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Glossary

Australia New Zealand Food Standards Code: a collection of food standards that aim to ensure the
safety and health of Australian consumers and provide information relating to foods to assist consumers
to make informed choices (1).

American Association of Cereal Chemists International: a non-profit organisation that aims to advance
knowledge and understanding of cereal grain nutrition through a range of activities such as research,
education and advocacy (2).

Characterising ingredients: a term defined in the Australia New Zealand Food Standards Code as an
ingredient or category of ingredients that are associated with the name of a product, mentioned in the
name of the food or emphasised on the food label (3).

Code of Practice for Whole Grain Ingredient Content Claims: a voluntary industry standard developed
by the Grains & Legumes Nutrition Council

TM

in 2013 that aims to promote clear and consistent

messaging about the whole grain ingredient content of food products and assist consumers to identify
foods with whole grain ingredients (4).

Content Analysis: is a research tool for systematically analysing the meaning and content in
communication materials, particularly text documents (5).

Food Standards Australia New Zealand: the bi-national agency responsible for administering and
developing the Australia New Zealand Food Standards Code (6).

Front-of-pack labelling: a food labelling system that aims to assist consumers to easily notice,
understand and interpret nutritional information on food labels, in order to make healthy food choices
(7).
TM

Grains & Legumes Nutrition Council : an independent authority on the nutrition and health benefits
of grains and legumes, which aims to promote the consumption of grains and legumes as part of a
balanced diet (8).
xxv

Heart Foundation Tick Program: a public health initiative that aims to assist consumers to make
healthier food choices and improve the nutritional quality of products in the food supply (9).

Heart Foundation Guidelines for Tick Approval: the nutritional criteria underlying the Heart Foundation
Tick Program that aims to identify foods with lower levels of certain nutrients, such as sodium and
higher levels of other nutritional components such as fibre (10).

Nutrient profiling: the science of classifying foods based on their nutritional composition for reasons
relating to health and disease risk reduction (11, 12).

Leximancer: a text mining program designed to extract meaningful conceptual information from text
documents (13).

Percentage labelling: the declaration of the proportion of characterising ingredients or components
contained in food products; the requirements of which are outlined in standard 1.2.10 of the Australia
New Zealand Food Standards Code (3).

Serving size: a reference amount of food that provides information about the energy and nutrient
content of foods (7, 14).

Whole grain: a term defined by Food Standards Australia New Zealand as ‘the intact grain or the
dehulled, ground, milled, cracked or flaked grain where the constituents – endosperm, germ and bran –
are present in such proportions that represent the typical ratio of those fractions occurring in the whole
cereal, and includes wholemeal’ (15) (pg. 3).

Whole grain database: a food composition database containing data on the whole grain content of
foods.

Whole grain food: a food containing whole grain ingredients (4).

Whole grain-containing food: as above.

xxvi

Whole grain food characterisation: a standard for ‘whole grain foods’ developed by the American
Association of Cereal Chemists International, which stipulates that ‘a whole grain food must contain 8
grams or more of whole grain per 30 grams of product’ (16) (para. 1).

Whole grain food definition: the definition of ‘whole grain food’ developed by the European
HEALTHGRAIN consortium, which stipulates that a whole grain food should provide ‘at least 8 g of whole
grains/30 g serving’ (17) (pg. 1).
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ABSTRACT

Promoting whole grain consumption for health remains a global challenge, despite evidence linking
whole grains to reduced risk of chronic health conditions such as cardiovascular disease and type-2
diabetes. Whole grains are recommended for consumption in the Australian Dietary Guidelines; yet
research indicates that consumers do not eat enough of these foods. Nutrition practitioners are tasked
with addressing this disparity through activities such as food and nutrition research, the development of
food labelling systems and dietary education; however inconsistent approaches to defining and
characterising whole grain foods create a challenge for the work in these settings. Harmonised
approaches to whole grain characterisation are required to build a foundation for nutrition research and
practice. The end goal is to assist consumers to eat more whole grain foods. To-date little research has
been conducted to address the issues associated with characterising whole grains in nutrition research
and practice, in the Australian setting.

With this background in mind, this thesis works from the central hypothesis that characterising whole
grains is problematic and the associated issues present a barrier to promoting whole grain consumption.
The hypothesis was addressed by conducting a series of studies that elucidate and address the
challenges and complexities of characterising whole grains in nutrition research and practice. A mixed
methods study design was employed, to explore the central hypothesis, in three principle settings:

1.

Database development

2.

Food labelling

3.

Dietary advice

Study 1 explored the challenge of characterising whole grains in the context of developing a whole grain
database. Whole grain compositional data were systematically retrieved from the Australian food
industry. The whole grain composition of the products were characterised in accordance with
‘percentage labelling’ methods stipulated in the Australia New Zealand Food Standards Code. Variability
in the composition of whole grain-containing food products in the Australian market was noted.
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Discrepancies between research-based and food labelling methods of whole grain characterisation were
exposed as presenting a challenge for practitioners. Continued efforts to harmonise methodological
approaches to whole grain ingredient characterisation are required in the context of research and
database development.

Study 2 explored the characterisation challenges that present in the food labelling setting. The primary
aim of the study was to compare how different front-of-pack labelling systems classify whole graincontaining food products and assess the congruence between different systems. The study identified
that certain front-of-pack labelling systems yield discrepant food classification results. Differences in the
underlying criteria of front-of-pack labelling systems and the purposes for which they are designed may
lead to inconsistencies in the labelling of whole grain products. The study also identified that serving
size inconsistencies among whole grain-containing products may present a barrier to the identification
of whole grain dense food choices in the supermarket. Greater consistency in the characterisation of
whole grains is needed to ensure the effective promotion of whole grains on food labels.

Study 3 and study 4 investigated the characterisation issues that present in the dietary advice setting.
Study 3 evaluated the effect of dietary advice, consistent with the Australian Dietary Guidelines and
delivered in the weight loss setting, on patterns of whole grain consumption. The study analysed
dietary data obtained from a 12 month dietary trial that incorporated recommendations to consume
whole grain foods, within the context of a 2MJ energy restriction. Median intakes of whole grains
defined in grams per day (dry weight) and grams per 10MJ per day (dry weight) were calculated, for
men and women. A relative increase in whole grain intake (grams per 10 MJ/day) was observed for men
(p=0.035) and women (p=0.001), resulting in a balance between the consumption of whole graincontaining and non-whole grain foods. However, there was minimal change in absolute whole grain
intake (grams per day) over the 12 month intervention (p=0.157 and p=0.649, for men and women
respectively). The study demonstrated that dietary advice may lead to beneficial changes in patterns of
grain food consumption; however increasing absolute whole grain intake may present a challenge in the
weight loss context.

32

Study 4 sought to elucidate whether issues regarding whole grain characterisation were a potential
barrier to the promotion of whole grain consumption in the dietary trial described in study 3. The study
explored the dietary trial participants’ concept of whole grain foods and the factors perceived to
influence their consumption. Semi-structured interviews were conducted with n=22 participants from
the dietary trial. Participants associated the concept of whole grain with foods recommended in the
Australian Dietary Guidelines, such as breads and breakfast cereals; however there was a lack of clarity
regarding the descriptors and scope of the whole grain food concept that may have interfered with the
full understanding and application of the whole grain intake recommendations. Participants had rich
cognitive schemas of whole grain foods that differed conceptually from modern scientific definitions.
Differences between scientific definitions and the consumers’ concept of whole grain foods may present
a barrier to communicating a whole grain foods message in the dietary advice setting. More research is
needed to better understand how consumers characterise whole grain foods, to develop effective
strategies to promote whole grain consumption in the context of dietary advice.

This thesis highlighted the nuances of characterising whole grains in nutrition research and practice. It
contributed to the science through the development of an Australian whole grain database and exposed
core issues that hamper consistency and harmonisation in the labelling of whole grain products.
Translational issues in practice were explored and the findings highlight the challenge of promoting
whole grain consumption in the weight loss context. Understanding how consumers conceptualise
whole grains was identified as important for effectively promoting whole grain consumption in the
dietary advice setting. The need to harmonise approaches to whole grain characterisation was
underscored by the thesis findings. However, the complexities of the work and the diverse settings in
which whole grains are measured, classified and defined as part of practice, suggest that multiple
characterisation standards are required, to provide a consistent and harmonised foundation for
nutrition research and practice.
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CHAPTER 1.

INTRODUCTION
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1.1

A brief introduction

Whole grain foods are promoted by health professionals for their nutrition and health benefits but
assisting consumers to eat these foods is problematic (18). A growing body of research links the
consumption of whole grains to reduced risk of chronic disease conditions such as obesity (19, 20),
cardiovascular disease (21-23) and type-2 diabetes (24, 25); however this knowledge has not translated
to the consumption of whole grains in the context of the Western diet (26). In Australia, whole grains
are recommended for consumption in the Australian Dietary Guidelines (27) and a quantitative intake of
48 g per day is promoted by the Grains & Legumes Nutrition Council

TM

(28). However, despite public

health attempts to promote their consumption, research conducted by the National Health and Medical
Research Council, estimated that Australians would need to increase their whole grain intake by 160% to
achieve recommended dietary patterns (29). Thus, a notable gap exists between dietary
recommendations and consumption of whole grain foods in Australia.

One of the challenges relates to defining and characterising whole grains in nutrition research and
practice. While initiatives such as nutrition research, dietary interventions and food labelling address
the alignment of the publics’ food choices with dietary guidelines, inconsistent approaches to defining
and characterising whole grains create a challenge for the work in these settings (17, 18). Efforts have
been made to address this with the development of formal definitions of the terms ‘whole grain’ and
‘whole grain food’ (16, 30-33); yet inconsistencies are apparent. In Australia, the Food Standards Code
stipulates that ‘wholegrain means the intact grain or the dehulled, ground, milled, cracked or flaked
grain where the constituents – endosperm, germ and bran – are present in such proportions that
represent the typical ratio of those fractions occurring in the whole cereal, and includes wholemeal’ (34)
(p. 3). This definition is consistent with definitions in the United States (30, 33, 35) and other Western
countries (36). However, an alternative definition was recently developed by the European
HEALTHGRAIN consortium that includes provisions for minor losses of the outer fractions of the grain
during food processing (37). Thus, formal definitions may change in light of new information and the
development of a definition of whole grain remains problematic in nutrition research and practice (37).
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The challenge of characterising whole grains extends beyond the development of formal definitions.
Whole grain characterisation is fundamental to the work being undertaken in research, dietary
recommendations and food labelling, to assist consumers to meet dietary recommendations (37). This
thesis explores the associated issues in three principle settings (1) database development, (2) food
labelling and (3) dietary advice. In the context of database development, there are methodological
challenges associated with characterising the whole grain ingredient content of foods (38). Firstly, the
proprietary nature of food composition data may be a challenge (39). Secondly, there are different
methods for characterising the whole grain composition of foods (38). For example, a number of whole
grain database studies report calculating the whole grain content of foods on a dry weight basis (38, 40);
yet on food labels in Australia, this data is calculated based on methods outlined in the Australia New
Zealand Food Standards Code, which include the moisture content of the grains in the whole grain
calculation (3). Reconciling differences in characterisation standards such as these may be required to
provide a reliable platform for nutrition research.

In the context of food labelling, several characterisation issues are apparent. Front-of-pack labelling
may be utilised as a tool to direct consumers to whole grains in the supermarket (41); however, wide
variation in the whole grain composition of foods and inconsistent approaches to classifying whole
grains may represent a barrier to their identification and consumption (17, 41). The co-existence of
different front-of-pack labelling systems may cause confusion and the variability of labelled serving sizes
on food products may be problematic for the identification of whole grain dense food choices in the
supermarket (42, 43). Minimal research has investigated these issues in the Australian setting.

In the context of dietary trials an opportunity may exist to explore translational issues for consumers.
This is the case when advice to consume whole grains forms part of the trial (44, 45). The consumers’
concept of whole grain foods may influence the way in which dietary advice is understood and put into
practice. Previous research has demonstrated that consumer understanding of the terms whole grain
and whole grain food may not align with scientific definitions; suggesting that communicating the
concept of whole grain may be a challenge (46). To-date minimal research has explored how consumers
characterise whole grain foods in the setting of dietary advice and the potential influence of consumer
perceptions on whole grain consumption (44).
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Thus in consideration of three key settings for nutrition practice, this thesis addresses the central
hypothesis that characterising whole grains is problematic and the associated issues present a barrier to
promoting whole grain consumption. The research is constructed based on four primary studies that
involved:

1.

The development of an Australian database of manufactured and packaged food products
containing whole grain ingredients

2.

An analysis of how whole grains are classified by different front-of-pack labelling systems

3.

An analysis of whole grain consumption in a dietary trial where participants received advice to
consume whole grains

4.
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A exploration of dietary trial participants’ perceptions of whole grain foods

Figure 1-1. Schema of practice settings, studies and chapters in this thesis
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1.2

Summary of chapters

Chapter 1 provides a brief introduction to the thesis and the challenges associated with characterising
whole grains in nutrition research and practice. Chapter 2 introduces the concepts of ‘whole grain’ and
‘whole grain food’ and the reviews the literature regarding whole grains, health and disease. Chapter 3
provides a second review of the literature, focusing on delineating the characterisation issues that
underpin the studies conducted in this thesis. The chapter ends with an overview of the thesis aims and
sub-hypotheses. Chapter 4 outlines the methodological framework of the thesis and describes the
mixed methods research design underpinning the thesis. Chapter 5 describes the development of an
Australian whole grain database. This study outlines the methods used characterise the whole grain
ingredient content of food products, utilising standards from the Australia New Zealand Food Standards
Code as a methodological platform. Chapter 6 explores the classification of whole grain-containing food
products using different front-of-pack labelling systems and the congruence between different systems.
Secondly, this chapter explores the role that serving sizes play in promoting a consistent approach to
front-of-pack labelling. Chapter 7 presents the findings of a secondary analysis to investigate the effect
of dietary advice on whole grain consumption, in the context of a dietary trial. The advice is based on
the Australian Dietary Guidelines which lack a formal definition of ‘whole grain food’ to use as a basis for
education. This chapter highlights that challenges exist in promoting whole grain consumption in this
setting. Chapter 8 presents the findings of interview research conducted to explore the dietary trial
participants’ concept of whole grain foods and the factors perceived to influence their consumption.
This study was conducted to elucidate potential characterisation issues that may have presented a
barrier to the effective promotion of whole grain consumption in the dietary study, described in chapter
7. Chapter 9 concludes the thesis, integrates and discusses the thesis findings and provides
recommendations for practice.
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CHAPTER 2.

WHOLE GRAINS, HEALTH AND CHRONIC

DISEASE: SETTING THE SCENE
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2.1

Preamble

The purpose of this thesis is to explore the challenges associated with characterising whole grains in
nutrition research and practice and by doing so, address a critical issue that has been flagged as a barrier
to the promotion of whole grain consumption. To set the scene, a definition of ‘characterisation’ is
warranted. The term ‘characteristic’ is defined by Greenfield & Southgate (47) as ‘the property or
constituent that is to be measured or noted’ (47) (pg. 64). Whereas, the term ‘characterisation’ is
defined by the Oxford Advanced Learner’s Dictionary and Oxford English Dictionary respectively as, (1)
‘the way in which somebody/something is described or defined’ (48) and (2) ‘a description or analysis of
the character of someone or something; a portrayal in words. Also: an instance or the process of
specifying the identifying qualities of something’ (49). In this thesis, the term characterisation will be
applied as an umbrella term that encompasses (1) definitions of terms, such as ‘whole grain’ and ‘whole
grain food’, (2) methods of measuring and classifying whole grains in the context of research, database
development and food labelling and (3) the consumers’ concept and expressed opinions and
perceptions whole grain foods.

This chapter introduces the concepts of ‘whole grain’ and ‘whole grain food’, discusses the role of whole
grains in health and chronic disease and reviews the literature pertaining to whole grain consumption in
Australia. A brief introduction to the issues regarding whole grain characterisation is provided. A
second literature review is provided in chapter 3 that focuses on particular issues associated with whole
grain characterisation, in the three practice settings explored in this thesis (database development, food
labelling and dietary advice).
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2.2

The concepts of ‘whole grain’ and ‘whole grain food’

The botanical meaning of the term grain refers to the seeds of plants belonging to the Poaceae
(Gramineae) grass family, including wheat, barley, corn, oats, rye and rice (Table 2-1) (42, 50-52). The
pseudo-grains (pseudo-cereals) quinoa, amaranth, buckwheat and wild rice belong to different botanical
families but are typically classified as grains due to their similar nutritional profile and culinary use (18,
37, 53). Grains have a complex structure consisting of an inner endosperm component containing a high
proportion of starch and outer components, bran and germ, which house many vitamins, minerals and
phytochemicals (50). The nutritional composition of grains varies between species, dependent on
variables such as genetics, food processing and environmental conditions of growth (54).

The cultivation of grains for human consumption began around 10,000 years ago, during the ‘Neolithic
Revolution’, when humans transitioned from traditional hunter-gather to agricultural lifestyles (55, 56).
During the agricultural period, grains were commonly consumed in whole form as parched, popped and
stone-ground grains (57). During the ‘Industrial Revolution’ in the second half of the 19th century, roller
milling technology was invented that enabled grains to be efficiently milled into flour and the grains to
be fractionated into their respective components – endosperm, bran and germ (57, 58). With this
technology large volumes of flour were produced from the endosperm component and the outer
components of the grain were discarded. Products made from refined grains were considered to have
superior taste and texture qualities and gained status as the preferred grain food among consumers,
while foods made from the ‘whole’ grain were considered less palatable and less socially desirable (57).

Since this time, refined grain foods have taken central position as the preferred grain food choice in the
Western diet (26, 55). The concepts of ‘whole grain’ and ‘whole grain food’ emerged over time, in
recognition of the fact that foods consumed with all of the grain components are nutritionally superior
to refined grains and thus should be distinguished from their counterparts (18). Supporting this notion,
a growing body of research demonstrates that consumption of whole grains is associated with
nutritional adequacy and reduced risk of chronic health conditions, such as cardiovascular disease (CVD)
(23, 24, 59) and type 2 diabetes (21, 25, 60, 61). Based on the scientific evidence, dietary
recommendations for whole grain consumption have been incorporated into dietary guidelines around
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the world, including Australia (27), Canada (62), the United Kingdom (63) and the United States (64).
The concepts of ‘whole grain’ and ‘whole grain food’ have thus evolved to reflect their roles in health
and disease prevention.

Formal recognition of the dietary importance of whole grains led to the development of definitions by
authoritative health agencies (16, 17, 30, 33) (Table 2-2). An official definition of the term whole grain
was developed by the Whole Grains Working Group of the American Association of Cereal Chemists
International (AACCI) in 1999 stating that ‘whole grains shall consist of the intact, ground, cracker, or
flaked caryopsis, whose principle anatomical components, the starchy endosperm, germ, and bran, are
present in the same relative proportions as they exist in the intact caryopsis’ (30). This definition was
adopted by the United States Food and Drug Administration in 2006 in its ‘Whole Grain Label
Statements’ document, to guide the food industry in declaring and labelling whole grains on food labels
(65, 66). In Australia, the term ‘wholegrain’ was defined by Food Standards Australia New Zealand in
2005 (15) with similar emphasis and this definition forms the basis of food labelling regulations.
Further, definitions mimicking this approach have been incorporated into food regulations (17), dietary
guidelines (27, 64) and research studies (65, 67) around the world (Table 2-2). These definitions have
implications for how whole grains are defined and measured in research, promoted in dietary guidelines
and communicated on food product labels.

Despite growing international consensus and harmonisation around defining whole grains, an
alternative definition was recently developed by the European HEALTHGRAIN consortium (37). The
HEALTHGRAIN definition acknowledges the need to take food processing factors, safety and quality into
consideration for the development of a workable definition of whole grain (37). The HEALTHGRAIN
definition permits the removal of <2% of the germ and <10% of the bran, for the removal of
contaminants from these fractions during food processing (Table 2-2). This recent definition emphasises
the importance of re-examining consensus views on whole grain definitions and characterisation
standards and their applicability to contemporary nutrition research and practice.

Defining and characterising ‘whole grain foods’ is also problematic (17). While the term ‘whole grain’
relates to ingredients, ‘whole grain foods’ refers to the foods made with them. The concept ‘whole
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grain food’ is problematic because foods made with whole grains may contain non-whole grain
ingredients, such as a bread product made with whole and refined grains or components such as added
sugar. In part, the challenge relates to determining how much whole grain a food should contain to be
called or promoted as a ‘whole grain food’, in the context of food labelling, dietary recommendations
and research (41). Further, questions may arise as to whether additional nutrient quality criteria should
be applied, such as fibre criteria or limits on saturated fat and salt content (7, 41, 42).

Notably, there are no government-endorsed definitions of the term ‘whole grain food’ to provide a
consistent platform for defining whole grains in nutrition practice, in Australia. Furthermore, a range of
standards have been developed internationally, to define whole grain foods in various settings, including
research (31), food labelling and product characterisation (4, 16), dietary guidelines (64) and health
claims (33, 68) (Table 2-2). Further discussion of characterisation standards for whole grain foods will be
discussed in chapter 3, section 3.3 in relation to front-of-pack labelling.

In research, the most common definition of whole grain food was developed by Jacobs and colleagues
(31) who defined whole grains as foods containing at least 25% whole grain content by weight, including
added bran and germ. A number of observational studies have utilised this definition as a basis for
dietary assessment of whole grain consumption (22, 69-74). However this definition is inconsistent with
formal definitions of whole grain applied in food regulations around the world, due to the inclusion of
added bran and germ in the definition. The discrepancy among definitions creates a problem for
evaluating the evidence around the relationship between whole grain consumption and health
outcomes and providing evidence for practice (21, 65).

In recognition of the need to harmonise standards for characterising whole grains in research, food
labelling and dietary recommendations, the Whole Grain Working Group of the American Association of
Cereal Chemists International implemented a characterisation standard for whole grain foods, in 2013
(16). The standard states that ‘a whole grain product must contain 8 grams or more of whole grain per
30 grams of product’ (16) (para. 1). This amount enables consumers to achieve an intake of 48 g per day
by consuming 6 servings of grain food with 8 g whole grain or in 3 servings per day by consuming foods
with 16 g of whole grain (16). Similarly, at the time that the American Association of Cereal Chemists
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International standard was implemented, a Whole Grain Roundtable was initiated in the United States
to provide a standardised definition of the term whole grain food that could be applied in the context of
research, food regulations, food labelling and consumer education (17). The expert panel at the
Roundtable recommended whole grain products should contain at least 8 g of whole grain per 30 g
serving (27 g/100 g), without a fibre requirement.

The prevalence of standards for whole grain foods highlights the important role that whole grain
characterisation plays in establishing a foundation for nutrition research and practice. The inconsistency
between standards is acknowledged as a barrier to promoting whole grain consumption and assisting
consumers to meet dietary guidelines for their consumption (68). The research demonstrates that while
the concepts of whole grain and whole grain food are central to research and dietary guidelines, there is
a lack of clarity around the basic meaning and definition of these terms and how they might be best
characterised as a base for nutrition practice.
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Table 2-1. Common and scientific (botanical) names for grains

Common name

1

Scientific (botanical) name

Reference

Wheat

Triticum aestivum L.

(75)

Oats

Avena sativa L

(76)

Rice

Oryza sativa L.

(77)

Rye

Secale cereale L.

(78)

Barley

Hordeum vulgare L.

(79)

Corn (maize)

Zea Mays L.

(80)

Millet

Panicum Miliaceum, Pennisetum glaucum, Setaria italic,
Eleusine coracana

(81)

Sorghum

Sorghum bicolor (L.) Moench ssp. bicolor

(82)

Spelt

Triticum aestivum spelta

(83)

Teff

Eragrostis teff

(84)

Triticale

Triticale hexaploide Lart.

(85)

Amaranth

Amaranthus spp.

(86)

Buckwheat

Fagopyrum esculentum Moench; F. tataricum Gaertner; F.
emarginatum

(87)

Wild Rice

Zizania aquatic L.; Zizania palustris

(88)

Quinoa

Chenopodium quinoa Willd.

(89)

Pseudo-grains

1

List not exhaustive
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Table 2-2. Examples of international ‘whole grain’ and ‘whole grain food’ definitions and characterisation standards
Organisation

Definitions and characterisation standards

‘Whole grain’ definitions
Australia New Zealand Food
Standards Code (15)

‘Wholegrain means the intact grain or the de-hulled, ground, milled, cracked or flaked grain where the constituents –
endosperm, germ and bran – are present in such proportions that represent the typical ratio of those fractions occurring in
the whole cereal, and includes wholemeal.’

American Association of Cereal
Chemists International (30)

‘Whole grains shall consist of the intact, ground, cracked or flaked caryopsis, whose principal anatomical components—the
starchy endosperm, germ, and bran—are present in the same relative proportions as they exist in the intact caryopsis.’

European HEALTHGRAIN
consortium (37)

‘Whole grains shall consist of the intact, ground, cracked or flaked kernel after the removal of inedible parts such as the hull
and husk. The principal anatomical components the starchy endosperm, germ and bran are present in the same relative
proportions as they exist in the intact kernel. Small losses of components that is, less than 2% of the grain/10% of the bran
that occur through processing methods consistent with safety and quality are allowed.’

Whole Grains Council (35)

‘Whole grains or foods made from them contain all the essential parts and naturally-occurring nutrients of the entire grain
seed in their original proportions. If the grain has been processed (e.g., cracked, cru shed, rolled, extruded, and/or cooked),
the food product should deliver the same rich balance of nutrients that are found in the original grain seed.’
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Organisation

Definitions and characterisation standards
‘Whole grain food’ definitions and characterisation standards

Australia
Grains & Legumes Nutrition
TM
Council – Code of Practice for
Whole Grain Ingredient Content
Claims (4)

An industry standard established to guide the use of whole grain ingredient content claims on food labels in Australia and
New Zealand. The standards include
(1) A minimum of ≥ 8 g whole grain per serving to make a whole grain claim
(2) Whole Grain Ingredient Content Claims permitted for products carrying designated amounts of whole grain per
manufacturer-defined serving of product
(3) Whole Grain Food certification for products that contain ‘high’ or ‘very high’ whole grain content and meet certain
nutrient quality standards including the Heart Foundations Guidelines for Tick Approval (Heart Foundation, 2010;
accessed 22/10/13: http://www.heartfoundation.org.au/SiteCollectionDocuments/Tick-Criteria-Introduction.pdf)

United States
AACCI Whole Grain Food
characterisation (16)

A whole grain food characterisation standard stipulating that ‘a whole grain product must contain 8 grams or more of whole
grain per 30 grams of product’

Dietary Guidelines for Americans
(64)

Criteria for identifying whole grain foods including:
(1) 100% whole grain foods (eg- raw oats, 100% whole puffed wheat)
(2) Products that declare whole grains as the first ingredient
(3) ≥51% whole grains per total weight of food
(4) ≥8 grams whole grain per ounce equivalent

United States Food and Drug
Administration, Whole grain
health claim (32, 33)

Criteria for making health claims on foods:
(1) A food must contain ≥51% whole grains by weight per RACC (reference amount customarily consumed)
(2) Fibre content of 11 g/100 g per RACC
(3) Single ingredient whole grain foods may qualify for the whole grain health claim without meeting the fibre criteria

Organisation

Definitions and characterisation standards
‘Whole grain food’ definitions and characterisation standards

Oldways/Whole Grains Council –
Whole Grain Stamp (90)

An industry standard to guide the use of whole grain claims on food labels. Products must contain at least 8 g whole grain per
serving to qualify for the ‘basic Stamp’ or at least 16 g whole grain per serving, with all of the grain whole grain, to qualify for
the ‘100% Stamp’

Europe
HEALTHGRAIN Whole Grain Food
definition (17)

A definition of whole grain food for use in various nutrition research and practice settings. The criteria are the same as the
AACCI whole grain food characterisation standard: 8 grams whole grain per 30 g product (27 g/100 g)

Swedish Keyhole Symbol; also
administered in Denmark and
Norway (91)

A range of whole grain standards for different food categories including bread, pasta, breakfast cereals, flour, pies and
sandwiches. Most of the food category standards include criteria for certain nutrients in foods. For example the criteria for
breads are:
(1) 25% wholemeal (dry matter of product)
(2) Dietary fibre at least 5 g/100 g
(3) No more than 7 g/100 g fat
(4) No more than 5 g/100 g sugars
(5) No more than 0.5 g/100 g sodium
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2.3

Structure and nutritional components of grains

This section provides a brief overview of the structure and nutritional components of whole grains,
using whole wheat as an example. The Poaceae grasses produce a single seed in their fruit called the
‘grain’ or ‘kernel’ (85). The kernel is often conceptualised as consisting of four primary anatomical
components: bran, aleurone, germ and endosperm; however, the structure of a grain kernel is more
complex, consisting of multiple sub-components within these basic structures (Figure 2-1) (85, 92).
Taking the example of wheat, which is the major source of grains in the Western diet (93), the nutrient
and phytochemical composition of the grain is heterogeneous, with a higher concentration of nutrients
and phytochemicals in the aleurone, bran and germ layers (94). The health benefits of whole wheat and
other types of whole grains have been linked to the components of grains and the physiological effects
they exert through additive and synergistic activities with the grains themselves, foods and total diets
(95).

The bran is outer layer of the kernel that accounts for approximately 14% of the total weight of the
whole wheat grain (96). The bran contains the fruit coat (pericarp) and the seed coat (testa) and these
components also contain several sub-components (97). The composition of bran is mixture of
carbohydrates, protein and lipids (92). Bran also contains a host of enzymes and is a concentrated
source of phytochemicals including polyphenols and micronutrients (98, 99). Some of these
components exhibit strong antioxidant potential (94).

The aleurone is often considered a component of bran, as it is separated with the bran during the
fractionation process (97). However in botanical terms, the aleurone is a distinct component of the
kernel that comprises part of the outer layer of the endosperm component and some of the outer layers
of the grain kernel (100). The majority of wheat antioxidants and several important nutrients are
concentrated in the aleurone fraction, including niacin, folate, total phenolic acids and ferulic acid (92,
101-103). The aleurone has also been found to have the greatest free radical scavenging potential
compared to the bran and as the aleurone is often fractionated with the bran the antioxidant potential
of bran may in part be attributed to the aleurone fraction (103).
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The germ is the embryo of the kernel, accounting for approximately 3% of the whole wheat kernel mass
(96). As a consequence of its natural biological function, which is to stimulate the germination and
development of the plant; it is high in nutritive and bioactive compounds (104). The germ is rich in fatty
acids, which make up ~10% of the germ and protein makes up ~21-25% of the germ weight (99). Germ
is also rich in enzymes, phytate, vitamin E, minerals and phytochemicals (99). The germ is also a source
of bioactive phytosterols which, at concentrations naturally present in the germ, have been shown to
reduce cholesterol absorption (105). And this component of the grain is also rich in dietary fibre, which
may contribute to its cholesterol lowering properties (105).

The endosperm refers to the starchy component of the wheat kernel, which accounts for approximately
83% of the whole wheat kernel mass (96). Endosperm comprises of ~70% starch, including the
polysaccharides, amylose and amylopectin (99). Endosperm is also a good source of protein, with gluten
components comprising the majority of endosperm protein (56). Arabinoxylan and β-glucan are also
present in small quantities (106), however the fibre component is relatively deplete of phytochemicals
and micronutrients in comparison to the bran and germ components (107).
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Figure 2-1. Structure of a wheat grain kernel
Image source: © INRA, Anne Surget, adapted from: Surget and Barron, 2005; Marquart et al. 2002; HEALTHGRAIN (http:
www.healthgrain.eu and www.healthgrain.org)

2.4

Whole grains and chronic disease

The consumption of whole grain foods may play a protective role against the development of chronic
disease (24, 108-110). A growing body of evidence links whole grain consumption to reduced risk of
diseases such as CVD (23, 73, 111), type 2 diabetes (21, 22, 24, 25), digestive cancers (110, 112, 113) and
obesity (19-21, 24, 40). A recent meta-analysis conducted by Ye and colleagues (24) systematically
reviewed the evidence from 45 prospective cohort studies and 21 randomised controlled trials on the
relationship between whole grain consumption and risk of CVD, type 2 diabetes, weight gain and
metabolic risk factors. The study found that compared to those who never or rarely consumed whole
grains, consumption of between 48 g and 80 g of whole grains per day was associated with
approximately 26% lower risk of diabetes and 21% lower risk of CVD and less weight gain over eight to
thirteen years. Similarly, Mellen and colleagues (59) found that an average whole grain intake of 2.5
servings per day vs 0.2 servings per day was associated with 21% lower risk of CVD events and similar
findings were noted for heart disease, stroke and CVD mortality.

The health effects may arise from the additive and synergistic interactions between whole grains, the
components in the grains, ‘whole diet’ and lifestyle factors (95). The potential contribution of
nutritional components such as fibre, magnesium and ferulic acid and their synergistic interactions with
disease risk pathways is now well recognised (25, 50, 93). Other mechanisms include the modulation of
chronic disease risk factors such as hypertension (70, 114), blood lipids (22, 74, 115), glucose
metabolism (116, 117) and bowel microflora (118-122). Of particular relevance in the Australian setting,
where rates of obesity are growing (123, 124), whole grains have been linked to reduced risk of obesity
including lower BMI and weight regulation (20, 40, 125).

Analysis of over 74,091 healthy women in the Nurses’ Health study, found that over a period of 12
years, women with the greatest increase in whole grain consumption over time, gained less weight than
those with the lowest increase in whole grain consumption (125). These findings have been mimicked
by a number of observational studies (19, 24, 40). Evidence suggests that whole grain consumption may
favourably influence the distribution of adipose tissue (22, 126, 127). For instance, McKeown and
colleagues (127) identified an inverse association between whole grain consumption and visceral
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adipose tissue, a pathogenic fat depot, in a sample of adult participants from the Framingham Heart
Study. A dietary trial conducted by Katcher and colleagues (128) found that a hypocaloric diet
incorporating whole grains lead to a significantly greater decrease in percentage body fat in the
abdominal region, compared to an isocaloric diet incorporating refined grains. Thus, the scientific
literature suggests that whole grain consumption may exert beneficial effects on disease risk factors and
chronic disease outcomes.

2.5

Authoritative assessment of the evidence for dietary recommendations

In response to the growing body of scientific evidence linking whole grains to reduced risk of chronic
diseases, a number of authoritative health agencies such as the National Health and Medical Research
Council (NHMRC) in Australia (129) have reviewed the literature to inform the development of dietary
guidelines and found sufficient scientific evidence to support dietary recommendations for whole grain
consumption (32, 64, 129). A recent review conducted by the NHMRC to inform the development of the
2013 Australian Dietary Guidelines found evidence of a beneficial relationship between whole grain and
high fibre cereal consumption and chronic disease risk among adults (129). The evidence was
considered strongest (grade B; probable) in relation to whole grain consumption and reduced risk of
CVD, type 2 diabetes and weight gain (129).

Further, a systematic review conducted by the United States Department of Agriculture’s ‘Nutrition
Evidence Library’, to inform the development of the Dietary Guidelines for Americans, found ‘moderate’
evidence for a relationship between whole grain and cereal fibre intake and reduced risk of CVD and
lower body weight (130, 131). A ‘moderate’ grade in this context suggests that whole grain intake may
reduce the risk of disease; however there are methodological concerns related to the body of evidence
and that new research may arise that would modify the conclusions drawn from the review (132). In
contrast, the Nutrition Evidence Library graded the evidence for whole grains and reduced risk of type 2
diabetes to be limited (133), suggesting that the quality of evidence is weak and not sufficient to support
policy recommendations (132). However, despite this latter finding, the totality of evidence was
considered strong enough for dietary recommendations whole grain consumption to be incorporated
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into the Dietary Guidelines for Americans; specifically that half of all grains should be consumed as
whole grain (64).

Additionally, health claims have been endorsed by agencies in the United States (33), the United
Kingdom (134) and Sweden (135) based on reviews and consideration of the scientific evidence (136). In
contrast, Food Standards Australia and New Zealand, the food regulatory agency responsible for
administering health claims in Australia, rejected an application for a health claim for whole grains due
to a number of factors that were considered to confound the evidence base (137, 138). The
confounding factors included the ‘inconsistent and often vague’ (137) (pg. 2) definitions of whole grain
applied throughout the literature, the measurement of fibre as a marker for whole grain, inadequate
controlling for lifestyle factors and the lack of generalisability of studies on oats and barley, to wheat,
which is low in soluble fibre and the primary whole grain consumed in the Australian diet (137).

Similarly, the European Food Safety Authority reviewed the scientific evidence to provide a scientific
opinion on a range of health claims for whole grains including gut health, cardiovascular health and
weight control and determined that there was insufficient evidence to support a health claim (139). As
there were a range of different definitions of whole grain applied throughout the literature, the panel
concluded that ‘the food constituent, whole grain, that is the subject of this opinion is not sufficiently
characterised in relation to the claimed effects considered in this opinion’ (139) (pg. 6). Thus whole
grain definitions are problematic for the collation of the evidence and health claims (65).

A systematic review conducted by De Moura and colleagues (65) evaluated the effect of applying
different definitions of whole grain on the strength of the evidence for whole grains and risk of CVD.
The study found that when only studies that utilised the United States Food and Drug Administration
definition of whole grain were reviewed, there was insufficient evidence to support a health claim for
whole grains and CVD. However, when a broader definition that encompassed added bran and cereal
fibre was applied, there was sufficient evidence to support a health claim. The study demonstrated the
definition of whole grain applied in research determines the amount of evidence available for review
and the supporting evidence base for whole grains and chronic disease risk (140).
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There is also a lack of data from intervention studies to demonstrate that a causal relationship between
whole grain consumption and CVD risk reduction (23, 42, 129). Significantly, a recent study conducted
by Brownlee and colleagues (141) investigated the effects of substituting whole grains in place of
refined grain foods on CVD risk factors. The 316 study participants, with low baseline levels of whole
grain intake, were randomly assigned to one of three groups including one control group, who was
instructed to maintain current dietary intake and two intervention groups who were instructed to
consume 60 g of whole grain for 16 weeks or 60 g for 8 weeks, followed by 120 g for 8 weeks,
respectively. The authors reported no significant differences between groups, suggesting that the 16
week period may have been insufficient to have an effect on the disease risk endpoints (141).

It is possible that intervention studies to-date have been of too short duration to produce the desired
health effects. Experimental studies to-date have typically been conducted in 16 weeks or less; however
metabolic changes may take much longer. For instance, gut microbial changes instigated by diet may
take place rapidly over several hours or slowly over years; the concomitant interactions with
metabolism and health may thus be difficult to capture in the context of a short or medium term
feeding studies (93, 142). However, it may also be that the benefits of whole grain consumption relate
to the additive and synergistic interactions with the grains and other dietary components (143). In this
case, it may be difficult to disentangle the health benefits of whole grain consumption from the broader
dietary context, in dietary trials.

Thus, while the scientific evidence suggests that there is an association between whole grain
consumption and reduced risk of some forms of chronic disease, inconsistent definitions and
characterisation of whole grains in research has been a major impediment to the establishment and
collation of the evidence to support dietary recommendations and practice.

2.6

Authoritative dietary recommendations

Dietary guidelines around the world recommend grain-food consumption as a basis for healthy eating;
however, guidelines vary with regards to how whole grains are positioned within the total diet (68).
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Where whole grain recommendations are provided, they may be positioned as a secondary component
of a broader grains guideline, such as ‘eat cereal foods, preferably whole grain’ (144) (pg. 31),
alternatively, they may be constructed to communicate a specific quantity of whole grain to consume
(17, 64, 68). For instance, the Dietary Guidelines for Americans suggest that consumers eat half of their
grains as whole grain, which may be translated to a quantitative intake of 48 g of whole grain per day
(64, 68). Scandinavian countries recommend an intake of 75 g whole grain per 10MJ (2,388 kcal) per
day (145).

In the Australia, recommendations for total grain-food consumption are positioned as the central grain
message in the Australian Dietary Guidelines (27). Dietary recommendations for whole grain
consumption are included as an optional secondary component of the broader grains guideline. The
guideline also provides recommendations relating to the number of servings of grain food to
incorporate into a daily diet, based on age, sex and energy requirements, ranging from 3 servings per
day for women greater than 70 years, to 8 ½ servings for pregnant women (27).

Specifically, the grains guideline states:

‘….enjoy grain (cereal) foods, mostly wholegrain and/or high cereal fibre varieties, such as
breads, cereals, rice, pasta, noodles, polenta, couscous, oats, quinoa and barley.’ (27) (pg. 31).

Notably, the guideline positions high fibre cereal foods as an alternative to whole grains and there is no
accompanying definition of ‘whole grain and/or high fibre cereal varieties’. In contrast, the 2003
iteration of the dietary guidelines provided a definition of the term whole grain food, as foods
containing at least 51% whole grain ingredients and whole grains were positioned as the ‘preferable’
choice within the broader grains guideline:

‘….eat plenty of cereals (including breads, rice, pasta and noodles), preferably wholegrain’ (144)
(pg. 31)

In comparing the 2003 and 2013 iterations of the Australian Dietary Guidelines, it appears that dietary
recommendations for whole grain consumption have not evolved substantially since 2003. Whole grain
foods are poorly characterised in the Australian Dietary Guidelines; the term whole grain ‘variety’ is
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undefined, the whole grain recommendations are non-quantifiable and whole grains are positioned as a
secondary component of the broader grains guideline. Further, there is no accompanying guidance to
aid in the identification of choices that would meet the description of ‘whole grain/high cereal fibre’
foods. In contrast, the Dietary Guidelines for Americans characterise whole grain foods as those
containing ‘whole grain as the first ingredient’, 8 grams of whole grain per ounce-equivalent, at least
51% whole grain content (64). The characterisation of whole grain foods in the Dietary Guidelines for
Americans provides a tool for consumers to translate the dietary guidelines to food choice; this form of
characterisation standard is missing in the Australian Dietary Guidelines.

To fill this gap and to assist consumers to translate the Australian Dietary Guidelines to practice, the
Grains & Legumes Nutrition Council

TM

recommend that Australian adults and children over the age of

nine years old, consume 48 g of whole grains per day, as part of total healthy eating patterns (28). The
recommendation is called the 48 g ‘Daily Target Intake’ and was developed by conducting a critical
review of the scientific literature to ascertain the amount of whole grain that would provide protection
against coronary heart disease (28). The Daily Target Intake is consistent with the recommendation
made by a number of health agencies internationally including the Whole Grains Council in the United
States (146), the AACCI (147) and the Dietary Guidelines for Americans (64). The Daily Target Intake
reinforces the message provided in the Australian Dietary Guidelines, is consistent with international
recommendations and provides a potentially useful quantitative whole grain intake benchmark for
evaluation of individual or population-level whole grain intakes.

2.7

Dietary intake

Grain foods are staples in the Australian diet; however the contribution of whole grains is less clear, as
minimal research has evaluated whole grain consumption in the context of the Australian diet. Data
from the 1995 National Nutrition Survey (148), the most recent national survey from which grain food
consumption data was available at the time of this thesis (years 2009-2014), indicated that after milk
products, cereal foods were the second major source of food in the Australian diet; accounting for
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approximately 270 g of food intake per day, among all persons aged 19-24 years of age (148). Of this,
whole grain and high fibre cereal intake was estimated to be an average of 83 g per day. Recent dietary
modelling conducted by the National Health and Medical Research Council, to inform the development
of the Australian Dietary Guidelines, found that Australians would need to increase their whole grain
consumption by 160% and decrease their intake of refined grains by 30%, to obtain healthy dietary
patterns (29). The data suggests that substantial shifts in patterns of grain food and whole grain
consumption are required for Australians to achieve healthy diets.

Consistent with this perspective, cross-sectional research conducted by the Grains & Legumes Nutrition
TM

Council

in 2009, 2011 and 2014, has consistently found that Australians fall short of meeting dietary

recommendations for whole grain consumption (28, 149-151). The results of the 2014 study
demonstrate that 75% of Australians are not achieving an intake of 48 g whole grain per day; the
TM

amount recommended for consumption by the Grains & Legumes Nutrition Council . Additionally,
more than 40% of Australian adults and over 50% of children were estimated to consume less than one
serving of whole grain-containing food. The methods and specific results of the study were not
published at the time of this thesis. Significantly, through the qualitative research conducted as part of
the survey, the Grains & Legumes Nutrition Council

TM

identified that Australians’ ability to identify whole

grains has declined since the 2009 and 2011 studies (150).

Thus, the research conducted by the National Health and Medical Research Council and Grains &
Legumes Nutrition Council

TM

suggest that substantial shifts in the patterns of total grain food

consumption, including increased whole grain intake and decreased refined grain intake, are required to
align the Australian diet with dietary recommendations.
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CHAPTER 3.

CHARACTERISING WHOLE GRAINS IN

NUTRITION RESEARCH AND PRACTICE SETTINGS: A REVIEW
OF THE LITERATURE
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3.1

Preamble

The literature reviewed thus far demonstrates that the concepts of ‘whole grain’ and ‘whole grain food’
are widely recognised as health-promoting dietary components and yet there is a lack of consensus
regarding how to characterise these foods in nutrition research and practice. Research also shows that
getting consumers to eat whole grains is problematic, as evident by the gap between dietary
recommendations and current consumption patterns. Addressing the issues associated with
characterising whole grains has been flagged as an essential step towards advancing the science and
assisting consumers to meet dietary recommendations for whole grain consumption. With this in mind,
this thesis explores the central hypothesis that characterising whole grains is problematic and the
associated issues present a barrier to promoting whole grain consumption.

This section discusses how the concept of whole grains is applied in three principle nutrition practice
settings (database development, food labelling and dietary advice) and explores the notion that whole
grain characterisation is problematic in these settings. The chapter concludes with a summary of the
evidence gaps and overview of the thesis design including aims and sub-hypotheses.
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3.2

Database development

Food composition databases are fundamental resources in nutrition research and practice (152). The
development of whole grain databases may assist in the dietary assessment of whole grain intakes as
part of nutrition research (38, 153) and aid in nutritional monitoring of whole grain products in the
supermarket (41). Importantly, whole grain databases may also provide nutrition practitioners with
information about the whole grain content of foods, which may be used to inform the development of
dietary interventions and education campaigns that seek to promote whole grain consumption (4, 29).
However, there is a lack of available published whole grain compositional data in Australia. Further,
there are many challenges in developing a whole grain database. This section outlines key concepts
related to the development of a whole grain database and the characterisation issues that emerge in
this setting.

3.2.1

Food composition databases

Food composition databases are utilised for a variety of purposes including for the translation of food
intake data to food component data for dietary assessment (152, 154), nutritional monitoring of food
products in the market (155, 156) and to inform regulatory activities (157). Food composition databases
may also provide nutrition practitioners with information about the nutritional content of foods to
inform nutrition education activities such as dietary interventions and health promotion campaigns (29).
For instance, food composition data was used to inform the development of food consumption patterns
as a base for the Australian Dietary Guidelines and Australian Guide to Healthy Eating (29). Thus, in
addition to applications in research, food composition databases provide an important foundation for
nutrition education and promotional activities (152).
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3.2.2

Whole grain databases

Whole grain databases are a particular type of food composition database that contain data on the
whole grain composition of foods (38). Whole grain databases are commonly applied to the task of
dietary assessment of whole grain intakes as part of research (153) but they also have potential
application in the nutritional analyses of food products in the marketplace and as resources to inform
regulatory activities (4). An established whole grain database may also provide nutrition practitioners
with information about the whole grain composition of foods, which may be applied to promote whole
grain food choices to consumers. However, there is a lack of whole grain compositional data available
for this activity and this has been suggested to present a major barrier to whole grain research and
practice, worldwide (42). A recent paper by McKeown and colleagues (42) described the problem as
follows:

‘Another major challenge to overcome for both epidemiological and dietary intervention studies
is the lack of a comprehensive whole-grains database providing the whole-grains content of
individual foods, which would allow a more accurate assessment of whole-grains intake.’ (42)
(pg. 746 S)

In the Australia, mimicking the situation abroad, there is a lack of published whole grain compositional
data for use in nutrition research and practice. The primary national food composition databases
developed by Food Standards Australia New Zealand, as part of its Food Composition Program, include
the survey-specific database Australian Food, Supplement and Nutrient (AUSNUT) (157-159) and
Nutrient Tables (NUTTAB) (160); however, while these databases provide data on the nutrient content
of foods they do not contain data on the whole grain ingredient content of foods, implicating a gap in
the resource-base for conducting whole grain research in Australia.

Whole grains are consumed in a variety of forms and thus compositional data may need to be gathered
from various sources to develop a whole grain database (36, 38). In particular, obtaining compositional
data relating to the whole grain content of manufactured and packaged food products is a core activity,
as whole grains are typically consumed in the form of processed food products (39). However, obtaining
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food product compositional data may be problematic, as the whole grain content of a product may be
proprietary information and may not be listed on the food label (see chapter 4, section 4.5, for a
detailed discussion of this issue). Previous researchers have addressed this issue by working closely with
the food industry to obtain food product compositional data; suggesting that collaboration with the
food industry may be a viable option for obtaining compositional data on whole grain products sold in
the Australian marketplace (31, 36).

3.2.3

Whole grain ingredient characterisation

The development of a standardised methodological approach to characterise the whole grain
composition of foods is a critical part of developing a whole grain database (31, 38, 40, 153). Various
approaches have been applied throughout the literature; however, there are inconsistencies between
methods (65). The most common method reported in the literature is that of Jacobs and colleagues
(31), who defined whole grains as foods containing at least 25% whole grain, bran and germ. However,
using this method, foods with lesser whole grain content may not be accounted for during dietary
assessment and there may be considerable variability in the whole grain content of qualifying foods
(38). A range of other qualitative methods have been employed to characterise the whole grain
composition of foods, which are discussed in detail in chapter 4.

To overcome the limitations of qualitative characterisation techniques, a number of researchers have
adopted more quantitative approaches such as calculating the relative proportion of whole grains in
foods (161) or quantifying the specific amount of whole grain in foods, expressed in grams (38, 153).
Franz and Sampson (38) utilised the latter approach to develop of a whole grain database to support
large cohort prospective studies at the Harvard School of Public Health in the United States.
Characterising the whole grain content of foods in grams may allow for greater specificity in the
measurement of whole grain intakes in dietary studies and overcome some of the limitations of
qualitative characterisation, such as the variation in whole grain content of foods (38).

68

There are also different approaches to calculate and express the whole grain content of foods between
research and food labelling settings. It is common for researchers to quantify and express the whole
grain content of foods on a dry weight basis, discounting the moisture content of the grains from the
whole grain calculation (38, 40); however, in the food labelling setting and for consumer
communications, whole grains are calculated and expressed with inclusion of the inherent moisture
content of the grain (3, 4, 28). For example, using the dry weight method, 100 g of raw brown rice
would be expressed as ~90 g whole grain (90%) due to the exclusion of the moisture content of the
grain. In contrast, on food labels 100 g of raw brown rice would be expressed as 100 g whole grain
(100%), as the moisture content of the grain is included in the calculation. The latter method is referred
to by Food Standards Australia and New Zealand as ‘percentage labelling’ and involves methods outlined
in the Australia New Zealand Food Standards Code (3). Details of these methods are outlined in chapter
4, section 4.5.4. Thus, there are differences between ‘dry weight’ and ‘percentage labelling’ (food
labelling) methods of whole grain characterisation.

The difference between ‘dry weight’ and ‘percentage labelling’ methods may not be of major nutritional
significance; however there are implications for the processes researchers must undertake to develop a
database and for the translation of research findings (28). Significantly, researchers must perform the
calculations and without access to data on the dry weight of grain ingredients in processed food
products, this task is methodologically complex. There is currently no available data on the moisture
changes that occur to individual ingredients in foods during food processing; rather, moisture content
data is represented on the basis of the total food in food composition databases (157, 161). Thus,
differences between the dry weight method and percentage labelling methods of whole grain
characterisation may need to be addressed to develop a whole grain database.

Thus, there are many complexities and challenges associated with characterising the whole grain
composition of foods for database development. Importantly, there are methodological standards and
processes that must be considered in the development of a food composition database and also
practical considerations that must be addressed. There is a lack of published whole grain compositional
data in Australia and also differences between methods of whole grain characterisation. Addressing
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these challenges is critical to the development of a whole grain database that will provide practitioners
with a resource to advance whole grain science and promote whole grain consumption in practice.

Chapter 4 provides an in-depth review of the different methods for characterising the whole grain
composition of food products and the approach utilised for the development of the database in this
thesis.
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3.2.4

Summary of research gaps and characterisation issues

The research gaps and characterisation issues identified in the literature are summarised in Box 3-1.

SUMMARY OF RESEARCH GAPS AND CHARACTERISATION ISSUES



There is minimal whole grain compositional data available for research and
practice



There is a lack of published data on the whole grain content of manufactured
and packaged food products containing whole grain ingredients, in Australia.



There are inconsistent methods used to define and characterise the whole
grain composition of foods in nutrition research and practice settings.

Box 3-1. Summary of research gaps and issues associated with characterising whole
grains in the database development setting
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3.3

Food labelling

After consideration of the complexities of characterising whole grains in the context of database
development, this thesis examines the associated issues in the food labelling setting. This setting is
particularly important because most whole grains are consumed in the form of processed and packaged
food products and food labels are used to promote whole grains to consumers (39, 162, 163). However,
identifying whole grain products in the supermarket is a challenge for consumers (46, 164). The wide
variation in the whole grain content of foods and inconsistent definitions and characterisation standards
for whole grain food products is a major barrier to their identification and consumption (17, 164). This
section explores key concepts regarding food labelling and the challenges associated with characterising
whole grains in this setting.

3.3.1

Nutrition labelling

In light of growing rates of chronic diseases in Western nations, there is an increasing emphasis on the
need to assist consumers to identify healthy choices in the supermarket (7). Food labels may assist with
this activity by providing consumers with nutrition information to guide food choices at the point-ofpurchase (165, 166). In Australia, Food Standards Australia New Zealand stipulates the requirements for
nutrition labelling (167). Mandatory elements of nutrition labelling include a Nutrition Information
Panel that provides data on nutrients in foods including energy, protein, total and saturated fat, dietary
fibre and sodium, per 100 g and per serving of product; and a list of ingredients (167). Other elements
may include nutrient content claims such as ‘high fibre’ or ‘low fat’, and health claims that infer
relationships between food and health such as ‘high intake of fruit and vegetables may reduce risk of
coronary heart disease’ (168). While these elements provide consumers with nutritional information to
inform food choices, research suggests that consumers have trouble interpreting and translating this
information to healthy food choices (7, 41, 46, 164, 169).

72

3.3.2

Whole grain labelling

In line with regulatory requirements stipulated in the Australia New Zealand Food Standards Code, basic
information about the whole grain composition of a food product may be provided on the food label but
this information alone may not be enough to identify whole grain products to meet dietary
recommendations (41, 164). As whole grains are an ingredient they do not appear on the Nutrition
Information Panel, as do certain nutrients in foods (17, 167). Additionally, the ingredients list may not
disclose the whole grain ingredient content of a food product. In Australia, ‘characterising ingredients’
must be declared as a percentage of the food in the ingredients list, in line with the ‘percentage
labelling’ requirements outlined in the Australia New Zealand Food Standards Code (3). The term
‘characterising ingredients’ is defined as ingredients associated with the name of a product, mentioned
in the name of the food or emphasised on the food label (3). However, if whole grains are not
‘characterising ingredients’ and represent a smaller proportion of the total food, a declaration of the
percentage content is not required. Further, non-characterising ingredients may not be declared as
whole grain. Thus there are barriers to the use of mandatory nutrition information, displayed on the
food label, to identify products containing whole grains.

3.3.3

Front-of-pack labelling systems

Front-of-pack labelling (FOPL) may be used as a strategy to promote whole grain food choices to
consumers and assist in the identification of whole grains in the supermarket (4, 17, 41, 90). FOPL
systems may overcome some of the limitations of mandatory nutrition labelling by providing consumers
with interpretive information to assist consumers to notice, understand and interpret nutritional
information on food labels, at the point of purchase (7, 165). Several whole grain FOPL systems have
been proposed for use (4, 17, 41, 90). Of particular significance in Australia, the ‘Code of Practice for
TM

Whole Grain Ingredient Content Claims’, developed by the Grains & Legumes Nutrition Council , was
implemented in 2013 as a strategy to assist consumers to identify whole grains (4). Other proposed
systems include the Whole Grain Food characterisation developed by the American Association of
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Cereal Chemists International (16) and the Whole Grain Food definition developed by the European
HEALTHGRAIN consortium (17). Additionally, other whole grain identification strategies may be applied
in the retail setting such as claims about the percentage whole grain content of food products (4, 170).
Whole grain FOPL systems may also co-exist with systems that characterise foods according to other
nutritional criteria, such as the Heart Foundation Tick Program, which considers nutritional components
such as fibre, sodium and vegetable content (9). Further, there is the newly introduced Health Star
Rating system in Australia, which includes criteria related to nutrients listed in the Nutrition Information
Panel and whole food components such as legumes (171).

One of the distinguishing features of a FOPL system is the schema used to classify foods (172, 173).
These underlying classification schemes are often referred to as ‘nutrient profiling’ systems or schemas
(172, 174). Nutrient profiling is defined by the World Health Organisation as ‘the science of classifying
or ranking foods according to their nutritional composition for reasons related to preventing disease and
promoting health’ (11) (para. 1). Garsetti and colleagues (12) defined nutrient profiling as ‘the discipline
of characterising foods for specific purposes based on an assessment of their nutrient composition
according to scientific and pragmatic principles’ (12) (pg. 16). Congruence and consistency between
FOPL systems and their nutritional profiling schemas is now recognised as an important goal for
promoting a harmonised food labelling platform for consumers (7, 18). However, differences in the
purpose, design and underlying nutritional profiling schemas of FOPL systems may lead to the
inconsistent food classifications and messaging about whole grains (7, 17, 18). Little research to-date
has investigated whether there is harmonisation or congruence in the labelling and classification of
whole grains, between different FOPL systems in Australia.

This thesis focuses on assessing the FOPL systems in the Code of Practice for Whole Grain Ingredient
Content Claims, the Whole Grain Food characterisation and definition, a system based on the
percentage whole grain content of food products and the Heart Foundation Tick Program (Table 3-1).
The following sections provide an overview of each of these systems. A detailed description of the
criteria of each system is outlined in chapter 6, which describes the study associated with this review.
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Table 3-1. Overview of front-of-pack labelling systems examined in this thesis and their associated criteria and classes

Front-of-pack labelling system

Criteria

Classes

The Grains & Legumes Nutrition Council
Ingredient Content Claims’ (4)

TM

‘Whole Grain

Foods classified based on the amount of whole grain
provided in a manufacturer-defined serving of product.

‘containing whole grains’, ‘high in whole grain’ or
‘very high in whole grain’

The Grains & Legumes Nutrition Council
Food certification’ (4)

TM

‘Whole Grain

Foods classified based on a set of criteria related to the
whole grain and nutrient content of the food. Nutrient
criteria are based on the Heart Foundation Guidelines for
Tick Approval (10).

‘Whole Grain Food certified’ or not

The American Association of Chemists International
‘Whole Grain Food characterisation’ and
HEALTHGRAINs ‘Whole Grain Food definition’ (17)

Foods classified based on the amount of whole grain a
product provides in 30 g of product.

‘whole grain food’ or not

Percentage Whole Grain Content (38, 170)

Foods classified based on their percentage of whole grain
per 100 g.

‘low’, ‘medium’ or ‘high’ in percentage whole grain
content

Heart Foundation Tick Program (9)

Foods classified based on a series of nutrient thresholds.

‘Tick’ or not
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3.3.3.1

The Code of Practice for Whole Grain Ingredient Content Claims

The Code of Practice for Whole Grain Ingredient Content Claims was implemented as a voluntary
industry code of practice in 2013, by the Grains & Legumes Nutrition Council

TM

(4). The primary aim of

the Code of Practice is to assist consumers to identify whole grains in the supermarket that will enable
them to achieving an intake of 48 g whole grain per day. The code also aims to promote consistent
messaging on the whole grain ingredient content of food products sold in Australian supermarkets.

The Code of Practice for Whole Grain Ingredient Content Claims comprises of two standards: the Whole
Grain Ingredient Content Claims standard and the Whole Grain Food certification standard (4). The
Whole Grain Ingredient Content Claims standard stipulates the requirements for labelling the whole
grain ingredient content of food products per manufacturer-defined serving of food. The standard
permits food products to carry one of three whole grain claim levels, corresponding to the amount of
whole grain a product provides in a manufacturer-defined serving of food. The permitted claims levels
are ‘containing whole grain’, ‘high in whole grain’ and ‘very high in whole grain’. The second standard of
the Code of Practice for Whole Grain Ingredient Content Claims is the Whole Grain Food certification
standard. The Whole Grain Food certification standard endorses products that are classified as
containing ‘high’ or ‘very high’ whole grain ingredient content that also meet nutrient quality standards
including the Heart Foundation Guidelines for Tick Approval (10).

Notably, both standards within the Code of Practice for Whole Grain Ingredient Content Claims classify
foods based on the amount of whole grain provided in a manufacturer-defined serving of product.
However, the Whole Grain Food certification standard is more restrictive in terms of which foods
qualify, as it includes criteria for nutrients in addition to whole grain content.
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3.3.3.2

Whole Grain Food characterisation and definition

The American Association of Cereal Chemists International Whole Grain Food characterisation standard
(16) and the European HEALTHGRAIN consortium Whole Grain Food definition (37) were considered in
this thesis. As discussed in chapter 2, both of these standards were developed to characterise the
amount of whole grain a product should contain in a 30 g serving of food, with the overall aim of
promoting consistency in how whole grain foods are defined and classified in the research, food
regulations, labelling and education settings (16, 17). As the criterion underlying these standards is the
same (8 g whole grain per 30 g product), these standards are classified as one FOPL system, for the
purpose of this thesis.

3.3.3.3

Percentage Whole Grain Content labelling system

The last whole grain labelling system considered in this thesis was based on the percentage whole grain
content of foods. This system is based on a number of studies that have applied percentage whole grain
content criteria to the classify foods as ‘low’, ‘medium’ or ‘high’ whole grain content, corresponding to
the percentage of whole grain ingredients in the food per 100 g of product (38, 40, 67). This system is
not officially utilised as a FOPL system in Australia; however it is common for food labels to display
information about the percentage whole grain content of foods for marketing purposes (170). Thus,
given the common utilisation of percentage-based classifications of whole grains, this system was
considered in this thesis.

3.3.3.4

Heart Foundation Tick Program

The Heart Foundation Tick Program (Tick) is a public health initiative that aims to improve the nutritional
quality of the food supply and assist consumers to identify healthy food products in the supermarket (9).
Tick is an endorsement FOPL program that encourages consumers to choose food products that have a
‘healthier’ nutritional profile compared to similar products in the supermarket. Products that are
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endorsed by Tick are permitted to display the Tick logo on the food label. In Australia, there are over
2000 food products carrying the Tick logo across 80 food categories (9). The Tick nutritional profiling
system is based on a series of nutrient thresholds that aim to reduce levels of certain components such
as saturated fat, kilojoules, trans fat and sodium, and increase levels of other components such as fibre,
calcium, whole grains and vegetables (10).

3.3.3.5

Other front-of-pack labelling systems

There are a range of other FOPL systems that are either proposed for use or currently used to label
foods in Australia. The Percentage Daily Intake system, developed by the Australian Food and Grocery
Council, outlines the nutrient contribution of foods to reference nutrient intakes, per serving of food
product (175). This system is widely found on food labels in Australian supermarkets. The Health Star
Rating system was officially endorsed by the Australian Government in late June of 2014 (171). This
system was implemented after ongoing debate about FOPL and resistance from the food industry to the
implementation of the United Kingdom model called the traffic light labelling system (176). The Health
Star Rating system is based on the Nutrient Profiling Scoring Criterion model developed by Food
Standards Australia and New Zealand, for nutrition and health claims (171). At the time of this thesis,
the Health Star Rating model was under development and not publically available for analysis as part of
this thesis. Other systems in use in Australia include the Glycemic Index Symbol (177) and independent
systems that have been developed by food manufacturers such as the ‘Nestle Whole Grain Guarantee’
(https://drupalprod.nestle-cereals.ae/whole-grain#n28-the-nestle-whole-grai). It is acknowledged that
there are a range of FOPL systems in Australia that are either proposed or currently utilised; however
the scope of this thesis is limited to the aforementioned FOPL systems.

3.3.4

The problem of inconsistent serving sizes and front-of-pack labelling

The serving size is a reference unit that determines how a product’s nutritional content is represented
on the food label (165, 167, 178). However, in Australia this information is determined by food
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manufacturers leading to inconsistencies in the labelled serving sizes of products in the market (43). A
study conducted by the George Institute found that serving sizes of food products were inconsistent
among all types of foods, except chilled soup products, examined in a survey of over 1000 products in
the Australian market (43). In this study, breakfast cereal products were particularly inconsistent with
some serving sizes twice the size of similar products. In contrast, a study conducted by Williams and
colleagues (163) found that the labelled serving size of ready-to-eat breakfast cereals and bread
products were relatively consistent compared to other types of grain products. However, crispbreads,
crackers, cereal bars, pizza bases and tacos were found to display marked variations, reflecting
differences in the shape, size and density of the products (163). Thus, serving size inconsistencies are
apparent among grain based products in the Australian market.

Inconsistencies in the serving sizes of food products in the market may be problematic for the use of
certain FOPL systems as tools to identify healthy choices (43). This is the case where a FOPL system
utilises manufacturer-defined serving sizes as a base to characterise the nutritional content or quality of
foods (43, 163). For instance, the Percentage Daily Intake FOPL system, developed by the Australian
Food and Grocery Council, provides information about the content of energy, protein, fats,
carbohydrate, sugar and sodium in a serving of food, expressed as a percentage of recommended daily
intakes of energy and nutrients (175). However, as the serving size of products varies considerably
among foods in the market, this system cannot easily be used as a tool to compare nutritional
differences between products (43). For instance, it may be problematic for consumers to identify the
healthier choice, using this system, when the nutritional content of two products is represented based
on a 50 g serving of food, compared to a 75 g serving of food (178).

Serving size variability may also be problematic for the FOPL components of the Code of Practice for
Whole Grain Ingredient Content Claims (the Whole Grain Ingredient Content Claims standard and the
Whole Grain Food certification standard), as these systems also utilise the manufacturer-defined serving
size as a base for classifying and labelling food products (4). The Code of Practice for Whole Grain
Ingredient Content Claims FOPL system classifies foods as ‘containing whole grain’, ‘high in whole grain’
or ‘very high in whole grain’ based on the amount of whole grain a food provides in a manufacturerdefined serving of product. However as demonstrated, the serving size of Australian grain based
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products vary considerably in the Australian market (43, 163); suggesting that foods with the same
whole grain content may be ranked in different classes according to this system, despite their equivalent
whole grain content. For example, two crispbread products with 50% whole grain content and serving
sizes of 25 g and 35 g, respectively, would be classified as ‘containing whole grains’ and ‘high in whole
grain’, respectively, despite their equivalent whole grain content.

This raises questions about the ability of the system to classify foods, based on their whole grain content
and furthermore, raises questions about the capacity of the system to identify the most whole grain
dense food choices in the supermarket. The claim levels ‘containing whole grain’, ‘high in whole grain’
and ‘very high in whole grain’ may suggest that foods are ranked according to their whole grain density;
meaning that foods with a higher classification rank have higher whole grain content, than foods with a
lower classification rank. However, as demonstrated by the example of two crispbreads, which were
classified differently despite their equivalent whole grain content, serving size inconsistencies may limit
the capacity of the system to classify foods on this basis. This is an important consideration because a
clear and consistent approach to the classification and ranking of whole grain-containing foods may
assist consumers to identify the most whole grain dense food choices in the supermarket. No research
to-date has assessed the capacity of the system to classify and rank foods based on their whole grain
content.

It has been argued that the utilisation of standard serving sizes as a base for classifying foods may create
a level playing field for food labelling (43, 165, 178). Thus, as part of the Code of Practice for Whole
Grain Ingredient Content Claims, the use of standard serving sizes to classify foods into the ‘containing’,
‘high’ and ‘very high’ classes may better enable the system to produce discrete classes that represent
the increasing whole grain density of foods and reduce the variability introduced by inconsistent serving
sizes. Taking the example of the two crispbread products mentioned above, with the use of standard
serving sizes as a base for classification, the crispbread products would be classified into the same class
due to their same whole grain content, rather than two different classes due to differences in their
serving size. To-date, no research has examined how the application of standard serving sizes as a base
for classifying foods as part of the Code of Practice for Whole Grain Ingredient Content Claims, would
impact the performance of the system, compared to the application of manufacturer-defined servings.
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Further, no research has examined whether serving size standardisation within this system, would
improve the capacity of the system to classify foods according to their whole grain content.

However, the question also remains as to what form of standard serving should be applied? In the
United States, the U.S. Food and Drug Administration (FDA) mandates that the serving sizes on food
labels should be based on ‘reference amounts customarily consumed’ (RACC) (179). The reference
amounts customarily consumed are standardised serving sizes based on the usual intake of foods in the
United States, which were developed with reference to consumption data (179). Others have argued
that serving sizes on food labels should be standardised according to dietary guidance (14).

In Australia there is no equivalent to the reference amounts customarily consumed to use as a base for
food labelling practice; however dietary guidelines may provide a practical alternative. The Australian
Dietary Guidelines provides consumers with information on the types and amounts of foods that may be
consumed to form a healthy diet (27). The amounts of foods are expressed as ‘serves’; defined as
amounts of food that provide similar amounts of nutrients and kilojoules and reflect the amounts
commonly consumed by Australians (180) (Table 3-2). In the dietary education setting, advice is
typically constructed based on serving sizes defined in the Australian Dietary Guidelines and thus
utilisation of these serving sizes, may carry the advantage of being consistent with dietary guidelines
and educational programs (14, 163).
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Table 3-2. Examples of servings of grain (cereal) foods, defined in the Australian Dietary Guidelines

Grain (cereal) food

Bread

Cooked rice, pasta, noodles, barley, buckwheat

Serve (~500kJ)

1 slice (40 g)

½ cup (75-120 g)

Cooked porridge

½ cup (120 g)

Wheat cereal flakes

2/3 cup (30 g)

Muesli

¼ cup (30 g)

Crispbread

3 (35 g)

Crumpet

1 (60 g)

1

Source: Australian Dietary Guidelines (National Health and Medical Research Council) (27)
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1

3.3.5

Summary of research gaps and characterisation issues

The research gaps and characterisation issues identified in the literature with regards to food labelling
are summarised in Box 3-2.

SUMMARY OF RESEARCH GAPS AND CHARACTERISATION ISSUES



There is a proliferation of FOPL systems in Australia with discrepant criteria
for classifying and labelling whole grain-containing food products.



There is minimal research investigating the congruence between different
FOPL systems, with respect to whole grain products.



Manufacturer-defined serving sizes vary considerably among food products
in the Australian marketplace.



No research has examined how the application of standard serving sizes as a
base for classifying foods as part of the Code of Practice for Whole Grain
Ingredient Content Claims, would impact the performance of the system,
compared to the application of manufacturer-defined servings.



No research has examined whether serving size standardisation would
improve the capacity of the Code of Practice for Whole Grain Ingredient
Content Claims FOPL system to classify foods according to their whole grain
content.

Box 3-2. Summary of research gaps and issues associated with characterising whole
grains in the food labelling setting

83

3.4

Dietary advice

For the effective delivery of dietary advice in the clinical setting, a clear and consistent definition of
whole grain food is needed (17). The Australian Dietary Guidelines provide the scientific evidence to
support dietary advice in the clinical setting (27). However as discussed previously, a formal definition
of whole grain food is not provided to give consumers a clear indication of the foods that will assist in
meeting the guidelines. Further, whole grain foods may be characterised differently on food labels,
contributing to consumer confusion when selecting whole grain foods in the supermarket. The lack of
consistency in how whole grains are defined and characterised across research and practice settings
may represent a barrier to the effective promotion of whole grains in the dietary advice context.
Analysis of a dietary trial in which whole grains are recommended in line with the Australian Dietary
Guidelines, provides an opportunity to examine the effect of dietary advice on whole grain consumption
and elucidate issues that impact upon the effective promotion of whole grains in this setting.

3.4.1

Effect of dietary advice on whole grain consumption behaviour

The Australian Dietary Guidelines recommend the consumption of whole grain foods as part of wholeof-diet advice for healthy eating; however minimal research has investigated the effect of these
guidelines on patterns of whole grain consumption. Previous dietary intervention studies (117, 181,
182) demonstrate that whole grain-based interventions of short (~4 to 6 weeks) to medium term (7 to
16 weeks) duration, may effectively facilitate whole grain consumption. Andersson and colleagues (181)
conducted a randomised crossover study, over two six-week periods, to test the effects of a diet rich in
whole grains compared to refined grains on markers of insulin sensitivity and inflammation. Participants
were provided with all grain foods including 3 bread slices, 2 crispbread slices, 1 portion of muesli and 1
portion of pasta, for each arm of the study and compliance was monitored with the use of food diaries.
The authors reported that participants consumed 98% of the recommended whole grain bread, 97% of
the crispbread and muesli and 90% of the pasta; demonstrating the effectiveness of the intervention in
facilitating whole grain consumption.
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Similarly, other dietary interventions conducted over four to sixteen weeks (45, 117, 128, 141, 183)
demonstrate that targeted dietary recommendations may facilitate changes in whole grain
consumption. Brownlee and colleagues (141) conducted a dietary intervention to investigate the impact
of increasing whole grain intake from a variety of foods, on measures of cardiovascular disease risk. In
the study, 316 participants were randomised to one of three groups (control-no change; intervention 160g whole grain/d for 16 weeks; intervention 2- 60 g whole grain/d for 8 weeks followed by 120 g whole
grain/d for 8 weeks). Participants were provided with whole grain foods fortnightly. The foods selected
for inclusion in the study were from the foods available in the supermarket and participants were free to
choose which combination of foods to include in the diet. The study found that the intervention groups
statistically significantly increased their intakes of whole grain between baseline and 8 weeks. Further,
intervention 2 increased their whole grain intake between 8 weeks and 16 weeks. Thus the study shows
the potential for dietary advice to facilitate beneficial changes in whole grain consumption over the
medium term.

However, whole grain-based dietary interventions differ from the dietary advice strategies
recommended in the Australian Dietary Guidelines. Importantly, the Australian Dietary Guidelines
position whole grains as part of the background diet, in contrast to whole grain interventions which
position whole grains as the focal point of education (45, 128, 141, 183). Furthermore, whole grainbased intervention may provide the whole grain foods to participants, in order to control the exposures
and effects of the intervention (45, 128, 141, 183). This type of intervention minimises certain issues
that may arise in the free-living setting such as the problem of identifying whole grains in the
supermarket. Additionally, the Australian Dietary Guidelines do not provide quantitative
recommendations for whole grain consumption or a definition of whole grain food, to inform the
development of an intervention. Yet, without an agreed upon definition of whole grain food, to form
the basis of dietary guidance, the effectiveness of a dietary intervention may be hampered.

Currently there is a paucity of research that has explored how dietary advice, based on the Australian
Dietary Guidelines, translates to whole grain food choices. Investigating the effects of a dietary trial
based on the Australian Dietary Guidelines, on patterns of whole grain consumption, may provide
insight into the translational issues that occur in this setting.
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3.4.2

Dietary trial participants’ concept of whole grain foods

Furthermore, facilitating whole grain consumption in the free-living setting relies on the recipients of
dietary advice to understand, interpret and implement the dietary recommendations. It has been
suggested by previous researchers that shared meanings of the concepts of ‘whole grain’ and ‘whole
grain foods’ are required for the effective communication of dietary recommendations for whole grain
consumption (46). However, while previous research has focused on issues whole grain characterisation
for the development of definitions (37), food labelling (4) and food regulations (15, 16, 33), little
research has focused on how consumers conceptualise these terms and the impact of these perceptions
on the consumption of whole grain foods (44).

A study conducted by Marquart and colleagues (46) investigated how nutrition professionals
conceptualise whole grain foods, compared to consumers without a background in nutrition education.
The study found that the concept of whole grain foods was similar between nutrition professionals and
the general public; however, nutrition professionals had more elaborate cognitive and scientific
schemas and provided more detailed descriptions of the whole grain concept, than those without a
background in nutrition education. The finding suggests that while there is some level of agreement
between nutrition professionals and the public on what whole grain foods are, there is a need to
examine and clarify that food meanings are shared when providing nutrition education to consumers
(46). Minimal research explored the consumers’ concept of whole grain foods in Australia.

Qualitative research has been utilised as an effective tool to explore consumer perceptions in relation to
food choice behaviour (184-187). Previous qualitative research has demonstrated that consumption of
whole grain foods may be influenced by perceptions of price (188, 189), taste (190, 191), nutrition (189),
health (192) and social support (193) may influence consumption behaviour. Furthermore, in the
context of a dietary intervention, recent research found an association between the concept of
‘acceptance’ and the consumption of whole grain foods by participants in a dietary intervention (44). In
this study, Kuznesof and colleagues (44) conducted focus groups with adult participants in a whole grain
dietary trial (the WHOLEheart study) (141), to explore the food perceptions that may have contributed
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to the dietary behaviours of study participants. The study identified a range of perceptions with
potential to influence the dietary behaviours of participants in the intervention including several barriers
to consumption such as family taste preferences, lack of cooking skills, price and availability. Factors
motivating the consumption of whole grains included naturalness, fibre content, superior taste,
improved satiety and increased energy levels (44). Further, perceived acceptance of the dietary
intervention and the compatibility of whole grains with existing meal patterns were identified as critical
to the whole grain intake behaviour of participants in the intervention (44).

However, to-date minimal research has explored the perceptions of participants who received advice to
consume whole grains in the context of a dietary trial, where whole grains were positioned as part of
the background diet. Evaluating the perceptions of participants in a dietary trial may elucidate the
factors that influence whole grain food choices in the dietary advice setting and provide an
understanding of how the dietary trial participants’ concept of whole grain food may interact with their
application of whole grain guidelines.
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3.4.3

Summary of research gaps and characterisation issues

The research gaps and characterisation issues identified in the literature with regards to the dietary
advice setting are summarised in Box 3-3.

SUMMARY OF RESEARCH GAPS AND CHARACTERISATION ISSUES



There is minimal research exploring the issues that consumers face in
translating dietary recommendations to whole grain food choices, in the
setting of dietary advice.



There is minimal research exploring the effect of dietary advice based on the
Australian Dietary Guidelines, on whole grain consumption.



Minimal research has investigated the consumers’ concept of whole grains
and the factors perceived to influence their consumption, in the dietary
advice setting.

Box 3-3. Summary of research gaps and issues associated with characterising whole
grains in the dietary advice setting
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3.5

Summary of research gaps and characterisation challenges

The literature reviewed in this chapter demonstrates the range of issues associated with characterising
whole grains in nutrition research and practice settings. The primary issues identified for particular
focus in this thesis were the lack of a whole grain database to support nutrition research and practice in
Australia; the co-existence of multiple FOPL systems for foods and the translational issues that may
occur in the dietary advice setting. The specific research gaps and characterisation issues identified at
the end of each section (Boxes: 3-1; 3-2 and 3-3) are summarised below:

1.

Whole grain database development:

2.

There is minimal whole grain compositional data available for research and practice

a.

There is a lack of published data on the whole grain content of manufactured and packaged
food products, in Australia.

b.

There are inconsistent methods used to define and characterise the whole grain composition of
foods in nutrition research and practice settings.

3.

Food labelling:
a.

There is a proliferation of FOPL systems in Australia with discrepant criteria for classifying and
labelling whole grain-containing food products.

b.

There is minimal research investigating the congruence between different FOPL systems.

c.

Manufacturer-defined serving sizes vary considerably among food products in the Australian
marketplace.

d.

No research has examined how the application of standard serving sizes as a base for classifying
foods as part of the Code of Practice for Whole Grain Ingredient Content Claims, would impact
the performance of the system, compared to the application of manufacturer-defined servings.

e.

No research has examined whether serving size standardisation would improve the capacity of
the Code of Practice for Whole Grain Ingredient Content Claims FOPL system to classify foods
according to their whole grain content.
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4.

Dietary advice:

a.

There is minimal research exploring the issues that consumers face in translating dietary
recommendations to whole grain food choices, in the setting of dietary advice.

b.

There is minimal research exploring the effect of dietary advice based on the Australian Dietary
Guidelines, on whole grain consumption.

c.

Minimal research has investigated the consumers’ concept of whole grains and the factors
perceived to influence their consumption, in the dietary advice setting.
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3.6
3.6.1

Thesis overview
Thesis aims

The aim of this thesis is to explore the issues associated with characterising whole grains in three
principle nutrition practice settings (1) database development, (2) food labelling and (3) dietary advice.
The primary aims of each chapter were:
Study 1: Develop a database that characterises the whole grain ingredient content of Australian
manufactured and packaged food products.
Study 2: Assess the congruence between different front-of-pack labelling systems, in terms of how they
classify whole grain-containing food products in the Australian marketplace. Secondly, to examine how
the application of standard serving sizes as a base for classifying foods as part of the Code of Practice for
Whole Grain Ingredient Content Claims, would impact the performance of the system.
Study 3: Evaluate the effect of dietary advice on whole grain consumption in a 12 month dietary trial.
Study 4: Explore the dietary trial participants’ perceptions of whole grain foods.

3.6.2

Central hypothesis

Characterising whole grains is problematic and the associated issues present a barrier to promoting
whole grain consumption.
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Figure 3-1. Schema of thesis design, practice settings, studies and sub-hypotheses
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4.1

Preamble

The research conducted as part of this thesis fits within the framework of a mixed methods research
design. This chapter provides an overview of the philosophical and methodological underpinnings of the
research design, followed by an overview of the methodological considerations for each of the thesis
studies.
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4.2
4.2.1

Philosophical components
Ontology

The word ontology originates from the Greek terms ‘onto’ meaning ‘being’ and ‘logos’, meaning
‘science’ or ‘study’; hence ontology is defined as the study of being or existence (194, 195). In research
there are two primary ontological positions that guide the direction of a research investigation. A
‘realist’ ontological position assumes that there is an objective and stable reality that may be discovered
through controlled and rigorous research investigations (196). Research based on ontological realism
favours a quantitative approach and the control of research variables to establish facts about the world
(194). In contrast, a ‘relativist’ ontological position assumes that reality is constructed and relative to
contextual factors such as the social setting, politics or the media (196). Research based on ontological
relativism favours qualitative methods, in recognition of the varied contextual factors that may
influence the constructed view of reality. This thesis draws on realist and relativist forms of ontology to
address the thesis topic.

4.2.2

Epistemology

The word epistemology originates from the Greek terms ‘episteme’ meaning ‘knowledge’ and ‘logos’
meaning ‘science’ or ‘study’; hence epistemology is considered the study of knowledge (194, 195). The
term also extends to the study of knowledge acquisition and questions regarding how one comes to
know something or disseminate knowledge (194). The epistemological position of a research design
dictates the forms of knowledge that are sought and the kind of knowledge that may be acquired (197).
Three epistemological positions of primary relevance to this thesis are ‘post-positivism’, ‘interpretivism’
and ‘pragmatism’.

Post-positivism assumes that knowledge can be obtained through logical or mathematically rigorous
processes and testing (194, 197, 198). Post-positivism posits realist ontology and the belief in a stable
reality. Post-positivism underlies traditional methods of research that emphasise quantitative methods
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and the scientific process (199). Research conducted within this framework favours quantitative
methods, reductive processes and seeks to establish cause and affect relationships between subject and
variable through hypothesis testing (197). This approach is common in the experimental sciences, such
as clinical nutrition research (196).

In contrast, interpretivism posits that the way in which things are known is through subjective
understandings and meanings attributed to phenomena (196). The ontological position of
interpretivism is linked to relativism and the belief that reality or existence is constructed through social
processes and subjective experiences (194). Research conducted within this framework favours
knowledge generation or acquisition through qualitative processes that seek to understand the
meanings attributed to phenomena and subjective experiences of the world (194, 196). Interviews are
one form of qualitative research that seeks to understand phenomena from an interpretivist
perspective.

Post-positivism and interpretivism are conceptualised as opposing viewpoints; an alternative position is
‘pragmatism’, which works across epistemological frameworks to best answer the questions of interest
(194, 200). Pragmatism recognises the complexities in social phenomena and research conducted
within a pragmatic framework may draw from different ontological and epistemological frameworks to
answer the research questions of interest (201). The pragmatist epistemological position is a practical
alternative that works with both quantitative and qualitative methodologies, to achieve the necessary
insights into a problem.

4.3

Methodological components

Methodologies are linked to particular ontological and epistemological positions (197). Methodologies
based on realist/anti-positivist philosophical positions favour quantitative strategies of inquiry; whereas
interpretivist philosophical positions favour qualitative approaches (194). On the other hand, a
pragmatist philosophical position is driven by the context and goals of the research program and may
utilise mixed or multiple methods of inquiry; that is both quantitative and qualitative methodologies to
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achieve an understanding of the research problem (197). Methods are the last component of research
that relate to the specific techniques and procedures used to obtain and analyse the data (196, 202).
The specific methods utilised within each research study are provided in the methods section of each
study in the respective chapters. The research conducted as part of this thesis reflects a pragmatic
approach, utilising a combination of quantitative and qualitative methodologies. The following section
outlines the major methodological approaches utilised in this thesis.

4.3.1

Quantitative research: food composition data and secondary analysis of clinical
trials data

Quantitative research is linked to the realist/anti-positivist philosophical framework that carries the
underlying assumption that we can come to know the world by through systematically measuring and
testing phenomenon (194). Quantitative research methodologies thus focus on methods of inquiry such
as randomised controlled intervention trials which seeks to objectively measure variables, test
hypotheses, establish cause and effect relationships and understand phenomena at a mechanistic level
(203).

In nutrition sciences, quantitative research is the dominant methodology utilised in the research setting
(143). Quantitative inquiry aims to deconstruct diets and foods to the level of their individual
constituents to enable their measurement against similarly deconstructed aspects of human health
(204). For instance, food composition research aims to measure the composition of foods at the level of
their individual components. This data then enables further quantitative research, measuring the
association between foods or food constituents against clinical biomarkers such as blood pressure or
weight, with the latter being deconstructed aspects human health.
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4.3.2

Qualitative research: interviews of dietary trial participants

Qualitative research is linked to the interpretivist philosophical framework that assumes that reality is
constructed by life contexts and given meaning from a subjective standpoint (185). Thus qualitative
research methodologies focus less on establishing cause and effect relationships or objective facts about
a phenomenon and more on understanding the meaning and reasons underlying a phenomenon (184).
An example of qualitative research is in the exploration of the experiences and perceptions of
participants in a weight loss intervention, which may be used to understand the reasons behind the
behavioural outcomes observed in the trial (44).

Qualitative research may provide rich information about the way in which people experience a dietary
intervention (44). In the nutrition science field, this is particularly relevant, as perceptions of foods and
the contexts in which foods are consumed are known to influence food choice (190). While quantitative
research establishes how components of diets interact with aspects of human health and disease,
qualitative inquiry complements these perspectives by enabling researchers to explore the subjective
experiences of the phenomenon of interest (184). Importantly, for this thesis, exploring individual
meanings and perceptions may provide insight into how to best facilitate positive dietary changes or
identify the subjective issues associated with translating dietary guidance to behaviour change.
Examples of qualitative research in nutrition sciences are focus group interviews examining participants’
perceptions in a dietary intervention trial (205).

4.3.3

Mixed methods

Mixed methods research is a pragmatic methodology that involves the collection and analysis of
quantitative and qualitative data (199-201). The basic premise of mixed method research is that
utilising a combination of qualitative and quantitative approaches may offer greater insight into a
phenomenon than the use of either approach alone (197). This type of research is particularly relevant
for addressing complex problems that are multifactorial in nature and require contextual
understandings (199, 206). Mixing quantitative and qualitative data has several advantages for
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investigating complex research questions including corroborating findings, enriching the interpretation
of findings and enabling the investigator to explore issues that emerge during the research process (196,
199).

Mixed method research may comprise of single or multiple studies, depending on the scope of the
research problem and research objectives (199, 201). ‘Multiphase’ research designs comprise of
multiple studies (197). Studies within this framework represent discrete pieces of work, with their own
research objective, data analysis phase, reporting and interpretation; whilst simultaneously contributing
a broader understanding of the topic and informing the overall research objectives in an iterative
manner (197).

A multiphase mixed method research design may be conducted in a sequential or concurrent fashion
(197). The ‘sequential explanatory design’ involves an initial phase of quantitative research, followed by
a qualitative investigation that is conducted with the aim of enriching the interpretation of the
quantitative findings. Creswell (207) suggested that this type of research was suited to explaining or
contextualising the results of the quantitative investigation. Thus, given the pragmatic objectives of this
thesis, a mixed methods research design is utilised to address the thesis topic.
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4.4

Thesis design

This thesis utilises a pragmatic approach to explore the central hypothesis by using a combination of
quantitative and qualitative methodologies. The thesis is structured as a multiphase, explanatory
sequential mixed methods research design, comprising of 4 studies. The first study involved the
development of a whole grain database. The second study involved the application of different front-ofpack labelling systems to the classification of whole grain-containing products in the Australian
marketplace and the assessment of congruence between different systems. The third study involved
secondary analysis of 12 month dietary trial data. The final study involved social research that was
conducted using semi-structured interviews, with a sample of participants from the 12 month dietary
trial, referred to in study 3.

The review of the methodologies is conducted in the remaining part of this chapter.
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4.5

Food composition database development

Food composition databases contain data on the components of foods, including macronutrients,
vitamins, minerals or phytochemicals (47) and in the case of this research, whole grains. In developing
food composition databases a series of methodological decisions must be made about how to construct
the database that warrant consideration throughout the development process (47, 208, 209).

This section provides an overview of the concepts relevant to the development of a whole grain
database utilising data extracted from the Australian food industry. Key methodological and theoretical
concepts related to the development of food composition databases are covered, including an overview
of the stages of database development, considerations for food selection, development of a sampling
frame and obtaining data, ingredient characterisation, food classification and quality control (47, 208,
209).

4.5.1

Development of food composition databases – stages of development

Food composition databases may be conceptualised into different categories according to the type of
data that is stored and its application or purpose, including archival records, reference databases or
application databases (47, 209). Greenfield & Southgate (47) proposed that food composition data
broadly fall into four categories corresponding to sequential stages or ‘levels’ at which the data is
managed. The whole grain database developed as a component of this thesis is conceptualised based
on the stages proposed by Greenfield & Southgate (47) and others (154, 209, 210) (Figure 4-1). In the
Figure 4-1 the red boxes depict the stages of database development, the arrows represent the flow of
data across the stages and the green boxes represent the thesis studies that utilised the compositional
data. The following sections provide an overview of the types of food composition databases, as
proposed by Greenfield & Southgate (47).
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4.5.1.1

Data source

The first type of database conceptualised by Greenfield and Southgate (47) is the data embedded within
its original source, such as unpublished laboratory data, published scientific articles or other forms of
analytic data that are yet to be collated for research purposes. Data at this level needs to be collated to
provide utility in the research setting (47). Whole grain compositional data at this level may be located
in proprietary and non-proprietary settings. Non-proprietary whole grain compositional data may be
derived from the ingredient lists on food product labels, company websites or through food company
consumer advice channels (39). Additionally, whole grain data may be calculated using recipes, imputed
from similar foods reported in diet records or estimated based on the content of foods reported in diet
records (67). Alternatively proprietary data on the whole grain content of food products may be
maintained by food manufacturers.

Previous studies report deriving whole grain compositional data from the food industry to build whole
grain databases (36, 38, 40, 67). Franz & Sampson (38) developed a whole grain database using
compositional data on food labels to derive recipes and calculate the whole grain content of a range of
food products in the market. Jacobs (31) reported deriving whole grain compositional data using a
combination of data sources including data sourced from a major food manufacturer. The use of the
food industry as a source of whole grain compositional data may in part be explained by the fact that
the majority of whole grain foods consumed as part of Western diets come from processed or packaged
food products (26, 39, 148). The food industry is thus implicated as an important source compositional
data and engaging with the food industry was considered a useful strategy for obtaining whole grain
data for the development of the database as part of this thesis.

4.5.1.2

Data archives

The next stage of development is the ‘archival stage’ during which the compositional data obtained from
its original source, is transposed into the form of a record, using the original units, values and format
obtained (47). In this thesis compositional data obtained from the food industry was maintained in its
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original format in an excel spread sheet. As data was not analysed at this stage, this is merely
represented as part of the total process in the database development schematic (Figure 4-1).

4.5.1.3

Reference database

Progressing from the archival stage, the reference stage is undertaken as part of the development
process (47). During the reference stage, the pool of archival data is collated into a shared file, checked
for errors and standardised with regards to the units and modes of expression of the data. The
database developed at this stage may function as a pool of data that may be translated into different
user formats.

While the term ‘reference database’ is often used to describe nutrient reference databases consisting of
analytically derived data, such as the Nutrient Tables (NUTTAB) database (160) developed by Food
Standards Australia New Zealand, the term was also conceptualised by Greenfield & Southgate (47) to
mean databases that are constructed in the post-archival stage of development. For this thesis, the
reference stage pertains to the total pool of collated food product compositional data that was
standardised, coded and was represented in an excel spread sheet. As depicted in Figure 4-1, the data
at this level was utilised as a basis for the product analysis in chapter 6.

4.5.1.4

Application database

The final stage of database development depicted by Greenfield and Southgate (47) is the ‘user’ or
‘application’ database. Application databases are designed to meet specific purposes, such as food and
nutrient databases constructed for the purpose of assessing the dietary intakes of population groups. A
common example of an application database is the survey-specific AUSNUT (Australian Food and
Nutrient Database) database (157, 159) developed by Food Standards Australia New Zealand to support
the analyses of national nutrition surveys. The whole grain database was configured into a format that
could be readily used as part of dietary assessment by aggregating the data based on the AUSNUT food
coding system.
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4.5.2

Selection of foods, nutrients and other components

Another key methodological consideration in the development of a food composition databases is the
selection of foods and components for inclusion in the database (47, 154, 209, 211). Priorities must be
made to determine which foods should be targeted for inclusion in a database, as databases will rarely
contain data on all foods (211). Rand (209) argued that the central criterion for selecting foods for
inclusion in a food composition database was their relevance to the purpose of the database. Further,
Greenfield & Southgate (47) reasoned that a database should include a range of foods consumed by the
population group for which the database will be used for dietary assessment. Pennington (154)
suggested that a database should contain foods that are appropriate for the target population and
characterise the components of interest for research or practice purposes.

The database developed as part of this thesis primarily focuses on characterising the whole grain
content of food products in the Australian market. Nutrient data from the Nutrition Information Panel
of food products was also collated in order to provide a dataset containing data on the whole grain and
nutrient content of foods in the market. The database was developed with a focus on food products in
order to address the novel research topics explored as part of this thesis including evaluation of the
composition of whole grain-containing food products in the Australian market, as well as aiding in the
evaluation of whole grain intakes in a dietary trial.

Furthermore, while a recipe approach can be applied to estimate the whole grain content of a variety of
foods as part of dietary assessment, one of the primary challenges in this process is estimating the
whole grain content of food products, as product formulations (recipes) may be proprietary in nature
and problematic to obtain (39). Thus, this research focused on addressing this issue by focusing on
engaging with the food industry to comprehensively obtain compositional data on food products in the
market. By utilising a systematic means of obtaining food product compositional data, the data could
then be drawn upon to address the multiple research studies designed in this thesis, as depicted in
Figure 4-1.
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1.
-

2.
-

3.
-

-

Data source:
Whole grain compositional data on food products
maintained by the food industry.
Systematic data extraction from the Australian food
industry.
Data checks performed to identify discrepancies
and outliers.
Described in study 1, chapter 5.

Data archives:
Whole grain compositional data maintained in the
form provided by the food industry.
Data checks performed to assess outliers.

Reference database:
Archival data that has been collated into an excel
spread sheet
Each food item represented in a separate row with
data on the whole grain and nutrient content
entered in separate columns.
Data checks performed.
Multiple food codes established for each food item,
according to the requirements of each thesis study
(studies 1, 2 and 3; chapters 5, 6 and 7)

4.
-

1

-

Product
data
analysed

Application-database constructed
(study 1, chapter 5)
Whole grain composition data aggregated
AUSNUT coded database (study 1, chapter 5)

Dietary study (study 3, chapter 7):
-

Food label analysis
(study 2, chapter 6):

Study utilised productspecific data and aggregate
data

Figure 4-1. Schematic overview of the stages in
the development of the whole grain database and
the relationship of the database to key thesis
1
studies

Arrows represent the flow of compositional data across database development stages and the studies

that utilise the data.
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4.5.3

Development of a sampling frame and data collection

Once decisions have been made about which foods to target for inclusion in the database, the data must
be gathered (209). A sampling frame may be constructed to obtain data that is representative of the
foods consumed by the population group under study (47). The structure of the sampling framework
will depend upon the purpose of the database, the type of data that is sought and the source from
which the data is retrieved.

Greenfield & Southgate (47) argued that when collecting data on retail foods, the sampling frame should
account for the volume sales of foods through major sales outlets. Retail statistics may be useful for
identifying the leading distribution sites of foods or alternatively high sales volume foods may be
identified using market share statistics, such as found in the Australasian Grocery Guide (212, 213).

Some database developers have reported utilising market statistics as a means to identify high sales
volume foods to target for inclusion in food composition databases (155, 156, 214). Neal and colleagues
(156) advocate for the use of market share or sales volume data to target foods for inclusion in a
database for the purpose of nutritional monitoring of the food supply. Furthermore, previous
researchers have utilised market statistics to establish a framework to guide in the selection of food
composition data pertaining to retail foods in the market (155, 156, 214). This approach enables the
development of a database with the inclusion of high volume sales items and the inclusion of specific
products consumed by the study population. Thus the whole grain database developed in this thesis
utilised market statistics to develop a framework for data collection, based on the systematic
procedures outlined by previous researchers (155, 214). Further details of this process are outlined in
the chapter 5.

4.5.4

Whole grain ingredient characterisation

The development of standardised methods for characterising the whole grain ingredient content of
foods is an important aspect of developing a whole grain database. However, as discussed in chapter 4,
characterisation standards for whole grains vary considerably in nutrition research and practice. The
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methods for characterising whole grains may be broadly categorised as qualitative (31, 38) and
quantitative methods (38). There are also differences in the expression of whole grain ingredient
content data quantitatively, at the ingredient level. In particular, the ‘dry weight’ method (38, 40, 114,
215) and ‘percentage labelling’ method (3) may be relevant to the development of a whole grain
database. The following sections provide an overview of these methods and a discussion of the
rationale and approach taken for the development of the whole grain database in this thesis.

4.5.4.1

Qualitative methods

Many of the early observational studies (31, 60, 72, 111) utilised a qualitative approach to whole grain
characterisation, based on the methods of Jacobs and colleagues (31). Using this approach whole grain
foods were defined as containing at least 25% whole grain content including added bran and germ.
Notably, this definition differs from the definitions of whole grain that have been adopted by regulatory
authorities in the United States (30, 33, 35), Australia (15) and Europe (37), which do not include added
bran and germ in the definition. As this definition is discrepant with current scientific definitions of
‘whole grain’, it may be utilised less to assess whole grain consumption and for database development
purposes, in the future.

Another method of qualitative characterisation involves defining whole grain foods according to their
position in the ingredients list of a food product (39). Using this approach whole grain foods may be
considered whole grain if listed as the first ingredient in a food (128, 216). Katcher (128) utilised this
approach in a randomised controlled trial investigating whole grain consumption and weight
management. Further, Rose (216) used this approach to characterise whole grain consumption in a
cross-sectional study of college students.

Extending on this approach, the University of Minnesota Nutrition Data System for Research (NDS-R)
(217) classifies foods as ‘whole grain’ if whole grain is listed as the first ingredient on a food label; ‘some
whole grain’ if whole grain is listed elsewhere on the label and ‘refined grain’ if there is no mention of
whole grain on the food label. This approach has been adopted by several researchers to define whole
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grains in dietary studies (190, 218). For instance, Burgess-Champoux (190) characterised whole grain
intakes using this method as a basis for whole grain recommendations in a dietary trial. Alternatively,
other studies have characterised only foods with 100% whole grain ingredients as whole grain (219).

A limitation of qualitative methods is that they do not enable the precise measurement of the amount
of whole grain in a food and may thus lead to over or under-estimation of the whole grain contribution
of foods (39). Foods with less than the defined cut-point may not be included in whole grain intake
assessment and further, the whole grain content of foods that meet the definition may vary
considerably (38, 39, 215).

4.5.4.2

Proportion of food group equivalents

Whole grains may be characterised as a proportion of food group equivalents or servings. This approach
was adopted by the United States Department of Agriculture in 1999, for the development of the
MyPyramid Equivalents Database (26). This database was constructed by converting dietary data
collected as part of the USDA’s Continuing Survey of Food Intakes by Individuals 1994-1996 (220), into
estimates of food group intakes. The MyPyramid Equivalents Database provides data on the proportion
of whole grain, non-whole grain and total grain in foods. The data are expressed in terms of the number
of MyPyramid equivalents per 100 g of food (161, 221).

In the MyPyramid Equivalents Database, grains are defined as ounce-equivalents, with one ounce
contributing approximately 16 grams of grain (26). This method relies on clearly defined serving sizes of
foods to use as a base for whole grain characterisation. In Australia the Australian Dietary Guidelines do
not provide serving size equivalents for many categories of grain foods limiting the direct application of
this method in the Australian setting.

111

4.5.4.3

Quantitative methods

In a move toward greater specificity in the measurement of whole grain intakes in dietary studies, an
increasing number of studies have reported characterising whole grains using quantitative methods (38,
40, 42, 153). In contrast to qualitative and food group characterisation methods, quantitative
characterisation involves calculating the specific amount of whole grain in a food, expressed in grams
(38). In the research setting this fulfils the need for greater specificity in the measurement of whole
grain intake in dietary studies, and in the context of food labelling, this enables the whole grain content
of a food to be evaluated against quantitative dietary guidelines such as the 48 g whole grain Daily
Target Intake, developed by the Grains & Legumes Nutrition Council
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(28).

There are two primary approaches utilised in nutrition research and practice to express the whole grain
ingredient content of food products at the gram level, (1) the dry weight method and (2) the percentage
labelling method. The following sections describe the dry weight and percentage labelling methods of
whole grain characterisation.

4.5.4.4

Quantitative methods – the dry weight method

The dry weight method is a common approach used in dietary research to calculate and express the
whole grain content of foods (38, 40, 114, 215). For instance, Franz and Sampson (38) and colleagues
(40) quantified the whole grain content of food products using a dry weight method for the
development of a whole grain database to support the analysis of foods consumed as part of large
prospective cohort studies. Using this method the whole grain content of foods was estimated based on
the dry weight of whole grain ingredients, expressed as a proportion of the fresh weight of the finished
food, in grams (38, 40). Using this approach the moisture content of the grain is discounted from the
calculation of the total whole grain content to derive the dry weight value, using the following basic
formula (38):

Dry weight = Amount (g) – H20 (g)
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For instance, if the water (H20) content of raw brown rice is ~10%, the dry weight would be 100 g (raw
brown rice) minus 10 g (water); that is 90 g/ 100 g (90%) whole grain. Similarly, Thane (67) developed a
whole grain database based on the dry weight of whole grain, expressed as a proportion of the fresh
weight of the finished food. This database was developed to support the quantification of whole grain
intake as part of a British survey of adolescents and adults. Data was generated from a variety of
sources including recipe approaches to estimate the whole grain content of mixed dishes. Other studies
also report characterising whole grains as the dry weight of ingredients (126, 222).

4.5.4.5

Quantitative methods – the percentage labelling method

Food manufacturers are required to calculate and declare the proportion of characterising ingredients
and components in foods, in line with Standard 1.2.10 of the Australia New Zealand Food Standards
Code (3). This is referred to by Food Standards Australia New Zealand as ‘percentage labelling’ and
describes the declaration of the percentage of characterising ingredients in foods. The term
‘characterising ingredients’ is defined in the Food Standards Code as ingredients associated with the
name of a product, mentioned in the name of a food or promoted on the food label, such as whole grain
wheat ingredients in a product labelled as a ‘whole wheat food’ (3). However, in contrast to the dry
weight method, the inherent moisture content of the grain is not discounted from the calculation,
unless the water is removed during food manufacturing (3, 28).

There are two primary approaches to calculating characterising ingredients in foods in line with
Standard 1.2.10 (3). The methods take into account food processing techniques and the degree of
water loss that occurs during processing. The first method stipulated in Standard 1.2.10, clause 3 (3),
involves calculating the ‘ingoing weight’ of the ingredients expressed as a proportion of the total
‘ingoing weight’ of all ingredients in the food. ‘Ingoing weight’ refers to the weight of ingredients prior
to the processing of the food and includes the moisture content of the ingredients. Using this approach
any added water or volatile ingredients that are removed during processing are not included in the
calculation. The second method stipulated in Standard 1.2.10, clause 4 (3), applies to products that lose
water during processing, such as baked products. For these products the calculation is based on the
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‘final weight’ of ingredients expressed as a proportion of the finished food. ‘Final weight’ refers to the
weight of the ingredients after food processing has occurred and includes any residual moisture in the
ingredients post-processing.

4.5.4.6

Analytical issues in characterising the whole grain ingredient content of food products

Thus different methods have been applied to the task of characterising the whole grain composition of
foods in nutrition research and practice. Quantitative methods have been used by a number of
researchers to characterise whole grains for database development (38, 40, 153). The Australia New
Zealand Food Standards Code also requires the calculation and declaration of ingredients in foods on a
quantitative basis (3). However, there are differences in how whole grain ingredients are expressed
between these settings. A number of researchers have reported utilised the dry weight method for
dietary research (38, 40, 114, 215), whereas food labels in Australia provide information about the
whole grain ingredient content of foods based on ‘percentage labelling’ methods (3). This discrepancy
represents a translational issue for database developers who seek to use food label data for the
development of whole grain databases. Likewise, this discrepancy may be problematic for practitioners
who wish to use dry weight estimates for the benefit of communicating to consumers.

For the development of the whole grain database in this thesis, the discrepancy between research and
food labelling methods of whole grain characterisation was a major consideration. Upon consultation
with the food industry and consideration of the thesis aims, which included analysing whole grains in
the context of food labelling and dietary research, the decision was made early in the thesis, to utilise
the percentage labelling method as the characterisation standard for the development of the whole
grain database. Further, this format was readily available from the food industry who reported
maintaining their ingredient composition of food products in this format. Obtaining dry weight
estimates of the whole grain content of food products from manufacturers was assessed as less feasible
given the time constraints of the food industry and the extra burden it would have placed on the food
industry to calculate the data.
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4.5.5

Database food classification codes

Food coding and classification systems enable food items in a database to be correctly described and
identified by database users (47). The choice of food classification system may be determined by the
purpose of the database but should also exhibit harmonisation with national or international
approaches (223). In Australia the primary national nutrient databases to support nutrition research
and practice are the Australian Food, (Supplement) and Nutrient Database (AUSNUT) (157-159) and
Nutrient Tables (NUTTAB) (160), developed by Food Standards Australia and New Zealand (FSANZ).
FSANZ is the government agency responsible for administering the Food Standards Code and the leading
agency responsible for developing the national food composition databases as part of the ‘Australian
Food Composition Program’ (224). In recognition of the FSANZ databases as the primary food
composition infrastructure in Australia, supporting key research and practice areas, the whole grain
database was categorised based on the FSANZ system for food classification and food coding.

4.5.6

Quality control and assurance

‘Quality assurance’ (QA) and ‘quality control’ and important concepts should be factored into the design
of a food composition database to ensure the reliability of the database for its intended purposes (47,
209, 225). Quality assurance refers to the processes undertaken to ensure that quality data are
generated throughout the compilation process; whereas, quality control refers to the mechanism put in
place to check that the data meet quality requirements (47). There is a wealth of literature describing
the importance of quality assurance and quality control in food composition database work and most
published peer-reviewed food composition databases are required to incorporate these activities into
their database design (210, 211, 223, 225). Quality assurance and control procedures were put in place
throughout the development of the whole grain database. These included double checking all entries
with the original data sources, discussing and clarifying the methods used to calculate the whole grain
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content of foods with manufacturers and investigating outliers. Details of these activities are discussed
in detail in chapter 5.

4.6

Food label research

Study 2 (chapter 6) examines the application of different front-of-pack labelling systems (FOPL) to the
classification of whole grain-containing products in the Australian marketplace. And secondly, examines
how the application of standard serving sizes as a base for classifying foods as part of the Code of
Practice for Whole Grain Ingredient Content Claims, would impact the performance of the system. The
concepts of ‘food classification’ and ‘nutrient profiling’ were fundamental to the analyses conducted in
this research and are thus reviewed in this methodology section.

4.6.1

Food classification

The concept of ‘food classification’ was critical to the work conducted in chapter 6 that sought to
investigate the congruence between different FOPL systems. Food classification involves the systematic
assignment of entities into classes that are mutually exclusive, based on the application of specific
guiding principles or criteria (226). For example, in the context of FOPL, this may involve applying a set
of nutritional criteria to establish whether foods are ‘healthy’ or ‘unhealthy’, with membership within
each class non-overlapping and exclusive (227). The FOPL systems examined in chapter 6 are defined as
classification systems because they each group foods into mutually exclusive classes according to
specific criteria (see Table 3-1 for a brief overview of the FOPL systems examined in this thesis and see
Tables 4-1 and 6-2 for details of each food labelling system, their criteria and classes). For instance, the
Whole Grain Ingredient Content Claims system classifies foods into one of three mutually exclusive food
groups (‘containing whole grain’, ‘high in whole grain’ or ‘very high in whole grain’), based on the
amount of whole grain the product provides in a manufacturer-defined serving of food (4). Whereas,
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the Heart Foundation Tick Program classifies foods as ‘Tick’ certified or not based on category-specific
nutritional criteria (10).

One of the underlying assumptions behind FOPL is that by classifying foods in a simple way, consumers
will better able to interpret the nutritional value of a food and apply this information to make healthier
food choices (7). However, consumers may not interpret this information in the intended way. Barriers
to consumers understanding of classified nutritional information may relate to factors such as low
literacy and numeracy or cultural factors (165). Further testing of consumer understanding and use of
FOPL systems would ideally be conducted to examine whether the congruence between systems
translates to improvements in the understanding and use of FOPL in the food choice setting. Thus,
there are limitations to studies which examine food classification without additional consumer testing.

In chapter 6 the congruence between different FOPL systems is examined based on the underlying
premise that greater congruence in the classification of foods represents a more consistent platform for
promoting whole grains to consumers and one which better enables the consumer to identify the
healthy choice. This study thus carries the abovementioned assumptions. Further testing would be
required to fully elucidate whether the congruence between different FOPL systems translates to better
consumer understanding and use of FOPL systems to make healthy whole grain choices.

4.6.2

Nutritional profiling

Chapter 3 established that FOPL systems are underpinned by nutritional profiling models that classify
foods based on their nutritional composition for purposes related to health and disease risk reduction
(172). As discussed, the different criteria behind these systems and their way of classifying foods may
cause inconsistent signposting and representation of the nutritional value of foods in the marketplace.
Work towards harmonisation in FOPL is considered an important goal for establishing a consistent food
labelling platform for the translation of dietary guidelines (7). Study 2 (chapter 6) aims to address this
by examining the congruence between different FOPL systems in the classification of whole graincontaining food products in the Australian marketplace. The second aim was to examine how the
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application of standard serving sizes as a base for classifying foods as part of the Code of Practice for
Whole Grain Ingredient Content Claims, would impact the performance of the system.

The methodological approach for this study was informed through consideration of previous research
that has investigated the validity and congruence of various nutrient profiling systems (12, 178, 228,
229). A common approach is to use a list of foods to compare how different nutrient profiling systems
classify foods (12, 229, 230). This form of comparative analysis may bring to light various discrepancies
in how foods are classified and represented on food labels and provide a framework for assessing the
relative performance and effectiveness of a system (12). For instance, Scarborough and colleagues (230)
applied eight nutrient profiling systems to the classification of 120 foods in the United Kingdom. The
classification results were compared to food classifications conducted by 700 nutrition professionals, to
provide a benchmark for comparison. The analyses indicated congruence between systems and also in
comparison to the rankings conducted by nutrition professionals. Similarly, Azäis-Braesco and
colleagues (231) assessed the performance of four nutrient profiling systems by rating how they
classified a sample of 125 foods based on their nutritional composition, compared to rankings
performed by nutritionists. The study identified numerous inconsistencies in the food classification
systems; however, the use of nutritionists as an objective comparative measure was not found to be a
useful validation tool.

Garsetti and colleagues (12) investigated the ‘performance’ of five nutrient profiling systems by
evaluating and comparing how the different systems classify a sample of food products. The
comparative analysis was a qualitative evaluation performed manually by indicating the consensus in
food classification between systems, using three indicators (yes, no, nearly). The study found consistent
positive evaluations for fruits and vegetables and negative evaluations for sugary products and oils,
reflecting dietary guidelines. However, there was inconsistency in the classification of processed foods
such as potato crisps, certain breakfast cereals like All Bran, whole meal bread, dairy products, walnuts
and canned fish. Thus, the comparative analysis enabled the elucidation of inconsistencies between
systems in how foods are classified and hence represented as nutritional components of the diet.
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Other more complex approaches to assessing nutrient profiling systems have been proposed (229, 232,
233). Nutrient profiling systems may be tested for construct validity by examining the correlation of
indicator foods with healthy diets or health outcomes (172, 232). It has been argued that the
comparison of a system against objective indicators of health and disease status is a more robust way of
validating a nutrient profiling (232). In contrast, the limitation of the food list approach, applied by
Scarborough (174, 230) and others (12, 231), is that there is no established gold standard to use as a
comparative measure, hence limiting what can objectively be concluded about the utility of a model
(229).

The food labelling study reported in chapter 6, aims to assess the congruence between different FOPL
systems and hence the comparative approach, utilising food lists to examine how different systems
classify foods was considered the most appropriate method. The comparative approach was also useful
for the second aim of the study to compare different bases for classifying whole grains as part of the
Code of Practice for Whole Grain Ingredient Content Claims. It is noteworthy that this approach would
carry the aforementioned limitations and as such the formal concept of ‘validity’ is not explicitly tested
in this study or implied from the findings. With this in mind, the study was based on the premise that
the comparative approach is still informative for the purposes of examining (1) the congruence between
different FOPL systems and (2) comparing different bases of classification, within the Code of Practice
for Whole Grain Ingredient Content Claims.
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Table 4-1. Comparison of nutritional profiling schemas of the front-of-pack labelling systems examined in this thesis

Criteria

Whole Grain Ingredient
Content Claims (WGICC)

Energy and nutrients
Energy (kJ or kcal)

Whole Grain Food
certification (CERT)

Whole Grain Food
characterisation/definition
(WGF)

1

Percentage Whole
Grain Content (PWC)

✔

Heart Foundation Tick
Program (TICK)

✔
✔

Protein
Total fat

✔

✔

Saturated fat

✔

✔

Trans fat

✔

✔
✔

Total sugar
Added sugar
Sodium/salt

✔

Fibre

✔

Other nutritional components
Whole grains

✔

✔

✔

✔

✔

Fruit

✔

Vegetables

✔

Nuts

✔

Other variables
Reference quantity
Number of classes
1

Manufacturer-defined
serving size
3

Manufacturer-defined
serving size
1

30 g product

Front-of-pack labelling systems: WGICC(4); CERT (4); WGF (16, 17); PWC (67, 170) and TICK (10)

Per 100 g
1

3

Per standard serving, per 100
g or unit of energy (kJ)
1

4.7

Dietary research

Dietary research is conducted to elucidate the relationship between variables related to food and
health. The effects of dietary advice on food intake behaviour may also be elucidated by conducting
dietary research. In this thesis, data was drawn from a 12 month dietary intervention trial to examine
how dietary advice to consume whole grains, translates to consumption behaviour in the dietetic
setting. Additionally, to elucidate characterisation issues that may impact upon this process. A number
of methodologies were relevant to this investigation including randomised controlled trials, secondary
analysis of dietary trial data, dietary intake assessment and assessments of whole grain intakes. Each of
these methodological aspects of the research are reviewed below:

4.7.1

Randomised controlled trials

A randomised controlled trial (RCT) is a quantitative, comparative experimental study design that
researchers use to investigate the effects of two or more interventions by administering them to
individuals that have been randomly assigned to intervention groups (234). The design ensures that the
intervention differs between groups while the background variables are held constant, thereby enabling
the researchers to attribute differences between the groups to the intervention variable and not some
other unknown factor (234).

RCT study designs are used as part of nutrition research to test the effects of dietary factors on nutrition
and clinical outcomes (235). While an RCT is designed for the primary purpose of assessing the effects
of particular dietary variables on dietary or clinical outcomes, examination of the background diet may
provide rich data on the effects of a dietary intervention on other aspects of total diets or health
outcomes (236-238). Furthermore, dietary advice delivered as part of an RCT may reflect the advice
delivered by Dietitian’s in clinical practice including the provision of health eating advice consistent with
the Australian Dietary Guidelines. Thus, in the context of this thesis, which seeks to explore the
translational issues that arise in the dietary advice setting, the evaluation of an RCT provides a unique
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opportunity to explore how dietary advice based on the Australian Dietary Guidelines, including
recommendations for whole grain consumption, translate to dietary change.

This thesis utilises data collected from a randomised controlled dietary intervention trial to examine
how dietary advice, consistent with the Australian Dietary Guidelines translates to patterns of whole
grain consumption. The following section provides an overview of the dietary intervention trial
examined within this thesis.

4.7.2

The Smart Study – a randomised controlled dietary intervention trial

This thesis utilised dietary data collected as part of a 12 month dietary intervention trial (the Smart
Study), conducted through the Smart Foods Centre, at the University of Wollongong, Australia. The
Smart Study was funded by a research grant provided by the National Health and Medical Research
Council. Details of the study are registered with the Australian New Zealand Clinical Trials Registry (ACT
RN12608000425392, www.anzctr.org.au).

Study participants were recruited to the study via media advertising and email, targeting local residents
in the Wollongong region of NSW, Australia. The study was a three armed double blind placebo
controlled intervention, comparing standard nutrition advice, to dietary advice tailored to increase the
intake of fish and omega three fatty acids. Specifically, the three study arms were:

-

(Control) (C) + placebo

-

Control + fish + placebo (Fish)

-

Fish with omega three supplementation ((control + fish + EPA/DHA supplements (Fish+S)

Primary outcome measures were measures of weight status (change in body fat and body weight) and
24 hour energy expenditure. Secondary outcomes were substrate oxidation, erythrocyte EPA/DHA
concentration, blood pressure, fasting leptin, insulin and blood glucose concentration.
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Inclusion criteria for the study were healthy adults aged between 18 and 60 years, BMI >25 and
<37kg/m², waist circumference >94cm for men, >80cm for women. Exclusion criteria were major illness,
type-2 diabetes, LDL cholesterol ≥6mmol/L, food allergies, illiteracy or limited conversational English,
fish oil supplement use, pregnancy or lactation, unstable weight (3 kg weight loss or gain over past 6
months) or currently on a weight-reducing diet.

The dietary consultations were administered by a trained Accredited Practicing Dietitian and consisted
of an initial 1 hour consultation (baseline) and six half hour follow up consultations (time points:
1,2,3,6,9 and 12 months). The diets differed with respect to their content and dietary source of omega
three but were iso-energetic and provided a 2MJ energy deficit to facilitate weight loss.

Of significance for the current study, all groups received the same advice to consume a low fat diet
inclusive of foods recommended in the Australian Guide to Healthy Eating and Australian Dietary
Guidelines (27). Grain food recommendations included breads, hot and cold breakfast cereals,
crispbread and savoury biscuits, pasta, rice and cereal-based mixed dishes such as rice based mixed
meals, lasagne and tabouli (cracked wheat dish). Grain intake recommendations were defined as a
specified number of servings per day, with each serve consisting of 15 g carbohydrate (Table 4-2).
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Table 4-2. Examples of recommended standard servings of grains (whole grain recommended),
utilised in the Smart Study

Food group

Serve Sizes (~15 grams carbohydrate)

Grains (whole

1 slice bread, ½ bread roll, 1 crumpet, ½ English muffin, 1 soft taco, ¾ cup

grain the

cooked oats, 2 wheat biscuits, ~3 crispbread, 1/3 cup cooked rice, ½ cup cooked

recommended

pasta

choice)

Participants were further advised to choose whole grains when they made grain food choices, however
consistent with the Australian Dietary Guidelines participants were not instructed on the amount of
whole grain a food should contain to be classified as a whole grain food, nor given a quantitative target
regarding the amount of whole grain they should consume; for example 48 g per day. To assist with
food selections, participants were provided with print materials with examples of whole grain food
choices and recommended serving sizes for each food option.

Dietary intake data was collected at baseline, 3 months and 12 months with the use of a validated diet
history interview method and furthermore with food records at baseline, 3 months and 9 months. As
the whole grain intake advice was the same for both groups, data from the study groups were pooled
for this analysis. Dietary data was analysed using Foodworks (Xyris Software, Highgate Hill, QLD,
Australia, Version 6, 2009) and reported intakes were converted to energy and macronutrient intake
profiles utilising the AUSNUT 1999 (All Foods, revision 18) and AUSFOOD (2001) (revision 11) nutrient
databases. Both the original study and secondary analyses were granted ethics approval from the
University of Wollongong Human Research Ethics Committee following a standardised protocol. Details
of the study are registered with the Australian New Zealand Clinical Trials Registry (ACT
RN12608000425392, www.anzctr.org.au).
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4.7.3

Secondary analyses of data from randomised controlled trials

A secondary analysis entails analysing data collected by another researcher or research team, for
another research purpose (239). This form of analyses is increasingly recognised as a viable option for
researchers, particularly those that would otherwise be too expensive or labour intense to conduct as
part of doctoral research (236, 238-240). Many large cohort studies investigating the association
between whole grain consumption and health are secondary analyses of large cohort population groups
(59, 74, 109, 113). Further, a growing number of studies report conducting secondary analyses of RCTs
to investigate dietary factors in relation to nutrition and health outcomes (236-238, 240-243).

For instance, a number of secondary analyses have been conducted on the PREvención con DIeta
MEDiterránea (PREDIMED) Study (236, 238, 244-246). One study (244) assessed the association
between intake of olive oil and risk of cardiovascular disease and mortality in the population at risk of
cardiovascular disease and found the consumption of extra-virgin olive oil was associated with
decreased risk of cardiovascular disease and mortality. Another secondary analysis of the PREDIMED
trial (237) assessed the efficacy of the Mediterranean diet for the primary prevention of diabetes and
found the Mediterranean style diet including extra virgin olive oil reduced the risk of diabetes among
individuals at risk of cardiovascular disease. These studies demonstrate that secondary analysis of
clinical trial data may provide useful insights into the relationship between dietary variables and
nutrition or health outcomes.

The type of dataset chosen for analyses will depend on the research question being asked and the
suitability of the dataset to provide meaningful data for the study purpose (239). While secondary
analyses of large cohort datasets provides utility in examining the associations between dietary variables
and health outcomes, an RCT data may better reflect the dietary advice scenario, where nutrition
education is delivered consistent with the Australian Dietary Guidelines and for the purpose of dietary
manipulation for weight loss or maintenance. Given the utility of secondary analyses of RCT data, this
study utilises data collected from the above described study to investigate how dietary advice translates
to changes in whole grain consumption during weight loss.
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4.7.4

Dietary intake assessment

Dietary assessment involves measuring the food and beverage intake of an individual or population
group within a specified time period (247, 248). As dietary intake is the focal point of nutrition research,
the choice of appropriate dietary assessment methods and their effective administration are integral to
the delivery of quality research outputs (249, 250). There are a range of dietary assessment methods
that are used in the clinical and research setting, which involve the prospective or retrospective
recording of food intake habits (247, 251). Prospective dietary assessment methods involve recording
food intake at the time of consumption; common prospective methods used in the nutrition research
setting include weighed and estimated food records (252, 253). Retrospective dietary assessment
techniques involve collecting food consumption data after consumption has occurred, relying on
participant recall of previous eating events to provide a snapshot of eating behaviour (249, 253).
Common retrospective approaches to dietary assessment include 24 hour recalls, diet histories and food
frequency questionnaires(250, 253). Each method has advantages and disadvantages that warrant
consideration.

The appropriate dietary assessment method to use in the research or practice setting will depend on the
purpose of the assessment, practical considerations and the specificity required in measuring the foods
of interest (247, 251, 254, 255). As part of the Smart Study described above, dietary intake data was
collected using a combination of prospective and retrospective techniques to enable a comprehensive
assessment of actual and usual dietary intakes. The secondary analyses study conducted as part of this
thesis focuses on evaluating the diet history data alone which provides a measure of usual dietary
intake. The following section reviews the food record and diet history methods of dietary assessment,
discusses their advantages and disadvantages and provides a rationale for the analytical approach taken
in this research.
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4.7.4.1

Food records

Food records are a prospective dietary assessment technique that involves the participant recording
their intake of food and beverages at the time of consumption, over a specified time period, usually
spanning from three to seven days (247, 253, 255). Participants are instructed to record details of the
amount of food consumed, with or without the use of measurement aids such as household measuring
cups and tablespoons, weighing scales, pictures or models (256). Adequate training in the methods of
recording food intake data is integral to the accuracy of the data collected and a follow-up review of the
food record, by a trained professional, may serve to clarify the reported intakes and increase the
accuracy of the records (257).

The food record method of dietary assessment has several advantages as a research technique (253).
Prospective methods such as food records minimise the reliance on participant recall and memory, as
foods are recorded at the time of consumption (258). This has the advantage of potentially enhancing
the accuracy of reported intakes and estimations of portion size, compared to retrospective methods
(259). Further, the data collected using this method reflects the actual intake of foods consumed rather
than the usual intake, enabling the dietary assessment to focus an instance of actual eating events as a
framework for discussion and education (247, 260).

However, the respondent burden associated with recording food intake data has been shown to be
relatively high using the food record method, as participants must record their food intake over several
days to capture adequate intake data (261). This may lead to modified eating behaviour to reduce the
response burden and studies demonstrate that the accuracy of reported intakes decreases significantly
after three days, due to the response burden associated with recording food intake data (261).
Furthermore, underreporting of less desirable foods such as cakes and alcohol may be high using this
method, compared to interviewer-assisted techniques such as diet histories, which prompt participants
to report their intake of all foods consumed.
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4.7.4.2

Diet history interviews

Diet history interviews are retrospective dietary assessment methods that attempt to capture the usual
intake of foods consumed by the individual being assessed (251, 253, 256, 262). The structure of a diet
history interview may be narrative or structured and thus flexible to suit individual preferences and
research requirements (251, 263, 264). The narrative approach allows for the gradual unfolding of
discourse around a participants usual dietary intake, with the interviewer using conversational
techniques to elicit relevant information about the usual foods consumed as part of the diet (251). A
structured approach may take the form of a formal set of questions about dietary intake, with the use of
probing questions to elicit information about the range of foods consumed and their portion sizes (265).
Either way, the interviewee is asked to describe the intake of foods consumed on a usual day, followed
by a validation process to cross-check the data, which may come in the form of a ready reckoner of food
groups to ensure maximum coverage of the usual dietary intake (250). To aid in the accurate
measurement of portion sizes, measuring aids such as household measuring cups or food pictures may
be used, enhancing the accuracy of reported intakes (247).

Diet history interviews are the common method used in clinical dietetic practice (255). Diet history
interviews have the advantage of enabling the collection of comprehensive data regarding the usual
intake of foods (266). On the other hand, food records only capture data regarding foods consumed on
the day of reporting (253). Previous research demonstrates that non-structured narrative style diet
history methods may have utility in the dietetic research setting (250, 251, 264, 267, 268). A study
conducted by Martin and colleagues (264) at the University of Wollongong, found that diet histories
provided reliable estimates of energy and nutrient intakes, compared to three day food records.
However, the diet history interview technique relies on the administration of a skilled interviewer and
the ability of participants to accurately recall and describe usual patterns of food consumption (250).
Estimates of portion sizes consumed and variations in dietary intake may be erroneously reported if
eating habits are erratic (269). Further, response bias may be exhibited in the form of underreporting of
foods that are non-desirable in the context of the recommended diet (268).
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In this thesis, diet history interview data are analysed to obtain estimates of the usual intake of whole
grains over the 12 month dietary trial. This form of data were analysed so as to capture changes in the
usual intake of whole grains over the trial period. This form of data was deemed most appropriate to
measure habitual changes over time, which was of greatest relevance to the thesis aims.

4.7.5

Dietary assessment of whole grain intakes

Dietary assessment of whole grain intake is conducted through a process of converting food intake data
collected as part of dietary assessment, to estimates of whole grain intake (26, 39, 153). As discussed
above, there are different techniques used to collect data about an individuals’ food intake pattern, with
the diet history interview method a common approach utilised in dietetic practice (255). The methods
used to estimate whole grain intake from dietary data are closely aligned with the methods for
characterising whole grains for database development, as outlined in section 4.5.4 of this chapter.

The establishment of a definition of whole grain is an important first step in the assessment process and
as previously discussed, there are many challenges in this activity (39). While there is a definition of
whole grain in the Australia New Zealand Food Standards Code (15) to form the basis of dietary
assessment, there is still a lack of consistency in how whole grains are characterised as part of dietary
research (143, 153, 183, 215).

As discussed in section 4.5.4 there are different approaches for assessing the whole grain composition of
foods. The methods used to characterise the whole grain composition of foods are based on qualitative
and quantitative techniques (38). For an extensive discussion of the different techniques for
characterising the whole grain composition of food products see section 4.5.4 of this chapter. As
discussed previously, there are more researchers adopting a quantitative approach to the dietary
assessment of whole grain consumption as part of research (38, 126, 153). This entails estimating the
intake of whole grain, expressed in grams. Where quantitative methods are employed, individual foods
reported during dietary assessment, such as wholemeal bread, must be individually evaluated to
establish the whole grain content of the foods (39). This is a primary methodological challenge as foods
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may vary considerably in their ingredient content and obtaining accurate data on the composition of
foods may be problematic, particularly for food products with proprietary formulations (39).

The application of a whole grain database to the dietary assessment of whole grain consumption is
useful (38, 153). Using an established whole grain database, the food items reported during dietary
assessment may be linked, via the employed food coding system, to foods in the database to establish
an estimate of the whole grain content of foods reported during assessment (40, 215). Where productspecific data is available, reported intakes of specific food products may be directly matched to the
corresponding compositional data, for the precise estimate of the whole grain content of the food (38).
Further details regarding the characterisation of food products and the development of a whole grain
database for research are outlined in section 4.5.4.

Where pre-existing whole grain compositional data is not available to aid in the assessment of whole
grain intakes, a recipe approach may also be applied (36, 38). Recipes may be developed using cook
books, food labels or national recipe databases to provide data on the ingredient content of foods (36).
Kyro and colleagues (36) estimated the intake of whole grains in a Scandinavian population using a
variety of approaches including obtaining estimates from food label data, as well as recipe books.
Recipes may also be obtained from other sources including from participants who reported dietary
intake data or national recipe databases. In Australia, Food Standards Australia New Zealand develops
recipe databases as part of the suite of resources to support the analyses of national surveys (157, 159,
270). The recipes contain lists of foods that are disaggregated into their ingredient components and
where whole grains are reported in the recipe, this data may be utilised to estimate the whole grain
content of a food and the amount of whole grain consumed as part of the food item reported as part of
dietary assessment.

In this thesis, the Food Standards Australia New Zealand definition of ‘wholegrain’ is applied for the
assessment of whole grain consumption. Whole grain intake is firstly measured as the amount of whole
grain consumed in grams. The whole grain database developed in chapter 5 is drawn upon to provide
data on the whole grain content of food products reported consumed in the diet history interviews.
Product-specific data is applied where possible to estimate the whole grain content of specific food

130

products reported in the diet histories. For mixed dishes and non-food product sources of whole grains,
recipes were developed using the national AUSNUT (Australian, Food, Supplement and Nutrient
database) recipe databases (158, 159); alternatively, common cookbooks were utilised to provide
recipes where recipes could not be identified in the AUSNUT recipe databases. Based on the recipe
data, foods were then disaggregated into ingredient components for conversion to whole grain content
of foods in grams and then estimates of total whole grain intake. An in-depth description of the
methods for assessing whole grain intakes are provided in chapter 7.
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4.8

Social research

Social research aims to understand the social, cultural and environmental factors that influence human
behaviour (271) or the perceptions and worldviews that contribute to a subjective experience of the
world (194, 200). Qualitative research is a common approach used to conduct social research, as the
focus of this methodology is the exploration of human perception and experience (184). Social research
was conducted as part of the fourth study of the thesis, using qualitative methods, in order to explore
the Smart Study participant’s views of whole grain foods and perspectives on the factors influencing
their consumption during the dietary trial. This approach was employed as a means of enriching the
interpretation of the dietary study and also to provide a contextual understanding of the factors that
may have influenced participants’ food choice during the intervention period.

4.8.1

Semi-structured interviews

Interviews are a type of qualitative research method used to collect detailed information about an
individual’s experiences, perceptions, attitudes or views about a topic (194, 272). Interviews may be
conducted using unstructured, structured or semi-structured approaches; depending on the type of
information sought and the level of detail required (273, 274). Unstructured interviews are conducted
with little prior organisation or theoretical frame of reference (275). Unstructured interviews are often
conceptualised as a form of informal conversation in which the interviewer poses broad questions as a
basis for eliciting information about a topic and based on the interviewee response, will further explore
ideas as they emerge during the conversation (276). Unstructured approaches may be useful where
little is known about a topic prior to the interview or as a means to glean information to further
formulate research (277). However unstructured approaches may be time consuming and may miss
valuable opportunities to elicit information, if little planning or theory is utilised to inform the
development of questions or topics of discussion (276).

Structured interviews are a form of verbally administered questionnaire (272, 274, 276, 278, 279).
Structured interviews are standardised so that each participant is asked the same questions, in the same
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order. Structured approaches are conducted with a list of pre-determined questions with little flexibility
to waiver from the set topic or explore issues that emerge during the process (280). While structured
approaches place the interviewer in control of the interview process and are organised and planned
prior to inception, the interviewer has little exploratory capacity, which may limit the ability of an
interview to capture new or emergent insights into a phenomenon of interest (276, 281)

Semi-structured interviews are a common interview method used in the social and health sciences (274,
278). Semi-structured approaches may be informed by theory or concepts identified of relevance, in the
literature (282). However, while there is structure, the interviewer is also granted the capacity to
diverge from a topic or explore themes that emerge during the interview (274, 278, 282-284). This
approach enables researchers to explore new insights and themes that emerge during the process,
which may be useful for the in-depth exploration of the perceptions and experiences of participants in
relation to the topic of inquiry (282).

In this thesis, semi-structured interviews were conducted with participants in the 12 month dietary trial
described in section 4.7.1.2, to explore key concepts relevant to whole grain foods and the factors
perceived to influence their consumption behaviour during the intervention period.

4.8.2

Computer aided Content Analysis using Leximancer

Content analysis (CA) is a research tool for systematically analysing the meanings and content inherent
in communication materials, particularly text documents (5, 285, 286). Content analysis draws from
both quantitative and qualitative methodologies to evaluate the presence of words and concepts in data
(286). CA involves quantifying the occurrence and association between words and concepts within a
body of text, utilising systematic coding methods (5). The categorised data is then utilised to infer
meanings from the text, which may be built upon to develop theories or understand the conceptual
content of communications (286).

CA may be conducted using computerised technology (287). Computerised methods may increase the
accuracy of the coded data and facilitate a systematic and consistent approach to text analysis.(286,
133

287) Computerised approaches to CA however may be limited in their capacity to contextualise the
coded data. This problem may corrected with the cross-checking of coded information to ensure valid
inferences are drawn from the textual data (286).

One form of CA that has gained increasing acceptance as a CA tool is Leximancer (288-291). Leximancer
is a text mining program designed to extract meaningful conceptual information from text documents
(13). The data generated by the program are visually depicted in the form of a concept map, to provide
the user with a graphical representation of the concepts and themes in the text (292). Concepts are
defined as ‘collections of words that generally travel together throughout the text’ (293) (pg. 9) and
represent the emergent ideas grounded in the text (292). Concepts are developed through a grounded
machine learning process, which starts with the identification of a ‘seed’ word and through an iterative
process, develops a thesaurus of terms which give the concept its definitional content (294). The
associated thesaurus terms are considered indicative of the concept and the concept can thus be
identified in the text by the presence of the thesaurus terms, with or without the seed word present
(289, 293).

Leximancer ranks the concepts on the basis of their frequency and co-occurrence, such that those
concepts which are highly connected and most relevant to the findings have a higher ranking than
concepts which stand alone or are not conceptually linked to others (293). The program then generates
a concept map, in which concepts are displayed as a function of their frequency and relationship to
other concepts on the map. Closely connected concepts are represented as themes (289, 293).

Leximancer has been used in a variety of research settings and has been validated as an alternative to
hand coding (290, 292, 295). The program has been used to analyse interview transcripts and assist
with case-study analysis, making it particularly useful and relevant for the purpose of this study (289).
As the coding process is automated, it allows for an objective analysis and has been shown to reduce
researcher bias throughout the analytic process (296). However, interpretation of the outputs
generated by Leximancer requires the skill of the researcher and close examination of associated text to
understand and synthesise the results (297). Leximancer thus provides a tool for exploring the data but
relies on the skill of the researcher to interpret the outputs in a meaningful way.
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Leximancer was used to aid in the analysis and interpretation of the semi-structured interview data.
Data outputs were cross-referenced and checked by reading both horizontally (each interview read
separately) and vertically (all responses read to each interview question) to search for additional
concepts that Leximancer may not have extracted and to understand and cross-check the Leximancer
outputs in the context of the text.
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CHAPTER 5.

COMPILATION OF AN AUSTRALIAN DATABASE

OF MANUFACTURED AND PACKAGED FOOD PRODUCTS
CONTAINING WHOLE GRAIN INGREDIENTS
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5.1

Preamble

This thesis investigates the issues surrounding the characterisation of whole grains in nutrition research
and practice. This chapter explores the challenges in the context of whole grain database development.
This setting was considered a pertinent starting point for the thesis, as comprehensive food databases
are fundamental components of nutrition research and practice. Whole grain databases may be used to
assess whole grain consumption in the context of dietary research and may have utility for the
investigating the whole grain composition of food products in the Australian marketplace. Importantly,
whole grain databases may provide nutrition practitioners with information about the whole grain
content of foods to inform nutrition activities that seek to promote whole grain consumption. A lack of
published data characterising the whole grain ingredient content of food products was identified as a
major resource gap in the Australian setting and thus this thesis sought to address this critical
characterisation issue with the development of a whole grain database.

Thus, this chapter describes the development of a whole grain database for nutrition research and
practice. In this study, issues related to the characterisation of whole grain ingredients in food products
were a primary consideration. Methodological considerations regarding the development of a
framework for data collection and compilation were also pertinent. The chapter ends with a discussion
of the characterisation challenges that occur in this setting.
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Figure 5-1. Schema highlighting the practice setting of database development examined in study 1,
chapter 5
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5.2

Peer reviewed journal article: Compilation of an Australian database of
manufactured and packaged food products containing whole grain ingredients
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5.3

Discussion

This chapter described the development of a whole grain database containing data on the whole grain
ingredient content of food products in the Australian market. This is the first Australian database to
characterise the whole grain content of food products, for use in nutrition research and practice.
Importantly, the database will provide nutrition practitioners and industry stakeholders with
information to promote whole grains to consumers. As discussed in this chapter and the corresponding
journal article (298), the database was used to inform the development of the Code of Practice for
Whole Grain Ingredient Content Claims, which is a major initiative that seeks to promote the
consumption of whole grain foods (4). The database may also be used by nutrition practitioners or the
food industry to promote whole grain food choices to consumers. Thus, through the development of a
whole grain database, this study addressed a critical characterisation challenge and provided nutrition
practitioners with a resource that may be used to promote whole grain consumption.

This study also demonstrated some of the challenges associated with characterising the whole grain
ingredient content of food products. Significantly, mimicking previous research, the study demonstrates
that establishing the actual whole grain ingredient content of food products is problematic (36, 39). In
this study the proprietary nature of food composition data was an issue and there were a number of
processes required to obtain the data including communicating with different food industry
representatives and negotiating the utilisation of the data.

There was also the issue of establishing a standardised methodological framework for the
characterisation of whole grain ingredients in foods. It was noteworthy that the Australia New Zealand
Food Standards Code (3) provided an important methodological framework for whole grain
characterisation that was useful for this study. The use of this framework for whole grain
characterisation was critical to the standardisation of calculation approaches and values obtained in the
database. As discussed in detail in chapter 3 and 4, there are numerous methods for characterising the
whole grain content of food products. It may remain debatable whether the standards for
characterising the whole grain composition of food products should be standardised using the dry
weight method or food labelling standards. However, through the process of negotiating and compiling
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the whole grain database described in this chapter, it is apparent that the use of established methods
that are widely used by the food industry represents a useful methodological approach for developing a
whole grain database.

5.4

Summary of key findings

The key findings from the database development study are summarised below in Box 5-1.

KEY FINDINGS



This was the first study to characterise the whole grain content of food
products in the Australian market and provide whole grain content data, in
the form of a published database, for use in nutrition research and practice



Standard 1.2.10 of the Australia New Zealand Food Standards Code provided
a useful methodological framework for the development of a whole grain
database, with data on the whole grain content of manufactured and
packaged food products.



There is wide variation in the whole grain content of Australian food
products.



Collaboration with the food industry represents a useful approach to
obtaining data on the whole grain content of foods in the market.



There remains the issue of inconsistent methods used to characterise the
whole grain composition of foods in nutrition research and practice.

Box 5-1. Summary of key findings from the database development study
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7.1

Preamble

The research conducted thus far has outlined a number of characterisation issues that may present as
barriers to the promotion of whole grain consumption in nutrition research and practice. In particular,
the previous chapter demonstrated that identifying whole grains in the supermarket may be
problematic due to the lack of harmonisation and congruence in the labelling of whole grain products.
In the context of dietary advice this may be problematic, as clear standards for whole grains are
required to effectively communicate and facilitate whole grain consumption. In the weight loss setting,
additional challenges may present, given the focus on achieving energy balance to facilitate weight loss
and the positioning of whole grains as a component of the background diet. Thus, considering the
prevailing issues regarding whole grain characterisation, this chapter explores the effect of dietary
recommendations on whole grain consumption, during a 12 month dietary weight loss trial.
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Figure 7-1. Schema highlighting the practice setting of dietary advice, explored in study 3 (dietary
study), chapter 7
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7.2

Introduction

The Australian Dietary Guidelines recommend the consumption of whole grain foods, yet research
shows that consumers would need to increase their whole grain intake by 160% to achieve healthy
dietary patterns (27). The challenges in bridging this gap are vast; however, as discussed throughout
this thesis, one of the core issues is the lack of clear and consistent definitions and characterisation
standards for whole grains and whole grain foods (17, 18). For instance, while a formal definition of the
term ‘whole grain’ exists in Australia (15), there is no official definition of ‘whole grain food’ to form the
basis of dietary recommendations and food labelling. Further, the prevalence of front-of-pack labelling
systems with discrepant criteria may be confusing for consumers who wish to identify and select health
whole grain foods in the supermarket (4, 7, 165).

The lack of clear and consistent definitions and standards for whole grains, begs the question of
whether dietary recommendations for whole grain consumption are effective in practice? In the clinical
setting, Dietitians provide their clients with whole grain intake recommendations consistent with the
Australian Dietary Guidelines (27). However, there is little research exploring the effect of this advice.
As discussed in chapter 3, previous research has shown whole grain-based dietary interventions may
influence whole grain consumption (45, 141, 312, 313). However, these studies were whole grain-based
interventions with the primary focus on facilitating whole grain consumption. In the dietetic setting,
whole grain recommendations are positioned as part of the background diet and in the context of
whole-of-diet advice for healthy eating, rather than the focal point of education. There is little research
to-date which has explored the effect of dietary advice, based on the Australian Dietary Guidelines, on
whole grain consumption.

Furthermore, there may be additional challenges associated with promoting whole grain consumption in
the dietetic setting. In particular, providing whole grain intake advice in the weight loss context may be
a challenge, as messages to consume whole grains may be delivered alongside advice to reduce total
food and potentially total grain food intake (27, 314-317). Currently, there is little research evaluating
the effect of whole grain intake advice in this context. Examining whole grain consumption in the
context of a weight loss intervention trial which formally adopts the nutrition principles in the Australian
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Dietary Guidelines provides a unique opportunity to assess how dietary advice may translate to whole
grain consumption in the weight loss setting.

7.2.1

Consumption of an individual whole grain product

The role of individual foods in the whole-of-diet context is given little attention; yet diets are comprised
of individual foods that may be important nutritional contributors to dietary intakes. Dietary advice
strategies may focus on the end-goal of increasing total whole grain intake, from a variety of products
sources (39); however, the consumption of individual foods may vary within the dietary repertoire,
suggesting the importance of examining individual food choices to obtain a comprehensive
understanding of the effects of advice on patterns of whole grain consumption. Examination of the food
choices associated with an individual whole grain product in a dietary trial may provide an opportunity
to expose dietary behaviours that either contribute to, or limit the achievement of dietary
recommendations.

Numerous studies to date have characterised the consumption patterns of ready-to-eat breakfast cereal
(318, 319). Others have focused on consumption of breads (320, 321). However, minimal research has
examined the dietary intake pattern associated with whole grain crispbread; another viable whole grain
option available in the Australian market. Further, minimal research to-date has provided an in-depth
analysis of the dietary behaviours associated with individual whole grain products, within the context of
dietary advice.

Vita-Weat is a whole grain crispbread product widely available in the Australian market with a
substantial marketshare in the biscuits category (213). Vita-Weat (the ‘Original’ brand) has a whole
grain content of 89 g per 100g and in a single serving of product delivers approximately 19 g of whole
grain; equating to around 40% of the 48 g Daily Target Intake recommended by the Grains and Legumes
Nutrition Council (28). As such, Vita-Weat is an example of a whole grain crispbread product with
potential to make a significant contribution to whole grain intake. Additionally, Vita-Weat has a history
of being recommended by Dietitians as a suitable food to incorporate into a weight loss diet (322, 323).
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Thus, whole grain crispbread and Vita-Weat may provide a suitable case-study for examining the dietary
behaviours associated with an individual whole grain product in the context of dietary advice.

The aim of this chapter was to evaluate the effect of dietary advice, consistent with the Australian
Dietary Guidelines and delivered in the weight loss setting, on patterns of whole grain consumption,
including a specific whole grain product Vita-Weat.

7.3
7.3.1

Methods
Intervention, participants and recruitment

This study utilised dietary data collected as part of a 12 month dietary intervention trial called the Smart
Study, conducted through the Smart Foods Centre, at the University of Wollongong, Australia. The
study was funded by the National Health and Medical Research Council. Details of the study are
registered with the Australian New Zealand Clinical Trials Registry (ACT RN12608000425392,
www.anzctr.org.au). Details of the dietary intervention trial were provided in the methodology chapter
of this thesis.

7.3.2

Dietary prescription and assessment of proportion of participants meeting or
exceeding recommended grain food intakes

In order to provide contextual information about the dietary advice participants received regarding total
grain food consumption during the trial, the proportion of participants meeting (consuming 'less than or
equal to') or exceeding (consuming 'more than') the recommended number of total grain food servings
was calculated. This analysis sought to reveal whether participants were provided with an overarching
message to reduce total grain food intake in order to meet the trial recommendations. All participants
were instructed on a hypocaloric diet providing 2MJ below estimated energy requirements, according to
the Mifflin equation. Dietary prescriptions were based on core food groups from the Australian Guide
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to Healthy Eating including grain based foods. Further details of the Smart Study dietary prescriptions
are provided in chapter 4.

Grain food servings were defined in accordance with the Australian Dietary Guidelines (158). Each
serving was further defined as part of the Smart Study as approximately 15 grams of carbohydrate.
Recommended grain food servings were determined at each time point based on each individual’s
energy requirements for weightloss, ranging from 4 to 7.5 servings. Participants were assessed as
meeting or exceeding recommended grain food intakes at baseline, 3 months and 12 months of the
intervention.

7.3.3

7.3.3.1

Dietary assessment of whole grain consumption

Assessment of dietary sources of whole grain

As the recommended intake of cereal foods was held constant between groups, the dietary data at each
time point was combined into a single cohort for analysis. Dietary data collected as part of the Smart
Study was originally coded according the AUSNUT (1999) food coding system, as part of the Smart Study
(158). Classification according to the AUSNUT food categories enabled foods reported in the diet history
interviews (DHs) to be linked to the whole grain database to identify the whole grain content of
individual food items. However, to simplify data analysis and reporting, the original food groups were
reduced to six food groups, similar to the food categories applied in previous research (36, 45, 318). The
final food group categories were: breads, breakfast cereals, crispbread products, grains and cereal based
dishes, sweet biscuits/cereal bars/desserts and snacks. Table 7-1 displays examples of food items
included in the respective six food categories.
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Table 7-1. Examples of food items included in the six food categories
Food group

Examples of food items included in each food category

Breads

Sandwich breads, flat breads

Breakfast cereals

Hot and cold breakfast cereals

Crispbread

Large size crispbread products such as Vita-Weat, Ryvita and
corn cakes
Cooked grains (rice, pasta etc) and the accompanying dish.
Pizza, risotto
Refined grain and wholemeal sweet/tea biscuits

Grains and cereal-based dishes
Sweet biscuits, cereal bars and
desserts
Snacks

Popcorn, grain-based chips, salty snacks, crackers

As a starting point to dietary assessment, whole grain was defined in accordance with the FSANZ
definition of whole grain, as discussed in chapter 2 of this thesis. Each food item recorded in the DHs
was assessed for the presence of whole grain ingredients, consistent with the prior-established
definition. The prior-established whole grain database and the AUSNUT recipe databases (158, 159)
were utilised as a basis for identifying foods containing whole grain ingredients.

To characterise the contributing sources of whole grain in the diets, foods containing whole grains were
classified as whole grain-containing foods (WGF) with no lower limit set on the amount of whole grain a
food should contain to be classified as containing whole grain. A definition of ‘whole grain food’ was not
applied, as whole grain intake was also measured at the gram intake level to assess changes in the
patterns of whole grain consumption (see section 7.3.3.2 below). The intake of WGFs (g/day) was
assessed for each participant, at baseline, three months and 12 months of the intervention. Grainbased foods that did not contain whole grains were classified as non-whole grain foods (NWGF).
Similarly, the intake of NWGFs (g/day) was assessed for each participant, at baseline, three months and
12 months of the intervention.
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7.3.3.2

Dietary assessment of absolute whole grain consumption

A column was established as a variable in the excel spread sheet for the assignment of whole grain
values to foods. To quantify whole grain intake in absolute terms (g/day), the whole grain content of
each food item was estimated based on the dry weight (dw) of whole grain ingredients, expressed as a
proportion of the fresh weight of the final (prepared/cooked) food. WG intake was calculated in this
way to standardise the measurement approach with previous research (38, 40, 67, 215).

There were two approaches used to quantify absolute whole grain intake, (1) through application of the
whole grain database and (2) through application of a recipe method. Details of the methods used to
calculate the absolute whole grain, using both approaches are provided below.

Application of the whole grain database to assess absolute whole grain intake

The whole grain database was utilised as a source of compositional data for the current study. Details of
the development of the whole grain product database were reported in chapter 4 and 5. The whole
grain database was applied to the task of assessing absolute whole grain intake firstly, by cross-checking
each food item reported in the DHs against foods in the whole grain database. Each food item in the
whole grain database has a corresponding AUSNUT food code, which enabled items food items reported
in the DHs to be matched to compositional data using the AUSNUT food categorisation system. Where
an exact match was identified, whole grain values were assigned to foods based on the whole grain
values in the database. Product-specific data was utilised where possible to provide an exact match
between reported food intakes and compositional data. If product-specific data was not available the
mean whole grain content values from the whole grain database were utilised to estimate the whole
grain content of reported food items (298). Whole grain data represented per 100g in the whole grain
database was converted to an amount per portion size consumed, as reported in the DHs.

In order to standardise the measurement approach with previous research (38, 40, 67, 215), the whole
grain content data obtained from the database was converted to its dw value. This conversion was
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done by discounting the estimated moisture content of the whole grain ingredients from the whole
grain ingredient content of the products.

Application of a recipe approach to calculate the whole grain content of mixed dishes and assessment
of absolute whole grain intake

For foods that were unable to be matched to compositional data in the whole grain product database, a
recipe approach was utilised to estimate the whole grain content of foods. Following on from the
methods of Franz and colleagues (38) whole grain was measured on a dry weight (dw) basis, using the
basic formula:
Formula one: 𝑫𝒓𝒚 𝒘𝒆𝒊𝒈𝒉𝒕 (𝒅𝒘) = 𝑨𝒎𝒐𝒖𝒏𝒕 (𝒈) − 𝑴𝒐𝒊𝒔𝒕𝒖𝒓𝒆 𝑪𝒐𝒏𝒕𝒆𝒏𝒕 (𝒈)

Moisture values were based on data provided in the AUSNUT nutrient database. For example, 100 g of
raw oats contains a moisture content of 9.3% and thus the dw of raw oats equates to 90.7 g (100 −
9.3 = 90.7).

For mixed dishes such as muesli slice and porridge the AUSNUT 2007 recipe database was utilised to
calculate the whole grain content of foods. For items that did not have a recipe in the AUSNUT 2007
recipe database, the AUSNUT 1999 recipe database was used to estimate the whole grain content of a
food. The AUSNUT recipe databases contain data on the ingredient content of foods, represented in the
form of a recipe-batch. Each recipe-batch consists of a list of ingoing ingredients and their weight in
grams, along with weight change and nutrient retention factors. The weight change factor, expressed
on a percentage basis, represents the change in weight that occurs during food processing, due to the
removal of water or other volatile ingredients.

Using this data, the whole grain content of mixed dishes was calculated by dividing the ingoing weight of
whole grain ingredients (dw) by the weight of the final food (fw) and multiplying by 100. Water loss
during food processing was taken into account by application of the weight change factor. These
methods are an adaptation of those outlined by Seal and colleagues (personal communication, 2012),
which account for the weight change during cooking. Notably, using this approach the whole grain
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ingredients are expressed on a dw basis, whereas the final food is expressed on a fresh weight (fw)
basis. The term fresh weight indicates that the weight of the final food includes the residual moisture
content of the food, after food processing.

The percentage whole grain content of each food was then multiplied by the weight of the reported
food item, to assess the contribution of whole grain from each food.

The calculations used to estimate the whole grain content of mixed dishes are outlined below:

Step 1: Recipe ingredients were determined in grams per batch

Step 2: The ingoing weight (g) of whole grain ingredients (dw) were determined using formula one

Step 3: The total weight (g) of the ingoing recipe ingredients were calculated

Step 4: The weight change factor was applied to the total weight of ingoing ingredients, to determine
the weight of the final food, in grams per batch

Step 5: The whole grain content (dw) of the final (prepared/cooked) food was calculated using formula
two, as outlined below.

Formula 2:
𝒘𝒉𝒐𝒍𝒆 𝒈𝒓𝒂𝒊𝒏 𝒄𝒐𝒏𝒕𝒆𝒏𝒕 𝒐𝒇 𝒇𝒊𝒏𝒂𝒍 𝒇𝒐𝒐𝒅 (𝒈/𝟏𝟎𝟎 𝒈)
=
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𝒊𝒏𝒈𝒐𝒊𝒏𝒈 𝒘𝒆𝒊𝒈𝒉𝒕 𝒐𝒇 𝒘𝒉𝒐𝒍𝒆 𝒈𝒓𝒂𝒊𝒏 (𝒈 𝒅𝒓𝒚 𝒘𝒆𝒊𝒈𝒉𝒕)
𝒙 𝟏𝟎𝟎
𝒘𝒆𝒊𝒈𝒉𝒕 𝒐𝒇 𝒕𝒉𝒆 𝒇𝒊𝒏𝒂𝒍 𝒇𝒐𝒐𝒅 (𝒈 𝒇𝒓𝒆𝒔𝒉 𝒘𝒆𝒊𝒈𝒉𝒕)

For example, the whole grain content (dw) of ‘Scone, wholemeal flour, carrot and parsley’ was
calculated as follows:

Step 1: Recipe ingredients were determined in grams per batch (Table 7-2)

Step 2: The ingoing weight (g) of whole grain ingredients (dw) were determined using formula one (160
– (11/100 x 160) = 142.4 g)

Step 3: The total weight (g) of the ingoing ingredients was calculated (300 + 160 + 80 + 275 + 20 + 50 +
10 = 895 g)

Step 4: The weight change factor of -14% was applied to the total weight of ingoing ingredients, to
determine the weight of the final food, in grams per batch (895 – (895 x 14/100) = 769.7 g)

Step 5: The whole grain content (dw) of the final (cooked) food was calculated using formula two
(142.4/769.7 x 100 = 18.5 g (18.5%))

Table 7-2. Recipe data for food item ‘Scone, wholemeal flour, carrot and parsley’ provided in the
AUSNUT recipe database
Food name

Weight change

Ingredient name

factor (%)

Ingoing ingredient
weight (g)

Scone, wholemeal
flour, carrot and

-14%

Flour, wheat, white, self-raising

300

parsley
Flour, wheat, wholemeal, selfraising

1

1

160

Butter, salted

80

Milk, cow, fluid, regular fat (~3.5%)

275

Sugar, white, granulated or lump

20

Carrot, mature, peeled, raw

50

Parsley, curly, raw

10

‘Flour, wheat, wholemeal, self-raising’ identified as a whole grain ingredient
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7.3.3.3

Sub-analysis of whole grain crispbread consumption patterns

A sub-analysis of whole grain crispbread consumption was conducted. This analysis sought to elucidate
patterns of consumption associated with an individual whole grain product. A particular focus was
placed on Vita-Weat as a case-study relating to an individual product. Consistent with the previous
analysis, DHs were analysed to quantify the average daily intake of crispbread products consumed by
participants at baseline, 3 months and 12 months. The crispbread categories considered in this analysis
included: refined-grain and whole grain crispbread (major categories), as well as the individual
crispbread brands consumed by the cohort.

7.3.4

Statistics

Data was analysed using SPSS (version 19.0, SPSS Chicago, IL). All dietary variables were tested for
normality using the Shapiro-Wilks test, with significance set at P<0.05. Prior to data analyses, nonnormal data were transformed using a logarithmic scale function and re-assessed for normality using the
Shapiro-Wilks test.

The average intake of NWGF, WGF and WG was calculated for each food group and subgroup. NWGF
and WGF intake was calculated by summing the total weight of each food item classified as either NWGF
or a WGF and dividing the value by 7. The intake of WG (g/day) was quantified by summing the whole
grain content of each food item in the DH and similarly dividing by 7 to obtain the average daily intake
(dw).

The median intake of NWGF, WGF and WG and their subgroups were calculated for the combined group
and stratified by sex, at each time point of the intervention (Table 7-6 and 7-7). Mean and standard
deviation values are also included in the tables for comparative purposes. Grain food intakes were also
assessed in grams per 10MJ. This approach was adopted to measure of the grain content of the diet and
to enable between-group comparison taking energy intake into account; consistent with previous
research (36, 318). The percentage contribution of each sub-group to total WG intake was calculated.
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All dietary variables remained non-normal after transformation and thus the non-parametric Freidman
Test was utilised to test the null hypothesis that there were no within-group differences in the total
intake of NWGF, WGF and WG, as well as the intake of grain food subgroups, across the intervention.
The Friedman test was based on subjects who completed the 12 month intervention (n = 64). The
complete case approach using the Friedman statistic was conducted due to the high dropout rate of
participants between baseline (n=118) and 12 months (n=64).

Reasons for participant withdrawal were reported to include study time commitment, work and family
commitments, health, travel and relocation (324). The high dropout rate was addressed in the primary
study through the application of various statistical approaches to investigate missing data (324). The
analyses found that there was minimal influence of attrition on the results and between the
characteristics of participants (completers vs dropouts). For the current secondary analyses, where the
purpose was to observe the actual intake behaviours reported in the trial, all reported food intakes are
presented in the findings but the Friedman statistic was utilised to test change across the 12 month trial
period. This approach has been used in previous research and is consistent with other secondary
analyses utilised to investigate the intake of fish and dairy consumption in the Smart Study (240, 325).

Further, to identify the statistically significant change between time points, pairwise post-hoc analyses
was conducted using Wilcoxon Signed Rank tests, with a Bonferroni adjustment made for multiple
comparisons and significance set at P<0.017. Independent Samples t-tests or Mann Whitney U t-tests
were conducted to test the hypothesis that there was no difference in men and women’s total intake of
NWGF, WGF and WG, at each time point, with significant set at P<0.05.

For the sub-analysis of crispbread consumption patterns, the absolute (g/day) and relative intake
(g/10MJ) of crispbread products was calculated for the combined group and stratified by sex, at each
time point of the intervention. The percentage contribution of crispbread products to total whole grain
intake was calculated. The Friedman non-parametric test was conducted to test for differences in the
total intake of crispbread products across time, based on the total number of subjects who completed
12 months of the dietary intervention (n=64).

227

Wilcoxon Signed Rank tests post-hoc tests were conducted to identify the significant change points, with
a Bonferroni adjustment applied for multiple comparisons and significance set at P<0.017. Due to the
non-normal nature of the data Mann Whitney U t-tests were conducted to test the hypothesis that
there was no difference in men and women’s total intake of crispbread products, at each time point,
with significance set at P<0.05.

7.4
7.4.1

Results
Baseline characteristics of Smart Study participants

There were 118 participants enrolled at baseline, 86 participants at 3 months and 64 participants
enrolled at the 12 month time point. At baseline there were 31 male and 87 female participants, with
an average age of 44.3 ± 9.45 and 45.42 ± 8.01 for men and women, respectively (Table 7-3). Men had a
mean Body Mass Index (BMI) of 31.42 ± 3.07 kg/m2 and women had a mean BMI of 31.31 ± 3.64 kg/m2;
putting both groups into the obese category, as defined by National Health and Medical Research
Council (NHMRC) BMI classification system (326).

Gender differences in the quantity of several food groups were identified (Table 7-4). Of relevance for
this study, men consumed a median intake of 192 (g/day) of cereals and cereal products which was
statistically less (P<0.05) than women’s median intake of 263 (g/day).
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Table 7-3. Baseline demographic and clinical characteristics of male and female participants
Clinical characteristics

1

Men

Women

Total Sample

(n=31)

(n=87)

(n=118)

Age (y)

44.3 (9.5)

45.4 (8.0)

45.1 (8.4)

Height (m)

175.7 (5.9)

165.9 (6.1)

168.4 (7.4)

Weight (kg)

96.9 (9.5)

86.3 (11.7)

89.0 (12.0)

BMI (kg/m2) 2

31.4 (3.1)

31.3 (3.6)

31.3 (3.5)

Body Fat % 3

30.2 (4.7)

42.4 (5.0)

39.3 (7.2)

Waist (cm) 4

106.9 (11.5)

104.7 (11.0)

105.2 (11.1)

Hip (cm) 4

104.8 (7.0)

112.8 (10.3)

110.7 (10.2)

Glucose (mmol/L)

5.0 (0.5)

5.0 (0.6)

5.0 (0.6)

Insulin (mU/L)

13.0 (6.7)

11.6 (6.2)

11.9 (6.3)

Total Cholesterol (mmol/L)

5.1 (0.9)

5.3 (1.0)

5.3 (1.0)

Triglycerides (mmol/L)

1.9 (1.1)

1.4 (0.6)

1.5 (0.8)

HDL Cholesterol (mmol/L)

1.2 (0.2)

1.6 (0.4)

1.5 (0.4)

Total Cholesterol:HDL

4.4 (1.1)

3.6 (1.1)

3.8 (1.1)

LDL Cholesterol (mmol/L)

3.1 (0.8)

3.1 (0.9)

3.1 (0.9)

Systolic Blood Pressure (mm Hg) 5

129.4 (17.1)

122.5 (15.2)

124.1 (15.9)

Diastolic Blood Pressure (mm Hg) 5

77.7 (10.2)

71.1 (8.3)

72.6 (9.2)

Cholesterol(mmol/L)

1

Values are means and standard deviations
BMI calculated as weight (kg) divided by the square of height (m)
3
Body fat assessed by dual-energy x-ray absorptiometry
4
Waist and hip measured by flexible tape measure
5
Average of 3 measurements of blood pressure
2
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Table 7-4. Baseline dietary characteristics of male and female participants in the SMART Study
Women (n=87)

Men (n=31)

Total Sample
(n=118)

Food group

Median (IQR)

1

Median (IQR)

1

Median (IQR)

1

P
value

Energy (kJ/day)

2

9072.5 (7436.6-

11475.3 (9042.1-

10447.4)

13202.7)

54 (0-141)

300 (53-900)

74 (0-257)

0.00

70 (30-110)

58 (26-127)

67 (29-111)

0.83

192 (149-242)

263 (173-333)

200 (155-288)

0.002

Confectionery (g/day)

18 (3-42)

13 (0-28)

15 (2-37)

0.57

Fats and oils (g/day)

7 (2-16)

5 (1-14)

7 (2-15)

0.16

Fish (g/day)

30 (13-53)

41 (23-92)

32 (14-57)

0.03

Fruit (g/day)

152 (89-243)

165 (115-329)

156 (94-250)

0.03

Meat, poultry (g/day)

147 (98-200)

200 (147-258)

164 (106-222)

0.002

Milk and milk products

227 (122-431)

295 (175-423)

253 (131-425)

0.33

765 (515-1195)

1096 (780-1886)

860 (543-1419)

0.002

Snacks (g/day)

2 (0-9)

0 (0-7)

1 (0-8)

0.11

Vegetables and

272 (201-384)

318 (216-521)

278 (207-407)

0.112

Alcoholic beverages
(g/day)
Cereal-based products
and dishes (g/day)
Cereals and cereal
products (g/day)

(g/day)
Non-alcoholic beverages
(g/day)

vegetable products
(g/day)
1

IQR: interquartile range

2

Independent samples t-test performed on transformed data, unless otherwise specified; significant at

P<0.05. Mann Whitney U test; significant at P<0.05
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7.4.2

Proportion of participants meeting or exceeding required grain food intakes

The proportion of participants meeting or exceeding the recommended number of grain food servings in
the dietary trial was assessed. At baseline a high proportion of participants exceeded the required grain
food servings (n=91/118; 77%). The proportion of participants exceeding recommended intakes
declined at the 3 month (n=32/86; 37%) and 12 month (n=26/64; 41%) time points.

Figure 7-2. Proportion of participants meeting (consuming 'less than or equal to') or
exceeding (consuming 'more than') recommended grain food servings
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7.4.3

Whole grain composition data sources

The whole grain database (298) was the primary source of whole grain composition data used to derive
whole grain values for food items reported in the DHs (Table 7-5).

Table 7-5. Percentage of food items with whole grain content, identified in two databases
Data source

Data type
Baseline

Whole grain product database

Aggregate

Recipe database

Product-specific
Recipes

7.4.4

Time point
3 months
12 months

%

%

%

76.9
22.3

63.8
35.7

75.5
23.8

0.8

0.5

0.8

Total and sub-group whole grain intake

There was no significant change in the total food or sub-group intake of WGF (g/day) or WG (g/day)
across the trial period (Table 7-6). However men were observed to consume more WGF (g/day) than
women at the 3 month time point (124.6 g vs 90.5 g) (P=0.00) (see Appendix 7-1 for grain food intakes
stratified by gender). Furthermore, men consumed more WG (g/day) than women at 3 months (47.7 g
vs 32.3 g) (P=0.00), with no statistically significant differences identified at baseline (P=0.05) or 12
months (P=0.268). The total intake of NWGF (g/day) decreased significantly between baseline and the
time points 3 and 12 months. Corresponding to this there was a decline in the intake of several NWGF
subgroups including NWGF-bread products (g/day), grains and cereal-based dishes, savoury biscuits and
sweet biscuits, cereal bars and desserts.

Whilst there was no change in the intake of WGF or WG when measured in g per day, there was a
statistically significant increase in the whole grain content of the diet (g/10MJ/day) when whole grain
was measured as a function of 10MJ of energy intake. The intake of WGF (g/10MJ/day) for the
combined group increased significantly from 94.5 (g/10MJ/day) at baseline to 148.5 (g/10MJ/day) at 3
months and significantly between baseline levels to 140.7 (g/10MJ/day) at 12 months. Similar patterns
were noted for men and women’s intake, which was significantly higher at the 3 month and 12 month
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time points, compared to baseline. The intake of WG (g/10MJ/day) also increased significantly for the
total group, from 32.7 (g/10MJ) at baseline to 59.2 (g/10MJ/day) at 3 months but when stratified by sex
the change was only statistically significant for women’s intake between baseline and 3 months, with
intakes increasing from 32.7 (g/10MJ/day) to 52.8 (g/10MJday). When gender differences were
explored accounting for energy intake, men’s WGF intake of 158.6 (g/10MJ/day) was statistically higher
than women’s intake of 142.9 (g/10MJ/day) at the 3 month time point (P=0.001). Similarly, men’s WG
intake of 65.5 (g/10MJ/day) at 3 months was statistically higher than women’s WG intake of 52.8
(g/10MJ/day) (P=0.000). No other differences between men and women’s total intake of NWGF, WGF
or WG were identified across the trial period.

At the food subgroup level there was a relative increase in the intake of WGFs and reduced contribution
of NGWFs to the diet (Table 7-7 and 7-8). The relative intake of NWGF-breads and grain-based dishes
(g/10MJ/day) decreased for both men and women and the intake of WGF-breads and grain-based dishes
(g/10MJ/day) increased in both groups (See Appendix 7-2 for intakes of subgroups, stratified by gender).
Similarly, the intake of NWGF-breakfast cereals remained stable (non-significant) but there was an
increase in WGF-breakfast cereal (g/10MJ/day) consumption for the combined group and for women
when stratified by gender. There was also a significant decrease in the relative intake of NWGF-sweet
biscuits, cereal bars and desserts, without a corresponding increase in WGF- biscuits intake.

The primary food sources of whole grain were breads and breakfast cereals, which accounted for
approximately 80% of the total intake of whole grains for both men and women. When comparing men
and women’s intakes, men’s intake of whole grain breakfast cereal (g/10MJ/day) was higher than
women’s at 3 months (P=0.031), with no other WGF-subgroup differences identified. In contrast several
differences were noted in the intake of NWGF between men and women. In particular men consumed
more NWGF-savoury biscuits at baseline (P=0.039), whilst women consumed more NWGF-savoury
biscuits at 3 months (P=0.007) and 12 months (P=0.001). Women consumed more NWGF-sweet
biscuits, cereal bars and desserts at baseline (P=0.031) and 3 months (P=0.035) and more NWGF-bread
at 3 months (P=0.005) and at 12 months (P=0.037).
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Table 7-6. Absolute and relative intake of non-whole grain foods, whole grain-containing foods and whole grain (dry weight) at baseline, 3 and 12 months
Baseline
Mean

3 months
2

2

Median

SD

Q1

Q3

Mean

Median

1

12 months
2

2

SD

Q1

Q3

Mean

Median

2

2

SD

Q1

Q3

P value

Absolute intake (g/day)
NWGF (g/day)

203.1

185.8 ab

124.8

120.7

252.7

91.3

63.7 a

74.5

37.1

133.2

97.6

89.2 b

71.0

50.6

120.7

0.000

WGF (g/day)

105.1

90.1

87.4

48.8

133.8

99.5

95.5

52.3

71.4

120.0

103.6

91.2

55.3

66.0

129.2

0.965

WG (dry weight)

37.6

30.3

29.9

18.7

47.8

38.7

35.6

22.3

23.2

49.7

34.0

30.8

21.1

19.7

47.3

0.185

206.4 ab

203.7

100.2

128.8

262.8

138.3 a

106.9

107.5

57.5

193.4

136.8 b

126.7

82.5

80.2

182.7

0.000

110.3 ab

94.5

91.0

56.1

150.6

154.9 a

148.5

78.7

112.9

195.9

153.4 b

140.7

80.0

96.7

202.5

0.000

39.2

32.7

29.6

18.9

50.5

60.2

59.2

34.0

36.1

74.9

49.5

45.2

28.5

27.6

69.6

0.003

(g/day)
Relative intake (g/10MJ/day)
NWGF
(g/10MJ/day)
WGF
(g/10MJ/day)
WG (dry weight)
(g/10MJ/day)
1

Mean values with like letters signify significant differences between time points
th
th
Q1: 25 percentile; Q3: 75 percentile
3
Friedman’s test; significant at P<0.05
2

3

Table 7-7. Absolute intake of non-whole grain and whole grain-containing food sub-groups and percentage contribution of food groups to total whole grain intake at
baseline, 3 and 12 months
Baseline (n=118)
Median

1

Q1

3 months (n=86)

1

Q3

%

Median

1

Q1

12 months (n=64)
1

Q3

%

Median

1

Q1

1

Q3

%

P value

Bread products (g/day)
Non-whole grain

19.9 ab

3.3

50.4

-

0.0a

0.0

9.1

-

2.9 b

0.0

12.1

-

0.000

Whole grain

39.8

12.3

82.3

42.9

60.7

33.7

85.7

49.7

47.4

26.9

74.8

41.6

0.722

Non-whole grain

0.0

0.0

0.0

-

0.0

0.0

0.0

-

0.0

0.0

0.0

-

0.571

Whole grain

19.3

4.3

44.4

41.4

24.5

13.9

32.1

40.2

25.9

11.8

47.3

46.7

0.762

Breakfast cereals (g/day)

Grains and cereal-based dishes (g/day)
Non-whole grain

111.0 ab

71.6

176.8

-

46.1 a

23.1

88.9

-

58.4 b

25.8

91.4

-

0.000

Whole grain

0.0 a

0.0

0.0

4.6

0.0

0.0

0.0

2.1

0.0 a

0.0

0.0

6.0

0.046

Non-whole grain

1.5 a

0.0

6.4

-

0.0 a

0.0

1.1

-

0.4

0.0

4.4

-

0.018

Whole grain

0.0

0.0

4.9

8.9

0.0

0.0

2.9

6.9

0.0

0.0

0.0

3.0

0.089

Non-whole grain

0.0

0.0

0.0

-

0.0

0.0

0.0

-

0.0

0.0

0.0

-

0.129

Whole grain

0.0

0.0

0.0

0.6

0.0

0.0

0.0

0.1

0.0

0.0

0.0

0.3

0.122

12.0 ab

1.4

34.0

-

0.0 a

0.0

6.8

-

1.9 b

0.0

11.6

-

0.000

0.0

0.0

0.0

1.4

0.0

0.0

0.0

1.0

0.0

0.0

0.0

2.5

0.650

Savoury biscuits (g/day)

Snacks(g/day)

Sweet biscuits, cereal bars and desserts (g/day)
Non-whole grain
Whole grain
1
2

th

th

Q1: 25 percentile; Q3: 75 percentile
Wilcoxon Signed Rank test performed with a Bonferroni adjustment and significance set at P<0.017

2
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Table 7-8. Relative intake of non-whole grain and whole grain-containing food sub-groups at baseline, 3 and 12 months
Baseline (n=118)
Median

1

Q1

3 months (n=86)

1

Q3

%

Median

1

Q1

12 months (n=64)
1

Q3

%

Median

1

Q1

1

Q3

%

P value

Breads (g/10MJ/day)
Non-whole grain

22.7 a

2.9

55.5

-

0.0 ab

0.0

12.5

-

0.0 b

0.0

21.1

-

0.000

Whole grain

47.5 a

13.6

86.5

-

96.1 a

53.3

133.1

-

71.4 b

39.3

110.7

-

0.001

Non-whole grain

0.0

0.0

0.0

-

0.0

0.0

0.0

-

0.0

0.0

0.0

-

0.726

Whole grain

22.2

4.7

47.3

-

40.9

20.6

51.3

-

39.8

18.2

75.0

-

0.027

Breakfast cereals (g/10MJ/day)

Grains and cereal-based dishes (g/10MJ/day)
Non-whole grain

121.8 ab

76.3

188.1

-

78.0 a

34.3

136.2

-

59.7 b

31.0

131.2

-

0.000

Whole grain

0.0 a

0.0

0.0

-

0.0

0.0

0.0

-

0.0a

0.0

0.0

-

0.046

Non-whole grain

1.4

0.0

6.2

-

0.0

0.0

2.1

-

0.4

0.0

6.2

-

0.096

Whole grain

0.0

0.0

4.3

-

0.0

0.0

4.7

-

0.0

0.0

0.0

-

0.115

Non-whole grain

0.0

0.0

0.0

-

0.0

0.0

0.0

-

0.0

0.0

0.0

-

0.129

Whole grain

0.0

0.0

0.0

-

0.0

0.0

0.0

-

0.0

0.0

0.0

-

0.422

Savoury biscuits (g/10MJ/day)

Snacks (g/10MJ/day)

Sweet biscuits, cereal bars and desserts (g/day)
Non-whole grain

14.4

2.0

35.9

-

0.0

0.0

10.2

-

3.5

0.0

19.3

-

0.001

Whole grain

0.0

0.0

0.0

-

0.0

0.0

0.0

-

0.0

0.0

0.0

-

0.782

1

th

th

Q1: 25 percentile; Q3: 75 percentile
2
Wilcoxon Signed Rank test performed with a Bonferroni adjustment and significance set at P<0.017

2

7.4.5

Crispbread intake

For the combined cohort, Vita-Weat crispbread contributed approximately 5.1% to the total intake of
whole grain (dw) at baseline, 3.7% at the 3 month time point and 1.9% at 12 months (Tables 7-9 and 710). The contribution of Vita-Weat to total whole grain intake almost doubled when considering data
from crispbread consumers only (Appendix 7-4; Table 9-21). Among Vita-Weat consumers, Vita-Weat
contributed 33.6% to total whole grain intake at baseline, 23.3% to total whole grain intake at 3 months
and 9.4% at 12 months (Appendix 7-5; Table 9-23).

Gender differences in the intake of crispbread products were examined (See Appendix 7-3 to 7-5 for the
intake of crispbread products, stratified by gender). There were differences in the absolute and relative
intake of refined grain crispbread between men and women at 12 months (P=0.044) but no other
differences were noted between groups, in either the combined cohort (Appendix 7-3) or population
subgroups (crispbread consumers and Vita-Weat consumers) (Appendix 7-4 and 7-5).

Change in the intake of crispbread products across time was tested. There was no statistically
significant change in the intake of Vita-Weat when measured in absolute or relative terms (Table 7-9
and 7-10). However, there was a significant decrease in the absolute intake of total crispbread between
baseline and 12 months (P=0.00). Women’s crispbread consumption declined between baseline and 12
months (P=0.00), with no other significant differences between other time points (Appendix 7-3).

The total intake of whole grain crispbread and women’s intake of whole grain crispbread also declined
between baseline and 12 months (P=0.00) but there was an increase in the intake of whole grain
crispbread between baseline and 3 months (P=0.000) when measured as a proportion of 10MJ; however
this levelled out to baseline levels by the 12 month period.
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Table 7-9. Absolute intake (g/day) of crispbread products and percentage contribution of whole grain crispbread to total whole grain intake, at baseline, 3 months and
1
12 months; for the combined cohort
Baseline (n = 118)

Total crispbread
intake (g/day)
Refined-grain
(g/day)
Whole grain
(g/day)

Total
group
Total
group
Total
group

Vita-Weat
(g/day)

Total
group

1

SD

3

4

3 months (n = 86)
5

Q1

5

n

Mean

Median

43

5.8

0.0

13.3

0.0

8.6

35

5.1

0.0

14

1.5

0.0

6.5

0.0

0.0

9

1.8

0.0

34

4.3

0.0

10.3

0.0

4.9

8.
9

27

3.3

0.0

18

2.2

0.0

8.2

0.0

0.0

5.
1

14

1.6

0.0

Data obtained from analysis of Diet Histories
Baseline: Male (n=31); Female (n=87)
3
3 months: Male (n=24); Female (n=62)
4
12 months: Male (n=20); Female (n=44)
5
th
th
Q1: 25 percentile; Q3: 75 percentile
6
P value: Friedman test; P<0.05
2

2

Q3

%

n

Mean

Median

SD
9.
0
6.
2
7.
3
4.
9

12 months (n = 64)
n

Mean

Media
n

SD

Q1

Q3

6.0

19

2.5

0.0

5.5

0.0

2.6

0.048

0.0

0.0

8

1.3

0.0

4.5

0.0

0.0

0.938

0.0

2.9

6.9

11

1.2

0.0

3.6

0.0

0.0

2.9

0.034

0.0

0.0

3.7

5

0.7

0.0

3.2

0.0

0.0

1.9

0.687

5

5

Q1

Q3

0.0

%

5

5

%

P
6
value

Table 7-10. Relative intake (g/10MJ/day) of crispbread products, at baseline, 3 months and 12 months; for the combined cohort

Baseline (n = 118)

2

3 months (n = 86)

1

3

12 months (n = 64)

4

Total crispbread
intake
(g/10MJ/day)
Refined-grain
(g/10MJ/day)
Whole grain
(g/10MJ/day)

Total
group

43

5.8

0.0

11.6

0.0

7.4

35

8.5

0.0

15.2

0.0

10.9

19

4.0

0.0

8.8

0.0

4.0

P
6
value
0.115

Total
group
Total
group

14

1.5

0.0

6.4

0.0

0.0

9

3.2

0.0

11.4

0.0

0.0

8

2.2

0.0

7.6

0.0

0.0

0.758

34

4.4

0.0

9.7

0.0

4.3

27

5.3

0.0

11.6

0.0

4.7

11

1.8

0.0

5.3

0.0

0.0

0.048

Vita-Weat
(g/10MJ/day)

Total
group

18

2.1

0.0

6.0

0.0

0.0

14

2.5

0.0

7.2

0.0

0.0

5

1.0

0.0

4.4

0.0

0.0

0.759

n

1

Mean

Median

Data obtained from analysis of Diet Histories
Baseline: Male (n=31); Female (n=87)
3
3 months: Male (n=24); Female (n=62)
4
12 months: Male (n=20); Female (n=44)
5
th
th
Q1: 25 percentile; Q3: 75 percentile
6
P value: Friedman test; significant at P<0.05
2

5

SD

Q1

5

Q3

n

Mean

Median

5

5

SD

Q1

Q3

n

Mean

Median

5

5

SD

Q1

Q3
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7.4.6

Intake of crispbread products, relative to total whole grain intake

Vita-Weat was the major source of whole grain crispbread consumed, comprising 57% of the total intake
of whole grain crispbread at baseline (Table 7-11). Other products included ‘unspecified products’,
Ryvita, Corn Thins and Salada which contributed 25%, 12%, 4% and 2% of total intake, at baseline. A
similar intake pattern was identified at 3 and 12 months, with Vita-Weat contributing between
approximately 50% and 60% of the whole grain crispbread consumed by the population group.
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Table 7-11. Major product sources of whole grain crispbread and percentage contribution to total
1
whole grain and whole grain crispbread intake
Rank

Baseline
1
2
3
4
5
6
7
3 months
1
2
3
4
5
6
12 months
1
2
3
4
5
6

1
2

Crispbread brand/product

% contribution to total
whole grain crispbread
2
intake

% contribution to
total whole grain
2
intake

Vita-Weat
Unsp wholemeal wheat crispbread
Ryvita
Unsp savoury cake, rice
Corn Thins
Salada
Lanes Premium

57.4
12.4
11.9
11.6
3.7
2.2
0.8

5.1
1.1
1.1
1.0
0.3
0.2
0.1

Vita-Weat
Unsp rice cake
Ryvita
Corn Thins
Salada
Unsp wholemeal wheat flour

53.1
24.7
14.6
6.1
1.1
0.3

3.7
1.7
1.0
0.4
0.1
0.0

Vita-Weat
Unsp rye crispbread
Unsp rice cake
Ryvita
Unsp wholemeal wheat flour
crispbread
Unsp wheat savoury biscuit, medium
size

64.1
13.9
11.8
3.9

1.9
0.4
0.3
0.1

3.9

0.1

2.3

0.1

Analysis pertains to the total study sample
Measured as dry weight of whole grain
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7.5

Discussion

This study sought to examine the effect of dietary advice consistent with the Australian Dietary
Guidelines and delivered in the weight loss setting, on patterns of whole grain consumption. The
primary finding was that dietary advice delivered in the context of a 2MJ energy restriction, resulted in a
relative increase in whole grain intake (g/10MJ) and a corresponding decrease in non-whole grain food
consumption (g/10MJ) over 12 months. Importantly, dietary advice resulted in a balance between the
consumption of non-whole grain foods and whole grain-containing foods during the trial. While at
baseline the consumption of non-whole grain foods was high relative to the consumption of whole
grain-containing foods, at the 3 month and 12 month time points these foods were consumed in similar
quantities (Table 7-6). The findings suggest that dietary advice may lead to beneficial changes in
patterns of grain food consumption. These findings mimic previous research which has found that
dietary advice may lead to beneficial changes in the consumption of nutrient-dense foods such as whole
grains (45, 141), fruit and vegetables (327) and dairy products (240).

However, despite shifts in total grain food consumption there was minimal change to the absolute
intake of whole grains (g/day) or whole grain-containing foods (g/day) over the 12 month period.
Further, as the Australian Dietary Guidelines recommend the consumption of ‘mostly’ whole grain foods
(27) and not the consumption of ‘similar’ quantities, as was found in this study, the results indicate that
there remains a need to further optimise whole grain intake in order to increase absolute whole grain
intake under weight loss conditions, and to assist consumers to meet dietary guidelines. Further
research is needed, under different conditions, to evaluate the effect of dietary advice on patterns of
whole grain consumption.

This study highlights the challenge of promoting whole grain consumption in the dietary advice setting.
In particular, the findings suggest that the context of advice may present a challenge. In this study,
advice to consume whole grains was delivered as a portfolio of recommendations and in the context of
a 2MJ dietary energy-deficit and certain food restrictions. Further, a high proportion of participants
exceeded their total grain food intake requirements at baseline and thus participants were provided
with recommendations to make whole grain choices whilst reducing their total grain food intake. It may
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be that the combination of these messages was not conducive to participants making overt changes to
their absolute intake of whole grain foods. While previous research indicates that whole grain-based
interventions may effectively facilitate whole grain consumption (45, 141); this research suggests that
there may be a need to consider strategies to promote whole grain consumption, with consideration for
the unique setting in which advice is delivered.

Thus, the setting of dietary advice introduces a number of complexities to the task of promoting whole
grain consumption. Dietitians may need to consider alternative or additional strategies to assist
consumers to increase their whole grain consumption, beyond the messages provided in the Australian
Dietary Guidelines. The findings of this study point to a need to make specific recommendations to
increase whole grain consumption in the context of broader dietary guidelines. In particular, strategies
that focus on substituting refined grains for whole grains, rather than increasing whole grain
consumption may be useful, where there are restrictions on total energy intake. Additionally,
addressing characterisation issues on food labels, such as those described in chapter 6, may better assist
consumers to identify healthy whole grain products in the supermarket. Further strategies have been
suggested throughout the literature such as providing quantitative whole grain intake targets to
encourage consumption (4), providing strategic advice about how to identify whole grains in the
supermarket (46) and directing consumers to foods with higher whole grain content (4, 39, 90).

Alternatively, encouraging the consumption of non-mainstream grains such as sorghum, amaranth and
quinoa, may serve as a strategy to increase the intake of whole grains as part of a healthy diet.
Sorghum, for example, is a major cereal crop that has been utilised as part of traditional diets in Africa
and India but is currently under-utilised as a food in the Western context (328). Like other whole grains,
sorghum contains a host of nutritional components including phenolic acids, phytosterols and fibre,
which provide nutritional and health benefits when incorporated into a healthy dietary pattern (329).
Further, the low digestibility properties of sorghum suggest that it may have particular application in the
context of weight loss and glycaemia (328).

In Australia, sorghum is primarily utilised as livestock feed and the availability and consumption of
sorghum products is low relative to wheat, which is the major source of grains in the Australian diet
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(148). However with growing consumer interest in alternative grains and gluten-free products, there
may be potential to leverage off consumer interests and promote sorghum or other options such as
quinoa, as a strategy to increase whole grain consumption (328). Importantly, increasing the supply and
consumption of sorghum or other non-mainstream grains, would require cross-sectoral planning and
the collaborative efforts of food scientists, plant breeders, manufacturers and nutritionists, to ensure
the successful development and uptake of these foods by consumers (42).

Importantly, as discussed throughout this thesis, clarifying definitions and characterisation standards for
whole grains may be important for the effective promotion of whole grains in the dietary advice setting.
In particular, a clear definition or characterisation standard for whole grain foods, as part of the
Australian Dietary Guidelines, may provide an important base for the design of effective dietary
interventions. In this study, dietary advice to consume whole grains was based on the Australian Dietary
Guidelines; however, as these guidelines lack a clear definition or characterisation standard for whole
grain foods, a prior-established definition was not available to use as a base for communicating the
whole grain concept and promoting whole grain consumption in this setting.

7.5.1

Consumption of an individual whole grain product

As discussed above, the consumption of whole grain-containing foods (g/day) and absolute whole grain
intake (g/day) did not change over the 12 month trial period. However, in contrast with the other types
of whole grain foods in the study, the consumption of whole grain crispbread was observed to decrease
statistically significantly across the intervention. The sub-analysis of crispbread consumption patterns
revealed that the Vita-Weat brand of crispbread was the primary source of whole grain crispbread that
contributed to this trend. This finding is of interest as it shows that the patterns of crispbread
consumption differed from the consumption behaviour associated with other core whole grain foods.

More so, these behaviours stood in contrast to the dietary recommendations delivered as part of the
intervention, which included recommendations for crispbread consumption, with the Vita-Weat
products provided as an example of a suitable whole grain choice. The participants’ perceptions of Vita-
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Weat and crispbread products and their role in the diet may have been a key driver of the consumption
behaviours associated with Vita-Weat intake. Please see chapter 8 for an in-depth discussion of the role
of the participants’ perceptions in their consumption behaviour associated with Vita-Weat and other
whole grain foods.

This discrepancy warrants further consideration, as whole grain crispbread may be an important dietary
source of whole grain (36, 39, 313). In this study, at baseline, Vita-Weat contributed 33.6% of total
whole grain intake, among consumers of the products; demonstrating the important contribution that
Vita-Weat may provide to whole grain consumption. Importantly, whole grain crispbread is a
recommended food in the Australian Dietary Guidelines and as indicated in the chapter 5, whole grain
crispbread products contain high median whole grain content. Understanding the sources of
discrepancy between dietary recommendations and patterns of consumption may be important for
addressing the barriers to whole grain consumption (44, 189). Further research may elucidate the
factors that may have contributed to the patterns of total whole grain consumption and crispbread
intake in this study.

7.5.2

Challenges and limitations associated with characterisation of whole grain
consumption patterns

There were several challenges associated with characterising the whole grain consumption patterns in
this dietary study. Firstly, most of the data relating to the whole grain content of the foods reported
consumed by participants were derived through aggregated whole grain compositional data, rather than
product-specific compositional data. This means that the precise whole grain content of most of the
foods consumed in this study was not known. This is because brand-specific information was not
collected as part of the routine dietary assessment and most of the grain-foods were reported by
participants in generic terms such as ‘wholemeal bread’ or ‘multi-grain bread’, without accompanying
product information. There is potential for the over or under-estimation of whole grain intake if
product-specific data is not collected as part of a dietary study and as such this represents a limitation of
the current investigation. Notably, this issue is not unique to this study but rather represents a broader
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limitation of conducting dietary research on whole grains (153). This fundamental ‘characterisation’
issue represents a barrier to obtaining a comprehensive understanding of the effect of dietary advice on
food intake behaviour. Further, this limits the capacity of the researchers and practitioners in the
dietary trial to monitor and evaluate the effects of their advice and to use this information to devise
strategies to further influence whole grain consumption during the trial period. This issue requires
addressing with the continual development of robust whole grain databases and dietary assessment
systems, with improved capacity to accurately assess patterns of whole grain consumption (38, 42).
Future research is needed to develop this infrastructure.

Further, a translational issue became apparent throughout the process of conducting this research. The
whole grain compositional data collected as part of the database study was collected in a different
format to that which has been reported to be utilised in the research setting (38, 114, 126, 127, 215,
330). In order to harmonise with previous research, the decision was made to adjust the original data
obtained from the whole grain database to the dry weight standard. This highlights that there is a
discrepancy between the methods used to characterise the whole grain ingredient content of foods
between nutrition practice settings that may cause translational issues in practice. Future work and
discussion among researchers, food manufacturers and food regulatory agencies are needed to
standardise the methodology for characterising whole grains across nutrition practice platforms.

7.5.3

Conclusion

This study demonstrates that promoting whole grain consumption in weight loss context is complex.
Dietary advice may result in beneficial changes to grain food intake behaviours. However, increasing
absolute whole grain consumption, in the context of reducing total energy and total grain food intake,
may present a challenge for practitioners. Further, the findings indicate that dietary responses to advice
may differ between foods. In this study, consumption of whole grain crispbread shifted in contrast to
the dietary recommendations delivered as part of the trial. Further research is required to elucidate
potential barriers to whole grain consumption and reveal the factors that may contribute to a decline in
the intake of whole grain-rich foods such as crispbread.
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It is important to note however, that there were many potential shifts and changes in the dietary
behaviour that may have impacted upon the participants’ whole grain intake behaviour. Dietary advice
was delivered as a suite of recommendations without a central focus on whole grains. Thus promoting
whole grain consumption in the whole-of-diet context remains complex. Further, issues related to the
characterisation of whole grain ingredients in foods were identified as a limitation of this research,
which may present a translational issue in nutrition practice.
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7.6

Summary of Key findings

The key findings from the dietary study are summarised below in Box 7-1.

SUMMARY OF KEY FINDINGS



Dietary advice may lead to beneficial changes in patterns of grain food consumption among
participants in a weight loss intervention.



Dietary advice consistent with the Australian Dietary Guidelines and delivered in the weight loss
setting, resulted in a relative increase in whole grain intake (g/10MJ) and a decrease in non-whole
grain food intake (g/10MJ) over 12 months.



Dietary advice resulted in a balance between the consumption of non-whole grain foods and whole
grain-containing foods during the trial



There was no change in absolute whole grain intake (g/day) or the intake of whole grain-containing
foods (g/day) over 12 months; suggesting that there remains a need to further optimise whole grain
intake in this setting.



The consumption of whole grain crispbread declined significantly over 12 months.



Vita-Weat was the most frequently consumed crispbread product.



Crispbread and Vita-Weat patterns of intake differed from the intake pattern associated with other
core whole grain foods.



There were issues associated with characterising the whole grain ingredient content of foods in the
dietary study, including the need to translate the prior-collected whole grain compositional data to
dry weight form.



Obtaining an accurate representation of the whole grain intake behaviour of participants in a
dietary trial setting is problematic.

Box 7-1. Summary of key findings from the dietary study
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CHAPTER 8.

DIETARY TRIAL PARTICIPANTS’ CONCEPT AND
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8.1

Preamble

The previous chapter explored the effect of dietary advice on whole grain consumption during a 12
month dietary trial. The study found that despite changes to total grain food intake and the
achievement of a balance between the consumption of whole grain and non-whole grain foods; dietary
advice did not shift the absolute intake of whole grains or whole grain-containing foods (g/day) over the
12 month dietary trial. There was also a significant decline in the consumption of a whole grain-rich
product, Vita-Weat, which served as a case study for a single food. Bearing in mind that participants
needed to reduce overall energy intake, the findings suggest there were challenges associated with
promoting whole grain consumption, in absolute terms, in the dietary trial setting.

The study reported in this chapter was constructed to explore the dietary trial participants’ concept of
whole grain foods and factors perceived to influence their consumption. This work serves to elucidate
potential characterisation issues at the conceptual level that may have influenced the behaviours of
participants in the dietary trial.
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Figure 8-1. Schema highlighting the practice setting of dietary advice (perceptions study) explored in
study 4, chapter 8
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8.2

Introduction

In response to the body of scientific evidence linking whole grains to reduced risk of chronic health
conditions, there has been an increasing effort among researchers (31), the food industry (4, 90) and
regulatory bodies (15, 33) to develop and harmonise definitions and standards for whole grains and
whole grain foods (38). Characterisation of whole grains is fundamental to research (17) and the work
being done in nutrition practice to assist consumers to meet dietary recommendations (18). However,
despite the emphasis on fostering these developments in nutrition practice, little research has explored
how consumers characterise whole grains and how these perceptions may influence their consumption
behaviour (44).

8.2.1

Perceptions of whole grains and whole grain foods

Exploring consumer perceptions and conceptualisation of foods may provide insight into the factors that
drive food choice and the barriers to promoting healthy food choices to consumers (46). Current
research demonstrates that consumers have diverse perceptions associated with whole grains (190,
331); however a lack of knowledge and awareness of the ‘content and boundaries’ of the whole grain
food concept may be a barrier to promoting whole grain consumption (44, 46). Marquart (46)
demonstrated that consumers in the general community (health club members and participants in an
American state fair) were aware of whole grain foods; however their ‘cognitive maps’ were less
elaborate and more superficial than nutrition professionals. Further, this study suggested that
identifying whole grains may be problematic, if consumers lack knowledge and awareness of the
concept of whole grain foods. Other factors that may drive food choices around whole grains are
perceptions of taste and texture (190, 332), price (193), colour (333), health characteristics (334) and
culture (334). Thus, understanding the consumers’ concept and perceptions associated with whole
grains may provide rich insights into the factors that impede or facilitate the effective promotion of
whole grain consumption.
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While previous research provides insights into how certain segments of the population characterise
whole grains (46, 334), there is minimal research which has investigated this in the context of dietary
advice (44). Examining the perceptions of participants in a dietary trial where whole grains were
recommended for consumption provides an opportunity to elucidate the barriers to whole grain
consumption. A study conducted by Kuznesof and colleagues (44) investigated the concept of
acceptance, among participants in a whole grain-based intervention to identify barriers to consumption
and elucidate the reasons for low levels of intake. The study identified the factors influencing the
participants’ acceptance of whole grain foods, including dimensions relating to taste, preparation and
health-related characteristics, and the compatibility of whole grains with existing ingredient and meal
patterns. However, few other studies have investigated consumer perceptions in the dietary trial
context. Further, the applicability of these findings to the typical dietetic setting is limited, as whole
grains were the focus of the intervention reported by Kuznesof and colleagues (44), whereas dietary
advice based on the Australian Dietary Guidelines positions whole grains as part of the background diet.

The previous chapter described a secondary analysis of a dietary trial, investigating the effect of dietary
recommendations delivered in line with the Australian Dietary Guidelines, on patterns of whole grain
consumption. Exploring how the participants in this study, characterise whole grains, provides an
opportunity to elucidate the perceptions that may have influenced whole grain consumption in this
setting and identify barriers to the promotion of whole grain consumption in this setting.

8.2.2

The case of a specific whole grain product

Previous qualitative research has focused on characterising consumer perceptions of whole grain foods,
as an overarching nutritional concept (46). Studies in this area have found that the determinants of
food choice around whole grains relate to factors such as taste, texture and price, as discussed in the
section above (190, 332, 333). However the generalisability of these findings to other categories of
whole grain, such as crispbread, are limited, as consumer perceptions of whole grains may differ as a
function of the unique characteristics of the food or in accordance with person-related variables such as
taste or cultural preferences (334). As such, research into the range of consumer responses to a variety
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of whole grain foods is needed, to expand our understanding of the unique challenges that come with
promoting different types of grain foods into the diet.

To date, no research has been conducted on whole grain crispbread, which is a viable source of whole
grain, readily available on the Australian market. The study reported in chapter 7 identified a significant
decline in the consumption of whole grain crispbread and specifically Vita-Weat across the duration of
the dietary trial. The consumption patterns associated with this particular product differed from the
consumption of other core whole grain foods in the dietary trial. This scenario provides an opportunity
to explore the barriers to whole grain consumption and elucidate the factors that may have influenced
this trend in the dietary trial. In turn, this information may be informative for the future design of
effective strategies to promote whole grain dense food choices to consumers, in the context of dietary
trials.

Qualitative social research is a common approach utilised to explore consumer perceptions of foods and
the factors influencing their consumption (196). Qualitative semi-structured interviews are one form of
qualitative research that enables research to garner in-depth exploratory data on the beliefs and
perceptions that drive dietary behaviour (273, 276). Semi-structured interviews have been applied by
health professionals to explore consumer perceptions, subjective experiences and views related to
health and food-related behaviours (277, 283, 284). Further, an interview approach has been
demonstrated effective in the context of exploring perceptions in the context of interventions for
weight loss (335). Thus semi-structured interviews with participants in the dietary trial, described in the
previous chapter, may provide insight into the participants’ perceptions and information about potential
factors that may influence whole grain consumption in the setting of dietary advice.

This chapter thus reports the findings of a qualitative semi-structured interview study conducted to
explore the dietary trail participants’ perceptions of whole grains and the factors influencing their
consumption. The aim of this study was to explore how the dietary trial participants characterise whole
grain foods. The objectives were to (1) to explore how the dietary trial participants’ characterise whole
grain foods as a food category and characterise a specific whole grain product (Vita-Weat), (2) to explore
the factors perceived to influence the consumption of whole grain foods and Vita-Weat.
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8.3
8.3.1

Methods
Recruitment

Interviews were conducted with a sample of participants from the 12 month weight loss dietary trial
(Smart Study), conducted at the Smart Foods Centre, at the University of Wollongong. All participants in
the study were instructed to consume whole grain foods as part of a 2MJ energy-deficit diet. Further
details of the dietary trial, including participant characteristics, are provided in chapter 7.

All participants in the dietary trial were invited to partake in the interviews on a voluntary basis at the
end of the 12 month period of the intervention. Participants were provided with an information
package and consent form to sign prior to participation in the study. Participants were contacted via
telephone. Ethics approval for this study was granted through the University of Wollongong Human
Nutrition Ethics Committee.

8.3.2

Semi-structured interview design

A semi-structured interview questionnaire was constructed to guide the interviews. The interviews
were conducted in two stages. The first stage focused on exploring participants’ perceptions regarding
whole grains as a general food category and the second focused on exploring perceptions of Vita-Weat
crispbread. Questions were constructed around three core themes identified in the literature: (1)
conceptualisation of the terms whole grain food and Vita-Weat, (2) perceived nutrition and health
benefits of whole grain/Vita-Weat consumption and (3) perceived factors influencing whole grain/VitaWeat consumption (Table 1-1). Each interview was conducted with one or two participants and the
interviewer present. Participants were shown a range of grain products to stimulate discussion in the
first stage of the interviews and were shown Vita-Weat crispbread products (Vita-Weat Original and 9Grain products) in the second stage of the interviews. Interviews lasted approximately 45 to 60
minutes. Interviews were audio-recorded and transcribed verbatim.
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Table 8-1. Key concepts and the corresponding interview questions to guide the semi-structured interviews

Key Concept

Food category level questions (whole grain focused)

Product-specific questions (Vita-Weat focused)



What are whole grains and whole grain foods?



Do you know the product Vita-Weat?

Concept of whole



What are the characteristics of whole grains?



What comes to mind when you think of Vita-Weat?

grain food/Vita-



What are some examples of whole grain foods?

Weat



Here are some foods, which of them would you consider whole



Do you think Vita-Weat is a healthy choice to incorporate into your

grains? (examples of a range of whole grain and refined grain
foods, as well as other plant foods including seeds and legumes
provided)
Perceived nutrition



Do you consider whole grains to be healthy?



Are there health benefits to be gained from eating whole

and health benefits

grains? What are they?


whole grain foods?
Are some types of whole grains healthier than others?

Do you think that eating Vita-Weat will offer nutrition or health
benefits?



Do you think that all whole grains are healthy and are there
differences in the health characteristics of whole grains or





Does food processing impact the healthiness or health benefits
of whole grains?



everyday diet or a weight loss diet?

Do you think that Vita-Weat are as healthy as other whole grain foods
such as bread or breakfast cereals?



Do you think whole grain bread and Vita-Weat are essentially the
same, nutritionally?
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Key Concept

Food category level questions (whole grain focused)


Factors influencing
consumption



grains?


(barriers and
motivators)

What are the factors that influence your consumption of whole

Product-specific questions (Vita-Weat focused)
As part of the SMART diet did you choose Vita-Weat? Why or why
not?

Can you give me some reasons why it may have been difficult to



Do you like eating Vita-Weat?

incorporate whole grains into the diet?



When would you eat Vita-Weat? Would they be a suitable food for



Do you like eating whole grains? Why?



If you eat refined grains, what are the main reasons?



If you chose to eat more whole grains, what would your reasons

other types of grains instead of whole grain crispbread such as Vita-

be?

Weat?



What is the influence of family and other people on your whole
grain food choices?



Would your family or social groups support your choice to eat
whole grains?



If you wanted to increase your whole grain intake would you
receive support or resistance? What would the barriers be to
this?

breakfast/lunch/dinner/snack?


Can you think of some reasons why you would choose to eat bread or

8.3.3

Data analysis and interpretation using Leximancer

Interviews were analysed using a content analysis software program Leximancer (Leximancer, version
3.5, 2011, <http://www.leximancer.com>). Leximancer is a text mining program designed to extract
meaningful conceptual information from text documents (293). The details of this software program
were outlined in chapter 4. In short, the program is a content analysis tool that ranks the frequency and
co-occurrence of concepts in the text (291). Those that are highly connected and most relevant to the
findings have a higher ranking than concepts which stand alone or are not conceptually linked to others
(289). Leximancer then generates a concept map, in which concepts are displayed as a function of their
frequency and relationship to other concepts on the map (293). Closely connected concepts are
represented as themes. Concepts are represented as dots on the map and themes as circles. The
darker and more pronounced the circle or spot on the map the more relevant the theme or concept to
the overall findings and the more connected it is to other concepts on the map. The grey
interconnecting lines indicate prominent connections between concepts, however many more exist that
do not appear visually on the map (289).
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8.4
8.4.1

Results
Participant characteristics

A total of 22 participants were interviewed at the end of the 12 month weight loss intervention
including n = 6 men and n = 16 women. Women ranged in age from 20 to 58 years and men from 34 to
2

57 years of age. The average BMI of women participants was 77.0 ± 12.7 kg/m and the average BMI of
2

male participants was 87.2 ± 12.4 kg/m . A total of 16 interviews were held with one of two participants
in each interview.

8.4.2

Concept of whole grain foods

To open the discussion, participants were explicitly asked to reflect on what they consider whole grains
and whole grain foods to be, to discuss the characteristics of whole grains and provide examples of
foods (Table 8-1; Figure 8-2). The terms whole grain and whole grain foods were often used
interchangeably but most of the discussion focused on the concept whole grains as foods, rather than
whole grains as ingredients. Importantly, the participants’ explanatory models for whole grain foods
were focused on the types of foods recommended for consumption in the dietary trial, such as breads
and breakfast cereals. There was also a strong link made between these foods and nutritious dietary
components such as dietary fibre. However, there was a lack of clarity regarding the content and
boundaries of the whole grain food concept and several non-whole grain components were
conceptualised as fitting within the overarching whole grain food category. The findings suggest that
despite the nutrition education received by this population group, the concept of whole grains and
whole grain foods was not clear to the dietary trial participants, upon completion of the 12 month
dietary trial.

The three key themes that emerged during this phase of the interviews were (1) whole grains represent
core foods such as breads and oats and nutritious dietary components, (2) lack of clarity regarding what
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constitutes a whole grain food and (3) whole grain foods are associated with minimal or no processing.
The following sections provide an overview of each of these themes.

Figure 8-2. Leximancer map representing participants’ concept of whole grain foods
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8.4.2.1

Whole grains conceptualised as core foods and nutritious dietary components

As depicted by the central themes ‘breads’ and ‘oats’ on the Leximancer map (Figure 8-2), the concept
of whole grain foods was associated with core foods. This reflects the dietary advice received during the
dietary trial which emphasised the importance of core food choices such as foods listed in the Australian
Dietary Guidelines. In particular, breads were the main type of food named as whole grain, followed by
breakfast cereals and oats in particular.

‘Normally bread and cereals, so that’s what springs to me, my mind…’ (036B)

Further, participants conceptualised whole grains according to their content of nutritious and healthpromoting dietary components:

‘Multi-grain breads, using wholemeal flour, things like umm, a mixture of different seeds. Soy
and linseed bread.’ (009B)

‘…whole grains just got more fibre and nutrition in it in general, therefore it’s better for you’
(114B)

8.4.2.2

Lack of clarity around what constitutes a whole grain food

However as reflected in the aforementioned quotes, there was a notable lack of certainty regarding the
precise content and boundaries of the whole grain food concept. This is captured by the Leximancer
map under the theme ‘consider’ and by several concepts dispersed throughout the map including
‘guess’, ‘probably’, ‘suppose’, ‘thought’ and ‘sure’. Reinforcing this notion, when participants were
asked to provide examples of whole grain foods, non-grain components were frequently cited as
examples of whole grains, including seeds, legumes, fibre and vegetables:

‘I suppose I think of it as any sort of fibre….any wholemeal type products and fibre type
vegetables and the grains themselves…’ (053B)
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‘..for me it incorporates lots of seeds and less refined flour. Using oat bran and things like that.
Less refined.’ (053B)

‘Yeah and um yeah, whole grain, so brown bread isn’t but the seed is. I might be wrong. I don’t
know’ (094B)

8.4.2.3

Whole grain foods are associated with minimal or no food processing

Despite the association between whole grain foods and processed food products such as breads and
breakfast cereals, the participants also conceived whole grain foods to be minimally processed or
unprocessed foods, as depicted by the theme ‘processed’ on the Leximancer map (Figure 8-2):

‘… I assume they are foods where the grain is still whole and hasn’t been ground.’ (039W)

‘…well, I haven’t really thought about that but basically I think that it’s umm, unprocessed to
start with. Umm yeah and simple, simple food, not processed but umm yeah, grains.’ (099B)

263

8.4.3

Perceived nutrition and health benefits of whole grain foods

The participants were asked to consider whether the consumption of whole grain foods would provide
nutrition or health benefits (Table 8-1; Figure 8-3). The Leximancer map shows a range of concepts,
demonstrating the varied health-related perceptions associated with whole grain foods. Overall whole
grain foods were believed to be an important part of a healthy diet:

‘…you need to have a variety of whole foods and I think that grains provide part of that variety.’
(099B)

There were several themes that dominated the discussion including (1) the notion that whole grains
contain a variety of health-promoting compounds, (2) whole grain consumption results in specific health
effects (3) the nutrition, cultural and health value of whole grains differ between grain types and (4)
food processing is associated with loss of nutritional value.
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Figure 8-3. Leximancer map representing the participants’ perceptions of the nutrition and health benefits
of whole grain foods
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8.4.3.1

Whole grains are perceived to contain a variety of health-promoting components

The participants expressed knowledge that whole grains contain a variety of components with reputed
health benefits including fibre, minerals and other unknown compounds. This is represented at the
centre of the map under the theme ‘fibre’, which shows a variety of ‘concepts’ related to the
phytochemical content of whole grains (Figure 8-3):

‘…I think there are lots and lots of components to food that we don’t know about yet …so by
eating the whole grain we are getting those things…most of them are probably good for us… we
know that there’s umm, you know, vitamins and minerals and fibre’ (037B)

8.4.3.2

Whole grain consumption is perceived to result in specific health effects and health benefits

Participants expressed the belief that whole grains are associated with specific health effects and
reduced risk of several chronic diseases. For instance, there was a good knowledge of the link between
whole grain consumption and bowel or digestive health, particularly through the contribution of fibre:

‘…they provide better roughage, so they might improve digestive and you know, bowel kind of
health.’ (059B)

And furthermore, whole grains were recognised to reduce the risk of bowel or digestive cancers:

‘…a preventative measure against health problems later in life such as certain cancers of the
digestive…’ (009B)

Participants also associated whole grains with satiety and feeling full for longer:

‘…if you eat whole grains, they will help you be more fuller, quicker’ (094B)
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‘…you aren’t going to be feeling unstable and hungry all the time.’ (094B)

However, despite the connection made between whole grains and positive health outcomes, there was
a lack of knowledge of the potential range of health benefits associated with their consumption
including reduced risk of cardiovascular disease and a potential reduced risk of long-term weight gain.

8.4.3.3

The nutrition, cultural and health value attributed to whole grains differs between grain
types

While whole grains as an overarching category were associated with positive nutrition and health
benefits, the nutrition, cultural and health value attributed to whole grains was suggested to differ
between grain types. There was a notable collective view that oats were an important food, both
culturally and nutritionally. From a health perspective, the participants expressed knowledge of the
cholesterol lowering properties of oats:

‘…like oats are supposed to be really good for your cholesterol’ (053B)

Some participants reflected on a long history of oat consumption and reverence for the contribution of
oats to their childhood diet and food history. This connection was reported to strengthen the
association between oat consumption and health:

‘Maybe it’s just because my whole childhood I ate oats for breakfast and so therefore my
natural reaction is that they are healthy, healthier for you than other grains’ (114B)

‘…stems back from my upbringing and childhood because as a youngster… oats and porridge
are particularly a national institution for eating (036B)
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However, wheat was less revered for its cultural and nutritional value and conversations regarding
wheat were less sentimental. Wheat was viewed as disproportionately represented in the diet and
potentially detrimental to health:

‘…our diet is so rich in wheat; I think if we can dilute that with other grains then it would be a
good thing’ (103B)

‘I just find it [wheat] really fattening.’ (094B)

8.4.3.4

Food processing is associated with loss of nutritional value

As depicted by the ‘processed’ theme on the Leximancer map (Figure 8-3), participants expressed the
belief that food processing reduces the nutritional value of whole grain foods. Intact grains were
considered to be healthier than milled grains:

‘…the ones where the grain is still close to intact umm I definitely think that umm that they have
more of a health benefit…’ (037B)

‘…we think that the whole grain is more healthier than the wholemeal.’ (094B)

And specifically, intact or minimally processed grains were associated with improved digestion, optimal
metabolism and feeling fuller:

‘Yes I think so, the more raw something is umm, the more time it takes your digestive system to
work to digest the food and that’s better because that means your left fuller for longer if you
have something that’s more refined it digests very quickly but your body is not getting the same
sort of benefit as it is from whole less processed food, so you are expending energy to digest it
and that’s a good thing, good for your metabolism’ (009B)
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In contrast, food processing was perceived to result in changes to the structure of the grains and hence
a loss of nutritional content and quality:

‘…because the processing of it has to do something to the molecular structure of the grain, in
some way to reduce the effectiveness, when you process it yourself … some sort of nutrition in
the grain disappears…’ (114B)

‘yes I would say umm, I find that the same, the more processed … the less of the natural
goodness you are getting from the food; has always been my perception’ (009B)

Participants also expressed the view that processed whole grain foods were more likely to contain
added unhealthy ingredients, which may be detrimental to health, such as fat, sugar and salt:

‘It seems to me the more they break down something, the more other stuff usually the sugar
and the salt is my understanding is what they then go and add.’ (013B)

As depicted by the theme ‘white’ to the right of the concept map (Figure 8-3); part of the discussion
focused on the differences between whole grain and refined-grain (‘white’) foods, particularly breads.
Participants expressed the opinion that whole grains were more nutrient-rich and provided more health
benefits than refined-grain foods:

‘…they retain more vitamins and minerals that might be lost in the refining process’ (059B)

8.4.4

Factors perceived to influence whole grain consumption

Participants were asked to discuss the factors influencing their consumption of whole grain foods (Table
8-1; Figure 8-4). One of the central themes to emerge during this part of the interviews was the
importance of refined-grains to family eating practices, taste and convenience. Other emergent themes
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were (2) family, (3) taste and texture preferences, (4) convenience and availability and (5) time and
cooking requirements. These aspects are discussed in the following sections.

Figure 8-4. Leximancer concept map representing the factors perceived to influence whole grain
consumption

8.4.4.1

Perceptions of refined-grains (‘white grains’)

As depicted by the ‘white’ theme on the Leximancer map (Figure 8-4), perceptions of refined-grain foods
were central to the discussion on the factors influencing whole grain consumption. In particular,
participants expressed views that refined grains were preferred by other family members, which
influenced the participants purchase and consumption of whole grains. Further, refined-grains were
viewed as having favourable taste and texture qualities and were easier to prepare and cook with.
Extending on this, refined-grains were viewed as convenient and readily available outside of the home.
As refined-grains (‘white’) was a core theme throughout the interviews and was highly connected to the
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other themes and concepts, the details of this theme are discussed with reference to perceptions
relating to whole grains, throughout the remaining sections.

8.4.4.2

Family

The eating practices and food preferences of other family members or other people living in the same
house were identified as influencing the participants’ whole grain consumption behaviour. This is
depicted by the clustering of concepts ‘family’, ‘husband’, ‘daughter’ and ‘home’ on the Leximancer map
(Figure 8-4). Aspects relating to the family were depicted as either a barrier or motivator to
consumption, depending on circumstances and influences within the family.

Among the influencing factors were the food preferences of family members. As most of the
interviewees were the primary household shoppers and also reported cooking for their family, they
often reported having to balance their interest in purchasing and consuming whole grains with the
needs and preferences of their family. In this context, family taste and texture preferences for refinedgrains were identified as a barrier to the purchase and consumption of whole grains:

‘My housemate isn’t exactly a fan of brown rice but yeah that kind of thing. Other people’s
preferences I suppose.’ (114B)

In particular, resistance from children was reported as a common barrier to the purchase and
consumption of whole grains. The children’s preference for refined-grains or dislike of the taste of
whole grains was commonly reported as a reason for purchasing, cooking and eating refined-grains over
whole grain foods.

‘… for taste in certain circumstances, for example the choice of rice ...when I am cooking pasta
because younger members of the family prefer the non-wholemeal varieties.’ (059B)

‘I’ve got a 13 year old son you still loves a bit of fresh white bread, so every now and again I will
buy a loaf of fresh bread for a Saturday lunch or something’ (084B)
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Whereas, spousal support was identified as a supportive factor in the purchase and consumption of
whole grains:

‘…so he was more than happy to eat the same as I did, so if I said that we are going to have
wholemeal pasta and that’s it, he would say ‘oh, ok’, so he would go along with it…’ (013B)

‘…my husband, he’s more than happy to eat whole grain food.’ (037B)

‘…well as I said to you last year, we were trying brown rice for a while and umm…my husband
tolerated it.’ (009B)

Further, as depicted by the ‘healthy’ theme and ‘children’ concept on the Leximancer map (Figure 8-4),
participants also reported that the health of the family and particularly the children was a factor that
motivated participants to purchase, cook and consume whole grains:

‘I am very conscious of the benefits of doing it [eating whole grains] …Another aspect that is
important, is that I am a parent, I have two girls and I try subconsciously to incorporate whole
grains into the family eating plan as well.’ (036B)

Participants also reported that financial or budgeting constraints were a barrier to their purchase and
consumption of whole grains. This theme, represented by the ‘buy’ theme on the Leximancer map
(Figurev), was connected to the ‘family’ theme because participants reported that where financial or
budgeting constraints were an issue, the food preferences of family members would be prioritised over
their own. This pattern was identified to lead to the purchase and consumption of refined-grains over
whole grain choices:
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‘I can’t always justify buying something that’s just for me, the few things that we have done
like the soy and linseed bread we do justify buying that because there is more than one of us
that will eat it’ (009B)

‘yeah it’s the children, it’s it’s catering for the masses in who you are buying food for.’ (103B)

8.4.4.3

Taste and texture attributes

In addition to the taste and texture preferences of family members, the participants also reported that
the sensorial aspects of whole grains were important determinants of their own whole grain
consumption behaviour. Interestingly, there was a diversity of opinions about the sensorial qualities of
whole grains. Many of the participants reported enjoying the taste and texture of whole grains and
reported that these aspects motivated their consumption of whole grains:

‘…you might have it for a little while, but as to actually stick with it, you’ve just got to like the
taste I think. The taste and the texture.’ (013B)

‘…certainly with the bread I prefer the taste and the look of the whole.’ (014W)

‘…a salad sandwich to me, often tastes better on a wholemeal roll or a its got a depth of taste
that white bread doesn’t have.’ (009B)

However, others reported taste preferences for refined-grains or a dislike of the sensorial aspects of
whole grain foods, which was a barrier to their consumption:

‘I definitely don’t like the wholemeal stuff. I don’t like brown bread for example, again the
taste; white bread is something you can eat forever, umm brown bread is not something you
can eat forever… I couldn’t eat another piece of brown bread if you paid me, whereas I could eat
white bread until the cows came home.’ (038W)
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‘The taste of basmati (white rice), it’s just a lovely rice to eat with stir fries umm the taste and
the texture.’ (103B)

8.4.4.4

Convenience and availability

As depicted on the Leximancer map (Figure 8-4), ‘convenience’ and ‘availability’ were concepts that
influenced the purchase and consumption of grains. In particular, refined-grain varieties of foods were
identified as more convenient and available than whole grain choices, which led to the purchase and
hence consumption of refined-grains instead of whole grains:

‘it can be more of a problem if you do eat out or and things like that where you don’t really have
a choice of eating wholemeal pasta umm, even sometimes it’s quite difficult to get multi-grain
bread’ (083W)

‘…its convenience, you know, you can pick up a bread roll very easily, whereas if you say you
want whole grain, they just look at you… so its availability and what-not’ (107B)

‘… it depends what is available and umm you know something like … sushi for instance doesn’t
come in a whole grain variety.’ (037B)

8.4.4.5

Time and preparation

In contrast to refined-grains, whole grains were viewed as requiring special cooking and preparation
practices and this was identified as an issue preventing from the habitual incorporation of whole grains
into the diet:

‘… it’s a long process umm, so in eating porridge for breakfast you actually have to make that
instead of pouring some cereal into a bowl or sticking two bits of bread in the toaster or
something, umm and for a lot of people that just seems like time wise.’ (084B)
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‘Sometimes the cooking is a bit dodgy, sometimes it needs special treatment to cook a whole
grain type thingy, as opposed to something else like rice takes longer, so if you’re in a rush it’s
not going to be the choice, because it takes 20 minutes.’ (107B)

‘…you have to be a bit more prepared.’ (084B)

‘I have to have a play with that (cook whole grains) on a weekend when I’ve got more time.’
(037B)
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8.4.5

Concept of a specific whole grain product

In the second stage of the interviews participants were asked to reflect on what comes to mind when
they think of Vita-Weat, a specific whole grain product in the Australian market (Table 8-1; Figure 8-5).
All participants were aware of the Vita-Weat products. The key finding was that Vita-Weat were
primarily conceptualised by variables extrinsic to the qualities of the product itself. In particular, the
participants characterised Vita-Weat according to the meal context, the associated eating pattern and
the social aspects of the food, rather than according to the intrinsic or physical characteristics of the
product. The five key points to emerge during this part of the interviews were (1) the meal experience
and food accompaniments are important aspects of the Vita-Weat concept, (2) Vita-Weat are
considered a tasty snack food, (3) participants express divided opinions about the potential nutrition
and health benefits of eating Vita-Weat and (4) Vita-Weat are an Australian icon and important part of
the participants’ family history. These points are reviewed in the following section.
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Figure 8-5. Leximancer concept map of participants’ concept of Vita-Weat, with themes
displayed on the map
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8.4.5.1

Perceptions of the total meal experience and food accompaniments are important
dimensions of the Vita-Weat concept

In response to the question of what comes to mind when you think about Vita-Weat, the participants
focused on aspects of the meal experience of eating Vita-Weat and the foods eaten in accompaniment
to Vita-Weat, rather than the crispbread itself. For instance, many participants spoke of eating VitaWeat with vegemite, cheese and butter, which is reflected by the close clustering of those concepts on
the map (Figures 8-5):

‘…yep yeah, to be enjoyed with at least vegemite, I don’t always have butter but I definitely
have vegemite and sometimes cheese, yep yeah.’ (107B)

Furthermore, it appeared that the participants’ perceptions of the accompanying foods and the
experience of the meal as a whole characterised their perceptions of Vita-Weat, to a greater extent than
the characteristics of the crispbread itself:

‘haha I was just thinking, really putting the butter on it and squeezing it together with vegemite
and watching the worms come out.’ (032B)

‘…conjures up images to me of sort of people and picnics and that sort of thing, rather than a
dedicated, you know, umm food.’ (036B)

‘…used to call them worm biscuits, when they squeeze them with butter and vegemite.’ (059B)

It is notable that the participants’ first thoughts about Vita-Weat were in relation to accompaniments or
the experience of the meal itself, rather than in relation to the intrinsic qualities of the crispbread. This
theme resonates throughout the interviews and demonstrates that perceptions of accompanying foods
and the meal experience as a whole are important dimensions of the Vita-Weat concept and strong
determinants of how the participants characterise Vita-Weat.
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8.4.5.2

Vita-Weat are characterised as a tasty snack food

As depicted by the concept ‘snack’ and themes ‘food’ and ‘choice’ on the Leximancer map (Figures 8-5),
Vita-Weat were considered a snack food. It is notable that much of the conversation about Vita-Weat
focused on the function of Vita-Weat a snack food and participants appeared to strongly associate VitaWeat with this type of meal. Consistent with this, very little conversation emerged regarding their
consumption in the context of other eating situations:

‘It’s more a snack food as well; it’s certainly not something I would associate with a home meal,
as such.’ (036B)

The exception to this was the mention of their consumption as part of lunch, however this was only
mentioned twice and one of those times was in reference to the participant no longer eating them for
lunch:

‘…there was a time when I used to eat them for lunch but I found that umm I wanted too many
of them’ (038W)

And most of the participants reported enjoying the taste of Vita-Weat, as depicted by the ‘taste’ theme
on the map:

‘I just like the taste of the different grains...’ (014W)

‘I love Vita-Weat’ (013B)

279

8.4.5.3

Participants express different opinions about the nutrition and health effects of Vita-Weat

The theme ‘healthier’ and concept ‘product’ (Figures 8-5) relate to participants’ sentiment that VitaWeat are a healthier option than other biscuits on the market:

‘…healthier than those other things.’ (099B)

‘…probably the best choice of say cracker style biscuit there is yeah.’ (037B)

However, the interviews revealed discrepant opinions about whether eating Vita-Weat is a healthy or
unhealthy dietary behaviour. For instance, several participants expressed that eating Vita-Weat would
lead to consumption of perceived unhealthy foods:

‘I would lather it with margarine and vegemite and that defeats the purpose of eating it.’ (056B)

Other nutritional consequences of Vita-Weat consumption were the potential for their overconsumption and the perception of their high content of unhealthy ingredients such as fat and salt.
These perceptions emerge through the concept ‘content’ to the bottom-right of the map, related to
discussion about the nutritional content of the products. These concepts are further discussed in the
section relating to the perceived nutrition and health benefits of Vita-Weat, in order to reduce
repetition.

8.4.5.4

Vita-Weat are considered an Australian icon and important part of some participants’
family food history

Represented by the concept ‘Australian’ in the centre of the Leximancer map (Figures 8-5), Vita-Weat
were considered an important Australian icon or part of the family food history and this was linked to
positive sentiment regarding the brand and loyalty to purchasing and eating Vita-Weat:
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‘…they are a really old name. Vita-Weats have been around since I was a kid… And I think that
my mother used to have them, so I think it’s influenced by history as well and they’re easy, like
you can carry them around in your bag and they don’t break up, until you’re ready to scoff
them…’ (107B)

‘…it’s part of our, part of our heritage [laughs] food heritage’ (103B)

Vita-Weat were also considered a food staple. This conversation emerged around the themes of ‘house’
and ‘daughter’ on the concept map (Figures 8-5):

‘Well both my wife and my daughter are even bigger consumers of Vita-Weats than I am, so we
have a lot in our house’ (059B)

‘my daughter used to eat heaps of them, she used to take them to school as snacks for school
but then she got braces on’ (037B)
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8.4.6

Perceived nutrition and health benefits of a whole grain product

Participants were asked to consider the potential nutrition and health benefits of Vita-Weat (Table 8-1;
Figure 8-6). Overall, perceptions of the nutrition and health benefits of Vita-Weat were found to be
determined by perceptions of the nutritional properties of accompanying foods and the meal as a
whole, rather than the nutritional attributes of the crispbread itself. Vita-Weat were perceived to
contribute to health through providing a suitable alternative to unhealthy biscuits and providing a
healthier snack or light meal option. Being perceived as a snack food led to divided opinion as to
whether eating Vita-Weat was beneficial for health, as some participants viewed snacking as an
unhealthy or unnecessary dietary behaviour. Furthermore, perceptions of detrimental nutritional
characteristics such as the fat, sugar and salt content of the products, were a barrier to participants’
acceptance of Vita-Weat as a healthy food. These aspects are discussed in the following sections.
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Figure 8-6. Leximancer concept map of participants’ perceptions of the nutrition and health benefits of VitaWeat
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8.4.6.1

Health perceptions of the total meal and accompanying foods, determine perceptions of
the healthiness of Vita-Weat

As depicted by the theme ‘diet’, there was considerable discussion about the role of Vita-Weat in a
healthy diet (Figure 8-6). Resonant with earlier discussions, perceptions of the healthiness of the meal
as a whole determined whether the participants viewed Vita-Weat consumption as healthy, rather than
perceptions of the nutritional attributes of the crispbread:

‘… you are going to have margarine and cheese on it … then the meal as a total isn’t going to
be as good.’ (083W)

Additionally, health benefits of Vita-Weat consumption were attributed to the effects of accompanying
foods, rather than effects of the crispbread itself. This is represented on the map by concepts related to
accompaniments, such as cheese, avocado and tomato:

‘…[if] you have Vita-Weats with avocado, tomato and cheese, then yeah but I think mostly
because of the things you put on it, not necessarily the Vita-Weat itself.’ (038W)

Thus, if the accompanying foods were perceived as unhealthy, this reduced the perceived healthiness
and benefit of Vita-Weat consumption, as reflected in the following statement:

‘…if they are covered with cheese and smothered with butter and vegemite that might reduce
their [health] benefits…’ (059B)
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8.4.6.2

Vita-Weat are viewed as a viable source of grains in the diet

Vita-Weat were mentioned as a viable and healthy source of grains in the diet or an alternative to whole
grain bread. This is depicted under the theme of ‘grains’ and ‘bread’ to the top left of the concept map:

‘if you don’t have grains and things in your diet, at least that’s one way of getting them. If you
don’t like umm whole grain bread or brown bread or things like that then yeah and I mean even
for breakfast, instead of a piece of white toast …would be a hell of a better choice and get a few
grains into you.’ (038W)

However, there was no other mention of the potential health benefits associated with the grain content
of Vita-Weat, with the exception of dietary fibre, which was given minimal consideration throughout the
interviews:

‘…this should be able to get … a reasonable fibre intake from it, so I see it as a good thing.’
(038W)

8.4.6.3

Vita-Weat are perceived as a healthy snack alternative or light lunch/morning tea option

Participants discussed the role of Vita-Weat in a healthy diet and there was general consensus that VitaWeat are a good alternative to sweet biscuits or unhealthy snacks, as reflected by the concepts ‘diet’
and ‘snack’ in the centre of the map and themes ‘better’ and ‘biscuit’, to the right of the map (Figure 86):

‘I just think they are a good alternative to sweet snacks, mmm, so if you’re having a snack it’s
much better to have a Vita-Weat than a sweet biscuit or cake or something.’ (059B)

285

‘I do see them as a better alternative, umm then some of the other similar products on the
market’ (083W)

Several participants also felt that Vita-Weat would be a suitable light lunch or morning snack, as
depicted by the ‘nutritional’ theme and ‘morning’ concept, to the centre-left of the map:

‘…it would be like a umm a snack at either morning tea or… some people would eat it at lunch
time.’ (053B)

8.4.6.4

Perceived negative health effects associated with Vita-Weat

An unanticipated theme to emerge from the interviews was the concept of deleterious health effects
associated with Vita-Weat consumption. Most commonly, the participants reported a tendency to overconsume Vita-Weat and as such avoided eating and purchasing the products to avoid their excess
consumption:

‘…I found that umm I wanted too many of them; they were too nice…I try not to eat stuff that’s
really yummy because I can’t stop … And actually I have stopped buying them; I used to eat
quite a few of them … but I just found that they were too moreish.’ (038W)

Linked in with the theme ‘grams’ was the notion that Vita-Weat would lead to consumption of perceived
unhealthy foods and this was another reason for avoiding purchasing and consuming Vita-Weat:

‘… I like to eat them in a naughty way, so I try not to buy them, as I said I love lots of butter and
vegemite…’ (013B)
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There was also concern that Vita-Weat may contain added unhealthy ingredients, such as fat and salt,
which were perceived to compromise its overall nutritional value and potentially result in negative
health effects:

‘…the salt content …seem to be fairly high’ (103B)

‘… it’s that extra things that those have in them and they are not necessarily good for you’
(084B)

‘they’ve got all those other things in it, which add calories of course and fat to your diet which
plain wholegrains wouldn’t’ (038W)

As depicted by the theme of ‘processed’ to the left of the map, Vita-Weat were viewed as a processed
food and this was linked to a potential loss in their nutritional value:

‘I see this as being more processed…and in my mind somewhere, I see processed food as being
as a less nutritional value than unprepared or natural’ (036B)

And some participants expressed the belief that processed foods contain added unhealthy ingredients,
which may be detrimental to health, such as sugar fat and salt and as such should be avoided:

‘and the other thing is what is the trans-fat story…I try and not give my kids anything that has
been processed like those if I can help it because of that’ (094B)
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8.4.7

Factors perceived to influence the consumption of a whole grain product

As depicted on the Leximancer map (Figure 8-7), there were a number of factors identified to influence
Vita-Weat consumption. The primary factors that were identified as barriers included (1) Vita-Weat are
a snack food and not suitable as the basis or accompaniment to a main meal, (2) Vita-Weat do not fit
within established eating patterns and (3) Vita-Weat would not provide a sense of satiety. The factors
motivating their consumption were (1) the taste and texture attributes of Vita-Weat and (2)
convenience.

Figure 8-7. Leximancer concept map representing the factors perceived to influence Vita-Weat consumption
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8.4.7.1

Vita-Weat are viewed as a snack food, not the basis or accompaniment to a main meal

One of the primary barriers to Vita-Weat consumption was the notion that Vita-Weat are a snack food,
rather than the basis for a main meal. And most participants had not considered eating Vita-Weat in the
context of other meals. This concept is reflected as the theme ‘snack’ on the concept map (Figure 8-7):

‘It’s a mental thing about, it’s a snack to me, I associate it with snack …I would never think
about having them with lunch...’ (107B)

‘I don’t perceive it as being a full meal. It’s more a snack.’ (036B)

‘…if I had to have it with a meal, it would be lunch with a salad but it’s not something I would
think of doing … Otherwise it would be just as a snack for me.’ (032B)

8.4.7.2

Vita-Weat are not perceived to fit within established meal repertoires

Participants expressed the view that Vita-Weat could not easily be incorporated into many of their
existing meals, thus making it difficult to incorporate the product into their diet. This was depicted by
the themes ‘meal’, ‘fit’ and ‘habit’ (Figure 8-7); where the participants expressed that Vita-Weat don’t
‘fit’ within their established eating practices:

‘It’s normally got something to do with the rest of the part of the meal that I’m having… it’s not
really going to work’ (083W)

‘It just sort of doesn’t fit.’ (084B)

‘If people have meals where, umm, Vita-Weat would just fit into that then absolutely but it
would have to be in the context of the meal.’ (037B)

‘The only grains I would include at dinner would be rice or pasta and they don’t provide a
substitute for those two…’ (059B)
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Participants expressed that other grain foods were more diverse than Vita-Weat and participants had a
lack of ideas about how to incorporate them into their diet:

‘I mean there’s just there’s more varieties that you can do with bread, in terms of preparation to
it. I mean but that is just me just being sort of limited. I mean you can take two pieces of bread
you can toast it, you can put cheese on it, you can melt cheese, you can sandwich it…’ (036B)

8.4.7.3

Vita-Weat are not perceived to be ‘filling’

The central theme of ‘filling’ on the map (Figure 8-7) reflects the strong perception that Vita-Weat
would not be ‘filling’ or ‘substantial’ enough to replace bread or other grains in the diet or to constitute
the basis of a main meal:

‘… I still sway towards the preparational sort of breads …I just think they are more substantial
and that would be the driver. If I am hungry I am more likely to prepare a larger portion of
something, rather than prepare a lot of them.’ (036B)

‘I guess they don’t strike me as being particularly substantial… more of a snack as far as I’m
concerned’ (059B)

‘It wouldn’t be filling’ (094B)

‘Wouldn’t be satisfying’ (103B)

8.4.7.4

Vita-Weat are perceived to be convenient

Participants expressed that their primary motivation for eating Vita-Weat was that they are a
convenient food, as reflected by the ‘convenience’ theme on the map (Figure 8-7):

‘I suppose the convenience factor is something that would make me take them for lunch.’
(013B)
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‘they are just, they are a convenient food’ (107B)

8.4.7.5

Vita-Weat have enjoyable taste and texture attributes

Reflected by the ‘texture’ theme on the map (Figure 8-7), most participants reported enjoying the taste
and texture of Vita-Weat and this was an important motivator for their consumption:

‘I love eating Vita-Weats’ (107B)

‘I like the crunch and I like the taste, I like their wheatie sort of taste…’ (013B)

‘you can taste something in it, it’s not just like a crunch and disappears in your mouth, like
tasteless, you can taste a seed in it or you can taste. I quite like the, how thin and crunchy they
are’ (114B)
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8.5

Discussion

This study sought to explore how the dietary trial participants, described in chapter 7, characterise
whole grain foods and elucidate the factors perceived to influence their consumption behaviour. The
findings support the hypothesis that the participants’ concept of whole grain foods is diverse and there
are a range of perceived factors that influence their consumption. Importantly, the breadth of the
whole grain food concept was found to extend beyond the physical attributes of foods and into the
social and cultural dimensions of eating, culture and cuisine. This suggests that the term ‘whole grain’
and ‘whole grain food’ may elicit greater meaning to the consumer than that which is represented by
authoritative definitions, which focus on the botanical attributes or the ingredient characteristics of
foods (15).

There were limitations to the participants’ knowledge of the content and boundaries of the ‘whole
grain’ and ‘whole grain food’ concepts. While participants were found to associate whole grains with
core foods such as breads and breakfast cereals, numerous references were also made to non-whole
grain and even non-grain components as fitting within the whole grain concept, including dietary fibre,
seeds and vegetables. The association with core foods may reflect the dietary education delivered
during the dietary trial that focused on whole food recommendations. However the references to nonwhole grain components suggests that a comprehensive understanding of the whole grain concepts
were lacking.

The findings suggest that characterising and communicating the whole grain concept in the dietary trial
setting is problematic; further, that issues associated with characterising whole grains may present a
barrier to promoting whole grain consumption in this setting. While dietary recommendations for
whole grain consumption may be delivered with the intention of promoting ‘whole grains’ as per the
scientific meaning of the term, these terms may be conceptualised, understood and interpreted
differently by recipients of this information. Furthermore, as discussed in chapter 7, the lack of a clear
definition or characterisation standard for whole grain foods may have been a factor that limited the
effective promotion of whole grain consumption in this setting. The findings suggest there is a need to
clarify the definition of whole grain foods in order to effectively promote whole grain consumption in
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the dietary trial setting. The development of a definition or characterisation standard for whole grain
foods as part of the Australian Dietary Guidelines or as part of dietary interventions may be important
for the effective promotion of whole grain consumption in the dietary trial setting.

These findings support previous research that has identified issues related to consumer awareness and
knowledge of the whole grain concept (46, 188, 189). For instance, Marquart and colleagues (46)
conducted surveys to explore how consumers in the general population and nutrition professionals
conceptualise whole grain foods. The study found that while consumers from the general population
were aware of the term ‘whole grain food’, less report using it and the cognitive maps for whole grain
foods were less detailed and scientific than that utilised by nutrition professionals. Whereas, McMackin
(189) conducted focus groups to explore consumer awareness and perceptions of whole grains and
identify barriers to consumption. The study identified that while consumers had a basic awareness of
the whole grain concept, the depth of knowledge reported by participants was superficial, with many
participants unaware of the difference between whole and refined grains. The study described in this
chapter builds on these findings by highlighting that these issues may also be apparent in the dietary
advice setting. The results of the current study and previous research reinforce the importance of
clarifying the concept and definition of whole grain-related terminology for the effective promotion of
whole grain consumption, in the dietary advice setting (46).

However, despite the lack of knowledge of the content and boundaries of the whole grain and whole
grain food concepts, it is important to note that the whole grain concepts were invariably associated
with health-promoting dietary components. Whole grains were associated with a range of nutritional
components including fibre, seeds, vitamins and minerals. And despite their link with some non-whole
grain components, the concept of whole grain was firmly grounded in the concept of whole foods and
nutrient-dense dietary components. These findings are consistent with previous research which has
found that whole grains are associated with nutritious food components and healthy foods (189, 192).
These observations suggest that whilst an explicit knowledge of the whole grain concept was limited,
the concept of whole grains as core foods and health-promoting foods remained central to the
participants’ schema of whole grains.
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It was also notable that specific brands or products were not identified as central to the whole grain
concept, as expressed in the first stage of the interviews. This finding reflects previous research which
has demonstrated that consumers are concerned about food categories when they think about whole
grains, rather than specific products (46, 336). For instance, Marquart (46) found that survey
respondents rarely mentioned brand-name foods. Consistent with these findings there is minimal other
research that has reported the consumers concept of whole grain foods, linked to brands or products
(190, 192). Yet interestingly, when the focus was put on a well-known branded product (Vita-Weat),
participants had numerous and diverse perceptions associated with the product. This suggests that
while the concept of whole grain food may be grounded in ‘category level’ perceptions (46, 336),
consumers may also have active cognitive schemas associated with individual whole grain products.

Extending on this, there may be differences in the way that consumers characterise whole grains at the
category level compared to the product-level. In this study, when participants were asked to reflect on
the concept of Vita-Weat, the participants’ conceptual focus was placed on extrinsic factors associated
with the product, and less on the intrinsic attributes such as nutrients and food components, which
were the focal point of the discussion regarding whole grain foods. Vita-Weat were characterised as an
‘eating experience’, which included dimensions relating to the broader meal context, food
accompaniments, images of snack eating, taste and texture attributes, consumption of perceived
healthy and unhealthy toppings and the image of Australia and family. In contrast, there was minimal
focus on these extrinsic aspects in the whole grain food discussion.

The findings relating to Vita-Weat provide unique insights into how whole grains may be characterised
at the product-specific level. These findings are supported by previous research, which has shown that
meal context variables may have an influence on consumer perceptions and acceptance of food
products (337-339). For instance Miele and colleagues (338) found that meal accompaniments
significantly influenced consumer acceptability of a mayonnaise test food, whereas Elzerman (339)
demonstrated that meal context was an important determinant of acceptance of a meat substitute
product. The role of meal context or perceived meal context on consumer characterisation of whole
grains at the category and product levels warrants further consideration.
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It was also interesting to note that the health image of the product Vita-Weat did not appear to be
consistent with the health image of whole grains as a total food category. While whole grain foods as a
food category were considered healthy and there were minimal concerns raised about potential
negative health effects, there were a range of negative health perceptions associated with Vita-Weat.
For instance, while some participants viewed Vita-Weat as a snack healthy food, others felt that eating
Vita-Weat would lead to negative health effects such as increased consumption of perceived unhealthy
foods, such as butter or components such as salt. Furthermore, perceptions of the nutrition and health
benefits of whole grain foods were linked to the intrinsic nutritional value of foods, such as vitamins,
minerals and health-promoting components. Whereas, the nutrition and health benefits of Vita-Weat
were linked to the meal context and food accompaniments and there was minimal reference to the
intrinsic nutritional factors of Vita-Weat.

These findings may in part explain why Vita-Weat consumption was reported to decline in the dietary
trial, described in chapter 7, in comparison to the consumption of other whole grain foods. While there
was a strong positive health image associated with whole grains at the category level, the health image
of Vita-Weat was less consistent, which may have contributed to the decline in their consumption.
Previous research demonstrates that health perceptions may influence food choice (340, 341). NolanClarke (240) found concerns about the fat-producing effects of dairy were associated with reduced
intake of these products, in the weight loss setting. Whereas, a growing body of research suggests that
concerns regarding the health effects of grain-based components such as gluten and wheat are driving
consumers to reduce their intake of these foods (342). The findings suggest that further research is
needed investigate how health beliefs impact upon food intake behaviour, in the dietary trial context.

Further, the findings suggest that consumers may characterise foods differently at the category and
product-specific levels and that these perceptions may not always be consistent between the two. It is
possible that health-related motives for whole grain consumption that are explicit at the food category
level may not be salient at the product-specific level. Future research is needed to tease out these
differences by exploring consumer perceptions at these different levels, to gain a comprehensive
understanding of how consumers characterise whole grain foods and the barriers to their consumption.
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Gaining this knowledge may be essential to the effective promotion of whole grain consumption in the
context of dietary advice.

Lastly, the interviews provided insight into the range of factors perceived to influence the whole grain
consumption behaviour of participants. Regarding whole grains as a food category, participants
expressed that perceptions of refined grains, family food preferences, financial constraints, taste,
texture, convenience and availability, time and preparation were all influential factors. These findings
are consistent with the body of consumer research into whole grains that have identified the range of
factors influencing whole grain consumption (164, 333, 334, 343). In addition to these factors,
participants perceived Vita-Weat consumption to be influenced by their fit within existing meal patterns
and their perceived effect on satiety. The questions and discussion relating to Vita-Weat provided
participants with an opportunity to give focused consideration on the factors influencing their
consumption of a specific type of whole grain food. The findings provide insights into the factors to be
taken into consideration by nutrition professionals in addressing the barriers to whole grain
consumption in the dietary trial context. The importance of investigating consumer perceptions at the
food category level, as well as product-specific level underscores the observations.

8.5.1

Limitations

There were a number of limitations to the current study. There was a lack of clear delineation between
the ‘whole grain’ and ‘whole grain food’ concepts during the interviews. Participants used the terms
interchangeably during the interviews and in order to facilitate the flow of conversation and allow for
the participants to speak freely, the interviews developed in this manner. Additional research is needed
to further explore the whole grain and whole grain food concepts and delineate the differences in the
meanings attributed to the terms respectively.

Further, the current study did not explore the meanings associated with sub-categories of the
overarching whole grain food concept, such as breads or ready-to-eat breakfast cereals or other whole
grain products in the interviews. Further research is needed to consider other categories and levels at
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which whole grains may be characterised by consumers and their potential influence on whole grain
consumption.

It would also have been interesting to examine the perceptions of participants at the beginning,
compared to end of the interviews to explore how the concept of whole grains may have been
influenced by the dietary education received during the trial period and to explore whether perceptions
and meanings change over time. Also, the sample of participants in this study was small, thus limited
what can be extrapolated to the general population.

8.5.2

Conclusion

The current study provides evidence to support the hypothesis that dietary trial participants’ concept of
whole grain foods is diverse and there are a range of perceived factors that influence their consumption.
The study demonstrated that the participants’ characterisation of whole grain foods reflected the whole
food dietary guidance received during the trial but there were limitations in the full understanding of
the content and boundaries of the concept. The findings suggest that characterisation and
communication of the whole grain concept may be problematic in the dietary advice setting. Further,
differences between the consumers’ concept of whole grain foods and the scientific concept of whole
grains and whole grain foods may represent a barrier to the effective communication and promotion of
whole grain consumption in the dietary advice setting.

Further, by exploring the participants’ concept of whole grains at the general food category level and at
the product-specific level, this research demonstrated that the way that consumers characterise whole
grain foods may differ depending on the level of characterisation. Additionally, the way foods are
characterised between these levels may not be consistent. This demonstrates that whole grain foods
may be characterised by consumers in diverse ways. There is a need to further investigate how
consumers characterise whole grains at different levels, to fully understand and elucidate the factors
influencing whole grain consumption, and to assist practitioners to design effective strategies to
promote whole grain consumption in the dietary advice setting.
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8.6

Summary of key findings

Key findings from the perceptions study are summarised below in Box 8-1.

SUMMARY OF KEY FINDINGS



Dietary trial participants had diverse perceptions associated with whole grains and whole grain
foods.



The breadth of the whole grain food concept extended beyond the physical attributes of the
food and into the social and cultural dimensions of eating and cuisine.



Differences between the participants’ concept of whole grain foods and the scientific concept of
may have presented a barrier to the effective communication and promotion of whole grain
consumption in the dietary trial



Dietary trial participants had limited knowledge of the content and boundaries of the ‘whole
grain’ and ‘whole grain food’ concepts.



The concept of whole grain food was associated with health-promoting dietary components.



Specific brands and products were not central to the whole grain or whole grain food concepts.



There were differences in ‘category-level’ and ‘product-level’ characterisations of whole grains.



The participants had diverse perceptions associated with Vita-Weat products.



The participants’ characterisations of Vita-Weat were linked to extrinsic factors such as the
‘eating experience’, meal context, food accompaniments, snacking, images of Australia and
family.



The health image of Vita-Weat did not appear to be consistent with the health image of whole
grains as an overarching food category.



Vita-Weat was associated with certain negative nutritional components such as added salt and
sugar and unhealthy food accompaniments.

Box 8-1. Summary of key findings from the consumer perceptions study
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CHAPTER 9.

SUMMARY AND CONCLUSION
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9.1

Preamble

This thesis addressed the central hypothesis that ‘characterising whole grains is problematic and the
associated issues present a barrier to promoting whole grain consumption’. A series of studies were
conducted to explore the challenges associated with characterising whole grains in the settings of whole
grain database development, food labelling and dietary advice. The thesis was structured as a
multiphase, explanatory and sequential design using mixed methods. The pragmatic research approach
revealed the diversity of characterisation issues that emerge in nutrition research and practice and the
translational problems that may arise in the absence of clear characterisation standards for whole
grains.
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9.2

Key findings and significance

This thesis revealed the many complexities associated with characterising whole grains in nutrition
research and practice and built a picture of how the associated issues may present a barrier to
promoting whole grain consumption. The key findings and significance of each study are summarised
below.

Study 1: Compilation of an Australian database of manufactured and packaged food products
containing whole grain ingredients

Study 1 described the development of an Australian database of manufactured and packaged food
products containing whole grain ingredients. This was the first study to characterise the whole grain
content of food products in the Australian market and provide whole grain content data for use in
nutrition research and practice. The whole grain database provided the data required for study 2 and
study 3 and was a major component of this thesis. The database may be a useful resource for the
dietary assessment of whole grain intakes as part of research and may inform regulatory activities
related to product labelling. Importantly, the database may be useful as a resource to support the
promotion of whole grain consumption in various practice settings. The database has already been
utilised by the Grains & Legumes Nutrition Council

TM

during the development of the Code of Practice for

Whole Grain Ingredient Content Claims in 2013 (4, 298) and recently as a reference for the development
of standardised serving sizes of grain-based food products in the Australian market, by the Grains &
Legumes Nutrition Council

TM

(personal communication, Christopher Cashman, Nutrition Project Officer,
TM

Grains & Legumes Nutrition Council , email correspondence 05/09/2014). These activities are
examples of how the whole grain database may be used to inform activities that seek to promote whole
grains to consumers.

There were a number of challenges associated with characterising whole grains in the setting of
database development. The process of systematically retrieving data on the whole grain content of
manufactured and packaged food products involved a number of communications and negotiations with
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various stakeholders including the Grains & Legumes Nutrition Council

TM

and individual food industry

representatives. Consistent with previous literature (38, 39, 153) it was found that obtaining data on
proprietary and branded food products was problematic for certain categories of food products such
as sweet biscuits, as such compositional data was not collected for certain food categories.

Standard 1.2.10 of the Australia New Zealand Food Standards Code provided a useful methodological
framework for the development of a whole grain database, with data on the whole grain content of
manufactured and packaged food products. This standard was also consistent with food labelling
methods of calculation and dietary guidelines. However, despite the utility of this approach, there
remains an issue of inconsistency in the methods used to characterise whole grains across nutrition
research and practice settings. As discussed in chapter 3 and 4, there are different methods for
characterising the whole grain composition of foods including qualitative (31), proportional (161) and
quantitative methods (38, 40, 215). In addition, the difference between the ‘dry weight’ method used in
research and the ‘percentage labelling’ method used in food labelling, may be problematic for database
developers. These differences suggest that future work and cross-sectoral discussions are needed to
consider how whole grain characterisation methods may be better harmonised across practice settings.

Study 2: Analysis of front-of-pack labelling systems

Study 2 examined the application of different front-of-pack labelling systems to the classification of
whole grain-containing products in the Australian market and assessed the congruence between
different systems. The study identified a number of characterisation issues that present as barriers to
the effective promotion of whole grain consumption on food labels. Differences in the types of whole
grain products identified by front-of-pack labelling systems were found; suggesting certain
discrepancies exist in the characterisation and labelling of whole grain products in the Australian
market. Each of the front-of-pack labelling systems displayed limitations in the identification of
particular types of products. For instance, the Whole Grain Food (WGF) characterisation/definition
system was limited in the identification of products such as milk alternative products and soups that
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contained low percentage whole grain content but provided substantial contributions of whole grain in
a serving of food.

Significantly, the research described in this chapter showed that there was minimal association
between the whole grain front-of-pack labelling systems (Whole Grain Ingredient Content Claims,
Whole Grain Food characterisation/definition and Percentage Whole Grain Content systems) and the
Heart Foundation Tick Program. There was also a range of non-core, discretionary food items that were
classified with high rankings in the whole grain front-of-pack labelling systems. These findings indicate
that the whole grain content attributes of a food may not be indicative of the total nutritional quality of
a food. There may be nutritional consequences associated with the use of whole grain front-of-pack
labelling systems as tools to promote whole grain consumption, if the foods promoted by these
systems contain high levels of certain nutrients such as sodium and saturated fat. The findings
indicate that whole grain-based front-of-pack labelling systems may need to be complemented with
nutrient-based front-of-pack labelling systems to assist consumers to identify whole grain foods that
have a healthy total nutritional profile. Further monitoring and evaluation of the whole grain market
and the impact of whole grain FOPL systems is warranted.

Secondly, the study examined how the application of standard serving sizes as a base for classifying
foods as part of the Code of Practice for Whole Grain Ingredient Content Claims, would impact the
performance of the system, compared to the application of manufacturer-defined servings and further,
considered whether serving size standardisation would improve the capacity of the system to classify
foods according to their whole grain content. The study demonstrated that the application of standard
servings within the Code of Practice for Whole Grain Ingredient Content Claims would (1) change the
way whole grains are classified and promoted on food labels, (2) produce more discrete food
groupings than application of manufacturer-defined serving sizes and (3) improve the capacity of the
system to delineate between foods based on their whole grain content. Alignment of the base of
classification, within the Code of Practice for Whole Grain Ingredient Content Claims, with the serving
sizes in the Australian Dietary Guidelines, may improve the consistency of the system and better assist
consumers to identify the most whole grain dense food choices in the market. Further research is
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needed to determine whether such changes to the characterisation of whole grains on food labels
would better assist consumers to identify healthy whole grain products and meeting dietary guidelines.

Study 3: Analysis of whole grain consumption in a dietary trial

Study 3 evaluated the effect of dietary advice, consistent with the Australian Dietary Guidelines and
delivered in the weight loss setting, on patterns of whole grain consumption, including a specific whole
grain crispbread product. The study found that dietary advice delivered in the context of a 2MJ energy
restriction, resulted in a relative increase in whole grain intake (g/10MJ) and a corresponding
decrease in non-whole grain food intake (g/10MJ) over 12 months. Importantly, a balance between
the consumption of whole grain-containing and non-whole grain foods was achieved; suggesting that
dietary advice may lead to beneficial changes in patterns of grain food consumption. However, there
was minimal change to absolute whole grain intake (g/day) or the intake of whole grain-containing
foods (g/day) over the 12 month period and there was little evidence to suggest that the participants
consumed ‘mostly’ whole grain foods, as recommended in the Australian Dietary Guidelines (27). Thus,
despite shifts in patterns of grain food consumption, the results of this study indicate a need to further
optimise whole grain intake, in order to increase absolute whole grain consumption under weight loss
conditions and further, to assist consumers to meet dietary guidelines.

A sub-analysis examining the dietary behaviour of whole grain crispbread was conducted to examine the
consumption patterns associated with an individual food category and single food product. The
crispbread product (Vita-Weat) chosen for analysis was found to decrease significantly across the
intervention period. The findings demonstrate that dietary responses to advice delivered in the
dietetic setting may differ between foods. The interplay of different messages and dietary behaviours
that occur in this setting illustrate the complexity of delivering dietary recommendations for whole grain
consumption in this setting. It is possible that targeted messages are needed to facilitate whole grain
consumption in this setting that addresses the consumption of individual foods as well as whole-of-diet
recommendations.
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Importantly, this chapter emphasised that the context in which the dietary advice was delivered may
have presented a challenge for the promotion of whole grain consumption. In particular, participants
were advised to reduce their total energy intake and intake of grain foods at baseline, while choosing
whole grains for their designated grain food choices. This combination of messages may not have been
conducive to the participants increasing their absolute whole grain intake. Further, the lack of a
definition of ‘whole grain food’ to guide food identification and selection may have contributed to this
effect.

There were also challenges associated with characterising the whole grain ingredient content of foods
in the dietary study, including the need to translate the prior-collected whole grain compositional
data to dry weight form. Further, there was a lack of product-specific data to confirm the whole grain
content of reported food intakes. This raises a number of issues pertinent to researchers and
practitioners. Firstly, obtaining an accurate representation of the whole grain intake behaviour of
consumers is problematic. This is an issue for researchers and practitioners who seek to monitor and
evaluate the outcomes of dietary interventions and may be a problem for consumers who wish to assess
their own intakes. Further, the translation of the whole grain compositional data from the ‘percentage
labelling’ characterisation standard to the ‘dry weight’ standard is methodologically complex. The lack
of a consistent approach to whole grain characterisation in different nutrition practice settings is a
broader problem that requires consideration in the context of future research.

Study 4: Dietary trial participants’ perceptions of whole grain foods

Study 4 sought to explore the dietary trial participants’ perceptions of whole grain foods and factors
perceived to influence their consumption. The semi-structured interviews revealed that participants
had diverse perceptions associated with whole grain foods and the breadth of the whole grain
concept extended beyond the physical and nutritional attributes of foods and into social and cultural
dimensions. There were limitations to the participants understanding of the content and boundaries
of the whole grain food concept. Whole grains were predominantly associated with health promoting
dietary components. At the product-level, participants also expressed a range of perceptions related to
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the crispbread product Vita-Weat that differed conceptually from perceptions relating to the
overarching whole grain food category. Extrinsic variables such as meal context and food
accompaniments were identified as factors influencing consumption at the product-level and the health
image of whole grains did not appear to be associated with the Vita-Weat products. The findings
suggest that consumers may characterise whole grain foods differently at the category and productspecific levels. Obtaining a comprehensive understanding of how consumer characterise whole grain
foods may require investigating consumer perceptions at the category-level and product-levels.
Greater clarity around the whole grain food concept may be required to enhance communication and
effectively promote whole grain consumption in the dietary advice setting.

The combined findings from study 3 and 4 suggest that issues surrounding whole grain characterisation
may have presented a barrier to the effective promotion of whole grain consumption in the setting of
dietary advice. Study 3 demonstrated that there were complexities associated with translating dietary
recommendations for whole grain consumption and limitations with regards to the monitoring and
evaluating whole grain intakes. Further, study 4 confirmed that consumers have rich cognitive schemas
of whole grain foods that may differ from scientific meanings and definitions. Thus the different
approaches to whole grain characterisation including conceptualisation of foods and the
communication and translation of dietary advice may be problematic in the trial context. Efforts are
required to clarify meanings and concepts of whole grains and standardise approaches to their
measurement, for the effective promotion of whole grain consumption in this setting.

9.3

Recommendations

The research conducted as part of this thesis generated a number of recommendations. The key
recommendations from each study are summarised below.
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STUDY 1: COMPILATION OF AN AUSTRALIAN DATABASE OF MANUFACTURED AND PACKAGED FOOD
PRODUCTS CONTAINING WHOLE GRAIN INGREDIENTS
1.

Standardisation of methodological approaches to whole grain ingredient characterisation
within different nutrition research and practice settings and cross-sectoral discussions to
consider how whole grain characterisation may be better harmonised across settings.

2.

Further development of infrastructure to improve the availability and supply of whole grain
compositional data to researchers, consumers and practitioners.

3.

Incorporation of whole grain compositional data into National Nutrient databases such as the
Australian Food and Nutrient Database (AUSNUT).

4.

Research into how food processing impacts the composition of foods including whole grains
and whole grain-containing foods.

5.

The development of databases within data on the whole grain ingredient content of nonproduct foods such as mixed dishes and cooked foods.

6.

Development of alternative strategies to obtain whole grain compositional data from food
manufacturers not captured in this study such as some biscuit manufacturers, gluten free.

7.

Continued efforts to collaborate with food industry representatives to improve the availability
and supply of food composition data for research.

STUDY 2: ANALYSIS OF SYSTEMS FOR CLASSIFYING WHOLE GRAIN-CONTAINING PRODUCTS IN THE
MARKET
1.

Validation studies on whole grain-based front-of-pack labelling systems, such as the Code of
Practice for Whole Grain Ingredient Content Claims, to determine whether these systems are
effective at assisting consumers to identify whole grains in the supermarket.

2.

Further evaluation of the interaction and congruence between whole grain-based front-of-pack
labelling systems and other front-of-pack labelling systems such as the Health Star Rating
system.

3.
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The development of nutrient content standards for whole grain products.

4.

An amendment to the Code of Practice for Whole Grain Ingredient Content Claims that allows
for wild rice and other plain grains that contain less than the ‘2 g per serving fibre’ criterion to
be eligible for the Grains & Legumes Nutrition Council

5.

TM

‘Whole Grain Food certification’.

Monitoring of changes made to the whole grain composition and serving size of food products
pre- and post- implementation of the Code of Practice for Whole Grain Ingredient Content
Claims.

6.

Monitoring and evaluation of the impact of the Code of Practice for Whole Grain Ingredient
Content Claims on consumer food choices and health, particularly around the purchase and
consumption of non-core whole grain-containing food products such as biscuits, cereal bars,
snacks and cakes.

7.

Reformulation efforts within the food industry to bring the levels of certain nutrients into line
with nutrient standards such as the Heart Foundation Guidelines for Tick Approval.

8.

Dietitians and health professionals to make targeted recommendations for whole grain
consumption such as the consumption of core foods that contain whole grains. This
recommendation is emphasised as the Code of Practice for Whole Grain Ingredient Content
Claims may also identify certain foods that are recommended to limit in the diet such as cakes
and biscuits, if their whole grain content is above 8 g per manufacturer-defined serving.

9.

Further discussion and consideration among researchers and stakeholders in the food industry
about the benefit of standardising serving sizes for use in front-of-pack labelling or the
development of alternative food labelling systems that use standardised bases of calculation.

10. The development of standard serving sizes of grain foods, by Dietary Guidelines Committees in
the future, based on raw and cooked weights, such as raw rice and cooked rice. Currently,
certain foods such as rice do not have a raw weight serving size equivalent.

STUDY 3: ANALYSIS OF WHOLE GRAIN CONSUMPTION IN A DIETARY TRIAL
1.

Further research, in different dietary advice contexts, which evaluates the effect of dietary
advice on whole grain consumption. The use of this research to develop effective dietary
advice strategies that may be implemented in nutrition practice.
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2.

Dietitians and nutrition practitioners to consider different strategies to promote whole grain
consumption in the context of whole-of-diet advice for health and weight loss including:
a.

Substituting refined grains for whole grains, rather than increasing whole grain
consumption

b.

Eat whole grains every day

c.

Providing quantitative intake targets

d.

Focus on consuming whole grains that are core foods, rather than non-core,
discretionary choices

e.

Read food labels to ascertain which foods of the available choices have the highest
whole grain content, as well as optimum total nutritional profile

f.
3.

Draw attention to the importance of eating ‘mostly’ whole grains

Dietary Guidelines Committees in the future to consider defining or characterising ‘whole grain
foods’ to assist consumers and practitioners to effectively follow dietary guidelines.

4.

Dietary Guidelines Committees in the future to consider defining or characterising what a
dietary pattern that consists of ‘mostly’ whole grain foods looks like. This will assist consumers
and practitioners to better understand and implement the dietary guidelines recommendation
to ‘consume mostly whole grain varieties’ (27).

5.

For dietary trials, dietary assessment techniques such as diet history interviews and food
records should capture product-specific information. For example, Dietitians could ask their
clients what the brand of bread, cripsbread or crackers were consumed to enable the best
match food intake data to food composition data.

6.

The development of technology to capture food composition data for use in dietary trials
assessment and research.

7.

Standardisation of methods for calculating the whole grain ingredient content of foods that
harmonise across research and practice settings.

STUDY 4: DIETARY TRIAL PARTICIPANTS’ PERCEPTIONS OF WHOLE GRAIN FOODS
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1.

More consumer research worldwide and in Australia exploring the attitudes, perceptions and
beliefs about whole grains and whole grain foods.

2.

Qualitative research exploring the concept of whole grains and whole grain foods among
different population groups.

3.

Nutrition educators to ensure that they clarify the meaning of words and nutritional concepts
such as ‘whole grains’ and ‘whole grain foods’, utilised in dietary education. For complex
scenarios where many nutrition concepts are communicated such as dietary trials, a glossary of
food terms and tips for their identification in the supermarket could be helpful.

4.

Increased education about what is a whole grain and whole grain food and how to identify
them in the supermarket.

5.

Address consumer concerns about the potential deleterious nutrition and health effects of
consuming processed grain foods that include processed whole grain-containing foods. A
variety of approaches may need to be adopted:
a.

Increased understanding and clarity about the role of food processing on grain
nutrition.

b.

Consumer education about the effects of food processing on the nutritional properties
of grain foods, both positive and negative. For instance, finely milled grains may have
a higher glycaemic index but may also improve nutrient accessibility and availability.
Accompanying this information, provide consumers with advice about identifying
whole grain foods with optimum total nutritional quality.

6.

Increased consumer education about the range of nutrition and health benefits associated with
whole grains and whole grain food consumption including reduced risk of cardiovascular
disease, decreased risk of some cancers and a potential reduced risk of long-term weight gain.

7.

Address consumer concerns about the potential negative health effects associated with wheat
consumption, such as ‘wheat is fattening’:
a.

Research to uncover the potential health effects of different varieties of wheat

b.

Consumer education about the broad range of research linking whole grain wheat
consumption to beneficial health outcomes and reduced disease risk
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8.

Develop strategies to assist consumers to overcome the barriers to whole grain consumption at
multiple levels including the individual, familial, social and environmental levels of influence.
For instance:
a.

Encourage total family support for dietary changes and purchase and consumption of
whole grains

b.

Early interventions to develop taste preferences for whole grains, among children

c.

Food industry stakeholders to develop strategies to increase the delivery of whole
grains into the food supply, and particularly in the form of healthy convenience foods
such as precooked brown rice, crispbread products, pizza bases and breakfast cereals

d.
9.

Address economic factors that act as barriers to whole grain consumption

Research on the role of meal context or perceived meal context on consumer characterisation
of whole grains.

10. Research on how consumers conceptualise and perceive whole grains and whole grain foods
that is conducted at different category levels including perceptions of whole grains as a total
food category, perceptions at the food group level (bread, crispbreads, breakfast cereals etc)
and perceptions at the product-specific level.
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9.4

Limitations

There were several limitations to the work conducted as part of this thesis that have been discussed
within the respective chapters of this thesis. In study 1 (database development study), there were
limitations in collecting whole grain compositional data from certain food sources such as sweet biscuits
and there was a lack of available chemical analyses methods to verify the accuracy of the compositional
data calculated by third-parties. In study 2 (food labelling study), the limited sample size of certain food
groups meant that certain analyses could not be conducted such as modelling the impact of serving size
standardisation of classification outcomes. In the 3 (dietary study), there was also a lack of productspecific data reported in the diet history interviews to verify the whole grain content of certain foods
consumed by participants and accurately assess whole grain intakes. Further, there was the issue of the
need to translate the compositional data collected as part of the whole grain database study to dry
weight estimates, for use in the dietary trial study. Interestingly, many of these limitations relate to the
complexities that come with characterising whole grains in nutrition practice and provide further
evidence to support the central hypothesis that characterising whole grains is problematic.
Additionally, the thesis did not empirically test the second component of the hypothesis that the issues
associated with whole grain characterisation present a barrier to promoting whole grain consumption.
However, the thesis elucidated a variety of characterisation challenges that occur in nutrition research
and practice and discussed how these issues are problematic for efforts to promote whole grain
consumption. For instance, issues related to characterising the whole grain ingredient content of foods
were identified as problematic for the development of databases, to support whole grain promotional
activities, such as dietary interventions. In the context of food labelling, a lack of congruence and
consistency in food labelling was identified to present a potential barrier to the effective promotion of
whole grain consumption on food labels; whereas in the context of dietary advice, the lack clear
characterisation standards for whole grains was raised as an issue for the communication and
translation of dietary recommendations for whole grain consumption to food choices. Further, there
are issues associated with the assessment and monitoring of whole grain intakes as part dietary
interventions. All of these characterisation issues represent challenges and barriers that may interfere

313

with efforts to promote whole grain consumption and thus the central hypothesis was deemed to be
supported by the combined findings of this research.

9.5

Conclusion: ‘characterising whole grains is problematic and the associated
issues present a barrier to promoting whole grain consumption’

This thesis highlighted the nuances of characterising whole grains in nutrition research and practice.
The findings support the central hypothesis that ‘characterising whole grains is problematic and the
associated issues present a barrier to promoting whole grain consumption’. While harmonised
characterisation standards are required to effectively promote whole grain consumption, the results of
this thesis indicate that there are many issues that must be addressed to achieve this goal. In the
context of developing a whole grain product database, there are challenges associated with
characterising ingredients in foods; whereas, in the context of food labelling, the issues relate to the
development of robust front-of-pack labelling systems, to ensure that consumers have the best chance
of identifying healthy whole grain products in the supermarket. In the translational setting of dietary
advice, there are issues associated with conceptualising and communicating dietary recommendations
for whole grain consumption to consumers. Additionally, there is the challenge of measuring,
monitoring and evaluating whole grain consumption in this context. By working across these different
research and practice settings, this thesis revealed the multifaceted nature of the ‘whole grain’ and
‘whole grain food’ concepts and the diverse range of characterisation issues that present barriers to
promoting whole grain consumption.

Research suggests that consumers do not meet dietary recommendations for whole grain consumption.
As discussed extensively throughout this thesis, addressing the issues associated with characterising
whole grains has been flagged as an essential step towards advancing the science and addressing the
short fall in whole grain consumption. This thesis has made progress towards this goal in a number of
ways. A whole grain database was developed to provide a resource for research and for the promotion
of whole grains in practice. Issues that hamper consistency and harmonisation in the labelling of whole
grain products were exposed and potential avenues to address these problems were identified. In the
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setting of dietary advice the research highlighted the need to develop a clear definition or
characterisation standard for ‘whole grain foods’ as part of dietary interventions. Further, the
importance of understanding how consumers characterise whole grain foods was underscored by these
findings. This thesis contributed to the science by exploring these issues; however, despite the gains
made, further action is required to develop a consistent and harmonised foundation for the promotion
of whole grain consumption in nutrition research and practice.

Importantly, the results of this research reflect the complexity of the whole grains, which may be
studied, measured and utilised in practice, on different levels. Despite efforts that seek to harmonise
approaches to whole grain characterisation, the evolving and diverse nature of the ‘whole grain’ and
‘whole grain food’ concepts, may continue to present a challenge for the work undertaken to promote
whole grain foods and assist consumers to meet dietary guidelines. As such, while nutrition
practitioners work towards the development of harmonised characterisation standards for whole grain
foods, a flexible and iterative approach is required. Further, the complexities of the work and the
diverse settings in which whole grains are measured, classified and defined as part of practice, suggest
that multiple characterisation standards may need to be developed, to provide a consistent and
harmonised foundation for nutrition research and practice, and to achieve the end goal of assisting
consumers to eat more whole grain foods.
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361

362
Table 9-15. Absolute (g/day) intake of non-whole grain foods, whole grain-containing foods and whole grain (dry weight) at baseline, 3 and 12 months
Baseline
Mean
NWGF
(g/day)

WGF (g/day)

WG (dry
weight)
(g/day)
1

3 months
2

2

Median

SD

Q1

Q3

Median

12 months
2

SD

Q1

2

Q3

Mean

Median

2

2

SD

Q1

Q3

P value

Total group

203.1

185.8 ab

124.8

120.7

252.7

91.3

63.7 a

74.5

37.1

133.2

97.6

89.2 b

71.0

50.6

120.7

0.000

Male

242.8

208.7 ab

180.5

123.3

330.8

92.9

57.4 a

87.8

29.3

156.6

127.1

103.6 b

106.0

41.3

190.7

0.000

Female

189.0

182.8 ab

95.1

118.6

236.4

90.7

64.9 a

69.5

37.7

126.4

84.3

87.6 b

42.8

52.8

115.7

0.000

Total group

105.1

90.1

87.4

48.8

133.8

99.5

95.5

52.3

71.4

120.0

103.6

91.2

55.3

66.0

129.2

0.965

Male

122.5

115.3

105.8

31.6

154.6

127.2

124.6

44.8

92.5

170.9

110.1

106.0

64.4

52.2

164.4

0.705

Female

98.9

87.9

79.7

48.8

122.3

88.8

90.5

51.3

61.7

110.6

100.6

89.3

51.2

67.5

121.1

0.706

Total group

37.6

30.3

29.9

18.7

47.8

38.7

35.6

22.3

23.2

49.7

34.0

30.8

21.1

19.7

47.3

0.185

Male

48.5

41.5

37.6

22.7

67.3

53.2

47.7

22.6

36.7

66.7

38.9

35.0

24.6

21.3

56.1

0.157

Female

33.8

27.7

25.8

18.2

42.5

33.0

32.3

19.6

17.7

43.7

31.7

28.9

19.2

19.3

42.9

0.649

Mean values with like letters signify significant differences between time points
th
th
Q1: 25 percentile; Q3: 75 percentile
3
Friedman’s test; significant at P<0.05
2

Mean

1

3

Table 9-16. Relative intake (g/10MJ/day) of non-whole grain foods, whole grain-containing foods and whole grain (dry weight) at baseline, 3 and 12 months
Baseline
Mean
NWGF
(g/10MJ/day)

WGF
(g/10MJ/day)

WG (dry
weight)
(g/10MJ/day)
1

Median

3 months
2

2

SD

Q1

Q3

Mean

SD

12 months
2

Q1

2

Q3

Mean

Median

2

2

SD

Q1

Q3

P value

Total group

206.4 ab

203.7

100.2

128.8

262.8

138.3 a

106.9

107.5

57.5

193.4

136.8 b

126.7

82.5

80.2

182.7

0.000

Male

198.9

187.9 a

108.5

111.4

306.9

124.5

84.4 a

131.5

33.7

177.5

157.1

133.2

119.5

57.6

223.4

0.007

Female

209.1

208.7 ab

97.6

131.0

259.4

143.7

112.0 a

97.3

66.0

197.8

127.7

126.7 b

58.2

85.6

179.1

0.000

Total group

110.3 ab

94.5

91.0

56.1

150.6

154.9 a

148.5

78.7

112.9

195.9

153.4 b

140.7

80.0

96.7

202.5

0.000

Male

104.8

89.1 ab

86.7

34.9

159.2

169.7

158.6 a

60.9

118.3

200.8

139.2

129.9 b

76.3

87.1

186.3

0.035

Female

112.3

100.1 ab

92.8

56.2

150.6

149.1

142.9 a

84.3

102.5

185.7

159.8

144.9 b

81.7

106.3

209.3

0.001

Total group

39.2

32.7

29.6

18.9

50.5

60.2

59.2

34.0

36.1

74.9

49.5

45.2

28.5

27.6

69.6

0.003

Male

43.0

32.7a

34.1

16.7

58.3

70.4

65.5 a

28.2

51.6

83.3

50.2

45.8

30.4

25.1

74.3

0.247

Female

37.9

32.7a

27.9

19.6

48.1

56.3

52.8 a

35.4

29.6

73.3

49.2

45.2

27.9

28.4

62.6

0.008

Mean values with like letters signify significant differences between time points
th
th
Q1: 25 percentile; Q3: 75 percentile
3
Friedman’s test; significant at P<0.05
2

Median

1

3
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Appendix 7-2: Intake of grain food subgroups and percentage contribution to whole
grain intake, at baseline, 3 months and 12 months

364

Table 9-17. Absolute intake (g/day) of non-whole grain and whole grain-containing food sub-groups and percentage contribution of food groups to total whole grain
intake at baseline, 3 and 12 months
Baseline (n=118)
Median

1

Q1

3 months (n=86)

1

Q3

%

Median

1

Q1

12 months (n=64)
1

Q3

%

Median

1

Q1

Q3

1

%

P value

Bread products (g/day)
Non-whole grain

Whole grain

Total group

19.9 ab

3.3

50.4

-

0.0a

0.0

9.1

-

2.9 b

0.0

12.1

-

0.000

Male

31.7

0.0

69.9

-

0.0

0.0

0.0

-

2.0

0.0

33.6

-

0.070

Female

18.4 ab

5.3

40.7

-

2.8 a

0.0

14.9

-

2.9 b

0.0

11.9

-

0.000

Total group

39.8

12.3

82.3

42.9

60.7

33.7

85.7

49.7

47.4

26.9

74.8

41.6

0.722

Male

40.0

4.6

91.4

40.8

78.0

49.1

113.4

48.4

43.7

24.9

110.0

40.2

0.368

Female

39.7

19.1

77.1

44.0

56.9

31.7

75.6

50.5

47.4

27.9

70.6

42.3

0.777

Total group

0.0

0.0

0.0

-

0.0

0.0

0.0

-

0.0

0.0

0.0

-

0.571

Male

0.0

0.0

0.0

-

0.0

0.0

0.0

-

0.0

0.0

0.0

-

0.368

Female

0.0

0.0

0.0

-

0.0

0.0

0.0

-

0.0

0.0

0.0

-

0.889

Total group

19.3

4.3

44.4

41.4

24.5

13.9

32.1

40.2

25.9

11.8

47.3

46.7

0.762

Male

27.5

6.4

78.6

44.1

31.6

25.4

51.4

44.0

28.8

5.4

54.6

47.6

0.947

Female

18.0

4.3

41.4

40.0

22.7

11.9

28.9

37.9

25.5

12.1

46.1

46.3

0.543

Total group

111.0 ab

71.6

176.8

-

46.1 a

23.1

88.9

-

58.4 b

25.8

91.4

-

0.000

Male

144.4

69.7

230.0

-

49.9

13.3

138.8

-

44.7

14.2

127.3

-

0.008

Female

106.4

75.6

166.9

-

45.9

24.1

82.0

-

60.1

29.1

84.8

-

0.000

Total group

0.0 a

0.0

0.0

4.6

0.0

0.0

0.0

2.1

0.0 a

0.0

0.0

6.0

0.046

Male

0.0

0.0

0.0

9.4

0.0

0.0

0.0

1.3

0.0

0.0

0.0

5.7

0.646

Female

0.0

0.0

0.0

2.2

0.0

0.0

0.0

2.6

0.0

0.0

0.0

6.1

0.030

Breakfast cereals (g/day)
Non-whole grain

Whole grain

Grains and cereal-based dishes (g/day)
Non-whole grain

Whole grain

2
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Baseline (n=118)
Median

1

Q1

3 months (n=86)

1

Q3

%

Median

1

Q1

12 months (n=64)
1

Q3

%

Median

1

Q1

Q3

1

%

P value

Savoury biscuits (g/day)
Non-whole grain

Whole grain

Total group

1.5 a

0.0

6.4

-

0.0 a

0.0

1.1

-

0.4

0.0

4.4

-

0.018

Male

0.0

0.0

2.2

-

0.0

0.0

0.0

-

0.0

0.0

0.0

-

0.052

Female

2.2

0.0

7.1

-

0.0

0.0

2.9

-

2.5

0.0

6.5

-

0.146

Total group

0.0

0.0

4.9

8.9

0.0

0.0

2.9

6.9

0.0

0.0

0.0

3.0

0.089

Male

0.0

0.0

2.8

4.4

0.0

0.0

0.0

6.0

0.0

0.0

0.0

3.6

0.951

Female

0.0

0.0

5.6

0.8

0.0

0.0

4.3

0.2

0.0

0.0

0.0

2.6

0.070

Total group

0.0

0.0

0.0

-

0.0

0.0

0.0

-

0.0

0.0

0.0

-

0.129

Male

0.0

0.0

0.0

-

0.0

0.0

0.0

-

0.0

0.0

0.0

-

-

Female

0.0

0.0

0.0

-

0.0

0.0

0.0

-

0.0

0.0

0.0

-

0.129

Total group

0.0

0.0

0.0

0.6

0.0

0.0

0.0

0.1

0.0

0.0

0.0

0.3

0.122

Male

0.0

0.0

0.0

0.3

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.5

0.273

Female

0.0

0.0

0.0

0.8

0.0

0.0

0.0

0.2

0.0

0.0

0.0

0.1

0.196

Snacks (g/day)
Non-whole grain

Whole grain

Sweet biscuits, cereal bars and desserts (g/day)
Non-whole grain

Whole grain

1
2

th

Total group

12.0 ab

1.4

34.0

-

0.0 a

0.0

6.8

-

1.9 b

0.0

11.6

-

0.000

Male

10.0

0.0

19.0

-

0.0

0.0

0.6

-

0.0

0.0

14.3

-

0.015

Female

12.8

3.3

37.6

-

1.4

0.0

7.1

-

2.0

0.0

11.4

-

0.000

Total group

0.0

0.0

0.0

1.4

0.0

0.0

0.0

1.0

0.0

0.0

0.0

2.5

0.650

Male

0.0

0.0

0.0

0.9

0.0

0.0

0.0

0.4

0.0

0.0

0.0

2.4

1.000

Female

0.0

0.0

0.0

1.7

0.0

0.0

0.0

1.4

0.0

0.0

0.0

2.6

0.578

th

Q1: 25 percentile; Q3: 75 percentile
Wilcoxon Signed Rank test performed with a Bonferroni adjustment and significance set at P<0.017

2

Table 9-18. Relative intake (g/10MJ/day) of non-whole grain and whole grain-containing food sub-groups at baseline, 3 and 12 months
Baseline (n=118)
Median

1

Q1

3 months (n=86)
1

Q3

Median

1

Q1

12 months (n=64)
1

Q3

Median

1

Q1

1

Q3

P value

Breads (g/10MJ/day)
Non-whole grain

Whole grain

Total group

22.7 a

2.9

55.5

0.0 ab

0.0

12.5

0.0 b

0.0

21.1

0.000

Male

29.5 a

0.0

64.4

0.0 a

0.0

0.0

0.0

0.0

3.9

0.005

Female

22.3 a

6.4

55.2

5.1 ab

0.0

24.6

4.7 b

0.0

29.4

0.000

Total group

47.5 a

13.6

86.5

96.1 a

53.3

133.1

71.4 b

39.3

110.7

0.001

Male

39.8 ab

3.7

86.5

101.9 a

65.6

134.4

70.5 b

35.6

108.8

0.008

Female

48.0

22.3

90.0

92.2

46.3

133.0

71.4

40.8

118.0

0.046

Total group

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.726

Male

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.368

Female

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.625

Total group

22.2

4.7

47.3

40.9

20.6

51.3

39.8

18.2

75.0

0.027

Male

25.2

7.1

74.2

49.8

30.1

67.3

47.5

6.1

60.9

0.106

Female

21.8 a

4.7

44.5

39.7

19.2

47.6

37.7 a

21.3

77.2

0.042

Breakfast cereals (g/10MJ/day)
Non-whole grain

Whole grain

Grains and cereal-based dishes (g/10MJ/day)
Non-whole grain

Whole grain

Total group

121.8 ab

76.3

188.1

78.0 a

34.3

136.2

59.7 b

31.0

131.2

0.000

Male

137.6

56.4

207.7

71.5

19.5

152.9

54.5

7.6

141.4

0.008

Female

120.9

80.0

181.5

81.3

34.9

120.9

62.2

35.0

123.3

0.002

Total group

0.0 a

0.0

0.0

0.0

0.0

0.0

0.0a

0.0

0.0

0.046

Male

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.646

Female

0.0 a

0.0

0.0

0.0

0.0

0.0

0.0a

0.0

0.0

0.030

2
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368
Baseline (n=118)
Median

1

Q1

3 months (n=86)
1

Q3

Median

1

Q1

12 months (n=64)
1

Q3

Median

1

Q1

1

Q3

P value

Savoury biscuits (g/10MJ/day)
Non-whole grain

Whole grain

Total group

1.4

0.0

6.2

0.0

0.0

2.1

0.4

0.0

6.2

0.096

Male

0.0

0.0

2.3

0.0

0.0

0.0

0.0

0.0

0.0

0.052

Female

2.3

0.0

7.6

0.0

0.0

5.6

3.5

0.0

9.1

0.431

Total group

0.0

0.0

4.3

0.0

0.0

4.7

0.0

0.0

0.0

0.115

Male

0.0

0.0

3.4

0.0

0.0

0.0

0.0

0.0

0.0

1.000

Female

0.0

0.0

5.9

0.0

0.0

5.7

0.0

0.0

0.0

0.070

Total group

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.129

Male

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

-

Female

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.129

Total group

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.422

Male

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.273

Female

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.504

Snacks (g/10MJ/day)
Non-whole grain

Whole grain

Sweet biscuits, cereal bars and desserts (g/day)
Non-whole grain

Whole grain

1
2

th

Total group

14.4

2.0

35.9

0.0

0.0

10.2

3.5

0.0

19.3

0.001

Male

7.2 a

0.0

22.5

0.0

0.0

0.7

0.0 a

0.0

20.3

0.015

Female

16.2 ab

3.2

42.9

2.4 a

0.0

11.1

3.6 b

0.0

17.6

0.021

Total group

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.782

Male

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

1.000

Female

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.731

th

Q1: 25 percentile; Q3: 75 percentile
Wilcoxon Signed Rank test performed with a Bonferroni adjustment and significance set at P<0.017
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Appendix 7-3: Total intake of crispbread products at baseline, 3 months and 12
months
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Table 9-19. Absolute intake (g/day) of crispbread products and percentage contribution of whole grain crispbread to total whole grain intake, at baseline, 3 months and
1
12 months; for the combined cohort

Baseline (n = 118)

Total
crispbread

Refinedgrain

Whole
grain

Vita-Weat

1

n

Mean

Median

Total
group
Male

43

5.8

9

Female

3 months (n = 86)
5

5

SD

Q1

Q3

n

Mean

Median

0.0

13.3

0.0

2.8

0.0

4.8

34

6.8

0.0

Total
group
Male

14

1.5

1

Female

%

8.6

35

5.1

0.0

6.9

6

15.1

0.0

8.6

0.0

6.5

0.0

0.3

0.0

1.9

13

1.9

0.0

Total
group
Male

34

4.3

8

Female

3

12 months (n = 64)
5

5

SD

Q1

Q3

0.0

9.0

0.0

4.5

0.0

10.0

29

5.4

0.0

0.0

9

1.8

0.0

0.0

1

7.4

0.0

0.0

0.0

10.3

0.0

4.9

2.5

0.0

4.6

0.0

26

4.9

0.0

11.6

Total
group
Male

18

2.2

0.0

7

2.4

Female

11

2.2

%

4

5

5

%

P
6
value

n

Mean

Median

SD

Q1

Q3

6.0

19

2.5

0.0

5.5

0.0

2.6

0.048

0.0

0.9

4

1.6

0.0

5.0

0.0

0.0

0.764

8.6

0.0

6.2

15

2.9

0.0

5.7

0.0

3.1

0.058

0.0

6.2

0.0

0.0

8

1.3

0.0

4.5

0.0

0.0

0.938

0.9

0.0

4.2

0.0

0.0

0

0.0

0.0

0.0

0.0

0.0

0.607

8

2.2

0.0

6.8

0.0

0.0

8

1.9

0.0

5.4

0.0

0.0

0.803

8.9

27

3.3

0.0

7.3

0.0

2.9

6.9

11

1.2

0.0

3.6

0.0

0.0

2.9

0.034

2.8

4.4

5

3.6

0.0

9.4

0.0

0.0

6.0

4

1.6

0.0

5.0

0.0

0.0

3.6

0.951

0.0

5.6

11.3

22

3.2

0.0

6.4

0.0

4.3

7.4

7

1.0

0.0

2.7

0.0

0.0

2.5

0.023

8.2

0.0

0.0

5.1

14

1.6

0.0

4.9

0.0

0.0

3.7

5

0.7

0.0

3.2

0.0

0.0

1.9

0.687

0.0

4.6

0.0

0.0

4.2

3

1.5

0.0

5.0

0.0

0.0

2.4

2

1.5

0.0

5.0

0.0

0.0

3.3

0.584

0.0

9.2

0.0

0.0

5.6

11

1.7

0.0

4.8

0.0

0.0

4.4

3

0.4

0.0

1.9

0.0

0.0

1.1

0.320

Data obtained from analysis of Diet Histories
Baseline: Male (n=31); Female (n=87)
3
3 months: Male (n=24); Female (n=62)
4
12 months: Male (n=20); Female (n=44)
5
th
th
Q1: 25 percentile; Q3: 75 percentile
6
P value: Friedman test; P<0.05
2

2

Table 9-20. Relative intake (g/10MJ/day) of crispbread products, at baseline, 3 months and 12 months; for the combined cohort
Baseline (n = 118)
n
Total crispbread

Refined-grain

Whole grain

Vita-Weat

1

Mean

Median

3 months (n = 86)
5

SD

Q1

5

Q3

n

Mean

Median

3

12 months (n = 64)
5

5

SD

Q1

Q3

n

Mean

Median

4

5

5

SD

Q1

Q3

P value

Total group

43

5.8

0.0

11.6

0.0

7.4

35

8.5

0.0

15.2

0.0

10.9

19

4.0

0.0

8.8

0.0

4.0

0.115

Male

9

2.7

0.0

4.9

0.0

6.5

6

6.0

0.0

14.2

0.0

1.2

4

2.1

0.0

7.0

0.0

0.0

0.895

Female

34

6.8

0.0

13.0

0.0

12.1

29

9.4

0.0

15.6

0.0

11.8

15

4.9

0.0

9.5

0.0

5.9

0.102

Total group

14

1.5

0.0

6.4

0.0

0.0

9

3.2

0.0

11.4

0.0

0.0

8

2.2

0.0

7.6

0.0

0.0

0.758

Male

1

0.2

0.0

1.2

0.0

0.0

1

1.1

0.0

5.2

0.0

0.0

0

0.0

0.0

0.0

0.0

0.0

0.607

Female

13

1.9

0.0

7.4

0.0

0.0

8

4.0

0.0

12.9

0.0

0.0

8

3.2

0.0

9.0

0.0

0.0

0.629

Total group

34

4.4

0.0

9.7

0.0

4.3

27

5.3

0.0

11.6

0.0

4.7

11

1.8

0.0

5.3

0.0

0.0

0.048

Male

8

2.5

0.0

4.8

0.0

3.4

5

5.0

0.0

13.6

0.0

0.0

4

2.1

0.0

7.0

0.0

0.0

1.000

Female

26

5.1

0.0

10.8

0.0

5.9

22

5.4

0.0

10.8

0.0

5.7

7

1.6

0.0

4.4

0.0

0.0

0.024

Total group

18

2.1

0.0

6.0

0.0

0.0

14

2.5

0.0

7.2

0.0

0.0

5

1.0

0.0

4.4

0.0

0.0

0.759

Male

7

2.4

0.0

4.8

0.0

0.0

3

2.0

0.0

6.3

0.0

0.0

2

2.0

0.0

7.0

0.0

0.0

0.395

Female

11

1.9

0.0

6.4

0.0

0.0

11

2.7

0.0

7.6

0.0

0.0

3

0.6

0.0

2.4

0.0

0.0

0.274

Data obtained from analysis of Diet Histories
Baseline: Male (n=31); Female (n=87)
3
3 months: Male (n=24); Female (n=62)
4
12 months: Male (n=20); Female (n=44)
5
th
th
Q1: 25 percentile; Q3: 75 percentile
6
P value: Friedman test; significant at P<0.05
2

2

1

6
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Appendix 7-4: Crispbread consumers’ intake of crispbread products at baseline, 3
months and 12 months

372

Table 9-21. Crispbread consumers’ absolute (g/day) intake of crispbread products and percentage contribution of whole grain crispbread to total whole grain intake, at
1,2
baseline, 3 months and 12 months

Baseline (n = 43)
Total
crispbread

Refinedgrain

Wholegrain

Vita-Weat

1

n

Mean

Median

Total
group
Male

43

15.8

9

Female
Total
group
Male

3 months (n = 35)

SD

Q1

Q3

11.1

18.1

6.9

19.1

-

9.6

10.7

3.3

8.6

12.0

34
14

17.5
4.1

12.1
0.0

20.1
10.3

5.6
0.0

1

1.2

0.0

3.6

Female
Total
group
Male

13
34

4.9
11.6

0.0
8.6

8

8.5

Female

26

Total
group
Male
Female

SD

Q1

Q3

%

6.4

7.1

2.6

11.3

-

8.0

3.8

9.6

2.3

13.7

-

15
8

8.6
4.5

8.4
0.0

6.7
7.5

2.8
0.0

11.3
9.4

-

Male

0

0.0

0.0 a

0.0

0.0

0.0

-

17.2

Female
Total

8
11

5.7
4.0

2.6 a
2.5

8.1
5.7

0.0
0.0

10.8
6.4

9.2

22.3

21.0

Male

4

8.0

3.8

9.6

2.3

13.7

10.0

1.3

10.2

16.4

Female

7

2.9

0.0

4.0

0.0

6.4

9.0

7.0

0.0

6.0

9.3

Total

5

2.5

0.0

5.6

0.0

2.6

3.9

0.9

9.2

0.0

11.6

9.9

Male

2

7.4

3.6

10.2

1.1

13.7

8.8

0.0

6.6

0.0

5.2

9.2

Female

3

1.2

0.0

3.2

0.0

0.0

2.5

n

Mean

Median

SD

Q1

Q3

Total

35

12.6

10.7

10.2

5.0

20.6

-

-

Male

6

17.9

16.1

13.1

11.2

22.3

20.9
2.7

-

Female
Total

29
9

11.5
4.4

6.9
0.0

9.4
9.2

5.0
0.0

0.0

0.0

-

Male

1

3.4

0.0

8.4

11.3
14.4

0.0
0.4

4.1
14.6

24.5

Female
Total

8
27

4.6
8.2

0.0
5.0

9.0

4.5

6.9

12.0

28.4

Male

5

14.5

12.4

8.4

16.0

0.0

15.3

23.5

Female

22

18

6.3

0.0

12.8

0.0

10.1

13.6

Total

7

8.1

9.0

5.0

6.9

12.0

27.8

11

5.6

0.0

14.1

0.0

6.9

9.7

Data obtained from analysis of Diet History interviews
th
th
Q1: 25 percentile; Q3: 75 percentile

2

%

12 months (n = 19)
%

n

Mean

Median

Total

19

8.5

-

Male

4

19.6
1.0

-

Female
Total

0.0

0.0

-

9.5
9.7

0.0
1.3

1.0
11.2

11.4

14.9

1.7

6.9

5.0

8.0

14

4.0

0.0

Male

3

5.9

Female

11

3.6
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Table 9-22. Crispbread consumers’ relative (g/10MJ/day) intake of crispbread products at baseline, 3 months and 12 months

Baseline (n = 43)
Total
crispbread

Refinedgrain

Wholegrain

Vita-Weat

1
2

1,2

3 months (n = 35)
3

3

n

Mean

Median

SD

Q1

Q3

Total
group
Male
Female

43

10.2

4.6

14.6

0.0

16.5

9
34

4.8
11.3

5.0
4.6

4.4
15.8

0.0
0.0

Total
group
Male

14

2.7

0.0

9.3

1

0.0

0.0

Female
Total
group
Male

13
34

3.2
8.0

8

Female

12 months (n = 19)
3

3

n

Mean

Median

SD

Q1

Q3

Total

35

20.8

14.7

17.7

6.9

33.5

7.6
17.6

Male
Female

6
29

24.1
20.1

22.3
13.9

20.1
17.5

11.4
6.9

0.0

0.0

Total

9

7.8

0.0

16.9

0.0

0.0

0.0

Male

1

4.2

0.0

0.0
2.3

10.2
13.2

0.0
0.0

0.0
11.1

Female
Total

8
27

8.6
13.0

4.7

4.9

4.4

0.0

7.6

Male

5

26

8.7

0.0

14.3

0.0

16.5

Female

Total
group
Male

18

2.8

0.0

5.1

0.0

6.5

7

4.2

3.2

4.8

0.0

Female

11

2.5

0.0

5.2

0.0

Data obtained from analysis of Diet History interviews
th
th
Q1: 25 percentile; Q3: 75 percentile

3

3

n

Mean

Median

SD

Q1

Q3

Total

19

13.4

8.2

11.7

5.4

19.3

25.4
33.5

Male
Female

4
15

10.5
14.2

4.4
13.1

13.9
11.5

2.4
5.6

18.6
19.3

0.0

2.1

Total

8

7.4

0.0

12.7

0.0

13.1

10.4

0.0

0.0

Male

0

0.0

0.0 a

0.0

0.0

0.0

0.0
8.9

18.0
15.3

0.0
2.1

2.1
15.8

Female
Total

8
11

9.4
6.0

2.9 a
2.7

13.7
8.4

0.0
0.0

13.5
6.9

19.9

16.4

22.3

2.4

23.3

Male

4

10.5

4.4

14.0

2.4

18.6

22

11.6

6.9

13.5

2.1

14.7

Female

7

4.8

0.0

6.5

0.0

6.9

Total

14

6.2

0.0

10.3

0.0

10.6

Total

5

3.4

0.0

7.7

0.0

5.5

7.6

Male

3

7.8

1.2

11.3

0.0

21.3

Male

2

9.8

4.1

14.5

1.1

18.6

0.0

Female

11

5.8

0.0

10.3

0.0

9.2

Female

3

1.7

0.0

4.0

0.0

0.0

Appendix 7-5: Vita-Weat consumers’ intake of crispbread products at baseline, 3
months and 12 months
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Table 9-23. Vita-Weat consumers’ absolute (g/day) and relative intake (g/10MJ/day) of Vita-Weat products at baseline, 3 months and 12 months

Vita-Weat
(g/day)

Vita-Weat
(g/10MJ/day)

Total
group
Male
Female
Total
group
Male
Female

n
18

Mean
14.6

Baseline (n = 18)
2
Median SD Q1
11.1
16.4 8.6

7
11

10.5
17.3

11.1
11.1

2.3
20.9

8.6
6.9

12.9
16.7

35.7
32.2

18

13.44

11.6

9.3

7.4

16.5

-

15.4

12.8

11.1

8.9

23.1

-

6.8

6.1

4.3

5.5

6.4

-

7
11

10.63
15.23

10.9
14.7

3.9
11.3

7.4
6.9

14.2
17.6

-

15.6
15.4

21.3
11.8

11.6
11.5

2.4
8.9

23.3
23.1

-

4.1
8.6

4.1
6.4

2.8
4.6

2.1
5.5

6.1
13.9

-

1

Data obtained from analysis of Diet History interviews

2

th

th

Q1: 25 percentile; Q3: 75 percentile

2

Q3
12.9

%
33.6

n
14
3
11

Mean
10.0

3 months (n = 14)
2
Median SD Q1
6.4
8.0
5.1

2

Q3
14.9

%
23.3

n
5

11.9
9.5

11.6
6.0

10.3
7.7

1.7
5.1

22.3
14.9

19.7
24.3

2
3

1,2

Mean
5.1

12 months (n = 5)
2
Median SD Q1
3.4
4.0 2.6

Q3
5.1

%
9.4

3.6
6.0

3.6
3.4

2.1
5.2

2.1
2.6

5.1
12.0

6.2
11.5

2

