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Abstract 
 

Background: Riboflavin is an important B-vitamin for a range of metabolic and 

antioxidant processes within the body. Adolescent females are particularly at risk of 

inadequate riboflavin intake due to traditionally poor dietary habits and increased 

requirements for growth. The most recent evidence investigating riboflavin intakes and 

food sources of riboflavin in New Zealand adolescent females is now a decade old. Since 

then, transformation of the food supply, such as an increase in processed foods, and 

changes in dietary patterns, with a shift towards more plant-based diets, may have 

impacted nutritional intake. In particular, milk and animal-based foods, which are 

naturally high in riboflavin, are typically the largest dietary contributors of total 

riboflavin intake in healthy population groups. The impact of these potential changes on 

riboflavin intakes of New Zealanders is unknown. 

Objective: To determine the prevalence of adequate riboflavin intake and the major food 

groups contributing to riboflavin intake among 15-18 year-old females in New Zealand.  

Design: This study was a cross-sectional survey of 145 females aged 15-18 years, 

attending seven secondary schools across New Zealand. Socio-demographics, dietary 

habits, attitudes and food choice motivation were collected via an online questionnaire. 

Weight and height were collected using standardised techniques and body mass index 

(BMI) z-scores were calculating using the World Health Organisation BMI-for-age 

Growth References for 5-19 year-old females. Dietary intakes were assessed via two 

interviewer-led 24-hour recalls, and usual daily intake of energy and riboflavin were 

adjusted for intra-individual variation using Multiple Source Methods. Prevalence of 

inadequate riboflavin intake was estimated using the estimated average requirement 
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 (EAR) cut-point method. The top ten food sources of riboflavin were determined 

using the population ratio approach. 

Results: The overall intakes of riboflavin in the population were fairly adequate, with a 

prevalence of inadequate intake of 9.1%. The mean and median riboflavin intakes were 

1.60 mg/day and 1.50 mg/day, respectively. Milk was the greatest dietary contributor of 

riboflavin intakes in the study population, albeit was consumed by only 61.4% of 

participants. Other top ten contributors to riboflavin intake ranked highest to lowest were: 

breakfast cereals, bread-based dishes, vegetables, grains and pasta, savoury sauces and 

condiments, poultry, dairy products, bread and fruits. Participants who reported regular 

consumption of milk (cow’s and other milks), eggs, other dairy, red meat, poultry and 

fish had significantly greater intakes of riboflavin than participants who consumed these 

foods irregularly. However, foods high in riboflavin such as milk and meat were 

consumed less than foods less dense in riboflavin such as vegetables, bread and fruit. 

Conclusion: While the overall prevalence of inadequate riboflavin intake in the present 

study was low, findings suggest that those who reported irregular consumption of meat 

and milk may be at particular risk of inadequate intake. This is particularly relevant to 

vegetarians (avoidance of meat and/or eggs), and even more so to vegans (avoidance of 

all animal products). Findings from the study also highlighted certain socio-

demographic groups who may be at increased risk of inadequate intakes however small 

sample sizes limited interpretation and further recruitment is needed to ascertain 

whether concern is warranted. 
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Preface 
 
This thesis was part of a multi-centred, nationwide study called Survey of Nutrition, 

Dietary Assessment and Lifestyle (SuNDiAL) Project. The overall aim of the survey is to 

examine the nutritional and health status, dietary habits and attitudes of food choices 

among adolescent, vegetarian and non-vegetarian females in New Zealand. The results of 

the study will contribute to informing government and health agencies with regards to 

dietary guidelines for adolescent women. Data were collected across the country by 

second-year Master of Dietetics students from the University of Otago. In 2019, data 

collection occurred in two phases; Phase One took place between February-March 2019 

and Phase Two between July-August 2019. This thesis will present results pertaining to 

data collected during Phase One. 

 
 
The primary investigators (Jill Haszard and Meredith Peddie) were responsible for: study 

design and development, ethical approval, secondary school recruitment, supervision and 

management of data collection. Lisa Houghton also assisted the candidate in the 

statistical analysis of the data obtained in this study. 

 
 
The candidate was responsible for the following: 

 
- Researching and writing the literature review 

 
- Preparing and presenting a study information session to the target population 

 
- Recruitment of 19 female participants aged 15-18 years at one of the fourteen 

secondary schools across New Zealand 

- Collection of data including: 
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• Providing contact details for primary investigators to administer the online 

questionnaires for demographic and dietary habits, attitudes and 

motivations 

• Creating a booking system to schedule participants for study visits 
 

• Conducting interviewer-led 24-hour recalls with participants 
 

• Conducting anthropometric measurements 
 

• Administering accelerometers and accompanying log-books to participants 
 

• Collection of accelerometers and log-books after seven days 
 

• Liaising with a local laboratory to secure a phlebotomist to collect blood 

samples 

• Scheduling blood and urine sample collections for consenting participants 
 

• Assisting phlebotomist with blood sample collection 
 

• Collection of urine samples 
 

• Conducting a second 24-hour recall via phone call or video call 
 

• Entering of 24-hour recall data entry into FoodWorks for nutrient analysis 
 

• Providing anthropometric and accelerometry data to primary investigators 

for data entry 

- Statistical analysis of data presented in the thesis as advised by Jill Haszard and 

Lisa Houghton 

- Interpretation and discussion of results 
 

- Write-up of all thesis components 
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1 Introduction 
 
Riboflavin (vitamin B2), is a water-soluble vitamin central to various metabolic 

processes, mainly in its cofactor forms, flavin mononucleotide and flavin adenine 

dinucleotide (1). It also has important functions in the synthesis of DNA, other cofactors, 

other B-vitamins and has antioxidant properties (1, 2). As such, inadequate intakes of 

riboflavin leading to deficiency are associated with anaemia and increased risk of certain 

cancers and cardiovascular disease (3-6). 

 
 
Riboflavin is typically less studied than other B-vitamins due to its low prevalence of 

deficiency in the developed world (1). However, it is suspected that rates of subclinical 

deficiency (without symptoms) are unrecognized (7). Moreover, research suggests that 

adolescent females are at increased risk of inadequate riboflavin intake (4, 8, 9). The most 

recent national data on riboflavin intake in adolescent females were collected ten years 

ago in the 2008/09 New Zealand Adult Nutrition Survey (10). At that time, it was 

concluded that 4.3% of females aged 15-18 years had inadequate riboflavin intake. Since 

then, increased globalisation and urbanisation have led to transformation of the food 

supply, with a substantial increase in the consumption of energy dense, processed foods 

(11, 12). In addition, dietary habits and preference have also transformed due to increased 

awareness of environmental and social concerns, leading to a shift towards plant-based 

diets and increased prevalence of vegetarianism worldwide (13). While data are limited, it 

is assumed that the prevalence of vegetarianism is also increasing in adolescents (14). 
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Of particular concern, these changes in dietary patterns may have potential implications 

on riboflavin intakes, given that milk and meat are typically ranked as top dietary 

contributors (4). For example, the 2008/09 New Zealand Adult Nutrition Survey found 

that milk and bread-based dishes (containing meat and/or milk) were the two greatest 

contributors to riboflavin intake in 15-18 year-old females in New Zealand (10). 

 
 
Given the global changes in dietary patterns and lack of data in New Zealand since the 

last national survey, this study aimed to assess of the intake of riboflavin, including the 

top food group contributors to riboflavin intake among adolescent females (15-18 years) 

in New Zealand. The findings from this study will contribute to the development of 

updated dietary guidelines for this population lifecycle group. 
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2 Literature Review 
 
2.1 Riboflavin in Food, Absorption and Transport 

 
2.1.1 Chemical Structure and Properties 

 
Riboflavin (Vitamin B2) is an essential water-soluble vitamin which cannot be 

synthesised in humans (15). There are three main forms of riboflavin found in food and 

the body; free riboflavin, flavin adenine dinucleotide (FAD) and flavin mononucleotide 

(FMN). These molecules are all considered flavins and have the same core structure; an 

isoalloxazine ring bound to a ribityl (sugar alcohol) side chain (Figure 1). FAD and FMN 

are biologically active and act as cofactors in a number of central metabolic pathways (1). 

Flavins are relatively heat stable molecules, however, the ribityl side chain is easily 

degraded under light. As a water-soluble vitamin, riboflavin is also subject to leaching 

into cooking liquids such as water or oils (7). The solubility of this vitamin is likely to 

prevent toxicity at high intakes (1, 16). 

 
Figure 1: Chemical Structures of Riboflavin, FMN and FAD (17) 
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2.1.2 Food Sources 
 
Riboflavin is present in a wide variety of foods, mostly in the form of FAD and FMN, 

usually non-covalently bound to proteins (7). Bacteria in the large intestine are also 

capable of producing riboflavin, which can be absorbed by the colonic epithelium via a 

specific carrier-mediated mechanism in this region (15). Most riboflavin produced by 

bacteria is in the free, absorbable form (18). However, the contribution of bacterial 

riboflavin to overall riboflavin homeostasis is unknown (19). 

 
 
In developed countries, dairy and meat contribute the majority of dietary riboflavin intake 

(1, 4). Other foods containing appreciable quantities of riboflavin include eggs, dark 

green vegetables and offal (4, 20). Grain foods such as cereals are not inherently good 

sources of riboflavin, however, an increase in fortification processes has caused breakfast 

cereal foods to also become one of the largest contributors to dietary riboflavin in the 

developed world (4, 21). 

 
 
The 2008/09 New Zealand Adult Nutrition Survey (ANS) showed that milk and bread- 

based dishes were the first and second greatest contributors to riboflavin intake in 15-18 

year-old females, contributing 17.1% and 8.5% of total riboflavin intake, respectively 

(10). Non-alcoholic beverages were the third highest contributor to riboflavin intake in 

this population group, contributing 7.2% of total intake. Non-alcoholic beverages 

included all teas, coffees and substitutes, hot chocolate drinks, juices, cordials, soft 

drinks, water, powdered drinks, sports drinks and energy drinks. Lastly, breakfast cereals 

contributed 5.4% of total riboflavin intake in this age group. 
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2.1.3 Absorption, Transport and Storage 
 
Dietary FAD and FMN are typically bound in a protein complex, however, absorption 

requires riboflavin to be in its free, non-phosphorylated form. FAD and FMN are released 

from their protein complex through proteolytic activity in the lumen and hydrolysed to 

form free riboflavin prior to absorption. The latter reaction is catalysed by non-specific 

pyrophosphatases and phosphatases in the brush border (7, 22-24). 

 
 
Dietary riboflavin is predominantly absorbed in the proximal small intestine and occurs 

via three riboflavin transporters, RFVT-1, RFVT-2 (basolateral membrane) and RFVT-3 

(apical membrane) (16). Free riboflavin is absorbed in an active, carrier-mediated, 

saturable process via RFVT-3 (16, 25, 26). The large intestine is a secondary site of 

absorption, including free riboflavin produced by colonic bacteria. This also occurs via a 

specialised, carrier-mediated mechanism (27). RFVT-1 and RFVT-3 have also been 

shown to be expressed in colonocytes (15, 28, 29). 

 
 
 

 
Figure 2: Interconversion of Riboflavin Derivatives (21) 

 

In the enterocyte, a large amount of free riboflavin is phosphorylated to form FMN, in an 

ATP-dependent reaction catalysed by flavokinase (riboflavin kinase) (Figure 2). Some 

FMN is further converted to FAD by FAD synthetase. Flavin molecules enter circulation 
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via RFVT-1 and RFVT-2 on the basolateral membrane (16) (Figure 3). Flavins are 

mostly transported in the bloodstream bound to plasma proteins, including albumin, and 

immunoglobulins such as IgA, IgG and IgM (21, 30). 

 
 

Figure 3: Absorption and Transport of Dietary Riboflavin in the Enterocyte (16) 
 
 

Similar to other B-vitamins, there is limited storage of riboflavin (i.e. no site from which 

riboflavin can be mobilised when dietary intakes are suboptimal) (31). However, flavins 

that are unbound are easily hydrolysed to free riboflavin which diffuses out of the cell 

and is excreted. Therefore, the intracellular phosphorylation of riboflavin (bound flavins) 

is a form of ‘metabolic trapping’ which is key to maintaining riboflavin homeostasis (4, 

32). It is estimated that the accumulation of riboflavin in tissues is sufficient to meet 

metabolic requirements for two to six weeks in adults. Intakes greater than the capacity of 

renal resorption will be excreted in the urine (16, 33). 
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2.1.4 Bioavailability 
 
Riboflavin absorption occurs linearly and is a saturable process, with little absorption 

occurring beyond a single dose of 27 mg (34). However, this upper limit is typically 

greater than usual dietary intake (4). 

 
 
Measuring plasma responses to oral intake can underestimate bioavailability as a large 

proportion of dietary riboflavin is removed by the liver in ‘first pass metabolism’. As 

such, it is more accurate to measure urinary output (35). Little research has investigated 

the bioavailability of riboflavin from different food sources. Animal sources of riboflavin 

are typically considered to be more bioavailable than plant sources (7). However, one 

urinary output study found that riboflavin from both milk and spinach were equally as 

bioavailable (35). 

 
 
Flavins that are non-covalently protein-bound are more bioavailable than those that are 

covalently bound, which are more stable to digestion (20). Food processing and storage 

can also affect the bioavailability of riboflavin. For example, sun-drying of fruits and 

vegetables leads to a loss of riboflavin via ultraviolet degradation (7). Likewise, the 

riboflavin content of milk stored in clear bottles can also be affected in a similar manner 

(36). 

 
 

2.1.5 Metabolism and Function 
 
Free riboflavin does not appear to have any biological function. Its derivatives FAD and 

FMN are responsible for its main biological function, acting as cofactors for a range of 
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flavoenzymes. Their ability to transfer one to two electrons makes them versatile 

catalysts for a number of oxidation-reduction reactions in many metabolic pathways. 

Some examples include carbohydrate, amino acid and lipid metabolism, electron 

transport and synthesis of other cofactors (1, 7). Riboflavin coenzymes also play a role 

in the transformation of vitamin B6 and folate to their active forms in the one-carbon 

metabolic pathway, which is vital for DNA and synthesis and methylation. It is also 

involved in the conversion of tryptophan into niacin (vitamin B3) (1). 

 
 
Once free riboflavin has entered the cell, it is converted mostly into FMN and FAD. 

In the first step, free riboflavin is phosphorylated to form FMN, catalysed by ATP- 

dependent flavokinase. Next, FMN requires adenylation, catalysed by ATP-dependent 

FAD-synthase, to form FAD. The conversion of free riboflavin to both of its coenzyme 

forms appears to be regulated by thyroid hormone, and riboflavin status, whereby FAD 

synthesis is feedback inhibited by FAD (7). 

 
 

2.2 Dietary Requirements for Riboflavin 
 
2.2.1 Nutrient Reference Values (NRVs) 

 
Evidence to date is lacking on riboflavin intake in adolescents and as such, requirements 

have been extrapolated from adult recommendations (37). The estimated average 

requirement (EAR) for adults (19-70 years) was determined from a range of studies 

which assessed the clinical signs of riboflavin deficiency and biochemical markers 

relative to dietary intake. The adolescent EARs were then determined by extrapolating 

from the adult values, using a metabolic body weight ratio and growth allowance. A 10% 
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coefficient of variation was used to determine the recommended daily intake for 

adolescents and adults, due to the absence of a standard deviation (SD) for the 

EARs (37). 

 
Table 1: Nutrient Reference Values for riboflavin for 15-18-year-old females in 
New Zealand, Australia, USA, UK and EU 
 
Organisation1 Location Age, years EAR/AR2, 

mg/day 

RDI/RDA/PRI/RNI3, 

mg/day 

MOH/ NHMRC (37) NZ/AUS 14-18 0.9 1.1 

IOM (38) USA 14-18 0.9 1.1 

COMA4 (39) UK 15-18 0.9 1.1 

EFSA (40) EU 15-17 1.4 1.6 

≥18 1.3 1.6 
1Abbreviations of Organisations: MOH: Ministry of Health, NHMRC: National Health and Medical 

Research Council, IOM: Institute of Medicine, COMA: Committee on Medical Aspects of Food Policy, 

EFSA: European Food Safety Association 
2 Estimated Average Requirement/Average Requirement   
3 Recommended Daily Intake/Recommended Dietary Allowance/Population Reference Intake/Reference 

Nutrient Intake 
4 COMA now superseded by Scientific Advisory Committee on Nutrition  

 
 

The IOM, ESFA and COMA have used similar methods to determine their NRVs for 

adults and adolescents (37-40). However, the EFSA has set higher recommendations 

compared to the IOM, COMA and MOH/NHMRC (Table 1). The reasoning for this is 

not stated. However, the EFSA did not consider the available evidence sufficient to 

warrant separate NRVs based on sex and age (in adults). In comparison, the IOM, 

MOH/NHMRC and COMA have established separate recommendations for males and 
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females, and different life stages in adulthood. Notably, the EFSA’s NRVs for riboflavin 

requirements for both adolescents and adults are set higher. 

 
 
In New Zealand, there is currently no upper level of riboflavin intake, as there have been 

no adverse outcomes observed with high doses of supplemental or dietary riboflavin (37). 

While some studies have assessed large doses of riboflavin, they were not designed to 

systematically assess any adverse outcomes of such intakes (34, 41, 42). For the same 

reasons, upper levels of intake have not been set by the IOM, EFSA or COMA (38-40). 

 
 

2.3 Consequences of Inadequate Intake 
 
Riboflavin deficiency (ariboflavinosis) is most common in developing countries, 

especially those where milk and meat intakes are low. However, ariboflavinosis is also 

observed in many developed countries (1). Clinical signs of ariboflavinosis include 

cheilitis (inflammation of the lips), angular stomatitis (cracking of the corners of the 

mouth), glossitis (inflammation of the tongue), sore throat and hyperaemia (excess blood 

supply to tissues), hair loss, skin inflammation. More severe symptoms include swollen 

tongue, seborrheic dermatitis, anaemia and impaired nerve function (1, 20). 

 
 

2.3.1 Oxidative Stress 
 
Riboflavin exerts important antioxidant properties, firstly through the conversion of 

glutathione to its reduced form in the glutathione redox cycle, which acts as an 

antioxidant in many cells (43). Riboflavin may also have antioxidant properties 

independent of the glutathione redox cycle by scavenging reactive oxygen species (ROS) 
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(2, 44) and reducing the production of ROS by reducing lipid peroxidation. These 

antioxidant properties are important given oxidative stress caused by ROS has many 

negative consequences, including DNA damage and subsequent carcinogenesis (45, 46). 

ROS may also play a role in the pathogenesis of CVD and type 2 diabetes mellitus (47, 

48). 

 
 

2.3.2 Haematologic Status 
 
Several studies indicate a relationship between poor riboflavin status and anaemia 

pathogenesis, but the exact mechanism remains unclear. Two central hypotheses include 

the role of reducing flavins in mobilising ferritin from tissues and the role of riboflavin in 

iron absorption and gastrointestinal loss (4). However, much of the evidence originates 

from animal studies and evidence from human studies is less clear. The Jiangsu Nutrition 

Study found an association between inadequate riboflavin intake and increased risk of 

persistent anaemia in Chinese men and women. This association was strongest in women 

below 50 years (3). Correcting riboflavin deficiency may also be important in anaemia 

treatment, whereby supplementing young women in the UK with riboflavin, without iron 

supplementation, significantly improved haematologic status (20, 49). 

 
 

2.3.3 Cancer 
 
Riboflavin deficiency has been associated with an increased susceptibility to cancer at a 

number of sites. However, some studies also report riboflavin deficiency to have a 

protective effect (4). A protective role of adequate riboflavin intake has been suggested 

for many cancers has been suggested such as those of the breast, lung, ovaries, stomach 
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and colon (50-57). However, the evidence in human studies is inconsistent (1). The 

strongest evidence exists for a protective role of riboflavin in oesophageal cancer (58-62), 

such that riboflavin deficiency has been suggested as a potential risk factor for this 

disease, although this is not supported by all studies (1). Inadequate riboflavin intake has 

also been suggested as a risk factor for cervical dysplasia (pre-cancerous growth of 

cervical cells) (20, 63). However, the relationship between riboflavin status and cervical 

cancer is unknown. Further research and meta-analyses are needed to elucidate the 

relationship between riboflavin and cancer risk, and cancer risk due to ariboflavinosis in 

adolescents. 

 
 

2.3.4 Cardiovascular Disease (CVD) 
 
Both animal and human studies have suggested an important role of riboflavin in 

cardiovascular health. Most research has surrounded riboflavin as a determinant of 

plasma homocysteine, a risk factor for CVD (64). Riboflavin plays a role in 

homocysteine metabolism, by acting as a cofactor for methylenetetrahydrofolate 

reductase, which metabolises folate for subsequent homocysteine methylation (5). 

Riboflavin has been correlated with plasma homocysteine in both healthy adults, and 

those with a common genetic mutation of methylenetetrahydrofolate reductase, that is 

associated with increased plasma homocysteine (6, 65, 66). Riboflavin has been shown to 

lower homocysteine levels and blood pressure in hypertensive individuals with this 

genotype (65, 67). Riboflavin status may also affect plasma homocysteine by influencing 

the metabolism of folate (4, 68). 



13  

2.3.5 Migraine Prophylaxis 
 
Riboflavin has also been elucidated as an effective treatment for migraines. However, the 

exact mechanism is unclear (1). Several clinical trials and intervention studies support the 

use of riboflavin in treating migraines, finding that riboflavin supplementation 

significantly reduced migraine frequency, duration and severity (69, 70). A retrospective 

study also found riboflavin supplementation to be effective in migraine prophylaxis in 

adolescents, reducing migraine frequency and intensity during treatment and follow up 

(71). However, these findings are not supported by all studies (72, 73). While further 

research is needed to confirm the role of riboflavin in migraine prophylaxis, especially in 

children and adolescents, riboflavin supplementation appears to be a safe and effective 

migraine treatment in adults (69-71). 

 
 

2.4 Prevalence of Inadequate Intakes Among Adolescent Females 

The global prevalence of inadequate riboflavin intake is low and is more prevalent in 

developing countries (1). However, in developed countries, high rates of inadequate 

intake can be seen in several high-risk groups. Adolescents are more likely to have 

inadequate riboflavin intake, due to their increased nutritional requirements to support 

growth, and typically poor eating habits, such as skipping meals, and high intake of less 

nutrient-dense foods (8). Adolescents who skip breakfast and those who avoid meat and 

milk are particularly at risk of inadequate riboflavin intake (74-78). While some studies 

observed no significant difference in riboflavin intakes between males and females (79, 

80), the literature appears to demonstrate that female adolescents are more likely to have 
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lower riboflavin intake than male adolescents (4, 9, 81, 82). This may due to the lower 

volume of food consumed by females compared to males (9, 83). 

 
Table 2: Prevalence of inadequate intakes of riboflavin in adolescent females in New 
Zealand, Australia, USA and Spain 
 
Location   Year Age Group, 

years 

Prevalence, % 

NZ (10)  2008/09 15-18 4.3 

AUS (84) 2007 14-16 2.0 

USA (85) 2012 14-18 5.9 

Spain (86) 2018 13-17 23.0 
 1Adequacy for New Zealand, Australia, and USA were determined using shortcut probability analysis 

(comparing intake to respective EAR) 
 2Adequacy was calculated in comparison to the 80% PRI for the EFSA for riboflavin 

 
 
The 2008/09 New Zealand Adult Nutrition Survey (ANS) found that 4.3% of 15-18 year- 

old females had inadequate riboflavin intakes (Table 2), as compared to the EAR of 0.9 

mg/day. The 2008/09 New Zealand ANS also found that the percentage of inadequate 

riboflavin intake was greater in Māori and Pacific females of this age group, with 15.1% 

and 16.2% respondents having inadequate riboflavin intake, respectively. However, the 

estimates of inadequate intake should be interpreted with caution as the coefficient of 

variation is greater than 50% and the confidence interval (CI) lies outside the 0-5% range, 

indicating a high level of imprecision (10). 

 
 
Fortified foods are major contributors to riboflavin intake in adolescents. A study 

examining the effect of fortification on nutrient adequacy in US children and adolescents 

found that considering only the intrinsic riboflavin content of foods, 22.7% of 14-18 year-

old females did not meet the EAR for riboflavin. However, once food fortification, 
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and food fortification plus supplementation were considered, the prevalence of 

inadequate intake decreased to 4.7% and 4.2% respectively (87). 

 
 
Breakfast is also an important contributor to dietary riboflavin intake, namely those who 

consume fortified, ready-to-eat breakfast cereals (RTEC) with milk. Several studies have 

shown that adolescents who consumed breakfast were more likely to have adequate 

riboflavin status (31, 88, 89). These findings are supported by a recent systematic review, 

which concluded that adolescents who eat breakfast cereal regularly had better riboflavin 

status, as measured by erythrocyte glutathione reductase activity coefficient (assessment 

of riboflavin status in-vitro) (75). The studies reviewed mainly assessed RTECs, which 

are often fortified, however, the consumption of milk also contributed significantly to 

riboflavin intake. 

 
 

2.4.1 Global Changes in Dietary Habits 
 
 
In recent years, globalisation, urbanisation and technological advances have contributed 

to a global transformation in food supply (11, 12). Additionally, with increasing 

awareness of environmental, social and health concerns many countries have also 

observed an increase in vegetarianism (13). Such trends have the potential to transform 

dietary patterns in New Zealand and hence riboflavin intake. 

 
 
Global data specific to the prevalence of vegetarianism in adolescents are limited, 

however, it is assumed that similar trends are occurring in this life-cycle group (14). The 

results of five national surveys conducted from 1991 to 2001 estimated that 1-2% of New 
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Zealand adults followed a vegetarian or semi-vegetarian diet in 2002 (90). It was also 

found that New Zealand women aged 15-24 were more likely to follow a vegetarian diet. 

No reliable research has investigated the trends in vegetarianism in New Zealand over the 

past 17 years. However, it is possible that the adoption of such practices in New Zealand 

has affected the dietary habits and riboflavin intake of adolescent females. 

 
 

Furthermore, the global food supply has changed, with a widespread increase in energy 

dense, nutrient poor, heavily processed foods (11, 12). No studies have examined 

changes in the New Zealand food supply since the 2008/09 New Zealand ANS. 

Consumption of milk and other dairy products in children and adolescents has decreased 

across many developed countries in recent decades (78). Milk consumption in New 

Zealand decreased by 30% between 1977 and 1997 (91). Data from the 1997 National 

Nutrition Survey (NNS) and the 2008/09 New Zealand ANS found that milk 

consumption in New Zealand had decreased further by approximately 10% between 

1997 and 2008-2009, in adults aged 19 and over (92). No recent research has 

investigated whether this trend has continued over the past decade, or whether it is 

applicable to adolescents. However, the amount of children and adolescents meeting 

dairy intake recommendations tends to decrease with increasing age, a trend which has 

also been observed in New Zealand (78, 93). 

 

 
Data from the 1997 NNS and 2008/09 New Zealand ANS also found that the 

consumption of breakfast cereals had also decreased in New Zealand adults between the 

two survey periods (92). In the 2008/09 New Zealand ANS, 67.5% of those aged 15-19 
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years consumed breakfast at least five times per week, with females being less likely to 

achieve this intake frequency. Furthermore, the proportion of young people consuming 

breakfast on five or more days per week steadily decreased with age (93). 

 
 

2.5 Conclusion 
 
Riboflavin is a water-soluble vitamin, key to a number of metabolic processes within the 

body. It is found in a wide variety of food sources, but the main contributors to riboflavin 

intake are typically meat and dairy. Adolescent females are believed to be among those 

who are at increased risk of inadequate riboflavin intake. Riboflavin deficiency has been 

implicated in the development of CVD, anaemia, some cancers, and has been shown to be 

a safe treatment for migraines. However, much of this research is in adults, and requires 

better quality research to elucidate the role of riboflavin in the development of such 

conditions in adolescent females. Globally, the prevalence of inadequate riboflavin intake 

in adolescent females varies from 2-23%, with a prevalence of 4.3% in New Zealand 

albeit the data are a decade old. With global changes in the food supply and changes in 

dietary patterns such as increased adoption of vegetarianism/veganism, it is possible that 

riboflavin intakes have decreased in adolescent females in New Zealand. 
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3 Objective Statement 
 
Currently, there is limited evidence regarding the intake of riboflavin among New 

Zealand female adolescents. Therefore, the aim of this thesis project is to examine the 

dietary intake of riboflavin among 15-18 year-old females in New Zealand for the 

purpose of informing future dietary recommendations appropriate to this lifecycle group. 

 
 
Specific objectives are: 

 
- To determine usual dietary intake of riboflavin and the prevalence of inadequacy 

in this population group 

- To describe and compare dietary intake of energy and riboflavin by select socio- 

demographic and ethnic groups in this population 

- To determine the most common food sources contributing to riboflavin intake in 

this population 
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4 Methods 
 
4.1 Study Design 
 
This study is part of a larger, multi-centre cross-sectional survey termed Survey of 

Nutritional, Dietary Assessment and Lifestyle (SuNDiAL) Project. The SuNDiAL Project 

is executed in two recruitment phases in 2019 throughout secondary schools in New 

Zealand. The overall aim of the survey is to determine the dietary habits, nutritional status, 

and attitudes and motivations towards food choices in adolescent females, specifically with 

regards to those who follow a vegetarian or non-vegetarian diet. This thesis will present 

results obtained from the first phase of data collection and will focus on the dietary 

riboflavin intakes of study participants. Eight high schools participated in the first phase 

from; Dunedin, Christchurch, Nelson, Wellington, New Plymouth, Tauranga and 

Whangarei. 

 
 

4.2 Ethics Approval 
 
This study was reviewed and approved by the University of Otago Human Ethics 

Committee (H19/004) and is registered with the Australian New Zealand Clinical Trials 

Registry: ANZCTRACTRN12619000290190. Online informed consent was obtained 

from each participant. In addition, parental consent was obtained from all participants 

who were under 16 years of age. 
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4.3 Recruitment 
 
4.3.1 Recruitment of Schools 

 
High schools were invited to participate in the SuNDiAL Project based on the schools’ 

location, roll number and decile. Selected schools were to be accessible to data collectors 

(e.g., within their local vicinity) and were eligible if they had a roll number of at least 400 

students for co-educational schools and 200 students for female-only schools.  

 

Decile was considered to ensure that the selected schools represented a range from one to 

ten. Each school has a decile rating from one to ten, indicating the extent to which the 

school’s pupils live in a low socioeconomic area. Deciles are calculated based on Census 

data using a range of socioeconomic indicators for households with school-aged children in 

the school’s catchment area. Decile one schools reflect the ten percent of schools with the 

highest proportion of students living in a low socioeconomic area, whereas decile ten 

schools reflect the ten percent of schools with the lowest proportion of pupils living in a 

low socioeconomic area (94). 

 

Once selected, invitations were sent to schools via email in November 2018. Schools that 

did not respond to the initial email were sent a second email and received a follow-up 

phone call. If email and phone contact were unsuccessful in recruiting the targeted number 

of schools throughout 2019 (n=14), a second round of recruitment occurred, targeting 

schools which were not initially selected. Where the second round of recruitment failed to 

recruit the targeted number of schools, data collectors recruited schools in person in their 

respective locations (Figure 4). 
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Figure 4: School Recruitment Process for Phase One of Data Collection 
 

 

4.3.2 Enrolment of Participants 
 
Data collectors visited their respective schools in late February through early March 2019 

to initiate recruitment of students. This involved an information session outlining the aim 

of the study and data collection activities. Interested students were then invited to visit 

the study website (www.otago.ac.nz/sundial), where they could access further 

information and enrol. Students were also able to enter their details onto a sign-up sheet 

after the presentation, where they were emailed a sign-up link directly. Following 

enrolment, each participant was assigned a unique ID number. They then received an 

email link to an online enrolment questionnaire, which included a series of demographic 

and health-based questions (Appendix A). 
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4.3.3 Inclusion and Exclusion Criteria 
 
Individuals were eligible to participate if they were female, or self-identified as female, 

were between the ages of 15-18 years, spoke English and were enrolled in one of the 

selected high schools. Individuals who were aware that they were pregnant at the time of 

recruitment were ineligible. In addition, if parental consent was not provided for those 

under 16 years of age, any data collected via enrolment was destroyed and the participant 

was removed from any further participation in the study. 

 
 

4.4 Data Collection 
 
Data collection was carried out by at least two Master of Dietetics students at each high 

school location. Demographic data, including age and ethnicity, were collected via the 

online enrolment questionnaire (Appendix A). Ethnicity was collected using the 2006 

Census question with the following categories (tick all that apply): New Zealand 

European, Māori, Samoan, Cook Island Maori, Tongan, Niuean, Chinese, Indian, Other. 

The decile of each participant’s school was recorded. 

 

Following completion of the questionnaires, a study visit was scheduled to obtain 

anthropometric measurements and conduct the first of two 24-hour recalls. A second 

follow-up 24-hour recall was conducted via phone call, FaceTime or Skype. Participants 

were also fitted with an accelerometer and/or had a blood and urine sample taken during 

school visits if they had agreed to do so during enrolment. These latter data were not used 

in this study. 
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4.4.1 Dietary Habits, Attitudes and Motivations For Food Choice 
 
Food choices, attitudes and motivations towards food choices were assessed using an 

online version of both the Dietary Habits and the Attitudes and Motivations for Food 

Choice questionnaires used in the 2008/09 New Zealand ANS. Questions were sourced 

from a range of national and international nutrition surveys and the Australian Food and 

Nutrition Monitoring Unit short dietary questions (10). Some questions were adapted for 

the purposes of the present study. The questionnaires used a combination of scales to 

assess participants’ level of agreement with certain statements regarding their food 

choices (such as ethical reasoning for following their dietary pattern), how often certain 

foods/food groups (such as fruit and vegetables, meat and dairy) were consumed and the 

frequency of dietary habits (such as breakfast consumption) (Appendices B, C). The 

foods included under each major food group are presented in Appendix D. 

 
 
4.4.2 Dietary Data Collection 

 
Dietary intake was assessed via two 24-hour recalls, completed on different, non- 

consecutive, days of the week, over a 14-day period. During each 24-hour recall, 

participants were asked to recall all foods and fluids consumed from midnight to 

midnight the previous day. Participants were first asked to list all items consumed in a 

‘quick list’. They were then prompted for further information on the food item, 

including portion size, brand names and cooking methods. Interviewers used household 

measures (such as measuring cups), food models and portion size photographs to 

estimate portion sizes consumed (Appendix E). 
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4.5 Dietary Data Entry and Analysis 
 
Food and beverage intake data including portion sizes were entered into FoodWorks 

(Version 9 Professional, Xyris Software, Australia) to estimate the amount of energy and 

riboflavin consumed over each 24-hour period. For each recalled item, data collectors 

aimed to select the exact food/drink within the FoodWorks database. When the exact item 

was unavailable, the most appropriate match based on nutritional content was selected, 

with the aim to match energy and macronutrient content within 10%. To assist in making 

accurate substitutions, data collectors used a ‘codebook’ from the Department of Human 

Nutrition, which contained previous substitutions used for certain food items in other 

studies. The codebook also contained default portion size or food weight estimations to 

use when such information was not provided from the participant. 

 
 
Where appropriate substitutions could not be made, data collectors used the nutritional 

information and ingredients of the item (from the product label) to create a new recipe 

for that item in the FoodWorks database. Each ingredient was entered, and the amounts 

were altered until the nutritional content of the derived recipe matched the true 

nutritional content of the item within 10%. Foods or drinks which could not be entered 

by data collectors using these methods were sent via email to the Department of Human 

Nutrition, who provided further assistance as to how to enter that item. Dietary data entry 

was checked for errors by the research team prior to analysis. 

 
 
Dietary supplement usage was collected via the Dietary Habits questionnaire (Appendix 

B). Supplement information included supplement type, brand, and frequency of 

consumption over the past 12 months. Estimated mean daily intake of their respective 
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nutrient from supplements for each participant was determined where possible. 

 
 
To estimate usual dietary riboflavin intakes, the average intake from the two 24-hour 

recalls were calculated and adjusted to estimate usual nutrient intakes using Multiple 

Source Methods (95). This estimates the day-to-day variation in nutrient intake using 

those participants with two days of diet recall data and applies this information to the 

whole dataset to give an adjusted estimate of usual intake for each participant. The EAR 

cut-point method was then used to estimate the proportion of participants not meeting 

their dietary requirement for riboflavin (i.e., inadequate intakes). 

 
 

4.5.1 Anthropometry 
 
The weight and height of each participant were recorded in duplicate by one of the 

trained data collectors, using standardised procedures. Weight was measured using four 

types of scales; Medisana PS 420, Salter 9037 BK3R, Seca Alpha 770 and Soehnle 

Style Sense Comfort 400. Height was measured using the Seca 213 and Wedderburn 

stadiometers. Measurements were taken to the nearest 0.1 kg for weight and 0.1 cm for 

height. If the two measurements were greater than 0.5 kg for weight and 0.5 cm for 

height, then a third measurement was taken. 
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4.5.2 Statistical Analysis 
 
Assuming a design effect of 1.5 and a prevalence of vegetarianism of 20%, 297 

participants are needed in the overall SuNDiAL survey to detect a moderate difference of 

0.5 SD with 80% power to the 5% significance level. School recruitment was time-bound 

(2019 school year). Participant numbers were maximised where possible. A greater 

number of participants may have enabled the identification for vegetarian sub-groups 

(such as vegans) however as the prevalence of dietary identities was unknown, this was 

unable to be planned for. 

 
 
Data were analysed using Microsoft Excel 2019, version 16.24 (Microsoft Excel, 

Redmond, Washington, USA). Descriptive statistical measures such as percentage, SD, 

medians and interquartile (IQR) range (25th and 75th percentiles) were calculated. In 

addition, mean differences and 95% CI on the difference for riboflavin intakes between 

regular and irregular consumers of riboflavin-dense food groups were calculated. Body 

mass index (BMI; kg/m2) was classified by calculating z-scores using World Health 

Organization BMI-for-age standards for children and adolescents between 5 and 19 years 

(96). BMI category cut-offs were as follows: Thin <-2 SD; Normal ≥-2 to 1 SD; 

Overweight >1 SD to 2 SD; and Obese >2 SD. 

 
 
The top ten food sources contributing to riboflavin intake across the sample population 

were determined using Stata 15 (StataCorp, College Station, Texas, USA). The intake of 

riboflavin provided by the food source (e.g., riboflavin from milk) was summed across 

all the individuals and divided by the total amount of riboflavin to determine the mean 

proportion of contribution to riboflavin intake in each food group. 
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5 Results 
 
5.1 Demographics and Anthropometry 

 
A total of 145 participants were enrolled in this first recruitment phase. Table 3 presents 

the socio-demographic and anthropometric characteristics of the participants. However, 

anthropometric data were not obtained from 15 participants due to equipment 

malfunction (n=11), with the remainder either absent or opting out of the study visit. The 

average age of participants was 16.7 years, with over one-third of participants classified 

as overweight or obese, and the majority identifying as New Zealand European or Other 

ethnicities. Participants attended schools with decile ratings ranging from 3 to 10, with 

over three-quarters of the sample recruited from schools of decile 5 to 8. 
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Table 3: Demographic and anthropometric characteristics of Phase One SuNDiAL 

participants1 

 
Characteristic n n (%)2 

Age, y (mean ± SD) 145 16.7 ± 0.8 

15-16  82 (56.6) 

17-18  63 (43.4) 

Decile [median (IQR)] 145 6 (5, 8) 

1-2  0 (0) 

3-4  14 (9.7) 

5-6  64 (44.1) 

7-8  49 (33.8) 

9-10 

Ethnicity 

NZEO 

 

144 

18 (12.4) 
 
 

104 (72.7) 

Māori  29 (20.1) 

Asian  6 (4.2) 

Pacific 

BMI Classification 

Thin 

 

130 

5 (3.5) 
 
 

1 (0.8) 

Normal  84 (64.6) 

Overweight  33 (25.4) 

Obese  12 (9.2) 

  NZEO, New Zealand European or Other; BMI, Body Mass Index  

  1 Data missing as follows: Ethnicity (n=1) and Anthropometry (n=15) 
  2 Unless otherwise specified.  
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5.2 Dietary Intake of Energy and Riboflavin 
 
The estimated median (IQR) usual daily intake of energy in the sample population was 

7833 (6860, 9044) kJ/d, ranging from 3784 kJ/day to 13,905 kJ/day (Table 4). Energy 

intakes did not appear to differ by age groups. However, intakes did appear greater in 

participants from both higher decile schools compared to lower deciles, and normal 

weight participants compared to overweight and obese. Energy intakes also appeared 

much higher in Pacific participants compared to Asian, Māori and NZEO albeit, the 

sample size was small with only five participants identifying as Pacific who completed 

the diet recalls. 

 
 
The estimated median (IQR) usual daily intake of riboflavin was 1.5 (1.2, 1.9) mg/day, 

ranging from 0.4 mg/day to 4.6 mg/day (Table 4). Similar to energy intakes, the usual 

intake of riboflavin was higher in participants attending higher decile schools, Pacific and 

normal weight participants compared to other categories. The overall prevalence of 

inadequate riboflavin intakes among participants was low (less than 10%). 

 
 

5.3 Major Food Sources of Riboflavin Intakes 
 
The top ten major food groups that contributed to riboflavin intake are depicted in Table 
 
5. Milk, consumed by 61.4% of participants (81 of 132) over the dietary data collection 

period, was the largest dietary contributor of riboflavin intakes. Other major food sources 

contributing to riboflavin intakes consumed by most participants were vegetables (84.8%, 

112 of 132), bread (81.8%, 108 of 132) and fruit (78.8%, 104 of 132). Interestingly, 
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breakfast cereals were ranked as the second highest contributor of riboflavin intakes in 

the sample population. However, cereals were only consumed by 40% (53 of 132) of 

participants. 

 
 

5.4 Supplemental Intake of Riboflavin 
 
Of the 71 participants who reported consuming supplements, six took a supplement 

containing riboflavin. Frequency of consumption ranged from once per week to daily. 

Types of riboflavin-containing supplements included; spirulina, multivitamins and B- 

complex (containing a range of B-vitamins), with daily doses ranging from 3 mg to 30 

mg; and one participant reporting use of a 100 mg dose at least once per week. 



 

 

Table 1: Usual daily energy and riboflavin intake, and prevalence of riboflavin inadequacy in New Zealand adolescent females  

  Energy (kJ/day) Riboflavin (mg/day) Prevalence of 
inadequacy 

n (%) 
 
Variable 

 
n Median (IQR) Mean ± SD Median (IQR) 

All 132 7833 (6860, 9044) 1.60 ± 0.65 1.50 (1.20, 1.86) 12 (9.1) 
Age, years      

15-16  74 8023 (6948, 9278) 1.67 ± 0.73 1.54 (1.21, 1.99) 8 (10.8) 
17-18  58 7638 (6787, 8857) 1.50 ± 0.51 1.48 (1.19, 1.70) 4 (6.9) 

Decile       
3-4  14 7527 (6731, 9009) 1.20 ± 0.33 1.22 (1.10, 1.46) 2 (14.3) 
5-6  59 7580 (6816, 8695) 1.56 ± 0.65 1.47 (1.11, 1.78) 5 (8.5) 
7-8  44 8056 (6860, 9177) 1.70 ± 0.60 1.63 (1.33, 2.00) 5 (11.4) 
9-10  15 8952 (7715, 9764) 1.85 ± 0.88 1.52 (1.24, 2.16) 0 (0.0) 

Ethnicity       
NZEO  92 7943 (6860, 9094) 1.62 ± 0.64 1.51 (1.22, 1.82) 6 (6.5) 
Māori  28 8511 (6981, 8262) 1.54 ± 0.59 1.40 (1.15, 1.90) 3 (10.7) 
Asian  6 6709 (6125, 8695) 1.10 ± 0.33 1.12 (0.84, 1.33) 2 (33.3) 
Pacific  5 9166 (9012, 12,153) 2.36 ± 0.90 1.92 (1.85, 2.49) 0 (0.0) 

BMI Classification       
Normal and Thin 1 85 7909 (6867, 9166) 1.61 ± 0.67 1.52 (1.21, 1.81) 7 (8.2) 
Overweight          33 7715 (6880, 8536) 1.56 ± 0.51 1.51 (1.21, 1.92, 4 (12.1) 
Obese 12 7792 (6442, 9136) 1.48 ± 0.61 1.35 (1.06, 1.68) 1 (8.3) 

NZEO, New Zealand European and Others; BMI, Body Mass Index 
1Normal weight (n=84) and Thin (n=1) 
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Table 5: Top ten major food groups contributing to riboflavin intakes in New Zealand 
adolescent females (n=132) 

 
 

Contribution to riboflavin 
intake of population 

Number of participants 
consuming food 

group1 

 
 

 

Food Group Mean, % (95% CI),  n (%) 

 
 

Milk2 12.6 (10.2, 15.1) 81 (61.4) 
 

Breakfast Cereals 7.6 (5.2, 9.9) 53 (40.2) 
 

Bread-based Dishes 6.6 (4.5, 7.7) - 
 

Vegetables 6.4 (5.2, 7.7) 112 (84.8) 

Grains and Pasta 6.4 (4.8, 7.9) 97 (73.5) 

Savoury Sauces and 
5.9 (3.8, 8.0) 87 (65.9) 

 
 
 
 
 
 
 
 

The number of participants was unable to be obtained for bread-based dishes and dairy products 
1 Obtained from dietary habits questionnaire 
2 Includes all types of milk 
3 Includes bread rolls and specialty breads 

Condiments  

Poultry 5.0 (3.9, 6.1) 74 (56.1) 

Dairy Products 4.8 (3.2, 6.3) - 

Bread3 4.4 (3.5, 5.3) 108 (81.8) 

Fruit 4.1 (3.3, 4.9) 104 (78.8) 
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5.5 Dietary Habits 
 

Usual daily riboflavin intake in participants who reported consuming riboflavin-rich 

foods regularly (more than once per week, including categories more than once per day, 

5-6 times per week, 2-4 times per week) compared to irregularly (including 2-3 times per 

month, once monthly, rarely or never) are presented in Table 6. Participants who 

reported regular consumption of cow’s milk, all milks, eggs, other dairy, red meat, 

poultry and fish had significantly greater intakes of riboflavin than those who irregularly 

or never consumed these foods.  

 

Participants who consumed breakfast at five to seven times per week (60%, 75 of 125) 

had a significantly greater usual daily intake of riboflavin (1.7 ± 0.67 mg/day) compared 

to those who ate breakfast less than one to five times per week or never (1.4 ± 0.61) 

(95% CI: 0.15, 0.48). 
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 Table 2: Usual daily riboflavin intakes in regular versus irregular consumers of riboflavin dense foods (n=125) 

Food group 

Regular Consumers1  Irregular Consumers2 
Mean Difference 

(95% CI)3  n 
Median (IQR) 

Riboflavin Intake 
mg/day 

Mean ± SD 
Riboflavin Intake 

mg/day 
 n 

Median (IQR) 
Riboflavin Intake 

mg/day 

Mean ± SD 
Riboflavin Intake 

mg/day 

Cow’s milk 79 1.60 (1.27, 1.98) 1.70 ± 0.63  36 1.26 (1.07, 1.52) 1.44 ± 0.70 0.26 (0.09-0.43)* 

Milk any 93 1.57 (1.24, 1.92) 1.69 ± 0.67  23 1.26 (0.91, 1.53) 1.33 ± 0.51 0.37 (0.21-0.53)* 

Eggs 82 1.56 (1.22, 1.99) 1.69 ± 0.70  33 1.47 (1.09, 1.76) 1.45 ± 0.52 0.24 (0.07-0.40)* 

Dairy Other 91 1.57 (1.23, 1.94) 1.67 ± 0.66  24 1.25 (1.08, 1.55) 1.43 ± 0.66 0.24 (0.07-0.41)* 

Red meat 93 1.54 (1.22, 1.92) 1.68 ± 0.70  22 1.28 (1.19, 1.65) 1.40 ± 0.44 0.28 (0.12-0.44)* 

Pork 44 1.58 (1.22, 2.28) 1.75 ± 0.79  71 1.48 (1.21, 1.77) 1.54 ± 0.56 0.21 (-0.03-0.45) 

Poultry 93 1.57 (1.22, 1.92) 1.68 ± 0.69  22 1.28 (1.19, 1.58) 1.38 ± 0.44 0.29 (0.14-0.45)* 

Fish 42 1.74 (1.23, 2.38) 1.91 ± 0.88  73 1.45 (1.18, 1.66) 1.46 ± 0.42 0.45 (0.18-0.72)* 

Seafood4 11 1.23 (1.08, 1.43) 1.43 ± 0.64  104 1.56 (1.22, 1.89) 1.64 ± 0.66 0.21 (-0.17-0.59) 

1 Participants who consumed food from the food group more than once per day, once per day, five to six times per week, two to four times per week or once per week 
2 Participants who consumed food from the food group two to three times per month, monthly, rarely or never 
3 Asterisks denote statistical significance 
4 Excludes fish
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6 Discussion and Conclusion 
 

To our knowledge, this study presents the first data to investigate the dietary intakes and 

major food sources of riboflavin in New Zealand adolescent females in the last decade. 

Overall, the riboflavin intakes of participants were fairly adequate although apparent 

differences existed among socio-demographic subgroups. Usual riboflavin intakes 

appeared greater in participants who were normal weight, from higher decile schools, and 

of Pacific ethnicity. While milk was the top contributor to riboflavin intake, it was 

consumed less frequently than other less riboflavin-dense food sources such as breakfast 

cereals, bread-based dishes, vegetables, and grains and pasta. 

 
 

Despite the low prevalence inadequate riboflavin intake in the present study (9.1%), the 

proportion of participants consuming intakes less than the EAR was higher than that 

reported in the 2008/09 New Zealand ANS for 15-18 year old females (4.3%). Similarly, 

the prevalence of inadequacy was higher than those reported in the US National Health 

and Growth Study (6%) and a cross-sectional survey of adolescent females in Australia in 

2007 (2%) (84, 85). In contrast, the prevalence of inadequacy in the present study was 

much lower than the 23% of Spanish females aged 14-17 years with inadequate intakes 

reported in a representative sample of the population (86). However, when accounting for 

the plausibility of energy intakes, the prevalence of inadequacy in the latter study 

decreased substantially (5.4%). This consideration of riboflavin intakes in lieu of energy 

highlights the need to evaluate under- and over-reporting of dietary intake. 
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Given riboflavin is widespread in the food supply, higher energy intakes typically lead to 

a greater intake of riboflavin. As such, Pacific participants in the present study appeared 

to have the greatest intake of both riboflavin and energy compared to the other ethnic 

groups. These results differed from the 2008/09 New Zealand ANS, which reported much 

higher rates of inadequate riboflavin intake for Māori (15.1%) and Pacific (16.2%) 

participants. In the present study, Māori and Pacific participants had a lower prevalence 

of inadequacy (10.7% and 0%, respectively), albeit the sample size of each of these 

subgroups were small. 

 
 

Similarly, riboflavin and energy intakes also appeared greater in participants recruited 

from higher decile schools compared to those attending lower decile schools. There 

appeared to be no relationship between decile and prevalence of inadequate riboflavin 

intake. However, the small sample size among decile subgroups limits interpretation. 

Moreover, school deciles represent the socioeconomic status of the school’s catchment 

area rather than the status of the individual participant. As such, any inference between 

socioeconomic status and nutrient intake on the basis of school decile should also be 

interpreted with caution. 

 
 

Interestingly, participants who were thin or normal weight appeared to have greater 

riboflavin intakes than those who were overweight or obese. This finding may be 

explained by the higher energy intake of this normal weight group, compared to 

overweight or obese participants. It should be noted that under-reporting of energy 

intakes with increasing weight status is common with self-reported dietary data 

(97-99). As such, the prevalence of inadequacy may be over-estimated in this 
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group. Nonetheless, it is possible that apparent under-reporting of actual intake could be 

a result of under- eating or dieting, particularly among overweight and obese adolescent 

females (98, 101- 103). 

 
 

A better understanding of how riboflavin intakes relate to food choices helps to provide 

insight on suggestions for dietary improvements. In the present study, milk contributed 

the greatest proportion of dietary riboflavin intake. Participants who reported that they 

regularly consumed milk also had significantly higher riboflavin intakes as determined by 

24-hour recall compared to those who irregularly consumed milk. These results are 

consistent with several other studies which have found that adolescents who consume 

milk are less likely to have inadequate riboflavin intakes (76-78). Nonetheless, milk was 

only consumed by only 61% of participants. Furthermore, the contribution of milk to 

riboflavin intakes in 15-18 year old females in the 2008/09 New Zealand ANS was 

slightly greater (17% vs 12% in the present study). Several studies have reported a 

decrease in milk consumption in New Zealand between 1977-1997 and 1997-2008/09 

(91, 92). As such, the current findings may suggest a further decline in milk consumption 

in adolescent females since the 2007/08 national survey, albeit research in this area of 

dietary patterns is lacking. 

 
 

Participants who reported regular consumption of red meat, poultry and fish had 

significantly greater riboflavin intakes than those who consumed such foods irregularly. 

However, similar to the 2008/09 New Zealand ANS, meats (with the exception of 

poultry) as stand-alone food groups did not have a major contribution to riboflavin 

intakes in adolescent females, despite their high riboflavin content. Comparatively, foods 
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which are inherently lower in riboflavin, yet more widely consumed, such as vegetables, 

bread and fruit, were major contributors to riboflavin intake in both the present study and 

the 2008/09 New Zealand ANS. 

 
 

Overall, the lower consumption rates of meat and milk may be explained by an increase 

in vegetarianism, or a general decrease in animal product consumption in New Zealand. 

These trends have been observed globally due to increased environmental, social and 

health concerns, in addition to changes in the food supply (11-13). Further research 

confirming dietary habits and the prevalence of vegetarianism in New Zealand is required 

to confirm whether the same trends can be observed in New Zealand adolescent females 

and the implications, if any, on riboflavin intake. 

 
 

The second greatest contributor to riboflavin intake was breakfast cereals, yet, these 

were only consumed by only 40% of participants. Participants, who reported consuming 

a meal at breakfast at least five times per week had a significantly higher riboflavin 

intake than those consuming breakfast less than five times per week. In the present 

study, 60% of participants consumed breakfast at least five times per week, which is 

slightly lower in comparison to the 2008/09 New Zealand ANS, which found that 68% 

of male and females aged 15-19 consumed breakfast at the same frequency. The 

2008/09 national survey did not differentiate between the breakfast consumption of 

females and males, and thus, breakfast consumption specifically in New Zealand female 

adolescents is unknown. Nonetheless, the significant contribution of breakfast cereals to 

riboflavin intake, despite the lower number of consumers, is consistent with previous 

findings that fortified breakfast cereal is a key contributor to achieving riboflavin  
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requirements (31, 75, 88, 89). 

 
 
There were several strengths of this study, including the recruitment of a fairly large 

sample of adolescent females across the country and the collection of two, non- 

consecutive 24-hour recalls, which allowed for adjustment of intra-individual variation 

in dietary intakes. However, the sample was not nationally representative and therefore 

the findings are not generalisable to the wider population. The small sample size of 

socio- demographic and anthropometric sub-groups is also a limitation, preventing an 

investigation of statistically significant differences in riboflavin intakes. Finally, 

detailed supplemental data were not collected and as such, it was not possible to 

account for the contribution of supplemental riboflavin intake to total usual daily intake. 

However, riboflavin containing supplements were only consumed by six participants, 

therefore it is unlikely that this missing data would have significantly affected the 

overall mean riboflavin intake or prevalence of inadequacy within the population. 

 
 
In conclusion, the overall prevalence of inadequate riboflavin intake in the study 

population was low. Certain socio-demographic subgroups did appear to be at lower 

risk of inadequacy including participants of Pacific ethnicity and those attending decile 

9-10 schools. Similar to other studies, milk was the greatest contributor to riboflavin 

intake, yet, consumed much less frequently than foods with a lower riboflavin content, 

such as fruits, vegetables and bread, that were consumed more ubiquitously. Further 

research is needed to gather a more representative sample of adolescent females, 

including ethnicity, in order to determine whether differences truly exist among these 
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groups. In addition, more accurate indicators of socioeconomic status (such as the New 

Zealand Index of Deprivation) are needed to investigate the relationship between 

socioeconomic status and riboflavin intake. 
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7 Application of Research to Dietetic Practice 
 
Typical nutrients of concern in those consuming mostly a plant-based diet include 

protein, iron, vitamin B-12, zinc, calcium and omega-3 fatty acids. This study 

highlights the potential need for practitioners to also consider riboflavin when 

consulting vegetarian or vegan clients and patients. While the overall prevalence of 

inadequate riboflavin in the present study was low, findings suggest that those who 

reported irregular consumption of meat and milk may be at particular risk of decreased 

riboflavin intakes, in comparison to those who consume such foods regularly. This is 

particularly relevant to vegetarians (avoidance of meat and/or eggs), and even more so 

to vegans (avoidance of all animal products). However, with increasing environmental 

awareness, this may also pertain to semi-vegetarians, or individuals aiming to generally 

decrease animal product consumption, without identifying as a particular dietarian 

identity. 

 
 
With milk being the main contributor to riboflavin intake, individuals who avoid milk 

are at greater risk of inadequate intake. The riboflavin content of plant-based milks such 

as those derived from soy, almonds, oats and rice, can vary dramatically. Therefore, 

practitioners may need to become aware of the riboflavin content of such milk products 

and consider the recommendation of fortified plant milk, in order to find the most 

appropriate milk substitute for the individual. 

 
 
This study also revealed that foods such as fruits, vegetables and bread were important 

sources of riboflavin in adolescent females, despite being lower in riboflavin than 
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animal products such as meat and milk. This is likely due to their more frequent 

consumption. Therefore, practitioners may benefit from being aware of and considering 

such food sources when working with vegetarian or vegan individuals, to ensure they 

are consuming adequate riboflavin. 

 
 
Finally, this study indicates the need for updated research on the prevalence of 

vegetarianism in New Zealand, particularly as it pertains to adolescent females and 

riboflavin intake. Future research should also consider different vegetarian subgroups, 

such as semi-vegetarians and vegans, to elucidate how different degrees of 

vegetarianism affect riboflavin intake. 
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Appendix B Dietary Habits Questionnaire 
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Appendix C Attitudes and Motivations Questionnaire 
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Appendix D Food Subgroups Included in Major Food Groups 
 
 

Major Food Group Sub-group Descriptor 
 

Milk Cow’s milk 
Goat’s milk 
Milk for reconstitution 
Milkshakes 
Flavoured milk 
Soy milk 
Infant formula 
Other milk 

Breakfast Cereals Wheat based biscuits and shredded wheat 
Puffed or flaked cereal 
Extruded cereals 
Porridge and cooked cereals 
Bran based cereals 
Toasted muesli 
Untoasted muesli 

Bread-based dishes Sandwiches, filled rolls, filled pita bread 
and croissants 
Burgers and hot dogs 
Pizza 
Tortilla, tacos, doner kebabs, burritos, 
nachos 
Dim sims, spring rolls, wontons, bread- 
based batters 
Stuffings (bread-based) 
Other products 

Vegetables Leafy greens 
Beans/peas/corn 
Tomatoes and tomato products 
Orange vegetables 
Cauliflower/Broccoli/Brussel 
sprout/cabbage/turnip & other brassicas 
Onion/garlic/leeks 
Other vegetables 
Vegetable mixes 
Legumes, pulses and products 
Stuffed vegetables and vegetable dishes 
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Appendix D Cont. 
Salad recipes 

Grains and Pasta Rice 
Flour 
Pasta 
Bran and germs 
Cereal-based products & cereal-based 
dishes 
Other grains and cereals 

Savoury Sauces and Condiments Gravies and Savoury sauces (dry mixes and 
commercial sauces) 
Condiments, salt and other flavourings 
Additional sauces 
Tomato sauce 
Roux 
Salad dressings 
Pickles and chutneys 
Yeast and vegetable extracts 

Poultry Chicken muscle meats 
Chicken processed meat 
Casseroles/stews 
Stir-fries 
Duck 
Turkey 
Other poultry 

Dairy products Cream 
Sour cream 
Ice cream 
Yoghurt 
Fromage frais 
Other dairy products 
Dairy-based dips 

Bread Regular bread and rolls 
Flat bread, Pita bread, tortillas (plain), pizza 
bases 
Speciality bread 
Bagels 
English muffins and crumpets 
Sweet yeast buns 
Other bread 
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Appendix D Cont. 
Fruit Pomme fruit 

Berry fruit 
Stone fruit 
Citrus 
Tropical fruits 
Other fruits 
Dried fruit 
Mixed fruits/fruit salad 



113  

Appendix E Food Models and Photographs 
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