sample included 110 participants aged 9–11 years, and approximately two-thirds were girls 

(64.5%). There were proportionally more children from Year 5 (37.3%) and Year 6 (39.1%), compared 

to Year 4 (23.6%). The study included four schools in total, two from the East and two from the South 

regions in Auckland, NZ. Each region included a lower decile and a higher decile school. The 

distribution of participants was reasonably equal across the four region/decile categories (Table 4-2). 

There were 599 food items (mean ±SD, 6.0 ±1.9 items per lunchbox) observed in all lunchboxes. Nearly 

two-thirds of all lunchbox food items were UP foods (3.5 ±1.7 UP food items per lunchbox), and there 

were nearly three times more UPF than MPF items present in lunchboxes (1.3 ±1.0 MPF per lunchbox) 

(Table 4-3). Approximately two-thirds of participants’ lunchboxes (n=72, 65.5%) were packed by a 

parent or guardian, compared to lunchboxes packed by children themselves (n=38, 34.5%). 

Table 4-3. Characteristics of food items and packaging in lunchboxes brought to school by children 

Variable 

Mean SD 

Lunchbox items brought across NOVA a (n=599) 

     MP 

     P 

     UP 

     Total 

1.3 

1.2 

3.5 

6.0 

1.0 

0.9 

1.7 

1.9 

Food item packaging group % b (observed in photo) 

SUPP  

    SUPO 

    Reusable 

    No packaging 

35.6 

2.4 

17.6 

44.4 

29.0 

7.0 

26.0 

32.0  
Food item packaging group % (original packaging) 

SUPP  

    SUPO 

    Reusable 

    No packaging 

53.2 

1.9 

10.9 

34.0 

25.2 

6.7 

19.3 

25.2  
Packed by ᶜ n % 

 Child 38 34.5 

 Parent/Guardian 72 65.5 

SD = standard deviation 

a NOVA food processing categories: MP = minimally processed, P = processed, UP = ultra-processed (adapted from Monteiro 

et al., 2019) 

b SUPP = single-use plastic packaging (e.g., soft plastic bags and wrappers, Tetra-Pak drink cartons, clingwrap), SUPO = 

single-use packaging “other” (e.g., paper/cardboard, foil), RP = reusable packaging (e.g., Tupperware), NP = no packaging 

(e.g., fresh fruit) 

ᶜ Proportion of home-packed lunches brought to school packed by a parent/guardian or the child 
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Figure 4-3 shows the differences between the packaging coding methods (observed vs. original 

packaging), for the proportion of lunchbox food items in each packaging category. When taking into 

account the original packaging, the percentage of SUPP increased from 35.6% to 53.2% (p < 0.001, g 

= 0.91), while the percentage of food items with no packaging decreased from 44.4% to 34.0% (p < 

0.001, g = 0.63). There were no differences between coding methods for SUPO. 

 

Figure 4-3. Difference in (A) SUPP, (B) SUPO, (C) Reusable packaging, and (D) No packaging, 

between packaging in the lunchbox photos and the original packaging. 

Note: SUPP: single-use plastic packaging, SUPO: single-use packaging other. Results obtained from 

paired-samples t-test. 
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Table 4-4. Proportion of single-use plastic packaging across the NOVA processing categories 

Variable  

 n % 

SUPP per food processing level a   

    MP  2 0.9 

    P  26 11.9 

   UP  166 76.2 

Most frequent SUPP items   

   Soft plastic bag or wrapper 114 58.8 

   Plastic cup with peel-off lid 19 9.8 

   Plastic tray and lid 19 9.8 

   Cling wrap 16 8.2 

   Tetra pack carton with straw 10 5.2 

a NOVA processing levels: MP = minimally processed, P = processed, UP = ultra-processed (adapted from Monteiro et al., 

2019) 

Of the 541 packaging items, 194 (35.6%) were SUPP. The majority of this SUPP was generated from 

UP foods (76.2%), while only 0.9% was generated from MP foods (Table 4-4). The three most frequent 

SUPP items present in lunchboxes were soft plastic bags or wrappers, plastic cups with peel-off lids, 

and plastic trays with lids (Table 4-4). The relationship between the proportion of SUPP and level of 

food processing is shown in Figure 4-4. As the proportion of MP food items increased, the proportion 

of SUPP decreased (Panel A); specifically, for every 1% increase in MP food, SUPP waste decreased 

by 0.7%. In contrast, as the proportion of UP food items increased, the proportion of SUPP also 

increased (Panel C); specifically, for every 1% increase in UP food, the proportion of SUPP increased 

by 0.6%. The regression coefficients from each of these three models are presented in Table 4-5. 

 

Figure 4-4. Relationship between proportion of SUPP and proportion of (A) minimally-processed food 

items, (B) processed food items, and (C) ultra-processed food items.  

Note: The blue line represents the model-estimated mean, and the shaded ribbon represents the 95% 

confidence interval. 
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Table 4-5. Relationship between food processing category and proportion of single-use plastic 

packaging (SUPP) 

Model Unstandardized 

coefficient 

95% CI t p 

LL UL 

Minimally processed      

   Intercept 0.51 0.44 0.59 13.4 < .001 

   Proportion MP (%) -0.70 -0.96 -0.44 -5.34 < .001 

Processed      

   Intercept 0.42 0.34 0.50 10.05 <.001 

   Proportion P (%) -0.34 -0.64 -0.01 -2.05 0.04 

Ultra Processed      

   Intercept 0.04 -0.085 0.16 0.60 0.55 

   Proportion UP (%) 0.55 0.36 0.75 5.67 <.001 

Note. Dependent variable is the proportion of waste that is single use plastic packaging (%). CI = 

confidence interval; LL = lower limit; UL = upper limit. NOVA processing levels: MP = minimally 

processed, P = processed, UP = ultra-processed (adapted from Monteiro et al., 2019) 

 

When the linear regression models were adjusted for school, gender, and who packed the lunchbox, 

only gender remained a significant predictor (Table 4-6). There was a significant interaction between 

gender and each level of processing, suggesting that the relationship between level of processing and 

SUPP varied by gender. These differences are visualised in Figure 4-5, where the association between 

SUPP and level of processing is stronger in females, compared to males. 

Table 4-6. Analysis of Variance Table for adjusted regression models  

Model Variable Mean square F p 

Minimally-

processed 

    

Proportion MP 1.90 31.2 < 0.001 

School 0.12 2.10 0.106 

Gender 0.34 5.69 0.019 

Packed by <0.01 0.08 0.793 

Proportion MP * Gender 0.25 4.17 0.044 

Processed     

 Proportion P  0.34 4.64 0.034 

 School 0.19 2.57 0.058 

 Gender 0.34 4.71 0.032 

 Packed by <0.01 <0.01 0.969 

 Proportion P * Gender 0.40 5.43 0.022 

Ultra-

processed 

 
   

 Proportion UP 2.09 35.5 <0.001 

 School 0.14 2.37 0.075 

 Gender 0.28 4.70 0.033 

 Packed by <0.01 <0.01 0.939 

 Proportion UP * Gender 0.32 5.41 0.022 
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Figure 4-5. By gender, the relationship between proportion of SUPP and proportion of (A) minimally-

processed food items, (B) processed food items, and (C) ultra-processed food items.  

Note: The blue and red lines represents the model-estimated mean, and the shaded ribbons represents 

the 95% confidence interval. 

 

Discussion 

This is the first known study to explore the relationship between the proportion of ultra-processed food 

and drink items (UPF) and single-use food and beverage plastic packaging (SUPP) in lunchboxes 

brought from home to school by primary schoolchildren. Our findings revealed that UPF contributed 

considerably to SUPP in lunchboxes (76.2%) (Table 4-4), independently of school region/decile or 

whether lunches had been packed by a parent/guardian or children. Furthermore, the results 

demonstrated a strong inverse correlation between MPF and SUPP, with the amount of SUPP decreasing 

when lunches included a higher proportion of fresh and minimally-processed foods. Soft plastic bags 

and wrappers from single-serve UP snacks like biscuits, confectionary, and chips accounted for over 

half (58.8%) of SUPP, while reusable containers or no packaging were predominantly used for MPF 

such as fresh fruit, nuts, and homecooked leftovers. Similar findings regarding the packaging type of 

food and drink items in home-packed school lunches were reported in two recent studies. For instance, 

in Goldberg et al. (2015), over half (58.9%) of lunchbox items brought by primary schoolchildren (mean 

age = 9y) in elementary schools (n=12) in Massachusetts, US, were packaged in single-serve 

commercial packaging. Additionally, a recent audit by Lalchandani et al. (2023a) in primary schools 

(n=9) in South Australia identified soft plastic bags and wrappers from discretionary snacks as the main 

contributors to SUPP waste, while most fruits and vegetables were packed in reusable containers. 

Results of our study build upon these previous findings and support our hypothesis that prioritising 

MPF over UPF in home-packed lunches leads to a reduction of SUPP waste and promotes healthier 

lunchboxes.   
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Another notable finding emerged from our study when comparing the proportion of SUPP in lunchbox 

contents using the two packaging coding methods (observed 35.6% SUPP vs. original packaging 53.2% 

SUPP; p < 0.001, g = 0.91) (Figure 4-3). These results were likely influenced by the apparent high 

proportion of waste-free lunchboxes (i.e., removing packaging at home). The implications of these 

findings are relevant for schools promoting waste-free lunchbox initiatives, aiming to reduce plastic 

waste and instil environmentally-friendly behaviours in children. Although such initiatives may 

contribute to reducing single-use plastic waste within school premises (Pest Free Howick Ward, 2022), 

the substantial inclusion of UP snacks (i.e., originally packaged in soft plastic bags/wrappers) in packed-

lunches suggests that a considerable amount of SUPP waste is still being generated in children’s 

households, with potential implications for landfill (Waste MINZ, 2020). Furthermore, while waste-

free lunchbox initiatives generally encourage the inclusion of healthy and sustainable food choices, 

such as fresh and minimally-processed items (Kapiti Coast District Council, n.d.; Lalchandani et al., 

2022), our findings indicate that expectations related to the ‘healthy food’ component are likely not 

being fully met.  

As observed in waste-free lunchbox initiatives in primary schools, the communication of these 

initiatives is generally informal through school websites, rather than formally integrated into school 

policy (Lalchandani et al., 2022). Moreover, the combination of healthy eating and environmentally-

friendly components in school policies is uncommon, creating an opportunity to bridge this gap 

(Lalchandani et al., 2022). Growing evidence suggests that implementing an eco-nutrition approach 

within primary school settings, which emphasises the significance of sustainable food choices and 

environmental stewardship, can effectively motivate schoolchildren to enhance their dietary habits. This 

motivation stems from school-age children’s desire to safeguard and nurture the natural environment 

(Folta et al., 2018; Jones et al., 2012). This approach is also in alignment with UNICEF’s child-centred 

food systems concept (2019), which positions children as the central focus of food systems, recognising 

them as primary “consumers” and acknowledging their potential as change advocates (p. 23). For 

example, educating children about the resource-intensive nature of heavily-packaged UPF compared to 

wholefoods (Fardet & Rock, 2020; Hadjikakou, 2017; Seferidi et al., 2020), as well as highlighting the 

influential effects of persuasive food marketing targeting child-directed UPF on their eating habits and 

preferences (Cairns et al., 2013; Elliott & Truman, 2020), can empower children to make informed and 

environmentally-conscious food choices. Consequently, this empowerment could lead to an increased 

demand for improved availability, affordability, and quality of packaged foods specifically designed for 

children from food manufacturers and retailers across food systems (Fox & Timmer, 2020; UNICEF, 

2019). 

Moreover, existing waste-free lunchbox initiatives have already established meaningful connections 

between students, whānau, and extended school communities (Eames & Mardon, 2020; Lalchandani et 
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al., 2022), including the promotion of waste reduction through audits supported by local government, 

nationwide programmes, and community organisations (Fight the Landfill, n.d.; Lalchandani et al., 

2022; Pest Free Howick Ward, 2022). Other successful food environment indicators already embedded 

in NZ primary schools include the requirement of “milk and water only” as beverage options to be sold 

or brought to school (67.5%), nutrition education in the curriculum (96.1%) and the active use of a 

vegetable garden (85.3%) (D'Souza et al., 2022), and participation in the long-term sustainability 

programme Enviroschools (46%) (Eames & Mardon, 2020). Therefore, building upon these existing 

initiatives through an eco-nutrition lens, such as raising awareness of the interconnected relationship 

between sustainable food production and consumption patterns and the impacts of our food choices on 

human and planetary health (United Nations, 2015), and supporting this approach through clear and 

strong school policies, could be used to encourage less-processed packed-lunches, promote improved 

dietary habits among schoolchildren, and consequently, reduced SUPP and pollution (D'Souza et al., 

2022; Lalchandani et al., 2022; Macari et al., 2018).  

Related recommendations to support sustainable behaviours in children that contribute to meeting their 

nutritional needs and reducing SUPP waste include limiting the availability of UPF in school settings 

(e.g., canteens, fundraising activities) (Fox & Timmer, 2020; Macari et al., 2018), promoting home-

packed lunches focused on unprocessed/minimally-processed foods (Parnham et al., 2022; UNICEF, 

2019), and integrating eco-messages into school food and nutrition policies as well as communication 

channels to support and motivate children and families when purchasing for and packing school 

lunchboxes (Goldberg et al., 2015; Lalchandani et al., 2022; Nathan et al., 2019). 

Strengths & Limitations  

Grounded in the perspective of child-centred food systems (Hawkes et al., 2020), this study 

investigated, for the first time, the proportion of SUPP in home-packed lunchboxes in relationship to 

NOVA processing levels. The research yielded original and credible data that contribute to the emerging 

body of knowledge on the environmental impacts of school lunchbox contents sourced from home, an 

area that has received limited attention thus far.  

Another notable strength of the study was the utilisation of two distinct methods to quantify the 

packaging of lunchbox items: visual observation of photographs and examination of original packaging. 

This double-coding approach was crucial in accurately determining the packaging profile of food and 

drink items in lunchboxes and facilitated a more robust analysis, generating timely implications for 

waste-free lunchbox initiatives in schools. In addition, the use of digital photographs of lunchboxes, 

along with the pen-and-paper lunchbox checklist, proved to be a more reliable method for coding food 

packaging categories compared to the provided waste collection buckets used at the end of the school 

day. While some discretion was exercised during the coding process, primarily for a few packaging 

items where food had been removed from its original packaging, overall, the lunchbox checklist enabled 
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the collection of additional information from children, such as the product’s brand, whether the food 

item was homemade, or if it was typically purchased in bulk (e.g., nuts). This approach proved sufficient 

for accurately coding lunchbox packaging. Conversely, it was evident that a significant portion of 

packaging waste from participants’ packed-lunches was not placed in the provided waste collection 

buckets, and some non-participating children also used the buckets to dispose of their lunchbox waste.  

Although the study identified significant gender differences in the association between SUPP and level 

of food processing, the scarcity of lunchbox-related data on gender differences makes it challenging to 

compare these results. These findings could have been influenced by participation bias, as nearly twice 

the number of girls compared to boys participated in the study, or by other specific characteristics of 

participants’ families and households, which were not collected and can be considered a limitation. 

Furthermore, the study captured data from only one school day. Nevertheless, the study has provided 

unique data that can serve as a foundation for future research, which is a strength in itself. 

Future Work 

Our study did not assess the proportion of food wastage from children’s lunchboxes. Food waste poses 

a significant threat to planetary sustainability (FAO, 2019), and previous studies have indicated 

schoolchildren tend to discard a greater amount of uneaten healthy foods compared to discretionary 

foods from their lunchboxes (Dresler-Hawke et al., 2009; Lalchandani et al., 2023a). However, no 

analysis has been conducted to examine the relationship between food wastage, SUPP, and processing 

level. It is worth noting that capturing these variables would have required a more comprehensive data 

collection method, such as photographing the food wastage in each participant’s lunchbox at the end of 

the school day. Implementing such a method would have required a considerable amount of additional 

time from both schools and participating students. Addressing this knowledge gap would be a valuable 

focus for future research.   

Given the positive reception of the eco-nutrition concept in school settings, and the existing need for 

effective interventions to improve the healthiness of home-packed lunches (Nathan et al., 2019), further 

research should integrate the health and eco-environmental dimensions of sustainable diets for children. 

Building upon the findings of the present study, future investigations should examine food environments 

and social factors that may influence the contents of children’s home-packed lunchboxes, including 

household characteristics, purchasing and packing behaviours, preferences of parents and children, as 

well as the branding, cost, and promotion of popular child-oriented UP snacks. It is also crucial to 

explore the impact of eco-nutrition-based school policies and strategies on the sustainability of home-

packed lunches. Additionally, future research should adopt a child-centred food system approach, as 

advocated by UNICEF (Hawkes et al., 2020; UNICEF, 2019),  to identify necessary actions for 

reorienting existing food environments and supply chains, thereby enhancing the availability and 

demand for heathier foods for children. 
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Conclusion 

This study examined the relationship between ultra-processed foods and single-use plastic packaging 

in lunchboxes brought to school by primary schoolchildren. The findings revealed that a significant 

proportion of SUPP in lunchboxes was attributed to ultra-processed sweet and savoury snacks packaged 

in soft plastic bags and wrappers. Conversely, lunches consisting of fresh and minimally-processed 

foods had a lower proportion of SUPP. These results underscore the importance of prioritising less-

processed foods to reduce single-use plastic waste and promote healthier lunchboxes in school settings. 

Waste-free lunchbox initiatives should be strengthened, with an emphasis on integrating healthy and 

environmentally friendly components into school policies. Educating children about sustainable food 

choices and the impact of UPF packaging on individual and planetary health can empower them to 

make informed decisions. Limiting the availability of UPF in school settings and promoting home-

packed lunches focused on wholefoods and less-processed items can further contribute to reducing 

SUPP waste. Further research should integrate health and eco-environmental dimensions to foster 

nutritious and sustainable diets for school-age children, including their home-packed lunchboxes 

brought to school.  
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Chapter 5 – General Discussion 
 

This research aimed to achieve two main objectives: (1) to conduct a narrative review on the impact of 

ultra-processed foods on human and planetary health, along with sustainable healthy diets for children, 

and (2) to undertake a cross-sectional study examining the healthiness and sustainability of home-

packed lunchboxes among primary schoolchildren. This chapter begins with an overview of the key 

findings obtained from the narrative review and the cross-sectional study, before summarising the main 

contribution of these findings. The implications, limitations, and future directions are organised into 

two prominent themes that emerged upon reflection of the research process: 

 

(1) Updating current dietary guidance and regulations for child-targeted food and drink products 

(2) Exploration of the NOVA-SUPP model for PHN research and strategy  

 

This chapter concludes by explaining the approach chosen for disseminating research findings to the 

intended audience (i.e., school children). 

 

Key findings 

Chapter 2 provided a comprehensive literature review on the impact of UPF on human and ecological 

health, as well as healthy and sustainable diets, with a focus on child-centred food systems and schools 

as a key setting for action. The review highlighted several key findings. Firstly, it emphasised the need 

to differentiate UPF from other food categories due to their unique composition and extreme processing 

methods. Various themes explored include the metabolic effects of UPF on the gut microbiota, and the 

influence of UPF composition and marketing on brain-reward responses. Concerns were also raised 

regarding high levels of exposure to direct and indirect food additive ‘cocktails’ and their negative 

health effects, especially in children. The specific factors within UPF that cause adverse health effects 

are still being investigated, although growing evidence suggests it is not solely poor nutritional 

characteristics, but the way UPF are manufactured. 

The review also underscored how the widespread consumption of UPF significantly compromises diet 

quality and health outcomes on a global scale. UPF production requires more resources and energy 

compared to wholefoods and traditional culinary preparations, contributing to climate change and the 

plastic waste crisis. Addressing and mitigating the impact of UPF on public and planetary health is 

crucial. This issue is particularly important in low-income communities, where disproportionate UPF 

availability and targeted marketing exacerbate health inequities, particularly among children. There is 
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growing consensus that current food-based dietary guidelines need updating to consider the role of food 

processing, food matrix, and overall food quality and sustainability.  

Lastly, the review highlighted the significance of schools as a key setting for child-centred food system 

research and action. Many school lunchboxes, both domestically and internationally, fail to meet dietary 

guidelines. The absence of national regulations and limited school-level lunchbox policies places the 

responsibility on parents for children’s food choices at school. Recommendations include developing 

improved school food and nutrition policies that prioritise children’s specific dietary requirements, 

consider food processing levels, and promote sustainable eating habits. The increasing adoption of eco-

sustainability initiatives like zero-waste lunchboxes in NZ primary schools, suggests the potential for 

child-centred food system research and the implementation of school-wide sustainable food strategies.  

Overall, the findings of the review informed critical thinking and enriched the empirical studies 

presented in subsequent chapters. Conducting a quantitative audit on the healthiness and sustainability 

of lunchboxes within NZ primary schools was determined as a suitable next step. 

Chapter 3 examined the level of food processing in home-packed lunches and investigated the 

relationship between the nutritional content (energy and sugar) of foods and their processing level. The 

study observed consistently high levels of UPF in lunchboxes, accounting for approximately two-thirds 

of the overall energy (61.8%), and half of total sugars (50.4%). Among the 599 food items, sweet and 

savoury UP snacks were the highest contributors to total energy from UPF (40%), while sweet UP 

snacks provided the most sugar (25%). In contrast, there was a significant lack of MPF (13.7%), 

including a mere 6 servings of vegetables across the entire sample. These findings were consistent 

regardless of participants’ gender, school, or whether the parent/caregiver or the child packed the 

lunchbox. This study highlighted the need for updated PHN policies and guidance that consider the 

complexity of wholefoods and the impact of industrial food processing on the overall healthiness status 

of foods. 

Chapter 4 examined the proportion of single-use plastic packaging in lunchboxes and investigated the 

association between single-use plastic packaging and the level of  food processing. The study analysed 

541 food and drink packaging items in lunchbox photos, revealing that 35.6% were SUPP. However, 

when considering the original packaging discarded at home, the proportion of SUPP increased to 53.2%, 

while the percentage of food items with no packaging decreased from 44.4% to 34.0%. The majority of 

SUPP originated from UPF (76.2%), while MPF contributed only 0.9% to SUPP. Soft plastic bags or 

wrappers from UP snacks (58.8%) were the most common type of SUPP in lunchboxes. Gender 

differences were identified, with a stronger association between SUPP and level of processing in girls 

compared to boys. No differences were found regarding who packed the lunches and school. These 

results support the initial hypothesis that prioritising MPF over UPF in home-packed lunches can lead 

to a reduction of SUPP waste and promote healthier and environmentally-friendlier lunchboxes.  
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Main contributions  

Previous studies have highlighted the poor nutritional quality of home-packed lunchboxes brought to 

school (Evans et al., 2020; Manson et al., 2021; Stanham et al., 2020; Sutherland et al., 2020), but this 

research stands out as the first of its kind conducted in NZ, and one of the few that has examined the 

extent of ultra-processed foods in schoolchildren’s lunchboxes. By expanding on previous research 

conducted in NZ, this study offers original insights into the composition of school lunchboxes based on 

their level of processing. It also contributes to the growing body of research investigating children’s 

UPF consumption. 

Furthermore, this study is the first known research to investigate the association between NOVA level 

of food processing, food packaging, and the presence of UPF and SUPP waste in school lunches. There 

is an increasing focus on environmental sustainability and waste reduction initiatives in schools, both 

in NZ and worldwide (Clemente et al., 2012; Eames & Mardon, 2020; Goldberg et al., 2015; 

Lalchandani et al., 2022; Prescott et al., 2019). Hence, these research findings provide valuable and 

credible data for future school-based eco-nutrition strategies and research that aims to inform, develop, 

and promote healthier and more sustainable school food environments. 

Lastly, previous studies on school food environments in NZ have generated compelling evidence around 

school food and nutrition policies, as well as food availability in and around schools (such as school 

canteens, vending machines, and nearby shops) (D'Souza et al., 2022; Vandevijvere et al., 2018). 

However, these assessments and Ministry of Education requirements (Ministry of Health, 2019a) 

primarily focus on foods provided within the school setting, excluding foods brought to school sourced 

from home. This research helps to fill this gap by identifying the types of foods children are currently 

consuming (and not consuming) from the perspective of their school-lunchboxes. By doing so, it 

contributes to the emerging field of child-centred food system research. 

 

Research implications, limitations, and recommendations 

Upon reflecting on the entirety of this research, two prominent themes have emerged:  

(1) Updating current dietary guidance and regulations for child-targeted food and drink products 

(2) Exploration of the NOVA-SUPP model for PHN research and strategy  

 

This section will delve into both themes separately, while drawing upon insights derived from the 

study’s results and relevant literature. The implications for PHN research, policy, and action will be 

discussed. Furthermore, each section will address the study limitations and provide recommendations 

for future work. 
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(1) Updating current dietary guidance and regulations for child-targeted food and drink products 

The findings of this study shed light on the inadequacies and gaps in the current dietary guidance for 

children in NZ, emphasising the need for updated evidence-based guidelines that address the challenges 

in promoting healthy and sustainable diets among children. 

Research from 15 years ago, on packed-lunches consumed by NZ children during school hours (Dresler-

Hawke et al.), revealed a misrepresentation of core food groups, with discretionary snacks being 

predominant in lunchboxes, which is consistent with the findings of the present study. Furthermore, 

international analyses focusing on the nutritional content and food quality of packed-lunches 

consistently indicates a failure to meet recommended dietary guidelines for food groups and nutrients 

(Evans et al., 2020; Stanham et al., 2020; Sutherland et al., 2020). The results presented in Chapter 3 

demonstrate that certain core food groups were mostly absent in lunchboxes, and when included, the 

majority of these foods fell into the category of UPF. For example, the ‘Milk and Milk Products’ food 

group, with a recommended intake goal of two-to-three servings per day for school-aged children 

(Ministry of Health, 2012), contributed to only 13 items among minimally-processed and processed 

food items in the sample, with the majority of items from this group being classified as UPF instead 

(n=23). These findings are consistent with Parnham et al. (2022), who reported that home-packed-

lunches of UK schoolchildren were more likely to include UP versions of core foods.  

Furthermore, the mean total sugar content in packed-lunches, at 40.5 grams, was comparable to the 

WHO (2015) recommended daily limit (approximately 42.0 grams) of free sugar intake in school-aged 

children (7–10 y). However, due to the current lack of mandatory distinction between intrinsic and free 

sugars in NZ food labelling (discussed in Chapter 2), the exact proportion of free sugars in lunchboxes 

remains uncertain. Nevertheless, these findings highlight the potential for excessive consumption of 

free sugars among NZ schoolchildren due to the inclusion of UPF in their lunchboxes. This aligns with 

evidence linking UPF intake to the overconsumption of free sugars across all age groups (Machado et 

al., 2020; Rauber et al., 2019) and supports recommendations for updated PHN guidance that 

emphasises the reduction of UPF consumption among children, particularly sweet UP snacks (Thornley 

et al., 2021).  

These results are concerning as they indicate that school lunchboxes in NZ continue to have poor 

nutritional quality even after 15 years. Furthermore, they align with extensive data demonstrating that 

children globally are eating too many UP snacks and too little foods that are essential for their healthy 

growth and development (Kupka et al., 2020). When comparing the study results with evidence 

indicating that school lunchboxes in NZ contribute to one-third of children’s daily diets (Regan et al., 
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2008), the mean total energy observed in lunchboxes, totalling 2,504 kJ (598.5 kcal), aligns with the 

NZ MoH (2012) guidelines of 1500–2100 kcal/day for moderately active children during middle 

childhood. These results are consistent with recent data from Australia, where primary schoolchildren’s 

packed-lunches had a mean total energy of 2,472 kJ, also representing approximately one-third of 

children’s daily dietary intake (Manson et al., 2021). Considering that home-packed lunchboxes brought 

to school represent a significant portion of school-aged children’s overall diets, it is imperative to 

address the prominence of UPF and the inadequate representation of core foods in lunchboxes. 

Moreover, these findings support the call for a prompt revision of current dietary guidance for children 

to account for the complexity of wholefoods and the role of industrial food processing. This includes 

considering hazardous additives in food products and packaging, marketing practices, and sustainability 

impacts, all of which contribute to overall diet quality and have implications for children’s short- and 

long-term health outcomes.  

Some authors have expressed concern about restricting UPF (Fangupo et al., 2021; Jones, 2019), 

arguing that such measures may inadvertently exclude ‘nutritious’ UPF. This concern was raised in 

Chapter 3, when reflecting on the limitations of the NOVA classification system. For instance, both 

iron-enriched mass-produced bread and a packet of potato crisps are classified as UPF. However, the 

current results show that most UPF consumed by school-aged children were discretionary foods. When 

combined with the fact that other foods in lunchboxes, which are perceived as “everyday foods” 

following current MOH guidelines, were mostly classified as UPF, it is essential to consider the 

substantial body of evidence associating UPF with harmful impacts on child health outcomes. 

Furthermore, compelling evidence indicates that UPF as a whole group has distinct adverse effects on 

health compared to other food categories (Hall et al., 2019). These factors also align with concerns 

raised about the effectiveness of single-nutrient approaches to food and drink products reformulation, 

historically used as a PHN strategy to address micronutrient deficiencies (e.g., added calcium, iron) and 

prevent diet-related NCDs (e.g., low-fat/low-sugar) (Adams et al., 2020; Mozaffarian et al., 2018b). 

Additionally, these findings question current food labelling systems, such as the HSR, which 

predominantly appear on pre-packaged UPF (Dickie et al., 2018). 

Literature suggests several strategies aimed at promoting healthier child-targeted products, discourage 

UP snack consumption, and increase public understanding of the detrimental effects of UPF. Examples 

include targeted legislation for UPF labelling (Zinöcker & Lindseth, 2018), banning the marketing of 

UPF to children (Sato et al., 2022), and educating consumers about the importance of dietary choices 

on planetary sustainability (Pérez-Escamilla, 2017). Other potential strategies involve incentivising the 

food industry to develop less-processed, convenient, and affordable options that appeal to children, 

including suitable choices for home-packed school lunches (UNICEF, 2019). Governments should 
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create conditions that enable consumers to make healthier choices, such as fiscal policies that increase 

accessibility and affordability of healthier options (Mozaffarian et al., 2018a; Pérez-Escamilla, 2017). 

While dietary assessments of UPF consumption in the NZ population are limited, including school-

aged children and adolescents, the recent findings revealing that high levels of UPF consumption during 

early childhood (12–60 months; 45%, 51%, respectively) (Fangupo et al., 2021) highlight the pressing 

need for further research in this area. Rigorous research will not only aid in developing interventions 

aimed at reducing UPF consumption and improving overall food quality, but also provide evidence-

based knowledge to policymakers’ efforts in ensuring healthier and more sustainable food systems, as 

well as guidance to the public for making informed decisions. 

Limitations and future research 

The use of the NOVA classification system in coding lunchbox food and drink items in this research 

presents certain limitations, particularly when dealing with foods without a Nutritional Information 

Panel, such as homemade preparations, takeaway leftovers, and bakery items commonly found in 

children’s lunchboxes. However, this limitation is not unique to this study but is acknowledged in other 

lunchbox-related research (Blondin et al., 2021). Furthermore, it is worth noting that NOVA does not 

consider the nutritional content when categorising UPF, which can pose challenges in effectively 

communicating the NOVA concept to the general public. Nevertheless, incorporating the NOVA system 

alongside nutrient composition analysis undoubtedly enhances the understanding of overall food quality 

and enriches the findings, as well as provides results that are more compatible with the characteristics 

of typically UPF-dominated diets that characterise children’s modern dietary patterns. 

Moreover, the lack of up-to-date descriptions of children’s lunchboxes in NZ and the limited number of 

studies investigating the contribution of UPF to school lunchboxes have hindered comprehensive 

comparisons in this study. Additionally, the absence of additional information about participating 

children and their families serves as a limiting factor. It is important to note that there is a pressing need 

for population-level data on children’s overall UPF consumption trends in NZ to make any future 

lunchbox-related research more comprehensive.  

For future research, the following recommendations are proposed: 

1. Collect data on children and adolescent’s (5 years old and over) overall daily UPF consumption

trends in NZ, including the dietary contribution of UP snacks.
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2. Expand lunchbox studies by integrating the NOVA classification system into nutrient-based 

analyses to enhance nutrition epidemiology. 

 

3. Investigate the relationship between UPF in school lunchboxes and overall UPF consumption 

in the daily diets of NZ children. 

 

4. Assess the use and effectiveness of a NOVA-based dietary guideline in reducing UPF intake 

and promoting better lunchbox contents and overall dietary patterns.  

 

5. Examine the various factors that influence lunchbox food choices, including quantitative and 

qualitative assessments of environmental and social determinants within the context of 

children’s lives in existing food systems (Hawkes et al., 2020). This includes investigating 

household characteristics, lunchbox food purchasing/packing behaviours, constraints faced by 

children/parents, cost-processing level analyses of lunchboxes, and sources from which 

children/parents acquire lunchbox foods.  

 

6. While the study did not find variations across school decile/regions, the data used represents a 

small part of the population. Future studies should expand the scope of this work, particularly 

considering the impact of food insecurity in disadvantaged communities in NZ. 

 

By addressing these recommendations, which align with UNICEF’s Innocenti Framework, future 

research can provide valuable insights into the consumption patterns of UPF among children, the 

effectiveness of interventions, and the development of evidence-based guidelines to improve the 

nutritional quality of children’s diets and promote healthier eating habits.  

 

(2) Exploration of the NOVA-SUPP model for PHN research and strategy  

While numerous interventions have been implemented to improve the nutritional quality of home-

packed lunchbox items, the effectiveness of interventions targeting the reduction of discretionary foods 

and the promotion of core foods remains uncertain (Nathan et al., 2019). The present research findings 

on the overall poor-quality of food contents in participants’ packed-lunches are consistent with previous 

evidence, supporting recommendations in the literature for novel strategies to enhance children’s food 

consumption at school (Nathan et al., 2019; Parker & Koeppel, 2020). The cross-sectional study 

employed a coding model that encompasses nutritional composition (energy and sugar), in addition to 

processing level (MPF, PF, UPF) and packaging category (SUPP, SUPO, RP, NP). This NOVA-SUPP 

model has demonstrated potential as a valuable tool for future eco-nutrition-based research in school 
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settings. Knowledge generated from these tools can guide efforts aimed at promoting healthier and more 

sustainable diets within the school environment and beyond.  

Significant findings from this research suggest that prioritising wholefoods in lunchboxes over UPF can 

lead to reduced SUPP waste and healthier home-packed lunchboxes. Recent findings by Lalchandani et 

al. (2023a) further support these results, identifying discretionary snacks as the primary source of SUPP 

in the lunchboxes of Australian schoolchildren, while fruits and vegetables were mainly packed in 

reusable containers. Other evidence indicates the positive impacts of eco-nutrition as an integrated 

educational strategy among school-aged children (Folta et al., 2018; Jones et al., 2012). Together, these 

quantitative insights provide a foundation on which future lunchbox-related eco-nutrition research and 

school initiatives can build healthy and sustainable eating practices. Such an approach could foster long-

lasting nutritious and sustainable dietary habits for school-age children. 

The results of this research, as well as calls from the literature (Evans et al., 2020; Manson et al., 2021), 

suggest there is a compelling case for official lunchbox-related guidelines in schools, especially given 

the high availability of UPF and their detrimental effects on children’s health outcomes. Notable policy 

examples from other countries support this need. For instance, in the US, schools with a restrictive UP 

snacks policy (but not simply reducing UP snacks availability) have been associated with higher 

consumption of consumed fruits and vegetables among children compared to schools that allow UP 

snacks availability (Gonzalez et al., 2008). In Brazil, public schools participating in a meal provision 

programme with a policy requiring the majority of purchased foods to be minimally-processed and one-

third to be sourced locally have shown lower UPF consumption and improved diet quality (Boklis-

Berer et al., 2021). Although these examples are focused on school-provided meals rather than home-

packed lunchboxes, they demonstrate the potential impact of stronger school policies, both at the school 

and national levels. These policies could be incorporated into an eco-nutrition approach, expanding 

existing school guidelines that aim to reduce lunchbox waste to also restrict UP snacks. Additionally, 

the ‘water and milk only’ policy implemented in two-thirds of NZ schools and the widespread adoption 

of ‘zero-waste’ lunchbox initiatives in primary schools, which have received strong support from 

students and families, could serve as a foundation for further research and development.  

Previous studies in eco-nutrition have shown that both children and parents are receptive to food and 

nutrition strategies emphasising ecological sustainability to promote healthier lunchboxes, and they 

actively engage in these interventions (Folta et al., 2018). Additionally, research indicates that parents 

require urgent support in navigating the complex factors that influence decision-making regarding 

purchasing for and packing school lunchboxes, as well as guiding their children towards healthier 

options (O'Rourke et al., 2020). This research exemplifies how eco-nutrition research can potentially 

provide this support by raising awareness among children, families, and the wider-school community 

about the interconnections between UPF, SUPP waste, and their impacts on human and planetary health 
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within food systems. Consequently, this heightened awareness can inspire children and whānau to seek 

less processed and plastic-packaged alternatives for their lunchboxes. While this alone will not 

transform the prevalence of UPF-dominate food environments, increased consumer demand for 

healthier and sustainable choices from the food supply chain may consequently influence the food 

industry to produce and provide more products that prioritise human and planetary health (Pérez-

Escamilla, 2017; UNICEF, 2019).  

 

Limitations and future research  

The lack of studies on the eco-environmental impacts of home-packed lunchboxes hinders the 

comparison of the present research findings. Limited research has characterised lunchbox item 

packaging (Goldberg et al., 2015; Lalchandani et al., 2023a), with only one recent study reporting on 

soft plastics packaging from discretionary snacks (Lalchandani et al., 2023a). Moreover,  there is a 

dearth of studies examining the relationship between SUPP and NOVA processing level in school 

packed-lunches. However, the NOVA-SUPP coding model developed for this research, proved to be 

reliable, efficient, and user-friendly. Additionally, the use of the two coding approaches for lunchbox 

packaging – observed packaging and original packaging – strengthened the coding process and provided 

relevant data to assess SUPP across NOVA levels. Furthermore, when used in conjunction with the data 

collection method (digital photographs and pen-and-paper lunchbox checklist), the NOVA-SUPP model 

yielded credible results in an underexplored research area.  

Considering the limited studies in this area and the potential application of the NOVA-SUPP model in 

future eco-nutrition work, the following future research is recommended: 

 

1. Examine the NOVA-SUPP model to ensure its validity and reliability in assessing the nutritional 

composition, NOVA levels, and packaging of lunchbox items. 

 

2. Explore the impact of eco-nutrition-based school policies/initiatives on the healthier lunchbox 

choices among schoolchildren, comparing them with existing policies/initiatives to identify 

effective approaches for fostering sustainable dietary habits. 

 

3. Investigate the feasibility and acceptability of implementing eco-nutrition strategies in diverse 

cultural and socioeconomic contexts, considering the unique challenges and opportunities in 

different communities. 

 

By addressing these research gaps and pursuing the recommended research, a more comprehensive 

understanding of the potential this NOVA-SUPP model can be achieved. This knowledge can then 
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potentially contribute to evidence-based policy development, intervention design, and the promotion of 

healthier and more sustainable dietary patterns among school-aged children. 

 

 

Further Limitations/Recommendations  

The study’s small sample size limits the generalisability of the findings to the broader NZ population. 

However, efforts were made to enhance the study’s robustness by including four schools representing 

two distinct regions in Auckland with unique characteristics. Each region comprised one lower decile 

and one higher decile school. The distribution of participants was reasonably equal across the four 

region/decile categories. Prior to the study, the sample size calculation estimated that 59 participants 

would be suitable for detecting differences in energy across NOVA processing levels. Notably, the study 

had 110 participants, nearly double the calculated sample size. To confirm the results, future research 

should encompass a larger sample of schools that is representative of the broader NZ population. 

 

Research Dissemination  

Disseminating research findings to study participants, including children, is an ethical responsibility 

(Chen et al., 2010; UNICEF, 2020). However, relying solely on academic publications for research 

dissemination often fails to effectively reach the intended audience, resulting in a significant gap 

between public health research findings and their practical application in real-world settings (Chen et 

al., 2010; Brownson et al., 2018). When disseminating the findings of this thesis, the primary audience 

of interest includes schoolchildren, their families, primary schools, and relevant parties within the wider 

school communities. This encompasses school principals and teachers, who hold decision-making roles 

within schools and can influence the implementation of evidence. 

Children are receptive to information about health behaviours, particularly when conveyed using 

minimal text and emphasising visual elements such as colour and images; digital media is regarded as 

the preferred method for receiving information (Burke & D’Eath, 2014; Egli et al., 2019). As such, the 

dissemination strategy for this thesis includes a child-friendly printable digital infographic presenting a 

summary of the research findings, as well as an additional poster containing practical suggestions for 

schoolchildren and families to promote sustainable and healthy home-packed lunches. Furthermore, this 

material will be made available online, ensuring free-accessibility to other schools, professionals, and 

the general public. The full infographic is presented in Appendix 6 – Dissemination infographic.
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Conclusion 

This research has clearly demonstrated that prioritising whole and minimally-processed foods in home-

packed lunchboxes can significantly reduce single-use plastic packaging waste, while simultaneously 

promoting healthier, eco-friendly dietary patterns. Our findings underscore the high prevalence of 

highly processed foods in the current diets of primary schoolchildren in New Zealand, alongside a 

disconcerting deficit of nutritionally dense core foods. This underscores the urgent need for 

comprehensive, eco-conscious dietary guidance for both children and parents, guidance that takes into 

account the detrimental effects of extensive food processing on both health and environmental 

sustainability. The interconnectedness between food, nutrition, and environmental sustainability has 

been a focal point throughout this work. This study therefore serves as a steppingstone towards the 

growing field of child-centred food system research. As interest in eco-nutrition-based strategies within 

school settings continues to grow, exploring the application of the 'processing-waste' model developed 

in this thesis could provide invaluable insights. This model has the potential to foster healthier and more 

sustainable dietary patterns, offering significant benefits for both our children and the planet.
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Appendix 3 – Student Information Sheet and Consent Form 
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Appendix 4 – School Principal Information Sheet and Consent Form 
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Appendix 5 – Sample size calculation 

Using the PASS 15 software and a repeated measures analysis, we estimate that 53 subjects 

will allow us to detect a difference in the proportion of energy across the three levels of NOVA 

processing, with 90% power and a type I error rate of 0.05. This is based on an F Test with a 

single three-level within-subject factor, a conservative between-subject standard deviation of 

40, an autocorrelation among the repeated measurements of 0.2, and applying the 

Greenhouse–Geisser degrees of freedom adjustment. We based our assumed means across 

the three processing levels on unpublished data from Manurewa primary school (MP = 18.7%, 

P = 18.8%, UP = 62.7%) and on previous work from the United States (Blondin et al., 2020). 

We scaled the mean effect to 0.5 to allow us to detect a smaller mean difference across 

conditions. Allowing for 10% data loss, we will increase the sample size to 59 participants. 
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