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Chapter 1

Introduction, objectives and outline of the thesis
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1.1 Relevance of the topic

1.1.1 Health-related food trends

The food choices consumers make determine whichentd and other components (e.g.
contaminants) enter the body and influence he8lthentific evidence strongly supports the
causal relationship between diet and health (Br&3ofkin, 1998; Hu & Willett, 2002; Key et
al., 2004; Reddy & Katan, 2004; Steyn et al., 208&inburn et al., 2004; Willett &
Trichopoulos, 1996) and has led to the formulabbnlietary recommendations to the public
(WHO, 2003). The relation between diet, health hfedtyle is a key priority for food and
public health policy because of the rising incide€ diet-related non-communicable chronic
diseases such as obesity, cardiovascular diseadesedain types of cancer (WHO, 2011a).
With the public’s increased awareness of causaingepreventive effects of certain foods on
health,healthrelated food qualities have been of increasingortgmce for consumer food
choice (Grunert, 2006). Where previously sensoslitjes (taste, appearance and smell) were
the most important choice criteria, today healtlegsially valued, followed by process and
convenience food aspects (Grunert, 2006). Consudistiaguish between two main health
dimensions: eating healthy which relates to theithetal aspects of foods, and avoiding
unhealthy foods dealing with concerns about foddtggBrunsg et al., 2002). Being one of
the basic human values, health motivates consuetemviiour by contributing to values like
security (i.e. absence of illness) and precedirigeglike hedonism (Schwartz, 1992). Since
health is an invisible product characteristic, aoners may infer the healthiness of a food
from other quality aspects such as process andecogivce characteristics of the food.

The processrelated quality of a food refers to the way a fdwbs been produced such as
organic food production (Grunert et al., 1996). Whihe interest in food production methods
has been growing for some time, this interest tegs bntensified by the recent food scandals
and the resulting food scares (Tregear et al., 1984 trend for organic food in particular
has emerged out of consumers’ concerns for thailtthand for the environment with health
being more important than the environmental corcdMagnusson et al., 2003). In other
words, consumers’ motives to buy organic foods appe arise mainly from the product-
specific characteristics directly benefiting thensomers rather than the process-specific
characteristics indirectly benefiting the consum@sganic farming has become one of the
fastest growing sectors in agriculture with a wailie growth of 82% between 2006 and
2008 (Willer & Youssefi, 2007). The evolution oktlorganic food retail sales in Belgium and
the four largest markets in the EU are presentdéignre 1.1 Consumers associate organic
foods not only with health and the environment, dab with a higher price, purity (i.e. full or
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almost additive free), cleanliness (i.e. pestidrée and free from other chemicals) and better
animal welfare (Roininen et al., 2006).
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Figure 1.1 Evolution of organic food retail sali@esselected European countries (1993-2009)
Source: EC Directorate General for Agricukuaind Rural Development (2010)

Conveniencéhas gained considerable importance in the foodceboof today’'s consumers
due to rising incomes, the increased participabbrwomen in the work force, but more
importantly consumers’ perception of monetary antetconstraints (Scholderer & Grunert,
2005; Wales, 2009). Convenience refers to foodaspehich save time, mental and physical
effort during food purchase, storage, preparatiott @onsumption (Gofton, 1995; Grunert,
2006). Convenience food products relate to varlouse meal substitutes including the so-
called food away from home (FAFH) (Costa et alQP0 FAFH is defined as food prepared
out of home irrespective of the place of consummtar alternatively, food consumed out of
home irrespective of the place of preparation (Maek al., 2011). The increased FAFH
consumption in Belgium and selected European cmsis illustrated by means of expenses
for catering services in Figure 1.2. Previously ¢ineup of convenience-oriented consumers
was rather limited to consumers who were not vetgrested in the taste, health or process-
related quality of foods. Today the conveniencertad consumer segment is extended to
consumers demanding foods which are not only caemémut also have good taste, health
and process qualities (Brunsg et al., 2002).
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Figure 1.2 Evolution of expenses for catering e&win selected European countries (1990-2009).
Prices adjusted to the levels of 2000. Sau@teCD (2011)

1.1.2 Relevance and effectiveness of nutrition afcbalth communication

Food choices and quality perceptions are impottanause they create consumer demand for
suppliers in the food chain who produce, process distribute food (Sobal et al., 1998).
Although consumers are increasingly demanding hiealproducts, the worldwide growing
prevalence of diet-related nhon-communicable chrdiseases suggests that many consumers
seem to struggle with making healthier food chaic&smajor obstacle is the fact that
consumers may not directly perceive or verify tealthiness of a food either before nor after
consumption, but they need to infer it from variowdormation sources (Caswell &
Mojduszka, 1996). In other words, there exists nmi@tion asymmetry between consumers
and other stakeholders such as the food produckgevernment (Verbeke, 2005). Nutrition
and health communication about the nutritional props and associated health effects is
necessary for consumers to search and select ieedttbds (Drichoutis et al., 2006).

Effective communication depends largely on the degto which the information is
adequately processed. An important prerequisite ifdormation effectiveness is that
consumers are able and willing to process inforomatiMoorman, 1990). The level of
nutrition knowledge which determines consumerslitgbio process the communication, is
often insufficient to adequately understand speacifitrition information (Grunert & Wills,

2007). Since many food choices are low involvenaeaisions, i.e. of low personal relevance



Chapter 1. Introduction, objectives and thesisiogtl

or risk of wrong decisions, consumers tend to us®le rules of thumb (i.e. heuristics or
cues) to make up their food decision (Chaiken, 18&ty & Cacioppo, 1986). Additionally,
consumers are exposed to plenty of informationngrginem to choose or not to choose a food
product. This means that information is processedcantinuous interaction with other
information, resulting in associations which may lgeyond its literal and even intended
meaning (van Trijp, 2009).

1.1.3 The importance of nutrition labelling to different stakeholders
(based on Moser et al. (2010))

One of the major instruments to provide nutritioformation is food labelling (Grunert &
Wills, 2007). Nutrition labelling is an attractiwestrument since it provides information while
retaining consumer freedom of choice and it reductsmation search costs. Consumers’
increased demand for information about the hedi#racteristics of foods has motivated food
manufacturers and retailers to provide nutritiofoimation on their food labels (Verbeke,
2005). Different front-of-pack (FOP) simplified mition labels have recently been introduced
voluntarily as a complementary scheme to the Ewopgnion (EU) regulated back-of-pack
nutrition table (EC Regulation 90/496), and nubritiand health claims on prepacked foods
(EC Regulation 1924/2006). Examples are the guidediaily amounts and traffic light label
(European Heart Network, 2007). These simplifiettitian labels differ from the traditional
nutrition tables in the amount and presentatiorthef nutrition information and therefore,
would require less time and effort to be processed.

From aconsumeipoint of view, nutrition labels are important infieation cues that can guide
their food choices, and enable them to make betfermed and healthier food choices. In
other words, nutrition labels are signals of headtlated food quality, and foods without such
a label may alert consumers about its absence (Galal., 2001). Nutrition labels and more
specifically the simplified nutrition labels maydiece the information search and acquisition
costs and as such increase their usage. Provigedhtd information is correct, complete,
trustworthy and correctly understood, nutritiondlbcan increase the efficiency and the
utility of purchase decisions (Teisl et al., 200@)r example, in the case of consumers with
hypertension, labels may help them to reduce ga&irintake by eating foods labelled as “low
salt”. However, negative spill-over effects may wcd consumers substitute information
from objective sources such as doctors by nutritlabels which are probably less
scientifically correct and perhaps so designed they favour a labelled product (Calfee &
Pappalardo, 1991). For example, a food label witbrmation based on small portion sizes
compared to a normal portion size, may lead to awesumption of the respective product.
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Additionally, nutrition labelling can create resiste in consumers when they feel directed to
choices they do not want to make (Grunert & WR807).

For policy makers providing consumers with summarised nutritionomiation on food
labels may lead to an increase in informed foodicgdsoand socially desirable changes in
consumption behaviour (Golan et al., 2001). Morepretrition labelling is an important tool
for reducing information asymmetry and to ensua@gparency in the food market (Grunert,
2002). By regulating nutrition information, foodfeemulation and innovation as well as fair
competition can be stimulated (EC Regulation 192d6). However, labelling induces costs
including costs of program initiation, administoatiand enforcement (Golan et al., 2001).

The food industry has an interest in nutrition labelling to develepategies to better
differentiate their food products in the market duathce to build and maintain health-oriented
competitive advantages (Caswell & Mojduszka, 1998)trition labels allow firms to make
their corporate social responsibility visible taetpublic (van Trijp, 2009). However, labels
may have a “public good” character, implying thdti@onal information provided by one
firm may be advantageous to all other firms in tharket (Golan et al., 2001). Simplified
nutrition labelling can increase market performancecase simplified nutrition labelling
becomes mandatory, (more) consumers may become afidne lower nutritional value of
one food compared to another, leading to possibiggssin their demand and the survival
probability of certain food products if these prottuare not reformulated according to the
requirements of healthy nutrition (Rubin, 2008).dianally, mandatory nutrition labelling
can induce food innovations (Drichoutis et al., @00t may nevertheless result in higher
costs due to new designs of packages, new infoomatiovided in printed and internet media
as well as costs induced by product formulatiomges.

1.2 Scope of the doctoral thesis

In this doctoral dissertation, the health-relatedldy is approached from a multidisciplinary
perspective, incorporating theories and methodek§iom food and nutrition science on the
one hand and consumer science on the other hanal.cége studies are presented in this
doctoral dissertation, one dealing with organicetafles, the other with out-of-home (OH)
meals, which both exemplify important food trendsthe last two decades. In both case
studies the role of information, i.e. an organiairdl and simplified nutrition information, is
studied in the formation of health-related food lgygerceptions and food choices. Prior to
the empirical studies, a scientific justificatiohtbe organic claim is provided, while in the
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case of the OH meals a simplified nutrition labeldeveloped based on existing meal
recommendations. The terms “nutrition informatio@hd “nutrition label” are used
interchangeably throughout the dissertation. Theth brefer to the information about the
nutrient content of OH meals. The research is fedusn Flanders, the Northern part of
Belgium, which is characterized by a western lifiestand related organic and OH food
consumption trends.

1.2.1 Case study 1: Organic vegetables

The first case study was part of a research pr¢gf6-2007) on the comparison of organic
vegetables and farming with the conventional altéwe regarding their environment
friendliness, nutritional value and safety, andsthioth from a scientific and consumer
perspective (Van Huylenbroeck et al., 2009). Thgjqut including this case focused on a
single food group with a healthy image, namely vagles (including potato). Although
potatoes are, strictly speaking, no vegetablestHerpurpose of this dissertation potato is
considered as one of the five vegetables (nextatoot; tomato, lettuce and spinach) as
according to the Codex Classification (Codex Alinaets, 1993). The focus on vegetables is
primarily motivated by their importance in the angafoods market in Belgium with a market
share in 2009 of 29% in terms of volume and a nigrkeetration of 51% (provided by GfK
Panelservices Benelux). Vegetables are an imposgantce of micronutrients including
vitamins, minerals and various beneficial phytocloats, which are considered to be
responsible for their protective effect againstodic diseases such as certain cancers (Hung
et al., 2004). At the same time vegetables are alpotential source of human exposure to
contaminants such as nitrates, heavy metals, pmhstiesidues and pathogenic micro-
organisms (cf. recent outbreak of enterohaemorchBgicoli (EHEC) in Germany; WHO
(2011b)) (Dedaza & Diaz, 1994). In order to comptre health-related quality and its
perception between organic and conventional veggtalamong adults with varying
consumption of organic vegetables, both dimensairisealth, i.e. the nutritional and safety
aspects, are considered in this dissertation.

1.2.2 Case study 2: Nutrition information on univesity canteen meals

The second case study (2008-2011) is positioned Bpecific OH context, namely two
canteens of Ghent University. The canteen of trmulBaof Bioscience Engineering and the
one of the Faculty of Psychology and Education&rses have been selected because of
logistic advantages and their similarity in sizel @mumber of customers, and their equal meal
offer. Both canteens serve about 225 hot mealsyaTdegese canteens are representative for
the other canteens of Ghent University since tineessuppliers cater for all canteens and the
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menus are standardized. Canteen meals are compbd#fdrent processed food groups (e.g.
meat, vegetables) and form an important part ofdie¢ for many university students and
staff. The consumption of canteen meals have bssocated with food and nutrient intakes
that contribute to the increased prevalence ofmleted non-communicable chronic diseases,
such as higher intakes of energy, fat and sodiumd, iasufficient intakes of fruits and
vegetables (Lachat et al., 2009). In contrast withhealthy image of vegetables, consumers
are generally unaware of the lower nutritional gyabf eating out compared to eating at
home (Burton et al., 2006). They often base thealth-related quality expectations of OH
meals on their quality experiences with similar leemade meals (Costa et al., 2007). In this
case study the health-related quality is approadhedhe nutrition-related dimension of
health which for meals relies on both the composiind the quantity of its ingredients.

1.3 Conceptual framework

The conceptual framework of this doctoral disseta{Figure 1.3) is based on the four food
guality concepts (Grunert et al., 1996), the foarldy perception process (Grunert et al.,
1996; Steenkamp, 1990), an information responseem@runert & Wills, 2007) and the
quality quadrant (Oude Ophuis & van Trijp, 1995he$e concepts and models are commonly
used in research on consumers’ food quality pelmeptand their impact on food choices.
First, the concept of health-related food qualityf ae defined. Second, the way consumers
form an overall judgement of food quality basedsarrogate indicators of quality (or quality
cues) will be explained. Finally, factors that udghce health-related food quality will be
discussed.

1.3.1 The concept of health-related food quality

Food quality is defined in many different ways Iboé two main different definitions are
objective and subjective food quality (Oude Oph&isvan Trijp, 1995). Objective food
quality refers to the technical, objective measlerand verifiable nature of food products and
processes. The product-oriented quality covergptiysical characteristics intrinsic to a food
product (e.g. fat content), while the process-dadrmuality includes the characteristics of the
process by which a food product has been produegd ¢rganic) (Grunert et al., 1996).
While these two types of objective food quality lde#h the level of quality, a third type or
quality control deals with the adherence of a fpooduct to predetermined food standards.
Subjective or perceived food quality covers the wagsumers perceive food quality which
may differ significantly from the objective food gity (Grunert, 2005).
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The gap between objective and subjective food tyulas been attributed to consumers’
quality perception process or the so-called peroepfilter (Risvik, 2001). In order to
understand this gap between scientific objectiaitg human subjectivity with regard to food
guality, two useful classifications of quality @butes for food have been proposed in the
literature. A first distinction is made betweenrimsic and extrinsic attributes (Olsen &
Jacoby, 1972). The intrinsic quality attributesatelto the physical aspects of a food product
(e.g. fat content, colour and taste), while theiesic quality attributes refer to food aspects
which are physically not part of it (e.g. pricetmion and production information). A second
classification distinguishes between search, egped and credence attributes (Darby &
Karni, 1973; Nelson, 1970, 1974). Search attribatesbe verified before the actual purchase
of the food product (e.g. colour, price), while ekpnce attributes are only perceived after
purchase (e.g. taste). In contrast, consumers mayfimd out whether the food product
actually possesses credence attributes (e.g. & organic production).

|Product| | Place | |Person| |Informationformat|

i| __________ I____i l

Objective quality © Subjectve qualty |

Product-oriented
quality

.| Experience quality,
attribute beliefs

Perceived ] _
intrinsic Quality perception

quality cues process

Intrinsic
quality cues

»

A 4

A

Perceived
extrinsic Use

quality cues
l Liking

Understandin

Extrinsic
quality cues

A 4

A 4

Process-oriented
quality

Credence quality
attribute beliefs

Perception filter

Food
choice

v
| Dietary intake |

Figure 1.3 Conceptual framework

Finally, food quality is multidimensional. From arsumer perspective, food quality includes
four dimensions: sensory value, health, conveniemzk process (Grunert et al., 1996). The
sensory or hedonic quality dimension refers to faspects such as the taste, appearance and
smell, with taste as the principal aspect. Headthted qualities concern food aspects that
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consumers perceive to affect their health and disided into the nutritional value and
safety aspects of a food (Brunsg et al., 2002; r8ilé Strada, 2005). The process quality
dimension relates to the process by which a foalde®n produced, while the convenience
dimension covers food aspects that save time dod.élVhere the sensory and convenience-
related qualities are mostly search or experiehegacteristics, the health and process-related
gualities are credence characteristics. This dattdissertation focuses on these credence
quality attributes and more specific on the headlated qualities of food products and
production processes.

1.3.2 Quality perception process and food choice

Since consumers are not able to perceive most duadity attributes before or even after
purchase and consumption, they form expectationsutatthe quality. These quality
expectations are based on so-called quality cubghware pieces of information related to
the quality of a food that consumers may observdahay senses before purchase (Oude
Ophuis & van Trijp, 1995; Steenkamp, 1990). Quatines are categorized as either intrinsic
or extrinsic and includes concrete product charesties, mostly search attributes. The way
consumers use quality cues to infer food quality ba quite complex and come across as
being irrational sometimes (Brunsg et al., 2002y. &xample, consumers seem to use the
colour of meat to infer tenderness. In order foaligy cues to influence consumers’ beliefs
and attitudes towards the quality of a food, theses need to be perceived by consumers
(Grunert & Wills, 2007). Perception may result inderstanding of the cues, which is the
meaning a consumer gives to what is perceived latioa to earlier experiences and prior
knowledge. This meaning is not necessarily theintemded by the quality cue. Consumers
may also like the perceived cues without necegsantlerstanding them. Both understanding
and liking of the quality cues are assumed to he@vempact on its use. This hierarchy of
effects from perception to cue or information aalion has been proposed by Grunert and
Wills (2007) and is based on research in consureeisbn-making (Engel et al., 1968) and
attitude formation and change (Lavidge & Stein@§1)). Cues that consumers use to form an
overall judgment of the quality of a food, i.e. gawved quality, will eventually determine
their food choice and dietary intake.

1.3.3 Factors influencing health-related food quatly

The processes of quality perception and food choieg differ between persons, products
and places (Oude Ophuis & van Trijp, 1995). Depegdon the food product, different
guality cues may be taken into account when judgiveg quality of a food. For example,
nutrition information about the vitamin content mhg relevant when judging fruits and
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vegetables, but less relevant in the case of riibatquality perception process becomes even
more complex when a combination of foods is considiesuch as meals. Since individual
differences occur in perceptual abilities, prefeemnand experience level, the perceived
quality and food choice will vary accordingly. Alsioe place or environment in which a food
is planned to be consumed may affect its perceiyedlity. Home-prepared meals are
generally perceived more positively than meals goresd OH (Costa et al., 2007). Moreover,
the way quality cues such as nutrition informataye presented may influence consumers’
perceived healthiness of a food. For example, trutriinformation by means of graphics,
symbols, verbal descriptors (high, medium, low) aiidh limited numerical information have
been shown to increase consumers’ ability to idemiealthier food options (Campos et al.,
2011). Finally, as the definition suggests, theeotiye quality of a food is determined by the
physical characteristics intrinsic to the food prod (Product-oriented quality) and the
characteristics of the production process includihg environment in which a food is
produced, processed and handled (Process-orienéditlyy (Grunert et al., 1996).

1.4 Research objectives and hypotheses

The overall objective of this research is to eviduahether extrinsic quality cues have
desired effects from a scientific perspective onstners’ health-related quality perceptions
and food choices. A better understanding of the wdl information in the way consumers
perceive the health-related quality of a food armkenfood choices is relevant for public
health as it may contribute to the developmentadfes nutrition and health communication.

Practically, this research will address the obyecthy means of two case studies. The first
case study (Part Il) covers the organic productisran extrinsic quality cue for vegetables.
The main objective of this case study is to expltwe gap between scientific evidence and
consumer perception regarding the nutritional vadunel safety of organic compared to
conventional vegetables. A second objective isntestigate the influence of consumers’
health-related perception of organic on the congiommf vegetables. The second case study
(Part 1ll) deals with scientifically substantiateditrition information on meals served in
university canteens as the extrinsic quality cuge main objective for this case study is to
evaluate whether the nutrition information is usgdcanteen customers and assists them in
making better informed and healthier food choidedditionally, the second case study aims
at identifying and understanding consumer prefergrior alternative nutrition label formats
for use in university canteens. The following reskahypotheses emanate from these
objectives based on the conceptual framework lawindin the previous section. Verification
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of these hypotheses will provide valuable insightthe role of various extrinsic quality cues
in consumers’ health-related quality perceptiorns faod choices.

Table 1.1 Research hypotheses

H1: Organic vegetables are healthier than conventimgetables (Chapter 3).

Hla: Organic vegetables are richer in beneficialieats than conventional
vegetables.

H1lb: Organic vegetables contain less harmful contantsithan conventional
vegetables.

H2: Consumers use the organic quality cue to askedsealth-related quality (i.e.
nutritional value and safety) of vegetables (Caag).

H3: Consumers’ perceived quality of organic vegetaibdlees not match with objective
health-related quality (Chapter 4).

H4: Perceived quality is a better determinant ofifoboice and dietary intake than
objective quality (Chapter 5).

H5: Consumers use the nutrition information on camteeals as an extrinsic quality cue
to make healthier food choices leading to betitetady intakes (Chapter 6).

H6:  Nutrition information that consumers perceivke] understand and eventually use,
leads to a better match between objective anceped health-related quality (i.e.
nutritional value) (Chapter 7).

H7: The influence of nutrition information on foolaces and dietary intake differs
between consumers according to personal charstatserinamely:

H7a: their motivation to change diet and objectivériion knowledge (Chapter 7).
H7b: their diet-heath awareness, food choice motiged,socio-demographic
characteristics (Chapter 6).

H8: Information characteristics and person-relataddrs influence consumer label
preferences (Chapter 8).

H8a: Label preferences vary according to consumeefepences for simple,
complete and non-coercive nutrition information.

H8b: Label preferences vary according to consumdridityaand willingness to
process the nutrition information as well as sa@mographic characteristics.
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1.5 Research design and data sources

Data required to meet the research objectives atebst the research hypotheses are collected
through quantitative research procedures. Figutg@rvides an overview of the nature of the
data sources and the different research desigre insthis doctoral research according to
research field and case study considered. The distaissed in this dissertation originates
from five studies that were executed independefittyn each other, including different
samples of respondents, and on different pointsme. A more detailed description of the
different study samples and methodologies appéesljncluded in the methods section of the
forthcoming chapters. The present section comptresmethodology between these five
studies or data collections in the order that tbdies were conducted.

The case study on organic vegetables started wvitibraugh review of the literature available
in 2009, from which nutrient and contaminant cohtdata of organic and conventional
vegetables were collected and compiled in detalldbases. The final database comprised of
secondary data from 138 relevant data sources. fnese sources, 1008 data points were
from nutrients and 2572 from contaminants. Thressgs of nutrients (i.e. vitamins and pro-
vitamins, minerals and secondary plant metabolitées) three classes of contaminants (i.e.
pesticide residues, heavy metals and nitrate) wensidered in five vegetables (i.e. carrot,
tomato, lettuce, spinach and potato).

In a second study, primary data on consumer peacef organic versus conventional
vegetables were collected through a consumer sunvElanders, Belgium, during the period
of December 2006-February 2007 by means of selfia@dtared structured questionnaires. A
total sample of 529 respondents was obtained @soanvenience sampling procedure.

For the assessment of the dietary intake of nufriend contaminants in a third study, the
vegetable composition data collected in Study 1eweombined with (1) secondary
consumption data of vegetables for the Belgian [ajmn (n = 3245) and (2) primary
consumption data of organic and conventional végesaobtained from the consumer survey
in Study 2 (valid n = 522).

The main study (Study 4) performed within the secoase study on nutrition information in
university canteens consisted of the developmena oheal evaluation tool, and various
consumer surveys before and after posting thetmutrinformation. The meal evaluation tool
was developed based on existing meal recommendataond food composition data and
portion size estimates from secondary data souffes.nutrition-information intervention
study used a one-group pretest-posttest desigrhwhéans that each respondent was exposed

15



Part |

to the intervention and served as his or her ownrobas assessed at baseline. A convenience
sample of 224 students enrolled in the interventzm completed the three-day food records
and quantitative consumer surveys at baseline {@ctNovember 2008) and follow-up
(April-May 2009).

A final data collection (Study 5) was conductedotigh a structured, web-based consumer
survey among students of Ghent University in Felyr@810. Preferences between alternative
nutrition label formats for canteen meals were fidiea based on a discrete choice

experiment (as the first part of the survey). Insecond part of the survey, data on

determinants of choice preferences were collediedotal, 1725 completed surveys were

returned and judged suitable for further analyses.

Data sources Research design Research field
Historical Survey (ans)
experimental
E Literature revieW
Casel. |i secondary Nnutrien= 1008 | Nutrition science
. ‘ Neontaminant= 2572
Organic e [
vegetables | ________________ Ml .
E Consumer survey i Consumer sciencs
| n=529 !
E - Pre-post Pre-post ! Nutrition science/
Case2. |i Primary consumersurvey  interventionstudy || consumer science
i n=224 n=224
Nutrition ' i
information | | , o
oncanteen | ! Choice experiment | | consymer science
meals : n=1725 .

Figure 1.4 Research design and data sources

1.6 Thesis outline

This doctoral dissertation is a compilation of papthat have been published, accepted or
submitted as contributions to international peerewed journals, cross-covering the
scientific disciplines of food science & technologwtrition & dietetics, and agricultural
economics & policy.

Part | provides next to an introductory chapt€&hépter ), a research paper presenting
insights into consumers’ perceived importance dfients in food choices. ThiShapter 2is
not directly related to a specific research obyegtbut is incorporated in this introductory
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part to substantiate consumers’ general interestamutritional value of foods when making
food choices.

Part Il compiles four research papers on the organic casly.<Chapter 3describes the
differences in nutritional value and safety betweeganic and conventional vegetables. For
this purpose, detailed nutrient and contaminantesdndatabases were developed based on
secondary data sources. @mapter 4consumers’ perception related to the nutritiorelle
and safety of organic vegetables is discussed. citapter combines the evidence obtained in
chapter 3 with the findings on consumer perceptitich were derived from primary data
drawn from a consumer surve@hapter 5describes the results of the effect of consuming
organic versus conventional vegetables on consumeitsient and contaminant intakes.
Therefore, the nutrient and contaminant conternd datlected in Chapter 3 were combined
with secondary and primary vegetable consumptida dhtained from the consumer survey
in Chapter 4.

Part Ill covers the second case study on the effectivenksuutation information in
university canteens. This part consists of threearsch paper&€hapter 6details the effect of

a nutrition-information intervention in universit@anteens on consumers’ meal choice and 24-
hour nutrient intake. It also profiles consumerrsegts which were identified based on
consumers’ compliance with the recommended meal @ indicated by the nutrition label.
Primary data on pretest and posttest behaviourelated determinants were gathered by self-
administered food records and consumer surv@lgapter 7builds further on the intervention
effect observed in Chapter 6 and contributes to uhéerstanding of the causal pathway
through which the intervention exerts its effecta@terminants of meal choices in the total
sample and for consumer subgroups. A hierarchyfet&s model is conceptualised and
validated by means of structural equation modell@bapter 8elaborates on the potential
role of label format characteristics in the effeetiess of a nutrition-information intervention.
Consumer preferences between alternative labelsusar on canteen meals and their
determinants are analysed using primary data fretated choice modelling study.

Finally, Part IV provides the general discussion of the resultainbt in the framework of
the research objectives and hypotheses. Conclysiamglications, limitations and
perspectives for further research are proposed.
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Chapter 2

Consumers’ perceived importance of nutrients in
food choices

This chapter is based on:

Hoefkens, C., Verbeke, W., & Van Camp, J. (201llropean consumers’ perceived
importance of qualifying and disqualifying nutrienin food choicesFood Quality and
Preference22(6), 550-558.

Abstract

Providing nutrition information through food labeis increasingly important in helping
consumers making better informed food choices. Mgjeestions are whether consumers
perceive specific nutrients as valuable in foodiob® and whether their perception differs
for qualifying and disqualifying nutrients. Consusiglacing high importance on nutrition
are expected to use nutrition labels more. Thip@raeports on the perceived importance of
nutrients, more specific of qualifying nutrientsb(ge, vitamins/minerals) and disqualifying
nutrients (energy, fat, saturated fat, salt, sygarsd possible differences between consumer
groups. A pan-European consumer survey (n = 4828% wonducted with samples
representative for age, gender and region in Belgikrance, Italy, Norway, Poland and
Spain. Overall, consumers perceived the nutritiovalue of foods as important when
selecting foods, and even more important for qualf than for disqualifying nutrients.
Statistically significant but small differences weobserved between countries. A higher
perceived importance was reported by women, oldspandents, dieters and more health
conscious respondents. The effects of childrerhenhousehold, education and body mass
index were very small. For age and gender compaoedhealth consciousness, group
differences were more significant regarding distyialy nutrients than qualifying nutrients.
Small effect sizes were found for dieting on thecpered importance of qualifying nutrients.
Implications for nutrition policy makers and foauustries are discussed.
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2.1 Introduction

Consumers have become increasingly concerned aarckaw the relationship between diet,
food intake and health (International Food InfonmatCouncil, 2000). The increased interest
in nutrition and healthy eating has led consumeiiseicome more interested in healthier food
products (Grunert, 2006). The nutritional valueadbod product cannot, however, be simply
observed or experienced by a consumer even afeerptbduct is eaten (Caswell &
Mojduszka, 1996). To appraise the nutritional cbation of foods to the overall diet in order
to make informed food choices, consumers may usetitrition information on food labels.
Although consumers have shown a widespread int@émesutrition and nutrition labelling,
other factors such as the taste and price have t@®peting priorities in relation to food
(Drichoutis et al., 2005). Consumers may prefer ithmediate benefits of a tasteful food
product over the long-term benefits of a nutritipugduct (Verbeke, 2006). Although there is
a lack of knowledge on how the interest in nutrtinformation varies according to different
consumer groups, a cross-culturally consistentidioppds that women, parents of children
living at home, older consumers and consumers irthioentral Europe relative to South
Europe tend to be more interested in nutritionnmi@tion (EC Directorate General for Health
and Consumer Protection, 2005; European Heart NkvaD07; Grunert & Wills, 2007).
There are also indications that the situation dedtype of food product influence the degree
of interest. For example, a higher interest is oles for nutrition information related to
processed products with a low degree of transpgremo in situations with low time
constraints or where the product is bought for fin& time. Also the type of nutrition
information determines the level of interest. Therients for which prime interest has been
reported are fat, energy, salt and sugar, which areso-called disqualifying nutrients
(Grunert & Wills, 2007). Other nutrients mentionieg the participants of the BEUC survey
(BEUC, 2005) were vitamins, cholesterol, carbohteBaminerals, protein, fibre, saturated
and unsaturated fatty acids. A disqualifying nuitjes opposed to a qualifying nutrient, is a
nutrient that, when present in a food in too higtoants, potentially disqualifies the food for
bearing a nutrition and/or health claim (Tetenalgt2007). Strictly, energy is not a nutrient,
but for the purpose of this study energy was care as one the disqualifying nutrients in
line with Tetens et al. (2007). Because caloriemgared to energy are the best established
notion with European consumers, the term “calories&ls used in this consumer study
(Cowburn & Stockley, 2005; van Kleef et al., 2008).
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Several reasons could explain why consumers retietahtly to negative nutrition attributes
versus positive ones. Attribute framing theory sgg that individuals may have more
favourable evaluations of attributes (e.g. nutsgnihen described positively than when
described negatively (Levin et al., 1998). Follogvithe prospect theory of Kahneman and
Tversky (1979), consumers may attach more impogtémattributes associated with potential
losses than attributes involving potential gaingl{@&s, 2001). Moreover, consumers may
believe that dietary supplements can easily soligent deficiencies, but to reduce the intake
of disqualifying nutrients a drastic change in dietd physical activity is often necessary
which may be considered far more difficult (Russale 1986). Another reason could be the
introduction of simplified front-of-pack (FOP) ldkeand nutrient profiles which emphasise
disqualifying nutrients. Although from a regulatgppint of view nutrient profiling is not
advancing as quickly as originally planned withime tEU, nutrient profiling systems
categorising foods based on their food compositiane been developed for purposes such as
to regulate nutrition and health claims, to assistsumers in making healthier food choices
and to stimulate food reformulation and innovati@C Regulation 1924/2006). FOP
nutrition labelling is also a recent developmensuigng from calls for at-a-glance
information to help consumers select healthier fpooducts more easily. The FOP labels
have been introduced voluntarily as a complemerdaheme to the regulated back-of-pack
nutrition table (EC Regulation 90/496), and nubritiand health claims. Examples are the
guideline daily amounts (GDA) and traffic light Ebwhich include information on fat,
saturated fat, sugar and salt (sodium). The foeuslisqualifying nutrients is in line with
consumers’ main use of nutrition labels, namelyatmid the negative nutrients in food
products (Drichoutis et al., 2006). However, sontedies have argued that a positive
approach to encourage consumers to a more heaéttarydpattern would be more effective
(Miller et al., 2009; Nicklas, 2009). They suggéiseé use of a nutrient density profiling
system promoting foods providing substantial amewriftnutrients, i.e. nutrient-dense foods,
instead of energy-dense foods. This discourse ahogegting consumers with positive versus
negative information, or providing consumers witliabfying versus disqualifying nutrient
information was a major rationale for the presdrapter.

The basic assumption from which the study depawiad that without a basic interest in
nutrients, the probability of using and understagdispecific) nutrition information on food
labels is less likely. While there is a growing paf literature on the use and understanding
of nutrition labels (reviewed by Cowburn & Stocklg8005) and Grunert & Wills (2007), to
the authors’ knowledge only one study examined fiade| use in relation to the belief that
nutrition is important in making food choices which a preceding step in the decision-
making process. This study revealed that more labets believed that nutrition information
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is important in making food choices than label nsers (Smith et al., 2000). The lack of
information on the perceived importance of indiadwnutrients, and qualifying versus
disqualifying nutrients, in food choices raised tguestions. First, do European consumers
find specific nutrients important in selecting fe@d Second, do consumers perceive
disqualifying nutrients differently in terms of immgance in food choices than qualifying
nutrients? Since heterogeneity of interests anddfiexross consumers is expected, the
objective of this chapter is to describe the peexbiimportance of (qualifying versus
disqualifying) nutrients and differences in peresiwutrient importance between consumer
groups with different socio-cultural backgroundsci®-demographic characteristics (e.g.
gender and age), behavioural characteristics (sischpecial diet status), body mass index
(BMI) and health consciousness were used to prafilesumer groups. Results from this
chapter are valuable to food manufacturers andeetagovernmental and non-governmental
organisations to know which nutrition information provide on food labels to which
audience in order to increase their potential ugkimpact on food choices.

2.2 Methodology
2.2.1 Study design and population

Pan-European data were collected through a cras®isal quantitative survey with samples
representative for age, gender and region in sisofi@an countries: Belgium (n = 826),
France (n = 801), Italy (n = 800), Norway (n = 798pland (n = 803) and Spain (n = 800).
These countries have been selected in order ta tbeegeographical North-South and East-
West axes of Europe. Data collection was condudigéthg Fall 2007. A total of 4828
participants between the ages of 20 and 70 years rmadomly selected, stratifying for age
and region, from the representative TNS Europeafin®rAccess Panel (Malhotra &
Peterson, 2006). All procedures for contact andtjorenaire administration were electronic.

The socio-demographic profile of the national andlpd samples is presented in Table 2.1.
Both genders were equally represented as the papulaas intentionally not restricted to the
main responsible for food purchasing. Age distiiimg, mean age and household sizes
matched closely with the national census data efréspective countries. About half of the
sample (52.6%) had higher education (universitylegel or university), 38.8% upper
secondary and 8.6% lower secondary education. Veer@presentation of higher educated
respondents, in particular in Poland and Spaimttisbuted to the use of a web-based data
collection method.
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2.2.2 Questionnaire

Participants were asked to complete a self-adneir@dt structured electronic questionnaire.
The questionnaire consisted of several sectionBndewaith (1) behavioural and attitudinal
items relating to food purchasing in general, (#jtumes towards traditional foods in
particular, and (3) personal data relating to fifiss general interests and socio-
demographics. The selection of items was informeduazlitative exploratory research in the
same set of countries (Guerrero et al., 2010; @uert al., 2009). The master questionnaire
was developed in English and translated into thmal languages using back-translation to
ensure linguistic equivalence (Brislin, 1970; Masregongul & Dixon, 2004). Before starting
with the fieldwork, the questionnaire was extenlsiyietested through personal interviews
with 15-20 respondents in each country. The ovepadistionnaire content and data collection
details have been extensively described in Piestigk. (2009) and Vanhonacker et al. (2010).
The analyses reported in this chapter focus onsitdrat were included in the first and third
section of the overall questionnaire.

Table 2.1 Sample characteristics (%, n = 4828)

Pooled sampl¢ Belgium  France Italy Norway  Poland Spain
(n=4828) (n=826) (n=801) (n=800) (n=798) (n=803) (n=800)

Gender
Male 50.8 50.6 48.1 52.8 50.9 49.8 52.6
Female 49.2 49.4 51.9 47.3 49.1 50.2 47.4
Age
< 25 years 12.7 11.6 144 124 11.5 14.9 11.6
26 to 35 years 24.2 18.8 21.1 26.3 26.6 25.2 27.4
36 to 45 years 23.5 23.2 24.5 24.3 24.4 18.7 26.1
46 to 55 years 22.0 23.1 21.7 19.8 20.3 27.0 19.9
> 55 years 17.6 23.2 18.4 17.4 17.2 14.2 15.0
Education
Lower secondary 8.6 8.1 9.0 12.4 9.8 2.6 9.4
Upper secondary 38.8 35.2 37.5 61.4 47.9 26.7 24.4
Higher 52.6 56.6 53.5 26.2 42.3 70.7 66.2

Children in the househol
Yes 36.6 34.6 37.6 31.5 41.9 37.6 36.4
No 63.4 65.4 62.4 68.5 58.1 62.4 63.6
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2.2.3 Measurement and scaling

Consumers’ perceived importance of nutrients wheaking food choices was measured
using a 7-point Likert scale associated with tlageshent “It is important to me that the food |
eat on a typical weekday is ...”: “Low in caloriesL,ow in fat”, “Low in saturated fat”,
“Low in sugar”, “Low in salt”, “High in dietary fibe” and “High in vitamins and minerals”.
The anchor points of the scale were defined asdllyotlisagree” (= 1), “Neither agree nor
disagree” (= 4) and “Totally agree” (= 7). The s#len of energy, fat, saturated fat, sugar and
salt as disqualifying nutrients was informed by theent developments in nutrition labelling
and the ongoing debate on GDA versus TL food lakgelfor which these disqualifying
nutrients form the core. The last two nutrientsgtally fibre and vitamins/minerals or
qualifying nutrients were selected due their refeeafrom a nutrition and health claims point
of view. The recorded importance scores were useatbpendent variables in the analyses.

Explanatory variables included socio-demographiaschs as country of residence
(categorical), gender (categorical), age (contisjiopresence of children in the household
(categorical) and education level (lower secondhigher secondary, higher) (categorical).
Additional explanatory background attitudes andialdes included health consciousness,
nutritional status (expressed as BMI) and dietidgalth consciousness was measured using
three items from the Food Choice Questionnairep{Seeet al., 1995): “I consider myself as
very health conscious”, “Health is very importaotrhe”, “I am as healthy as anyone | know
at my age” on 7-point Likert scales ranging fronotdlly disagree” (= 1) to “Totally agree”
(= 7). Nutritional status was calculated basedeaifireported measures of weight and height.
Dieting was measured as a categorical variablerigg$or “Low salt diet”, “Low sugar diet”,
“Low calories diet”, “Low fat diet”.

2.2.4 Statistical analyses

Statistical analyses were performed using thessidi software program SPSS 15.0 (SPSS
Inc., Chicago, IL, USA). Statistical significanceasvset att = 0.05. Pair-wise deletion was
used as the method for treating missing valuesapke sizes were large and the number of
missing responses very low.

Descriptive analyses were used to describe thendiepe variables. Differences depending on
personal characteristics were analysed throughpemtent samples t-tests and one-way
ANOVA F-tests (with partial eta-squared statisticRegression analysis by analysis of
covariance (ANCOVA) was performed to simultaneoushwyestigate the effects of
explanatory variables on consumers’ perceived itapoe of qualifying and disqualifying
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nutrients in daily food purchasing. Effect sizespartial eta-squaredyi), were expressed as
the proportion of variance in the dependent vaegbé. perceived importance of nutrients in
food choices) explained by an independent varidéibde socio-demographic or behavioural
characteristic). Effect size estimations indicéie strength of a relationship between variables
and the significance of differences between grqupsine & Hullett, 2002). Effect sizes are
considered small between 0.01 and 0.06, medium @dd6 and large when equal to or
greater than 0.13 (Harlow, 2005). This measure imesded in the analysis to have a better
interpretation of the p-value for which very lowlwas can be obtained from large samples
sizes as in this study. SPSS’s General Linear Fattdodel (GLM) was used to conduct the
ANCOVA model and to test its statistical assumptigmulticollinearity, equality of error
variances, normally distributed residual terms,epehdence of covariate and factor, and
homogeneity of regression slope). Group differenaese found on the covariate health
consciousness for country of residence and diebagthe use of random sampling assures
that these differences occurred by chance makinG®@WA appropriate (Miller & Chapman,
2001).

2.3 Results

2.3.1 Perceived importance of qualifying and disqudying nutrients in food choices

The results of consumers’ perceived importance wfrients in general, and specific
qualifying and disqualifying nutrients in particulare presented in Table 2.2. The mean
importance scores on all nutrients were around d@imea 7-point Likert scale and differed
significantly between the group of qualifying € 5.2) and disqualifyingu(= 4.9) nutrients.
This indicates that, in general, consumers perdeilve nutritional value of foods as important
when selecting foods, and even more important @aditying nutrients than for disqualifying
nutrients. When comparing the different nutriemtgelative higher mean importance score
was observed for vitamins and minerals= 5.6), and saturated fai € 5.2). A relatively
lower importance was attached to enengy @.6) and fibrey = 4.7).

In order to explore the effect of socio-demograpdua behavioural characteristics on the
perceived importance of qualifying nutrients on tre hand and disqualifying nutrients on
the other hand, an average of the importance scofethe individual qualifying and
disqualifying nutrients, respectively, was calcethtThe Cronbach’s alpha coefficient for the
disqualifying nutrient construct was 0.88, whiler fihe qualifying nutrient construct the
Cronbach’s alpha coefficient amounted to 0.70, lhoting good and acceptable internal
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consistency reliability (Nunnally, 1978). These qmsite constructs were used as dependent
variable in the GLM ANCOVA model.

Table 2.2 Consumers’ perceived importance of nuoisién food choices, frequency distribution (%),
mean scores and standard deviations (SD) on 7-pdketrt scalé (n = 4828)

_ Totally S_Ilghtly Neutral Slightly Agree/ Mean (SD)
Perceived importance of... disagree/disagree disagree agree totally agree
Nutrients in general 4 5 24 33 34 5.0 (1.2)
Disqualifying nutrients 4 6 27 30 33 4.9 (1.3)
Calories 9 8 33 22 27 4.6°(1.5)
Fat 7 7 24 23 38 4.9 (1.5)
Saturated fat 6 5 24 19 46 5.2(1.5)
Sugar 6 7 28 22 38 5.0°(1.5)
Salt 7 7 31 20 34 4.8 (1.5)
Qualifying nutrients 3 4 15 27 51 5.2(1.3)
Fibre 7 6 32 25 29 4.7 (1.5)
Vitamins and minerals 4 2 14 21 60 5.6"(1.4)

! Categories "totally disagree” and “disagree”, aadrée” and “totally agree”, from the initial 7-pbiscale

were merged for clarity of presentation; means (8BJ statistical analyses as reported in the terew
performed with the original 7-point scale data

¥ indicate significantly different means using ANO\FAtests with Hochberg’'s GT2 post hoc test on aifitpo
scale (1 = totally disagree; 7 = totally agree)

2.3.2 Impact of socio-demographic characteristics

The main results of the differences in perceive@artance of disqualifying and qualifying
nutrients according to selected socio-demographaracteristics are reported in Table 2.3.
Gender differences were found for each of the saflienutrients with females consistently
reporting higher mean importance scores comparadaties (all p < 0.001). Moreover, the
difference in importance between males and femaéeslarger for disqualifying nutrientg(

= 0.046) compared to qualifying nutrientg £ 0.029) when selecting foods. The partial eta-
squared values for age showed that the differebetgeen the perceived importance of each
of the nutrients and the different age groups vgemnall to moderate (all p < 0.0042 < 0.06),
with an increasing perceived importance with highge. Also for age the group differences
were larger regarding disqualifying nutrientg & 0.053) than qualifying nutrients)?( =
0.043). With regard to the educational level, ddfeces in importance were observed for all
disqualifying nutrients (all p < 0.05), except sgit = 0.382), but not for the selected
qgualifying nutrients. Nevertheless, the effect sipé education on the perceived importance
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of disqualifying nutrients were very smat{?(< 0.01). Also the presence of children in the
household was found to have only very small efferisthe perceived importance of both
qualifying and disqualifying nutrientgy < 0.01). The country of residence had a largiercef
on the perceived importance of qualifying nutriefifs= 0.033) than disqualifying nutrients
(m?2 = 0.011), especially on vitamins and minerak= 0.041). The lowest mean importance
scores were consistently found for the qualifyingd adisqualifying nutrients among the
Norwegian consumers. Spain or Poland had, depermlinthe nutrient, the highest mean
importance scores. For all socio-demographic grolspsnean importance score of qualifying
nutrients was significantly higher than the meaponiance score of disqualifying nutrients
(all paired p < 0.001). For example, men as welwasnen attached significantly higher
importance to qualifying nutrients compared to dadying nutrients.

From these findings, it is apparent that gendez,aayl the country of residence explained to a
relatively important extent differences in the m@ived importance of nutrients in food
choices compared to education and the presenckildfen in the household. Therefore, the
first three variables were included in the ANCOVAdels as socio-demographic explanatory
variables for the prediction of the perceived impoce of disqualifying (Model 1) and
qualifying nutrients (Model 2).

2.3.3 Impact of behavioural characteristics

The main results of the differences in perceive@gartance of disqualifying and qualifying
nutrients according to selected behavioural charmtics are reported in Table 2.4. Again,
each subgroup had a significantly higher mean itapoe score for qualifying nutrients
compared to disqualifying nutrient (all paired ©.001), except the group of consumers on a
specific diet for whom the difference between theam importance scores was not
significant. As could be expected, consumers oretlaw in energy, low in fat, low in sugar
and/or low in salt attached a significantly higimaportance to a low content of energy €
0.047), fat 92 = 0.048), sugamg = 0.045) and/or salfyf = 0.047), respectively, compared to
consumers not on a diet. For each of the seleai&gtents, both qualifying and disqualifying,
consumers on a diet consistently reported highemnm@portance scores than consumers not
on a diet (all p < 0.001). However, rather smateef sizes were found for dieting on the
perceived importance of qualifying nutrients, ramggfrom 0.008 for being on a low sugar
and/or salt diet to 0.037 for being on diet in gaheNo significant impact of the BMI on
consumers’ perceived importance of the nutritioredlie of foods was observeg? (< 0.01).
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Table 2.3 Socio-demographic differences in consahperceived importance of nutrients in food chei@e = 4828)

Perceived importance of

Nu;r;ir;trsalm Dlrsll?tl:izlg:sng Calories Fat Saturated fat Sugar Salt ?132:?:1?3 Fibre Vitamins and
minerals
Gender Male 4.7 4.67 4.27 4.6 4.97 4.6¢ 4.5¢ 4.9¢¢ 457 5.47
Female 5.27 5.1¢ 4.8¢ 5.2 5.47 5.2¢ 5.0¢ 5.3¢ 4.9¢ 5.87
t-value (p-value) -15.16 (< 0.001) -15.22 (< 0.001) 4.3 (< 0.001) -13.59 (< 0.001) -11.06 (< 0.001) -84F0.001) -10.43 (<0.001) -12.06 (<0.001) -106®(01) -10.45 (< 0.001)
Partial eta-squared 0.046 0.046 0.042 0.038 0.025 0.033 0220. 0.029 0.023 0.022
Age < 25 years 454 447 4.23 457 467 4.4¢ 4.2¢ 4.7¢ 437 5.24
26 to 35 years 4.2 a.64 4.38° 4.7% 4.83 477 456 4.93 4.45 5.43"°
36 to 45 years 4.83 4.85 4.5P 4.93 5.14 4.9fF a.7f 5.14 a.7P 5.59
46 t0 55 years 5.94 5.16' 4.8F 5.16 5.49 5.25' 5.1% 5.45 5.03 5.88
> 55 years 5.3 5.2¢° 4.87 5.2¢° 5.5¢° 5.3 5.2¢" 5.4¢ 5.0¢° 5.8¢°
F-value (p-value) 70.73 (< 0.001)57.92 (< 0.00." 27.65 (< 0.001" 31.53 (< 0.00" 59.07 (< 0.00! 48.18 (< 0.001" 59.39 (< 0.001" 54.43 (<0.001 49.38 (<0.001 33.58 (< 0.001"
Partial eta-squared 0.055 0.053 0.023 0.026 0.048 0.039 0480. 0.043 0.040 0.028
Country  Belgian 5.04 4.94° 4.68° 5.06 5.14 4.95"° 4.86° 5.28 4.84 573
of residenceFrench 4.9 483 4.43 4.96 5.20"° 4.88 4.72° 520 4.78° 5.68
Italian 5.08 4.96"° 4.79 5.01 5.36 488 4.76"° 5.22 4.82° 5.63
Norwegian 465 467 4.3%° 457 4.6¢ 482 466 478 4.4¢ 5.0
Polish 5.17 4.9¢° 45°"° 5.0¢° 5.2(°¢ 5.12° 5.0° 5.4¢° 4.9¢ 5.9¢°
Spanish 5.08 5.0F 4.66° 5.1¢° 5.37 5.04° 4.8¢° 512 4.6® 5.62
F-value (p-value)  16.06 (< 0.00:" 11.40 (< 0.002" 10.37 (< 0.001" 14.59 (< 0.00" 20.93 (<0.001" 3.60 (< 0.001" 5.43 (<0.001" 30.87 (<0.001" 14.17 (<0.00" 38.68 (< 0.001"
Partial eta-squared 0.016 0.011 0.010 0.015 0.022 0.004 0060. 0.033 0.015 0.041

abed indicate significantly different means using ANOVRAtests with Hochberg’'s GT2 post hoc test (whenakwariances not assumed: Welch test (w) with
Dunnett’s C post hoc test ) on a 7-point scale {dtally disagree; 7 = totally agree)

Xy indicate significantly different means using ipdadent samples t-tests on a 7-point scale (lafytatisagree; 7 = totally agree)
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Table 2.4 Differences in consumers’ perceived igame of nutrients in food choices according toshébural characteristics and health consciousness
(n = 4828)

Perceived importance of ...

Nutrients in Disqu_a liying Calories Fat Saturated fat Sugar Salt Qual_ifying Fibre Vnamins and
general nutrie nts nutrients minerals
Special diet status
Low calorie die Yes 5.62 5.6¢ 5.5¢ 5.7/ 5.8/ 5.67 5.47 5.6 5.37 5.9¢
No 4.90 481 4.46 4.85 5.09 4.8¢ 4.75% 513 4.67 5.58
t-value (p-value)  -13.24 (< 0.001) -14.19 (< 0.001%.35 (< 0.001) -11.80 (< 0.001) -10.06 (< 0.001) -I(80.001) -9.69 (< 0.001) -8.44 (<0.001) -8.50 (80N) -5.28 (< 0.001)
Partial eta-squared 0.035 0.040 0.047 0.029 0.021 0.024 0190. 0.015 0.017 0.006
Low fatdiet  Yes 5.64 5.64 5.3 5.79 5.9 5.65 5.50 5.65 5.37 5.97
No 4.86 4.77 4.45 4.80¢ 5.04 4.84 4,77 5.1¢ 4.64 5.56
t-value (p-value)  -16.05 (< 0.001) -17.03 (< 0.0013.19 (< 0.001) -15.80 (< 0.001) -14.64 (< 0.001) -02©0.001) -11.99 (< 0.001) -10.47 (< 0.001) -11.84€(01) -6.97 (< 0.001)
Partial eta-squared 0.051 0.057 0.041 0.048 0.038 0.034 0310. 0.022 0.025 0.010
Low sugar diet Yes 5.65 5.63 5.28 5.54 5.85 5.94 5.5¢ 5.54 5.37 6.04
No 4.90 481 4.50 4.87 5.09 4.85 4.74 5.14 4.68 5.58
t-value (p-value)  -12.84 (< 0.001) -13.40 (< 0.001).849(< 0.001) -8.63 (<0.001) -10.19 (< 0.001) 148®001) -11.01 (< 0.001) -6.15 (< 0.001) -8.73 (<0Q)0 -7.30 (< 0.001)
Partial eta-squared 0.033 0.036 0.022 0.016 0.020 0.045 0250. 0.008 0.016 0.009
Low salt diet  Yes 5.57 5.57 5.14 5.54 5.79 5.50 5.93 5.54 5.19 5.89
No 4.9 4.83 4,52 4.88 5.1¢ 4.90 4,72 5.14 4.69 5.5¢
t-value (p-value)  -10.61 (< 0.001) -11.59 (< 0.001)807(< 0.001) -8.12 (< 0.001) -8.45(<0.001) -7.0D(R01) -15.82 (< 0.001) -6.15 (<0.001) -6.56 (< @)00G-4.04 (< 0.001)
Partial eta-squared 0.023 0.027 0.013 0.014 0.015 0.012 0470. 0.008 0.009 0.003
Diet in general Yes 5.42 5.3¢ 5.06 5.43 5.63 5.46 5.37 5.54 5.18 5.97
No 477 4.67 4.36 4.7% 4.95 4.73 4.60 5.01 4.55 5.49
t-value (p-value)  -17.78 (< 0.001) -18.37 (< 0.001.52 (< 0.001) -14.45 (< 0.001) -14.16 (< 0.001) -0560.001) -14.69 (< 0.001) -13.55 (< 0.001) -1349(001) -9.78 (< 0.001)
Partial eta-squared 0.064 0.068 0.046 0.045 0.041 0.051 0460. 0.037 0.037 0.020
Health Not health conscious 393 3.86' 3.67 3.94 3.99 3.9¢' 3.76' 417 3.76 4.46
consciousnesHealth conscious 4.84 4.88 456 4.8¢ 5.18 4.97 479 5.14 468 5.60
Very health conscious 5.34 5.25 4.88 5.31 5.55 5.34 5.2¢ 5.56 517 6.0
F-value (p-value) 436 (< 0.004) 374 (<0.001f 172(<0.001f 230 (<0.001§ 296 (<0.001§ 254 (<0.001§ 271 (<0.001§ 390 (<0.001f 240 (<0.001f 359 (< 0.001)
Partial eta-squared 0.150 0.131 0.067 0.083 0.108 0.097 0930. 0.140 0.091 0.132

abed indicate significantly different means using ANOVA-tests with Hochberg’s GT2 post hoc test (whemaégvariances not assumed: Welch test (w)
with Dunnett’s C post hoc test ) on a 7-point eqal = totally disagree; 7 = totally agree)

Xy indicate significantly different means using ipdadent samples t-tests on a 7-point scale (ladiytatisagree; 7 = totally agree)
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Consumers who were more health conscious perceigeld of the nutrients as significantly
more important than less health conscious consufadir® < 0.001,n2 > 0.06). Although
significant, a small difference was observed betwde importance attached to qualifying
nutrients and disqualifying nutrients accordingthe degree of health consciousness (all
paired p < 0.001). The lowest partial eta-squaiddeswas found for the relation between the
level of health consciousness and the perceiveaitapce of low energyf = 0.067), while
the highest value was obtained for the importarfcgitamins and mineralsnt = 0.132).
Based on the effect sizes for the different behadlo characteristics on the perceived
importance of qualifying and disqualifying nutrisntonsumers’ special diet status and health
consciousness were included in the ANCOVA modeldenBMI was excluded from the
analysis.

2.3.4 ANCOVA regression

The ANCOVA results are summarised in Table 2.5sihoplify the presentation, only the F-
statistics for the main effects and statisticaligngicant interactions are shown. The first
ANCOVA model identified factors that may influencensumers’ perceived importance of
disqualifying nutrients when choosing foods, whhe second model considered the factors
affecting the importance attached to qualifyingriemts. Both models explained about 30%
of the variance of the dependent variable. Resaadt®ss the models confirmed that age,
gender, country of residence, diet status and healhsciousness all influenced consumers’
perceived importance. Women (p = 0.034) and consuiroe a diet (p < 0.001) attached
significantly more importance to disqualifying netrits in food choices. The parameter
estimates indicating the effect of each countrytlen perceived importance of disqualifying
nutrients, showed that given five consumers withilsir age and health consciousness, the
Polish consumer attached a significantly lower ingmace than the Belgian, Norwegian,
French and Italian consumer (all p < 0.05). Newwdess, the difference was very small with
n? below 0.01. Furthermore, perceived importancelisflualifying nutrients increased with
increasing age and level of health consciousnest (i< 0.001). Similar results were found
for age, health consciousness and the perceivedriemze of qualifying nutrients (both p <
0.001). Although a similar trend was observed betwehe perceived importance of
qualifying nutrients and gender on the one handdiedstatus on the other hand, the results
were not significant when consulting the betweemigs effects (or contrasts) (both p >
0.05). With regard to the country effect on thecpared importance of qualifying nutrients,
Spanish consumers seemed to attach less imporiaameeNorwegian and French consumers
(both p < 0.05). Also Italian consumers perceivedlifying nutrients less important than
French consumers when selecting foods (p = 0.(3&yvever, the differences were again
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small (12 < 0.01). From the partial eta-squared valuesyas observed that the relative
importance and the effect size of the differentlaxatory variables were different between
the two models. In the model of perceived imporéaatdisqualifying nutrients, the order of
relevance was: level of health consciousnegs=(0.151), agenf = 0.025), gendemt =
0.024), diet statug)t = 0.020) and country of resideneg € 0.004). The order of explanatory
variables for the model of perceived importance qofalifying nutrients was: health
consciousnes3{ = 0.158), ageng = 0.018), gendemt = 0.017), country of residence?(=
0.009) and diet statu:)13 = 0.002). Finally, significant interactions weleund between
country and diet for model 1 and between gendemicy and diet for model 2. However, the
respective partial eta-squared values were venylsimdicating very small effects on the
dependent variables.

The model with perceived importance of nutrientg@neral as dependent variable did not
yield additional insights over those obtained foodmls 1 and 2. Therefore, findings for
model 3 are not presented.

Table 2.5 Analysis of covariance results for corstgmperceived importance of disqualifying and
qualifying nutrients, and nutrients in general

Model 1: Disqualifying nutrient: ~ Model 2: Qualifying nutrients

df F p-value n? df F p-value n?

Main effects Gender 1 120.305 <0.001 0.024 1 81.867 <0.001 0.017
Country of residence 5  4.130 0.001 0.004 5 8.435 <0.001 0.009
Diet in general 1 98612 <0.001 0.020 1 9.900 0.002 0.002

Two-way interaction Country x Diet 5 3.124 0.008 0.003 5 0.201 0.962 <0.001

Three-way interactior Gender x Country x Die 5  0.508 0.770 0.001 5 2501 0.029 0.003

Covariates Age 1 124208 <0.001 0.025
Health consciousness 1 856.280 < 0.001 0.151

(==Y

87.890 <0.001 0.018
901.464 <0.001 0.158

=

Note: Interactions Gender x Diet, Gender x Counteye not significant

2.4 Discussion and conclusions

The present chapter described to what extent comsufound specific nutrients important in
making food choices and whether the degree of itapoe differed between disqualifying
and qualifying nutrients. The chapter provides ghss into differences in perceived
importance of nutrients between consumers grougs different socio-cultural backgrounds.
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In general, consumers attached a high importandeemutritional value of foods in food
choices. The level of importance was higher forlifgiag than for disqualifying nutrients.
This finding does not fit the prospect theory ofhikeman and Tversky (1979) from which
one can expect a stronger interest in avoidingmiatelosses in personal health from eating
too much energy, fat, saturated fat, sugar andtisaft in potential gains from eating dietary
fibre and especially vitamins/minerals in this ca&dfirst possible explanation may be that
consumers are becoming more and more aware obtieept of energy balance meaning that
their energy expenditure through physical activitsty regulate their energy accumulation in
the body after food intake. A second possible engtian is that excessive disqualifying
nutrients are not associated with potential lossesonsumers’ minds. A third explanation
could relate to attribute framing theory, expectingre favourable evaluations of attributes
(e.g. nutrients) when described positively than mvtlescribed negatively (Levin et al., 1998).
Further research is recommended to shed more dghwhich explanations hold in this
specific context of qualifying versus disqualifyingtrients.

Previous studies consistently found a higher istere nutrition information by women,
parents of children living at home, older consunard consumers in North/Central Europe
(EC Directorate General for Health and Consumerteetimn, 2005; European Heart
Network, 2007; Grunert & Wills, 2007). In our stuthe same gender and age effects were
observed for the perceived importance of nutrigmf®od choices. The geographical/cultural
effect as well as the effect of children in the $®hwld could not be confirmed in this study.
Only small though statistically significant differees in the perceived importance of nutrients
between households with and without children antivéen countries were detected. The
gender differences might reflect the generally pta stronger health consciousness of
women (Duvigneaud et al., 2007). However, aftertmdimg for the level of health
consciousness, the gender effect remained signifi¢edditionally, differences in perceived
nutrient importance according to the level of Healbnsciousness were in line with the study
of Petrovici and Ritson (2006) confirming the asation between the levels of health
consciousness and nutrition information search.tNexjender, also education was reported
by Drichoutis et al. (2006) to be positively assped with the use of nutrition labels. A
similar relation could not be identified in the peat study as the educational level only
marginally affected consumers' perceived importantéoth qualifying and disqualifying
nutrients. The nutritional status expressed as B&H also found to have only a small effect
on the importance attached to nutrients. Previdudysresults are mixed regarding the
relation between BMI and label use. For exampléiaSs al. (2005) and Lewis et al. (2009)
reported a positive relationship between being elzesl overweight, respectively, and using
nutrition label information, while the studies bydhouser et al. (1999) and Krukowski et al.
(2006) did not obtain a significant associationeTimdings with respect to the effect of a
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special diet status on consumers’ perceived impoetecorroborate with Drichoutis et al.
(2006) and confirm that dieters are more concerabdut nutrition and health and,
consequently, are more likely to use nutrition labe

Some limitations of this study should be acknowkstigFirst, this study used socio-
demographic characteristics, special diet statd#, &1d the level of health consciousness to
profile consumer groups with a differing perceivexgbortance of qualifying and disqualifying
nutrients. Some differences in interest among coiess cannot, however, be attributed to
these variables. Further research investigatingtfeet of a broader range of factors such as
background attitudes and knowledge, product-relaf@ctors (e.g. price), information
variables (e.g. source, format), environmental diact(e.g. situation), social factors (e.g.
illness in social environment), emotional aspeetg.(mood), together with those considered
in this study is recommended. It should also beschdhat most consumers do not only
consider foods as a source of nutrients but alsed @ten mainly) as a source providing
pleasure. Therefore, many consumers may not timnierms of nutrients when purchasing
food or planning meals. The implication is thatltteafoods, either with more qualifying or
less disqualifying nutrients, need to involve nompoomise on taste (Verbeke, 2006).
Furthermore, the present study just like most meseim this field depended on self-reported
attitudes and behaviours. Although such self-reggbrand subjective opinions provide
valuable insights into consumers basic attitudbsy tlikely suffer from so-called social
desirability bias and hence may deviate from advehlviour (Fisher, 1993). Therefore, more
experimental and observational research on consliagention and perception processes are
recommended. Finally, the use of an electronic datitection method may have some
consequences for the composition of the samplisnstudy an overrepresentation of higher
educated respondents was obtained, besides théh&aconly computer-literate consumers
were included in the sample.

The present study focused on consumer interestutnition information, assuming that
interest is a prerequisite for future informaticdeuHowever, when consumers are interested
in nutrition information, it does not imply thatey want to get this information from food
labels and plan to use it (Grunert & Wills, 200&)so consumers’ claimed interest through
claimed importance does not necessarily transtdteuse of the information, as well as into
choice and dietary behaviour. Perceived importasaaly one step in the elaboration and
decision-making process, but is a crucial one beeauis very unlikely that consumers pay
attention to and use something they personallyfindtimportant (Verbeke, 2008). Further
research is needed to confirm this causal pathwdyt@evaluate whether indeed consumers’
claimed importance eventually lead to healthiedfoboices.
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Practical implications from this study mainly p@mtdao communication strategies through
food information provision across countries anddf@roducts. As no important difference
was found between countries regarding the perceirgzbrtance of both qualifying and
disqualifying nutrients, provision of informatiorb@ut the same nutrients on food labels
across countries is proposed. The labelling foria@erhaps more important as suggested by
Moser et al. (2010) who found that whereas mostsaomers in Belgium indicated a
preference for the GDA, in Germany the TL was faedumost. More important than cross-
country differences were the differences in pem@inutrient importance according to the
level of health consciousness, age, gender andstits, which may require a segmentation
and targeted information provision. Foods with altig/ nutrient profile for example could
include nutrition information on both qualifying dmisqualifying nutrients, as more health
conscious consumers perceive disqualifying andifgusd nutrients as important in food
choices. Also foods marketed to women should bétidude information on both types of
nutrients as opposed to foods targeted at mentiormithe nutritional value is considered less
important. Food products targeted at older conssmesuld also better emphasise both
disqualifying and qualifying nutrients equally. $ diet foods should continue to focus on
disqualifying nutrients, but should not neglect thportance of qualifying nutrients in the
group of dieters. Disqualifying nutrients were fduto play an important role for consumers
who pay attention to the nutrient content of a fémda specific reason (e.g. because they are
on a diet or face some form of allergy). For induals with a higher level of health
consciousness all nutrients seemed more relevanpaed to those with a lower level of
health consciousness. In other words their intdresiutrients might also be a motivational
issue, guided by motivation for (healthy) eatinthea than depending on the type of nutrient
being communicated.

In conclusion, this chapter indicated an overatjhhimportance placed by consumers on
qualifying nutrients, while for disqualifying nuémts the perceived importance varied more
across consumer groups. With the insights obtaired this chapter, two recommendations
can be formulated. The first concerns the developneé communication strategies using
information on the same nutrients across Europeamtdes in order to contribute to
consumers’ awareness of the nutrients. A secorahme@ndation arising from this chapter is
to balance the information of disqualifying and lifyang nutrients in communication
strategies.
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PART I1

Case study 1: Organic vegetables

Part Il of this doctoral dissertation (Chapterso3®) covers the first case study which deals
with the role of the organic claim (i.e. information whether the food is organically
produced) in consumers’ health-related quality @gfion of vegetables as well as its
influence on nutrient and contaminant intakes. phgiose of Part Il is twofold. First, the
agreement between objective and subjective (orepard) health-related quality with regard
to the nutritional value and safety of organic camsol to conventional vegetables is
discussed. Therefore, the evidence available derdrces in the nutrient and contaminant
content between organic and conventional vegetablesmpiled and analysed in Chapter 3
(based on Study 1). Consumers’ perception relaigtidse aspects and the comparison with
the evidence is described in Chapter 4 and is base®tudy 2 which is a quantitative
consumer survey among adults varying in their uSeorganic vegetables. The second
objective of Part Il is to evaluate consumers’ tieatlated perception of “organic” on their
consumption of vegetables. This objective is dedt in Chapter 5 reporting the results of
the intake assessment study (Study 3).
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Chapter 3

Science-based evidence on differences in nutrient
and contaminant content between organic and
conventional vegetables

This chapter is based on:

Hoefkens, C., Sioen, I.,, De Henauw, S., Vandekienlet., Baert, K., De Meulenaer, B.,
Devlieghere, F., & Van Camp, J. (2009). Developmanvegetable composition databases
based on available data for probabilistic nutri@mél contaminant intake assessmehtsod
Chemistry1133), 799-803.

Hoefkens, C., Vandekinderen, |., De Meulenaer,[®ylieghere, F., Baert, K., Sioen, 1., De
Henauw, S., Verbeke, W., & Van Camp, J. (2009)itérdture-based comparison of nutrient
and contaminant contents between organic and ctiomah vegetables and potatBritish
Food Journal, 11010), 1078-1097.

Abstract

The increasing demand for organic foods is expthimainly by consumers’ concerns about
the quality and safety of foods and their perceptibat organically produced foods are
healthier and safer than conventional foods. Baseuhternationally available secondary data
of nutrient and contaminant concentrations in olgamd conventional vegetables (carrots,
tomatoes, lettuce, spinach and potato), this chajtes to investigate the scientific validity of
nutrition claims as “no vegetable has higher amewhtnutrient X than organic vegetables”
and “no vegetable has lower amounts of contamiNatitan organic vegetables”. Detailed
nutrient and contaminant databases were develapeordanic and conventional vegetables
separately. Non-parametric (Mann-Whitney U-testYhuds were used to detect significant
differences between both types of vegetables. Asghare test was used to compare the
incidence of pesticide residues in organic and eohenal vegetables. From a nutritional and
safety point of view, organic vegetables in genesare not significantly better than
conventional vegetables. For some nutrients andaognants organic vegetables scored
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significantly better but for others they scoredngigantly worse. Therefore, it becomes
difficult to justify general claims indicating a lus value of organic over conventional
vegetables. More data from controlled paired swdiee needed to reconsider the use of
claims for these organic vegetables in the future.

3.1 Introduction

Organic products in the EU are understood to bselmwoducts produced under controlled
cultivation conditions in line with the provisiors the European Regulation on organic
farming (for agricultural products: EC Regulatidd©2/91) (Woese et al., 1997). The sales of
organic products in Belgium have increased fromual&®2 million euro in 1997 till 315
million euro in 2004 showing the increased consudemnand for organic products (National
Institute of Statistics, 2008). Market share ofamg vegetables in the total Belgian vegetable
market is 3.1%. The European market of organic yrtsdshowed a considerable growth in
recent years and represented about 11 billionieu2004 (EC, 2005).

Vegetables are an important source of bioactivepmrants like dietary fibre, minerals, trace
elements, (pro)vitamins and a broad range of sengrant metabolites. Due to the presence
of these nutrients, the consumption of vegetaldeassociated with a reduced risk of age-
related diseases like cardiovascular diseases emairc forms of cancer (Hung et al., 2004;
Riboli & Norat, 2003). The World Health OrganizatigZvVHO) recommends to consume at
least 400g or five portions of fruits and vegetahlexcluding tubers) a day (WHO, 2003).
However, vegetables may also contain less favoeirabmponents like pesticide residues,
natural toxins, mycotoxins, environmental contamisa(heavy metals, polychlorinated
biphenyls), nitrate and pathogenic micro-organi¢Pedaza & Diaz, 1994; Malmauret et al.,
2002). As such, the consumption of vegetables Igjested to a potential nutritional-
toxicological conflict between nutritional recomnaiations and toxicological safety aspects.

Perceived food safety risks and pesticide-relatatcerns are significant contributors to an
increased consumer demand for organically growd {§¥dilliams & Hammitt, 2001). From a
scientific perspective, studies comparing the d#ffé aspects of quality (nutrient content,
sensory attributes, safety) of organic and conveati vegetables are rather scarce (Bourn &
Prescott, 2002; Magkos et al., 2006; Woese etl@By7; Worthington, 1998). Some trends
have been observed (Worthington, 1998). Organietaddes generally contain lower levels
of synthetic pesticide residues than conventionagetables. Furthermore, no major
differences exist in the presence of environmetataminants in organic and conventional
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vegetables (Woese et al., 1997). Except for vita@ifor which literature suggests higher
contents in organic vegetables compared with tine@ational alternative, no strong evidence
exists that the nutrient content of conventionatl amganic vegetables differs (Bourn &
Prescott, 2002).

The aim of this chapter is to describe the respfita meta-analysis of the relevant literature
published after the establishment of the EU orgaegulation in 1991 (EC Regulation

2092/91). After the collection, evaluation and segt: of the secondary data, a statistical
comparison was made between the content of selectgtknts and contaminants between
organic and conventional vegetables. Special abtens given to communication strategies
for organic products with regard to the nutritiomalue and safety.

3.2 Methodology

3.2.1 Development of the database

3.2.1.1 Assembling data sources

Electronic literature searches were performed envweb of Science, PubMed and Google to
retrieve international research studies on theitrartal value and safety of organic and
conventional vegetables in order to compare praductginating from both cultivation
methods. The following key-words were used: orgacomventional, vegetables, [vegetable]
(e.g. carrot), nutrient, [nutrient] (e.g. vitamimpntaminant, [contaminant] (e.g. nitrate),
agriculture, comparison. Additionally, a manual rebaof the reference lists of relevant
articles was conducted. Government organisatiods@search institutes who published only
abstracts and incomplete data were contacted akelda® contribute full datasets or
completed research reports and papers.

The selection of the vegetables and components based on the availability of appropriate
data points for the organic variant of the vegetatiie relevance of a specific component for
the considered vegetable and the subgroup to wthiehvegetable belongs (brassicas, leaf
vegetables, stalk vegetables, shoot vegetableqy bedietables, tubers, root vegetables,
fruiting vegetables, edible fungi and vegetable tores). After searching through various
secondary data sources, carrot (root vegetabi@gtto (fruit vegetable), lettuce, spinach (leaf
vegetables) and potato (tuber) were retained. Tdiowing classes of nutrients and
contaminants were included: vitamins and pro-vitearm(vitamin C, carotenoid$§-carotene,
lycopene, lutein), minerals (potassium, calciumgcamdary plant metabolites other than
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carotenoids (chlorogenic acid, glycoalkaloids)raté#, heavy metals (cadmium, lead) and
pesticides (azoxystrobin, bifenthrin, chloropropharlorothalonil, cyfluthrin, deltamethrin,
dichlorovos, dimethoate, esfenvalerate, ethoprgphgsrodion, lambda-cyhalothrin,
myclobutanil, pirimicarb, tebuconazole and thiakerale). In total, 74 relevant data sources
were identified and included in the meta-analys&9-for nutrients and 35 for contaminants.
Separate databases (Excel® spreadsheets) wereuobedtfor nutrients and contaminants.
Both databases were linked by the type of vegetahbk the type of cultivation method
(organic, conventional) when performing a risk-erenalysis.

3.2.1.2 Data documentation

The way foods are described in databases usuapgndis on the intended use of the
databases and the level of detail actually avalabldata compilers. The primary purpose of
the databases described here was to investigateoteatial added value of organic versus
conventional vegetables on concentration and inakel of nutrients and contaminants, i.e.
more beneficial nutrients and less harmful contamis. For this purpose, descriptive
information on the cultivation method was requir@her relevant information included in
both the nutrient and contaminant databases wasmom name, scientific name, variety,
cultivar, vegetable identification code, componeatentification, additional information on
agricultural practice (if needed), country of ongEU membership (whether or not submitted
to the EU regulation), physical form or shape, erestion method, cooking method, number
of individual samples or number of sample units gamposite sample, (mean) component
content with extra statistical data if availablda(glard deviation (SD), minimum and
maximum), unit, analytical method, limit of detesti (LOD) (if available), limit of
guantification (LOQ) (if available), date of anaky®r reporting, purpose (intake assessment
or not), type of study (paired or not), referencel aeference code. A paired study was
defined as a study comparing nutrient and/or coimant concentrations in organic and
conventional foods in pairs. Documentation of thies was done and checked thoroughly in
order to facilitate the evaluation and selectiorthaf values and the compilation of the final
database.

3.2.1.3 Data evaluation and selection

Data selection was based on the following critetiavas decided to consider (1) only data
points from analysis in the period after the regiafaconcerning organic food production was
established (EC Regulation 2092/91); (2) only datavegetables cultivated in EU and
continents with a similar regulation in place (dJ$A and Australia); (3) only data expressed
on a fresh weight (FW) basis of a well-defined comgnt in an edible part of the raw
vegetable. Missing documentation regarding one orenof these criteria was the principal
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reason for not taking the data into account. Algtoonly these criteria were considered, it is
recognized that numerous other factors also cawfldence the composition of vegetables
(e.g. variety, maturity, growing conditions, soypg, etc.). In order to weigh the data
according to the quality of the study, a weighimgtér was assigned to each data point
(paired factor or Whair, details given later). Data obtained from a paiséadly received a
higher appreciation or weight than those from gagrtired or non-paired studies, because of
the nature of the study in which other influenciiagtors than the cultivation method are
controlled. A lack of this type of studies is catesied to be a major problem when comparing
organic and conventional vegetables.

3.2.1.4 Data weighing

When building up a database using secondary datajder of problems are encountered
with respect to food description, number of sampasnpling plan, analytical methods, data
sources, LOQ, etc. Different solutions were propgdsyg Sioen et al. (2007a; 2007b). One of
the problems described was related to the apmicatif individual sample units versus

composite samples. Both types of data were diffexea by weighing the data according to
the number of sample units, such that data obtamwed analysing composite samples got a
higher probability of occurrence. The weighing tactvas defined as Wi

A second problem was that analytical results ifed#int publications are reported in different
ways. Both results of individual measurements agdregated results were found in
literature. An aggregated value is obtained byngkhe mean or median of the individual
measurements (sometimes with standard deviatiodomandnge). Ideally, to generate a
distribution curve, information on concentrations individual samples should be used
(WHO, 2000). When such data are not available, W8#iQgests using aggregated data. In
combining both individual and aggregated resultsfaom a database for the fitting of
distribution curves, Sioen et al. (2007b) proposedecond weighing factor \Weas as a
function of the number of measurements on whichta goint was based.

For the purpose of comparing organic and convealivegetables, an additional weighing
factor W pair was defined and assigned to each concentration iztd %. The possible
weights for Wyair were arbitrary chosen. When data were obtained faopaired or non-
paired study, W\ar was assumed to be equal to five or one, respegtiféle definition of
partly paired study was used to describe studiasahalysed both organic and conventional
vegetables, but with a study design that was ndt élocumented. For data coming from a
partly paired study, a weighing factor; A equal to three was considered. This means that
the values from secondary data sources, not giiagappropriate documentation, receive a
lower weight. This is also in line with the systéom quality index attribution to data from
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scientific literature or reports proposed withire tkEuropean Food Information Resource
Network (EuroFIR) (Oseredczuk et al., 2007).

In order to have an overall weighing factor i\ for each data point;»f the compiled
database, the three weighing factorgyMV Wimeasand W pair were multiplied. In order to
characterize distributions for each nutrient or taarinant per vegetable and cultivation
method, the cumulative probability of occurrence Agf a data point @wvas calculated as:

Z\/VI , final
ZVVI , final ’

where i is the rank number, ¥\a is the overall weighing factor and n is the totainber of
data points within a dataset defined by comportgpg of vegetable and cultivation method
(Sioen et al., 2007a; Sioen et al., 2007b).

F(Xi)=

3.2.2 Statistical analyses

Data were analysed using SPSS software version (8P®S Inc., Chicago, IL, USA).
Specifically, the non-parametric Mann-Whitney Uttess used to assess whether the mean
concentrations of two groups, organic and conveativegetables, were statistically different
from each other. A chi-square test was appliebtapgare the frequencies in which pesticide
residues occurred between both farming systemsifiSignce was assessecat 0.05.

The results are presented in two ways. A first alisation of the findings is made by means
of box plots, which show the central tendency drel\ariability (dispersion) of a (weighed)
data set. The second way to present the resultalales including numerical statistics.

3.3 Results

3.3.1 Nutrients

For the nutrients, vitamin @-carotene (provitamin A), potassium, calcium, lyeoe, lutein,
chlorogenic acid and glycoalkaloidsi-¢haconine +a-solanine) were considered. The
concentrations of each nutrient were describedni@ t five vegetables: carrots, tomatoes,
lettuce, spinach and potatoes. The nutrient-vetgetalombinations being studied, are
summarised in Table 3.1.
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The literature search identified 39 relevant sosi@enutrient data for the selected vegetable
groups: 24 peer-reviewed papers (of which 11 pamedcomparative studies), 7 food
composition databases (Beemster et al., 2001; Damstitute for Food and Veterinary
Research, 2006; Health Canada, 2006; National ®udialth Institute of Finland, 2006;
Souci et al., 2000; US Department of Agriculture 3R006; vzw Nubel, 2006), 3 reports or
databases (of research or consumer organisati@g)ersonal communications and 2
proceedings of symposia. The result of the datdéectdbn is summarised in box plots,
visualising the central tendency and observed kditiawithin the organic and conventional
food (Figure 3.1). The number of data points (niti{@ut weighing) is mentioned in Table
3.1. In total, 802 nutrient concentration data poiwere included in the meta-analysis of
which 198 data points were obtained from pairedistu
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Figure 3.1 Nutrient concentrations in different e&aples, box plots

Legend:1: vitamin C in carrot; 2: vitamin C in potato; @tamin C in tomato; 4p-carotene in lettuce; -
carotene in tomato; @-carotene in spinach; B:carotene in carrot; 8: lutein in lettuce; 9: lutéh spinach; 10:
lycopene in tomato; 11: potassium in tomato; 12agsium in carrot; 13: potassium in potato; 14apsium in
lettuce; 15: calcium in potato; 16: calcium in tdmal7: calcium in carrot; 18: calcium in lettucg9:
glycoalkaloids in potato; 20: chlorogenic acid mtgto.
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Table 3.1 Summary of nutrient concentrations (pgnovg fresh weight (FW)) in organic (O) and convaml (C) vegetables (number of data points (n),

mean, standard deviation (SD))

Carrot Tomato Lettuce Spinach Potato
O C O C O C O C O C
Vitamins
Vitamin C (ug/g FW) n 21 24 21 25 - - - 4 17
mean (SD)  34.9725.03) 57.32(15.56) 153.73(18.74) 141.66(24.4) 80.48 (53.58) 161.6%(57.49)
Carotenoids with provitamin
A activity
j-carotene (ug/g FW) n 21 24 3 44 6 21 6 13
mean (SD)  130.4710.90) 95.08(46.61) 12.30(1.45) 10.9%(13.91) 5.79(1.61) 7.92(9.01) 70%3.40) 40.23(5.91)
Lycopene (ug/g FW) n - - 5 174 - - - - - -
mean (SD) 13.80(11.46) 51.62(43.50)
Lutein (ug/g FW) n - - - - 6 8 6 12 - -
mean (SD) 6.36'(1.20) 7.53(2.76) 57.03(9.07) 76.58(10.07)
Minerals
Potassium (mg/g FW) n 7 15 8 15 12 20 - 37 48
mean (SD)  2.07(0.38)  2.73(0.59) 2.480.19) 2.33(0.12) 5.24(0.83) 1.8%(0.61) 3.08(0.63)  3.64(1.07)
Calcium (mg/g FW) n 8 16 10 17 14 22 - - 9 48
mean (SD) 0.55(0.26)  0.46 (0.23) 0°0803) 0.08(0.02) 0.72(0.60) 0.27(0.12) 0.04(0.02)  0.08(0.06)
Secondary plant metabolites
(other than carotenoids)
Chlorogenic acid (ug/g FW) n - - - - - - - - 7 8
mean (SD) 196.98 (60.50) 139.08(44.16)
Glycoalkaloids (pg/g FW) n - - - - - - 9 11
mean (SD) 77.00 (28.34) 58.07(23.11)

a, t

- indicate no result
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For each vegetable and nutrient, the mean contemsawith standard deviations are
tabulated for both farming systems (organic versasventional) (Table 3.1). Statistical
analysis revealed that the vitamin C concentratvas significantly higher in organic tomato
(154 mg/g FW) than in conventional tomato (142 mgiy) (p < 0.05, Mann-Whitney U-

test). However, for carrots and potatoes signifigamgher concentrations of vitamin C were
found in the vegetable coming from a conventiomaiming system (carrot: 57 mg/g FW,
potato: 162 mg/g FW) than from an organic farm r@ar35 mg/g FW, potato: 80 mg/g FW)
(p < 0.05, Mann-Whitney U-test).

When comparing the mean concentrationg-aarotene between organic and conventional
vegetables, the organic vegetable consistentlyagoed significantly higher concentrations of
B-carotene compared to the conventional variant (0%, Mann-Whitney U-test), with the
exception of lettuce where the difference was mgicant, despite a similar tendency as
observed for the other vegetables (p = 0.056, Mafhithey U-test). Opposite results were
obtained for some other carotenoids with provitadiactivity, namely lycopene in tomato
and lutein in lettuce and spinach (Table 3.1). Tdwmlts, although not to be generalised for
other compounds and vegetables, indicated thairtpenic vegetables contained significantly
lower concentrations of the carotenoids than thevenotional vegetable (p < 0.05, Mann-
Whitney U-test).

For the minerals potassium and calcium, signifigalmigher concentrations were observed in
organic lettuce on the one hand and in conventiom@alato, potato and carrot (only for
potassium) on the other hand (p < 0.05, Mann-Wiiithidest).

Finally, the content of some secondary plant mdiso (other than carotenoids) was
compared between organic and conventional potat@bl€T 3.1). Significantly higher
concentrations of chlorogenic acid and glycoall@dowere found in the organic variant (p <
0.05, Mann-Whitney U-test). This observation idiire with the results of beta-carotene in
carrot, tomato and spinach, but in contrast witisséhof beta-carotene in lettuce, lycopene in
tomato, and lutein in lettuce and spinach. No dme@ason could be identified.

3.3.2 Contaminants

A second database was developed containing coatiens of nitrate, heavy metals

(cadmium and lead) and synthetic pesticides irstimee vegetables as for nutrients. Table 3.2
shows the different combinations that were studied.total, the contaminant database
contains about 35840 data points coming from 3fewiht data sources: 10 peer-reviewed
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Table 3.2 Summary of contaminant concentrationsafumg/g fresh weight (FW)) in organic (O) and centional (C) vegetables (number of data points (n),
number of data points above the LOR)(rmean, standard deviation (SD))

Carrot Tomato Lettuce Spinach Potato
0 C 0 C 0 C 0 C o) C
Nitrate (mg/g FW) n 39 50 - - 73 1384 16 313 74 322
mean (SD) 0.1970.171) 0.153(0.045) 1.238(0.927) 1.973(0.835)  1.421(0.534) 1.428(0.710) 0.133(0.093) 0.168(0.094)
Heavy metals (ug/g FW)
Cadmium n 40 220 12 43 35 169 7 81 43 251
mean (SD) 0.02§0.023) 0.022(0.018) 0.013 (0.007) 0.011 (0.006) 0.8{®013) 0.023(0.013) 0.078(0.023) 0.048(0.022)  0.023(0.010) 0.028(0.020)
Lead n 35 167 - - 34 105 7 75 44 133
mean (SD) 0.2630.269) 0.105(0.177) 0.039 (0.083) 0.051 (0.065) 0.86%023) 0.058(0.133) 0.062(0.051) 0.136(0.187)
Pesticides (ug/g FW)
Azoxystrobin n () 46 (0) 225 (3)
mean (SD) 0.000(0.000) 0.012(0.014)
Bifenthrin n () - - 20 (0) 318 (8) 30 (0) 1322 (4)
mean (SD) 0.0000.000) 0.025(0.013)  0.008(0.000) 0.005(0.008)
Chloropropham ng) - - - - 43 (11) 1767 (1265)
mean (SD) 0.087(0.231) 1.388(2.397)
Chlorothalonil n (B) - - 31(1) 1632 (187) - - - - 38 (16) 1304 (2)
mean (SD) 0.000.015) 0.012(0.045) 0.002'(0.005) 0.005(0.008)
Cyfluthrin n () - 28 (0) 1485 (9) - -
mean (SD) 0.006'(0.000) 0.032(0.086)
Deltamethrin n (v) 70 (0) 1501 (0) - - 12 (0) 327 (18) 42 (0) 445 (1)
mean (SD) 0.0G%0.000) 0.012(0.010) 0.000'(0.000) 0.021(0.044)  0.008(0.000) 0.015(0.012)
Dichlorovos n (B) - - 38 (0) 1594 (0) - - - - -
mean (SD) 0.00%0.000) 0.004(0.004)
Dimethoate n @) 39 (0) 1849 (6) -
mean (SD) 0.0(0.000) 0.002(0.004)
Esfenvalerate n g - - - - - - - - 18 (0) 1278 (0)
mean (SD) 0.004'(0.000) 0.013(0.004)
(continued)
a, t

indicate significantly different means for specffigtrient-vegetable combinations using Mann-Whitbetest ¢ = 0.05)
- indicate no result
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Table 3.2 Continued

Carrot Tomato Lettuce Spinach Potato
) C O C ) C O C ) C
Pesticides (ug/g FW)
Ethoprophos n @) 36 (0) 1340 (0)
mean (SD) 0.004'(0.000) 0.00%(0.003)
Iprodion n (») 85 (2) 1833 (543) 30 (1) 444 (86) 34 (0) 2611 (378) - -
mean (SD) 0.00%(0.006) 0.018(0.047)  0.018(0.024) 0.025(0.057)  0.008(0.000) 0.228(1.269)
Lambda-cyhalothrin n §) 68 (0) 1188 (0) - - - - 6 (0) 137 (13)
mean (SD) 0.0G%0.000) 0.008(0.009) 0.00G (0.000) 0.008(0.032)
Myclobutanil n () 66 (0) 1773 (2) 29 (0) 1533 (0) - -
mean (SD) 0.00%0.000) 0.008(0.004)  0.008(0.000) 0.023(0.001)
Pirimicarb n (B) 58 (0) 950 (0) 19 (0) 302 (0) 6 (0) 135 (2) 24 (0) 408
mean (SD) 0.00%0.000) 0.008(0.003)  0.008(0.000) 0.018(0.002) 0.008(0.000) 0.012(0.007)  0.008(0.000) 0.018(0.001)
Tebuconazole ng 48 (0) 1610 (0) - - - - - -
mean (SD) 0.00%0.000) 0.018(0.000)
Thiabendazole n @) - - 34 (0) 1749 (88)
mean (SD) 0.006'(0.000) 0.025(0.106)
a,t

indicate significantly different means for specffigtrient-vegetable combinations using Mann-Whitbetest ¢ = 0.05)
indicate no result
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papers (including 4 paired studies), 23 reportdandatabases of governments and research
institutes and 2 personal communications. The nurmbpaired data points is about 123. For
nitrate and the heavy metals cadmium and lead,vHr@bility and some statistics are
illustrated as box plots (Figures 3.2 and 3.3).
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Table 3.2 gives an overview of the number of peliconcentration data (without weighing)
above and below the LOD and the mean concentratonorganic and conventional
vegetables. Most of the collected data for synthgtesticide residues were present at
undetected levels (< LOD). In the case of orgalyagdown foods, these non-detects (NDs)
were systematically replaced by zero, following ttecommendation of the Office of
Pesticide Programs (US Environmental Protectionngge2000). By law, organic foods are
not to be treated with synthetic pesticides (ECURE@mn 2092/91). For the pesticide-treated
foods like conventionally grown vegetables, thefgmred approach is to use a residue value
of %2 LOD (or %2 LOQ) if an LOD has not been deteradain(US Environmental Protection
Agency, 2000).

Given the prohibition of using synthetic pesticidasd synthetic fertilizers (containing
nitrogen) in organic farming systems, it is reas@do assume that organically grown foods
contain lower concentrations of synthetic pestici@dsidues and nitrates compared to
conventionally grown foods. This assumption waspsued in general by statistical analysis,
with the exception of nitrate in spinach where tihganic alternative contained significantly
higher amounts of the contaminant (Table 3.2). ihls&lence of detectable residue levels of
chloropropham in conventional potato was signiftgahigher than that of the organic variant
(p < 0.05, chi-square test). More surprising was #ignificantly higher incidence of
chlorothalonil in organic versus conventional potgt < 0.05, chi-square test) although the
concentration was significantly lower. The incideraf iprodione was significantly higher in
conventional carrot, tomato and lettuce comparethéorganic vegetable (p < 0.05, chi-
square test). Nevertheless, when residues of ptiavere found in conventional vegetables,
they were well below the statutory maximum amountn@aximum residue limit. For
cadmium and lead, significantly higher or lower cemtrations and even insignificant
differences in concentrations were found dependmthe vegetable (Table 3.2).

3.3.3 The nutritional-toxicological conflict

Vegetables containing both beneficial nutrients hadnful contaminants can be considered
as a conflict model between dietary recommendatamastoxicological safety assurance. The
nutritive and toxicological value of vegetables eeg on numerous factors like the quality of
the environment (air, water, soil and climate) tigats, pest and disease incidence, and post-
harvest practices (Holden, 2002; Rembialkowska,/2@hao et al., 2006). Extensive efforts
have been made to understand the interactions éetplants and their environment in order
to explain the factors that influence plant composi These efforts have resulted in two
main theories, the carbon/nitrogen (C/N) balanceomy and the growth/differentiation
balance hypothesis (GDBH), which are applied tdarpotential differences in the nutrient
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and contaminant content between organic and coiwvehtfoods (Brandt & Molgaard, 2001;
Rembialkowska, 2007). The C/N balance theory stétes plants will first synthesise
components with a high nitrogen content (e.g. mmstefor growth and N-containing
secondary plant metabolites) when nitrogen is fgadiailable. When nitrogen is limiting for
growth, plants will rather make carbon-containingmponents (e.g. starch and non-N-
containing secondary metabolites). The more ger@bdBH claims that plants, depending on
the available resources, will optimise their invesht in processes directed to growth or
differentiation (e.g. increased formation of defelcompounds).

From the above theory it was expected that orgeegetables contained less nitrate and as
such more non-N-containing secondary plant met@sland vitamin C because of the
replacement of synthetic fertilisers (N immediataailable) by animal manure (N slowly
released) in organic farming systems. Two confinttdels were worked out: (1) vitamin C
versus nitrate in carrots and potatoes and{@arotene versus nitrate in lettuce and spinach
(Figures 3.4 and 3.5).
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Figure 3.4 Vitamin C versus nitrate concentratiamglifferent organic and conventional vegetables,
box plots
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Figure 3.5p-carotene versus nitrate concentrations in différemganic and conventional vegetables,
box plot

When excluding outliers, the box plots of vitamina@d nitrate in organic carrots showed
respectively a downward and upward variation. Tdlservation was in line with above
theories. However, these theories are less stroregplaining the small, although significant
(p < 0.05) differences in vitamin C and nitrate cemtrations between the organic and
conventional carrot. For potatoes a larger diffeeem nitrate content was observed, which is
translated in a larger difference in vitamin C @t Following the theories, the higher nitrate
content in conventional potatoes compared to oogpoiatoes should lead to a lower vitamin
C content in the conventional versus organic potatoich was not the case. The second
conflict model, illustrated in Figure 3.5, indicdte large within-product variation df-
carotene and nitrate in conventional lettuce witkignificantly higher nitrate content but
similar B-carotene content (p > 0.05) in conventional comgao organic lettuce. The results
for spinach showed significantly higher amount$-afarotene and nitrate in the organically
grown vegetable compared to the conventional variBoth examples indicate a certain
mismatch between theory and evidence.

53



Part Il

3.4 Discussion

During the compilation of the nutrient and contaamn databases, several problems were
encountered influencing the comparability of thenaentration data within and between
organic and conventional vegetables. Potentialtisnis for the problems as a result of intra-
variability of nutrient and contaminant concenwas (i.e. within a food) were proposed by
Sioen et al. (2007a; 2007b). In this chapter at fadempt was made to filter out the
intervariability in vegetable composition due tatéracting) confounding factors in order to
have a good evaluation of the effect of farmingeys The limited number of paired studies
currently available necessitated inclusion of n(semi-) paired data sources. Therefore, a
weighing factor was introduced to enable distinctimetween data obtained from paired,
semi-paired (not giving appropriate details) and-paired studies. An additional problem
was the selection of the value of the weighing desct Here the weighing factors were
arbitrary chosen as no validation method coulddomd in literature. The choice of allocating
a higher weight to paired data compared to nomigepaired data was trivial. In order to
define standardised weighing factors and to creaee uniformity and traceability in the
evaluation of the data quality, it may be intemggtfor future research to adopt EuroFIR’s
system for quality index attribution to data fromestific literature or reports (Oseredczuk et
al., 2007). The system is a quality evaluation eystbased on four categories: (1) food
description, (2) component identification, (3) sadimgp plan and (4) sample analysis. Within
each category a set of criteria is proposed andabees for each criterion (5 for high quality,
3 for intermediate quality, and 1 for low qualitgfe summed to form the quality index
belonging to a specific data point.

A final problem was related to the statistical tneant of concentrations below the LOD or
LOQ. In the present study the undetected data mddaifrom organic foods were
systematically replaced by zero and the data fronventional foods by half of the LOD (or
one quarter of the LOQ). It is generally recommehtteuse a residue value of zero for the
proportion of the data set corresponding to thegraage of the commodities known not to be
treated with pesticides (US Environmental ProtectAgency, 2000). This proportion is
clearly defined in the case of organic foods, barely known for conventional foods.
Moreover, when the proportion of NDs in a dataeseteeds 50% as it is the case herdahe
handling of NDs should be considered on a casealg-basis (US Environmental Protection
Agency, 2000). As no general rule of thumb existis, useful to consider the potential effect
of the substituted values by performing a sensjtignalysis. When comparing the results
between different approaches, for example NDs =8us NDs = % LOD for conventional
samples, the number of significantly higher pedéciresidue levels in conventional
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vegetables compared to organic vegetables decréase@7 to 3 (of a total of 27). Whatever
the approach, it should be recommended to infoemrélder about the approach used in order
to avoid wrong interpretations.

The primary aim of the meta-analysis was to mappthtential differences in nutritional and
toxicological value between organic and conventfiovegetables. The meta-analysis found
that: (1) vitamin C concentrations were signifidanthigher in conventional carrots and
potatoes, but significantly lower in conventionaniato compared to the organic product, (2)
the concentration d§-carotene in three of the four vegetables was sogmitly higher in the
organically grown vegetable, (3) the organic velgleta (except potatoes) had a significantly
lower content of some secondary plant metabolggsdpt forp-carotene) compared to the
conventionally grown food, (4) for both mineralstggsium and calcium various results were
obtained, (5) no trend was observed for the heastal®m cadmium and lead, (6) nitrate was
present in significantly higher amounts in thredlsd four conventional vegetables (no data
for tomato) and (7) concentrations of synthetictipete residues were significantly higher in
the conventional product but still lower than thatwory maximum amount. The meta-
analysis was performed on the basis of availablensfic evidence which is usually
identified and compiled in a first phase by systeor@views. Inconclusive findings observed
in reviews concern especially the nutritional vali@@xcept vitamin C) of organic foods
compared to conventional foods (Bourn & Prescd@Q2 Brandt & Molgaard, 2001; Magkos
et al., 2003b; Rembialkowska, 2003; Woese et 8871 Worthington, 2001).

Evidence-based communication is important in onufglr to mislead consumers. Based on
existing consumer science literature, it appeaas tonsumers in general perceive organic
foods as being healthier and safer (Bonti-AnkomalYi€idoe, 2006). Present large-scale
meta-analysis indicated, however, that scientificidence is currently lacking to
unconditionally recommend organically grown veg&tabover conventional vegetables,
especially in relation to the nutritional value. Asresult, nutrition claims on organic
vegetables are considered not to be possible aimihvent. The Food and Agriculture
Organization suggests that “organic” should be sasna process claim, indicating to
consumers that a product was produced accordirthetamrganic regulation, rather than a
product claim (including nutrition and health clam(FAO, 1999). More well-controlled
paired studies and a standardisation of the fofaraeporting are needed to determine which
claims could possibly be made in the future. Thestjon remains whether farmers will be
able to control for all previously mentioned confiding factors.
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3.5 Conclusions

In this chapter, evidence was provided that orgdlyigrown vegetables in general contained
significantly lower concentrations of synthetic f@de residues and nitrates. On the other
hand evidence was lacking to conclude that orgkammaing usually enhances the nutritional
value compared to conventional farming systemsh@lgh conflicting messages were found
between single research studies, our conclusion® e accordance with earlier made
reviews. When looking at the effect of the farmsygtem on the balance between nutrients
and contaminants, no systematic trend was fourr@sosed in the C/N balance theory and
the GDBH. Further research is recommended to utadetdetter (1) the relative nutritional
value and (2) the nutritional and toxicological fimb related to organic and conventional
vegetables and, as such, to come to evidence-bas®inunication strategies for both
farming systems. In order to achieve this aim, npaieed studies of high quality are needed.
Based on current findings, nutrient and/or contamincomparative claims for organic
vegetables cannot be scientifically proven.
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Chapter 4

Nutritional value and safety of organic vegetables:
consumer perception versus scientific evidence

This chapter is based on:

Hoefkens, C., Verbeke, W., Aertsens, J., MondeJakrs & Van Camp, J. (2009). The
nutritional value and safety of organic vegetablesnsumer perception versus scientific
evidenceBritish Food Journal, 11(10), 1062-1077.

Abstract

The present chapter aims to explore and compaguawer perception and scientific evidence
related to food quality and food safety aspect®rgfanic versus conventional vegetables.
Primary data on consumer perception were gather@d06-2007 through a consumer survey
with Flemish adults (n = 529) and compared witlestfic evidence from literature (Chapter

3). Consumers of organic and conventional vegesablere selected by means of a
convenience sampling procedure. Subjects were askedomplete a self-administered

questionnaire concerning the perception of theitiartal value and safety of organic relative

to conventional vegetables. Data processing andysisaincluded descriptive analyses

(frequency distributions), data reduction (Cronbsiciipha test, factor analysis), bivariate
analyses (correlations, t-test, ANOVA) and a maltigte analysis (stepwise multiple

regression). Organic vegetables were perceivedoatiaing less contaminants and more
nutrients, and as such, as being healthier and safepared to conventional vegetables.
However, not enough evidence is currently availabléterature to support or refute such

perception, indicating a certain mismatch betweemsamer perception and scientific

evidence. The gap between perception and evideasdatger among older consumers with
children. The perception was stronger when the wopsion frequency was higher, but was
independent of gender, place of residence (ruralriban), education and income level. Also
non-users on average perceived that organic vdgstdimve a nutritional and safety

advantage over conventional vegetables.
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4.1 Introduction

The health benefits of an adequate consumptioregétables and fruit and the role of this
food group in preventing a variety of diseases aaghardiovascular diseases, certain cancers
and obesity, have been recognised for quite some tiow (Bes-Rastrollo et al., 2006; Hu,
2003; Ness & Powles, 1997; Steinmetz & Potter, 1J9Bb6relation to other foods, vegetables
and fruits are important sources of vitamins, mafgerrace elements, dietary fibre and a large
variety of beneficial phytochemicals. Although vei#es are perceived as healthy by the
majority of consumers, the dietary recommendatibeating at least five portions of fruits
and vegetables a day is often not met by an impbihare of the population in many
countries (Pomerleau et al., 2004; WHO, 2003).

Besides nutrients, fruit and vegetables may alsatato less favourable substances like
environmental contaminants (e.g. nitrates, pedicr@sidues) and pathogenic micro-
organisms (and their metabolites). Growing consurnacerns about the quality of foods due
to the presence of these harmful contaminants aisidered to be one of the major motives
for the increased demand for organic foods (Magkad., 2003a). The popularity of organic
foods is reflected in the growth of the organicdeanarket in Belgium and other European
countries (Abando & Rohner-Thielen, 2007; Sambogegkal., 2007). When comparing the
market share of organic product groups in the Belgnarket, it seems that vegetables have
the second largest share after eggs. The preseiytistfocused on vegetables.

The way in which consumers perceive organic pradhets been investigated in a number
studies, as has been reviewed for example in Bamtbmah and Yiridoe (2006). However,
until now no study on consumer perception of orgdaod in general, or organic vegetables
in particular, has yet been undertaken in BelgilBased on existing consumer science
literature, organic foods are mainly perceived ealthier and safer compared to conventional
foods. From a scientific point of view however, rihgs currently not enough evidence to
unconditionally recommend organic foods over cotiesally produced foods (Hoefkens et
al.,, 2009a; Williamson, 2007). In response to aeptél mismatch between consumer
perceptions and scientific facts, the objectivéhig chapter is to explore Flemish consumer’s
(subjective) perception of organic vegetables,tirgdato conventional vegetables, and to
compare these findings with current scientific éabjve) knowledge and consensus. This
investigation and comparison generate new insifgitt$urther research and communication
for both organic and conventional vegetables.
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4.2 Methodology

4.2.1 Study design and population

A guantitative survey was conducted in FlanderdgiBe, during the period of December
2006 - February 2007 by means of structured quesiioes. The present study was part of a
research project about comparing organic food anthihg with the conventional alternative
(Van Huylenbroeck et al., 2009). The target popaoitafor the consumer survey were adults
(age range 18-84) differing in their use of orgainiod products (from non-users to heavy-
users) and being at least now and then resporfsibfeod purchase. To obtain the group of
heavy users of organic products, 600 of a totall2®0 questionnaires were provided to
randomly selected members of the Flemish organisafiELT that promotes an ecological
lifestyle. The remainder questionnaires were disted to non-VELT members using a
convenience sampling procedure. Efforts were madebtain a sample as representative as
possible of the Flemish population, namely by keggrack on the numbers in the different
socio-demographic groups. In total, 1200 individuakre personally contacted and asked to
complete a self-administered questionnaire. Thestiprenaires were handed over to
participants or sent by post. From the total of@gQestionnaires, 553 were returned and 529
were useful for statistical analysis (which cor@sgs to a valid response rate of 44%).
About half of the final valid sample (n = 266) wenember of VELT, thus people who can be
considered to be more highly involved in organiodolt should be noted that this subgroup
was excluded from descriptive analyses as repdutdider in this chapter when talking about
“Flemish consumers”. The reason is that the non-bes were considered to be more
representative for the overall (Flemish) population

The distribution of the characteristics such asdgenage, place of residence (rural versus
urban based on urbanisation degree, respectivdiywband above 300 inhabitants/km?)
(Lauwers et al., 2004), presence and age of cimjdzducation and income covered a wide
range and are shown in Table 4.1. Concerning tlee agsmall over-sampling of older
respondents occurred due to the fact that resptmdesd to be responsible for food
purchasing. The overrepresentation of higher eédcagspondents and the higher proportion
of respondents with adult children and with a ey higher income is probably due to the
convenient character of the sampling. Therefores ot advisable to generalise the findings
beyond the sample characteristics.
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Table 4.1 Sample characteristics (%, n = 529)

Gender Male 46.9
Female 53.1
Age 18-25 years 8.9
26-40 years 22.3
41-50 years 32.1
51-65 years 26.7
65+ years 10
Mean (SD) 46.7 (14.1)
Children in the househol Yes 76.4
No 23.6
Education Lower secondary 5.9
Upper secondary 34.2
Higher 59.9
Family income < 1000 €/month 2.8

1000-1500 €/montl 10

1500-2000 €/montl  12.7
2000-2500 €/montl 155
2500-3000 €/montl  16.1
> 3000 €/month 27.4
No answer 155

4.2.2 Questionnaire

The questionnaire aimed to assess consumers’ piencegf organic vegetables relative to
conventional vegetables with regard to food quaityibutes in general, and food safety in
particular. Using several statements and answegoees on a 7-point Likert scale ranging
from “totally not agree” over “neutral” to “totallggree”, respondents were asked to evaluate
the potential added value of organic vegetablesewen attributes: (1) nutritional value (in
general), (2) health, (3) safety and (4) level ohtamination (both in general and more
specific in terms of (5) pesticide residues, (6hpgenic micro-organisms, (7) mycotoxins)
(Table 4.2). Based on the mean scores for the ioha#V attributes, a general added value
score was computed.
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Finally, to identify consumer segments, respondemtse also questioned about their
consumption behaviour and socio-demographic cheniatits including gender, age, place of
residence, education, family income and househmigposition.

4.2.3 Statistical analyses

A preliminary version of the questionnaire was esétd in a small sample of 15 students for
clarity of content, language/wording, overall urslanding and length of the survey. The
students were given the instruction to complete ghestionnaire while checking on these
points. Together with feedback from the expert cattem of the project which consisted of

scientists, SME’s and government, the questionnams refined and finalized. Statistical

analyses were carried out with the software prog&®$S 15.0 (SPSS Inc., Chicago, IL,
USA). Significance was assessed at 0.05.

Consumer perception measures are summarized i fiaiphat as mean scores and standard
deviations on a 7-point Likert scale. In additidrequency distributions are provided in
recoded categories ((slightly) negative perceptioautral, (slightly) positive perception).
Cronbach’s alpha was used to estimate the propoofizvariance that is consistent in a set of
scores. Following factor analysis and reliabiligsting, a composite measure of perception
related to organic vegetables was computed. IndEpgrsamples t-tests and ANOVA F-tests
with Duncan post hoc comparison of mean scores agoéed for detection of differences in
consumer beliefs and perception between differeaibsdemographic and user groups (non-
user, light user, medium user, heavy user of ongémit and vegetables). Stepwise linear
regression was used to determine the predictivaevaf the nutritional value and safety
attributes for the health perception.

4.3 Results

4.3.1 Sample characteristics

An interesting criterion used to subdivide the gtpdpulation is the claimed share of organic
in total claimed vegetable consumption. Respondeittsa zero contribution were referred to
as non-users. The contribution of organic vegetafde light, medium and heavy users was
respectively defined at 20 %, 20-80 % and > 80 %. Based on these defirstiabout half of
the sample were classified as medium users (4W#@reas less than 10 % were non-users (9
%). Light users and heavy users were almost equafisesented, respectively 21 % and 23
%. The socio-demographic profile of the samplegesented in Table 4.1.
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4.3.2 General perception of organic versus convential vegetables

The results of the consumer perception survey garoc versus conventional vegetables are
reported in Table 4.2. The mean perception scanesldhe attributes were around five on a
7-point Likert scale and differed significantly taefen organic and conventional vegetables.
This indicates that, in general, consumers perdeorganic vegetables positively, and more
positively than conventional vegetables. Compaocedonventional vegetables, they believed
that the nutritional value and safety of organigetables is better. It is apparent from Table
4.2 that the highest mean perception scores (iouia@f organic vegetables) corresponded to
the perceived contaminant content (41 = 6.07) aradtliieess (U = 5.94). A relatively less
positive perception was attached to the attribofesiicrobiological contamination, i.e. less
mycotoxins (4 = 4.87) and less harmful micro-orgars (U = 4.85). With respect to the
pesticide residue level and the nutrient contergeneral, the respondents attributed a mean
score of 5.48 and 5.01, respectively. Finally, oesfents (slightly) agreed that organic
vegetables are more controlled than their conveatialternative.

Table 4.2 Consumers’ perception of organic versus/entional vegetables (%, n = 529), mean score
and standard deviation (SD) on a 7-point Likertlsta

Items: organic vegetables Totally Agree/

compared to conventional disagree/ gllghtly Neutral Slightly totally Mean SD
: . isagree agree
vegetables are/contain... disagree agree
General beliefs:
Healthier 2.8 4.0 9.5 12.3 715 5.94 1.38
Better controlled 4.3 7.9 21.2 17.4 49.1 5.22 1.50

Nutrient content belief:
More nutrients 11.3 8.7 18.3 14.9 46.7 5.01 1.79
(e.g. vitamins and minerals)

Contaminant content beliefs:

Less contaminants 1.7 3.6 64 129 754 6.07 1.25
(e.g. pesticides and nitrates

No synthetic pesticide residue 6.8 7.4 115 14.2 60.1 5.48 1.64

Less harmful micro-organisrhs 6.8 14.4 25.9 15.7 37.2 485 1.62

Less mycotoxins 7.4 110 287 140 389 4.87 1.62

! Categories "totally disagree” and “disagree”, andree” and “totally agree”, from the initial 7-pbstale

were merged for clarity of presentation; statistazzalyses as reported in the text were performitd tive
original 7-point scale data

Item asked in the negative (or more harmful micrgamisms/mycotoxins); inverse coded for inclusion i
composite construct
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In order to explore similarities and differencesbiliefs and perceptions related to organic
vegetables, data were reduced through factor daealygrincipal components factor analysis
with varimax rotation of the seven items revealedyoone meaningful factor. The
Cronbach’s alpha coefficient for these items wa&@80denoting good and acceptable internal
consistency reliability (Nunnally, 1978). For fuethanalysis, a composite construct score was
computed, hereafter referred to as “perceived agdag of organic” relative to conventional
vegetables. In case of significant differenceshis tomposite measure, the mean scores for
the individual items were also compared betweergtbaps.

4.3.3 Socio-demographic differences in perceptiorf organic versus conventional
vegetables

Perceived added value of organic increased witheasing age (r = 0.288; p < 0.01).
Significant differences were observed between geecategory 18-25 years and the category
above 25 years (p < 0.001), with the latter repgrta higher perceived added value of
organic. Additionally, in the above 25 age group plerception differed significantly between
the subgroups 26-40 years and 51+ years (p = Q.602)n with the older age group reporting
more positively. On each individual item level,ansistent difference was found between the
youngest age group (18-25 years) and the othepgrdRespondents with children reported a
more positive perception of organic vegetables aregh to conventional vegetables (p <
0.001). Specifically, the presence of children pesly affected the perception on the
attributes of pesticide residue level, contamirmitent, nutrient content and healthiness (p <
0.05). When comparing consumer perception betwétareht income classes, a significantly
higher agreement (p = 0.004) was observed for resgpas with a family income between
1000-1500 €/month as compared to respondents hangncome between 2500-3000
€/month. However, no correlation was found betwgerteption and income level (p > 0.05).
Gender, place of residence and education level nfmadignificant impact on the overall
perception of organic having nutritional and safetivantages over conventional vegetables.
When considering the mean perception scores fdn gam and socio-demographic group,
consistently the attributes of healthiness andamitant content were indicated as the main
positive attributes of organic vegetables (Tab8).4.
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Table 4.3 Socio-demographic differences in conssihparception of organic versus conventional vepleta (n = 529), mean score and standard deviation

(SD) on a 7-point Likert scale

Iltem
Sample characteristic Healthier More nutrients Less contaminant N(.) S ynthetllc L ess harn"!ful Less mycotoxins Better controlled Overal
pésticide residuesmicro-organisms added value
Gender Male 5.95 (1.39) 4.99 (1.83) 6.13 (1.18) 5.46 (1.68) 24B64) 4.88 (1.63) 5.29 (1.43) 5.36 (1.00)
Female 5.94 (1.38) 5.02 (1.75) 6.02 (1.30) 5.49 (1.60) .87 41.61) 4.86 (1.62) 5.15 (1.56) 5.31 (1.03)
Age (years) 18-25 4.66(1.55) 3.64(1.54) 5.23(1.18) 4.64 (1.54) 4.36(1.52) 4.13(1.24) 4.60 (1.41) 4.48(0.77)
26-40 5.68 (1.61) 5.02 (1.79) 5.94 (1.25) 5.08(1.79)  4.68°(1.51)  4.88(1.41) 5.13 (1.45) 5.2% (1.00)
41-50 6.0 (1.21) 5.0 (1.67) 6.14 (1.20) 5.58 (1.52) 4.88"(1.49) 4.9% (1.63) 5.28(1.46) 5.46°(0.98)
51-65 6.36(1.07) 5.14 (1.80) 6.28 (1.22) 5.82 (1.57) 4.99(1.83) 5.08 (1.76) 5.45 (1.44) 5.55 (0.96)
65+ 6.23 (1.22) 5.57(1.82) 6.32 (1.24) 5.94 (1.47) 5.18 (1.69) 5.08(1.82) 5.34(1.84) 5.62 (1.00)
Children in the Yes 6.11 (1.27) 5.12 (1.78) 6.17 (1.23) 5.6% (1.55) 4.9 (1.63) 4.9% (1.66) 5.28 (1.50) 5.44 (0.98)
household  Ng 5.4% (1.61) 4.66 (1.76) 5.74 (1.25) 4.92 (1.78) 4.63 (1.58) 4.67 (1.49) 5.0 (1.49) 5.00 (1.06)
Education <18 yr 6.39 (1.05) 5.74 (1.44) 6.06 (1.63) 6.03 (1.52) 4.87 (1.69) 5.32 (1.72) 5.55 (1.55) 5.61 (1.02)
<18yr 6.08°(1.30) 5.3%°(1.71) 6.06 (1.31) 5.51 (1.56) 4.78 (1.59) 4.85(1.68) 5.23(1.54) 5.40 (1.02)
> 18 yr 5.82 (1.44) 4.76(1.82) 6.08 (1.17) 5.40 (1.68) 4.89 (1.64) 4.84 (1.58) 5.18 (1.48) 5.27 (1.00)
Family income < 1000 6.33(1.11) 5.40°(1.88) 6.00 (1.31) 5.60(1.84)  4.73(2.15) 4.73 (1.75) 4.80q2.08) 5.33°(1.11)
(€/month)  1000-1500 6.25(1.24)  5.68(1.37)  6.15 (1.46) 5471.21)  548(151)  4.94 (1.74) 5771.63)  5.68(1.00)
1500-2000 5.9¥°(1.36)  4.98°(1.75) 6.18 (1.21) 5.60(1.72)  4.63(1.67) 4.96 (1.54) 53P@1.41)  5.34°@1.11)
2000-2500 6.00°(1.40)  5.0#°(1.74) 6.22 (1.14) 5.82(1.34)  4.91°(1.61) 4.87 (1.71) 54%9(1.33)  5.48°(0.92)
2500-3000 5.91°(1.42)  5.02°(1.70) 5.76 (1.39) 5.091.82) 4.54(1.67) 4.85 (1.56) 5.F2(1.36) 5.28(0.91)
> 3000 6.03°(1.25)  4.98°(1.87) 6.26 (1.09) 5.48(1.61)  4.84°(1.57) 4.84 (1.65) 5./8(151)  5.33°(0.96)
No answer  5.49(1.62) 4.72(1.96) 5.78 (1.28) 5.£11.77) 4.96°(1.53) 4.85 (1.57) 4.831.58) 5.18(1.15)
Residence  Urban 6.00 (1.33) 5.02 (1.80) 6.12 (1.20) 5.50 (1.60)  8741.66) 4.87 (1.66) 5.29 (1.50) 5.37 (1.02)
Rural 5.81 (1.47) 4.96 (1.77) 5.98 (1.29) 5.47 (1.72)  8041.56) 4.87 (1.56) 5.09 (1.53) 5.27 (1.01)
abd indicate significantly different means using ANOVAtests with Duncan post hoc test on a 7-poiniesgiak totally disagree; 7 = totally agree)
*y indicate significantly different means using indegent samples t-tests on a 7-point scale (1 slyatédagree; 7 = totally agree)
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4.3.4 Organic versus conventional vegetables: difences in perception according to
consumption level

As could be expected, heavy users (> 80 % of vegetaonsumption is organic) on average
hold the strongest favourable beliefs about orgaaiopared to conventional vegetables (p <
0.001). Compared to the other user groups, heaeng yerceived organic vegetables as being
significantly healthier (u = 6.66) and better cotied (U = 5.87), and containing more
nutrients (U = 5.87), less contaminants (4 = 6.86)synthetic pesticide residues (1 = 6.31),
less harmful micro-organisms (4 = 5.18) and lessatoxins (1 = 5.26) (p < 0.05). The mean
scores indicated that the attributes of healthirees$ contamination level were the major
arguments in favour of organic vegetables (Tab#.4Medium users (organic’s claimed
share between 20 and 80 %) perceived organic vagsteore positively than light users (
20 %) (p < 0.001), who in turn had a slightly betierception than non-users (p > 0.05). Less
expected was that also non-users on average beliswbe nutritional and safety benefits of
organic vegetables compared to the conventionaireltive. This can be explained by the fact
that non-users have other than food content relatgdments for not buying organic foods.
Preferences of consumer groups and underlying agtsmas determined in a choice
experiment are described in another paper (Mondelae al., 2009b). When comparing
medium users with light users on individual iterwele the mean perception scores for all
attributes were significantly higher for the firgtoup (p < 0.05) except with respect to
perceived contamination with harmful micro-organssmhere no significant difference was
found (p = 0.123). Also medium, light and non-usassigned the highest score to the
attributes of healthiness and contaminant levebi@4d.4).

Another grouping variable considered here is thenbe¥ship in the Flemish organisation
VELT that promotes an ecological lifestyle. The megeerception scores for the seven-item
construct as well as for the individual items wexge,could be expected, significantly higher
for the members in comparison with non-members eftiish population”) (p < 0.05).
Regardless of the membership, the items concermogtaminant concentration and
healthiness were again the major arguments in favorganic vegetables (Table 4.4). When
comparing the members with the heavy user grouofmembers, no significant differences
were found in the overall perception. However, therception of the healthiness and
mycotoxin level differed significantly between bogmoups, with a higher score for the
members.
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Table 4.4 Consumers’ perception of organic versusventional vegetables in function of consumptiehaviour and VELT membership (n = 529), mean
score and standard deviation (SD) on a 7-point ttikeale

Item
feti No synthetic Less harmfu
Sample characteristic y
P Healthier More nutrients Les_s pesticide micro- Less mycotoxins Better controllec Overall
contaminants . . added value
residues organisms
User group Non-user  4.96'(1.88) 4.34(1.85) 5.47(1.59) 4.66'(1.90) 4.28(1.51) 4.45(1.49) 4.83"(1.66) 4.7G'(0.98)
Light user 5.27(1.55) 4.20'(1.83) 5.58'(1.34) 495 (1.72) 4.63°(1.48) 4.48(1.58) 4.727(1.38) 4.83(0.95)
Medium usel 6.09 (1.16) 5.08 (1.67) 6.17(1.14) 5.47(1.58) 4.90°°(1.58) 4.94 (1.53) 5.20 (1.49) 5.37(0.92)
Heavy user 6.66 (0.82) 5.87(1.53) 6.55 (0.95) 6.31°(1.12) 5.18(1.80) 5.26'(1.81) 5.87(1.35) 5.99(0.87)
VELT membe Yes 6.56 (0.83) 5.65 (1.57) 6.53 (0.87) 5.9 (1.35) 5.10(1.73) 5.20 (1.66) 5.59 (1.38) 5.80 (0.85)
No 5.32°(1.55) 4.36°(1.76) 5.61 (1.39) 4,97 (1.74) 4.60'(1.47) 4.53(1.52) 4.84 (1.53) 4.86 (0.94)
aP.¢ jndicate significantly different means using ANO\FAtests with Duncan post hoc test on a 7-poinesghk totally disagree; 7 = totally agree)
Xy indicate significantly different means using indegent samples t-tests on a 7-point scale (1 syaledagree; 7 = totally agree)
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4.3.5 Perceived healthiness of organic vegetablesfunction of other attributes

The comparison of consumers’ health perceptionrgémic and conventional vegetables with
the perception of nutritional and safety aspecssilted in significant correlations (p < 0.01).

In other words, consumers who considered organgetables to be healthier than the
conventional variant also perceived organic vedetalas containing/being (in decreasing
order of correlation): less contaminants (r = 0)5T2ore nutrients (r = 0.538), no pesticide
residues (r = 0.435), safer (r = 0.387), less nydas (r = 0.216) and less harmful micro-

organisms (r = 0.120). Despite being significanpat 0.01, the correlation coefficients (r)

ranged between 0.120 and 0.572, indicating thatdlaionships between the health attribute
and remaining attributes were rather weak.

Stepwise multiple regression analysis was perforteedevelop equations involving food
quality and food safety attributes that most ctwitted to the health perception of organic
vegetables. The final model and results are showrable 4.5. The lower contaminant level
was the first variable entered into the equatiorpfedicting the health perception of organic.
The second, third and fourth variable entered, whee higher nutrient content, the zero
pesticide residue content and the lower mycotogirell respectively. The variables “better
controlled” and “less harmful micro-organisms” dmbt meet the significance level
requirement for entry into the model (p < 0.05)thélugh the absence of pesticide residues in
organic increased the R square of the equatiomast obvious that the pesticide residue level
did not add to the predictive value of the model.

The correlation and stepwise regression analysésated that the contaminant and nutrient
content were the two major drivers for consumerdétieve in the health advantage of
organic over conventional vegetables. In additibrgppeared that other than food related
arguments contributed to consumers’ health percemf organic vegetables, as only 48.6 %
of the total variation in health perception was lakged by the proposed model of four
variables.
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Table 4.5 Stepwise linear regression: explanat@myables for perceived health of organic vegetables
(n =529)

Variables entered Correlation Estimate Standardised bet t-value p-value
(Constant) 0.97 3.967 <0.001
Less contaminants 0.572 0.428 0.387 10.698 <0.001
More nutrients 0.538 0.281 0.363 10.775 <0.001
No synthetic pesticide residues  0.435 0.103 0.121 3.341 0.001
Less mycotoxins 0.216 0.083 0.097 3.056 0.002

Variables not entered in the model: better corgrb(k = 0.387), less micro-organisms (r = 0.120pds1
goodness-of-fit: R2 = 48.6%

4.4 Discussion

4.4.1 Safety advantage of organic vegetables versimventional vegetables

Statements:

1) “Organic vegetables contain less contaminants...”
2) “Organic vegetables contain no synthetic pesticedédues”

All foods, regardless of the production method,cheebe ensured that they are sufficiently
safe to be consumed. The question was whetherahgumption of conventionally grown

food provides any greater safety-related risks dosamers than organic food. Given the
prohibition to use synthetic pesticides and symthegrtilizers (containing nitrogen) in an

organic farming system, it is reasonable to asstimae organically grown food in general

contain lower amounts of pesticide residues andteit

Although in the international public literaturefli data on pesticide residues in organic foods
is available, scientific literature indicates tlcainventionally grown foods are more likely to
contain (single and multiple) pesticide residuemntbrganic foods. Furthermore, the residue
levels in organic foods are consistently lower carmegd to conventional foods (Baker et al.,
2002; Bitaud, 2000; Slanina, 1995; Woese et ab512997). However, these findings do not
mean that organic and conventional foods necegsaghtain (detectable) amounts of
pesticide residues (Fjelkner-Modig et al., 2000jsk&a et al., 2005). Given these data, it can
be concluded that consumers’ beliefs about theramlesef residues of synthetic pesticides is
to a large extent supported by scientific evideie the basis of thElemishsurvey sample,

a majority of the respondents (62 %) also agreeh the idea.
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Another relatively consistent finding is that organegetables tend to have lower nitrate
levels (Bourn & Prescott, 2002; Woese et al., 19997). The use of lower amounts and less
available sources of nitrogen in organic farmingy.(€ompost) is likely to be the underlying
reason. For some vegetables with a lower nitrateiraalating capacity like seed and bulb
vegetables, the fertilisation practices appear deehless influence on the nitrate content.
Consequently, lower and equal amounts of nitratevéen organic and conventional
vegetables are reported in literature (Woese £1997).

Less evidence exists concerning the relative cortteheavy metals (e.g. cadmium, arsenic)
between organic and conventional products. From lilnéed data available, no major

differences are observed. Given equal possibilifes heavy metals to be absorbed in
vegetables of organic and conventional productiansignificant differences were expected.
Cadmium could be an exception due to the use ohgevgludge in conventional farming,

which could eventually lead to higher cadmium lsviel conventional vegetables. However,
no differences were detected for cadmium in the pamative studies evaluated for the two
forms of cultivation (Jorhem & Slanina, 2000; Magket al., 2006; Malmauret et al., 2002;
Woese et al., 1997).

Taking these facts into consideration in combimatiath the possibility that consumers have
their own interpretation of the term “contaminant”is quite understandable that consumers
perceived organic vegetables as being less conddeairtompared to conventional vegetables
(u = 6.07). Additionally, it appeared from the @ation and stepwise regression analyses
that the contaminant content (relatively to the eothattributes) was consumers’ most
important food content-related motive for believing the health advantage of organic
vegetables (r2 = 0.327).

Statements:

3) “Organic vegetables contain less harmful micro-argas...”
4) “Organic vegetables contain less mycotoxins...”

The question of whether the consumption of orgdiyicmown vegetables causes any greater
microbiological risk to consumers than conventiomafetables remains unclear. Several
studies indicated higher bacterial contaminatiomrganically versus conventionally grown
crops, while others showed no difference (Avery¥8,2Johannessen et al., 2004; Mukherjee
et al., 2004). Some authors have suggested than dhe use of animal manure and the
prohibition of fungicides and some food additive®rganic production practices, organically
produced foods may have an increased risk of miclaiical contamination (Avery, 1998;
Stephenson, 1997). However, other research fouatdrbst pathogens were destroyed due to
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the high temperature during the composting perfadlinger, 1993; Food Standards Agency,
2000).

Scientific evidence is currently insufficient ta@t that organically grown food is more prone
to microbial or mycotoxin contamination than contemally grown food. Although science
is inconclusive in this matter, consumers’ peraaptin both the statements of harmful micro-
organisms and mycotoxins was in favour of orgamigetables with a mean perception score
of about five (“slightly agree”) on a 7-point Likescale. In this case where science is more
undecided, consumers were also less convincedifiplg, 28.7% (micro-organisms) and
25.9% (mycotoxins) of the sample are also undecigledponding neutral on the 7-point
Likert scale). The proportion of consumers sconrggitral was clearly lower for the other
attributes, with the exception of the attributettbecontrolled” (21.2%).

Statement:

5) *“Organic vegetables are better controlled...”

A mean perception score of 5.22 was obtained ferstatement that organic vegetables are
better controlled than conventional vegetables.sTindicates that consumers in general
perceived organic vegetables to be more subjequédity and safety controls compared to

conventional vegetables. From a scientific poinviefv however, it is not possible to draw a

valid conclusion on that statement as no qualiatimd quantitative data are available on the
relative frequency and intensity of quality andesafcontrols of organic versus conventional

vegetables.

4.4.2 Nutritional and health benefits of organic vgetables versus conventional
vegetables

Statements:

6) “Organic vegetables contain more nutrients...”
7) “Organic vegetables are healthier...”

The results of the consumer survey suggest thauroers believed that organic vegetables
are healthier than conventional vegetables, pamng to their perceived nutrient content
(e.g. vitamins and minerals). With the possibleegtion of vitamin C content, there is not
enough scientific evidence that organic and congrat vegetables differ in nutritional value
(Magkos et al., 2003a; Rembialkowska, 2007; Wilkam, 2007; Woese et al., 1997). A large
number of inconsistent results were observed fromparative studies in the literature. As it
was the case for microbiological contamination,stoners overestimated the nutrient content
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of organic relative to conventional vegetables. #bh60 % of the respondents scored 5
(“slightly agree”) or more (“totally agree”) on th&point Likert scale. Besides the nutrient
content, another important motive for consumerbdlieve in the health benefits of organic
vegetables was the lower contamination level ofapbig compared to conventional
vegetables. From the correlation and regressiolysinait was apparent that consumers gave
a higher credence to the health benefit of lesgamimants than of more nutrients. This
finding should come as no surprise, given that woaable communication related to food
health issues weigh more heavily in consumers’ fomasumption decisions than favourable
news (Kinnucan et al., 1997; Robenstein & Thurnif96).

A summary of the results is provided in Table 4.6.

Table 4.6 Summary table

ltem Scientific evidence Consumer perception

Healthier inconclusive organic > conventional
More nutrients inconclusive organic > conventional
Less contaminants mostly in favour of organic organic > conventional
No synthetic pesticide residu organic > conventional organic > conventional
Less harmful micro-organism inconclusive, but mostly in favour of conventior  organic > conventional
Less mycotoxins inconclusive, but mostly in favour of conventior  organic > conventional
Better controlled inconclusive organic > conventional

45 Conclusions

Important gaps were observed between consumerpigEngceand current scientific evidence
concerning the nutritional value and safety of argavegetables compared to conventional
vegetables. Although current scientific literaturannot state that organically produced
vegetables are superior to conventionally produadidrnatives, consumers on average
believed that organic vegetables are better. lerotfords, consumers in general seemed to
overestimate the nutritional and safety benefit®mfanic vegetables, with the exception of
synthetic pesticide residues. The gap between fawlsconsumers’ perceptions appeared to
be the largest for the health character, nutritiovelue and microbiological safety of
vegetables, especially among older consumers witldren. The contaminant and nutrient
content of organic vegetables were the two majoreds, among considered attributes, for
consumers to believe in the health advantage adrmicgover conventional vegetables. The
mismatch was also stronger when the consumptioquémcy was higher, but was
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independent of gender, place of residence, educatd income level. Where science is more
undecided, consumers’ perception of organic versusentional vegetables may be based on
stereotypes, image transfer and emotion insteadfaofual knowledge and personal
experience. In the future, more research is neeédestrengthen scientific evidence about
relative benefits and risks of organic compareddaventional vegetable consumption, as
such that consumers can make decisions based mecicand objective information. Future
research is also needed to verify the results ®fptiesent study that is based on a relatively
small sample size and non-probability convenienampding method, with larger and
statistically representative consumer samples.mportant basis for further research is now
provided as new insights into basic beliefs anadgmions of a sample #lemishconsumers
concerning organic versus conventional vegetabbre wenerated here.

Managerial implications from this study mainly m@ént to product positioning and
communication strategies. The present study ingic#that organic vegetables benefit from
favourable consumer perceptions, some of which aab@ scientifically substantiated. From
the perspective of the organic vegetable sectegdims dangerous to exploit propositions that
are not fully scientifically sound in their prodymbsitioning and communication strategies. A
recommendation from this study would be to cam&alrather on emotional value than
providing rational argumentation for the choiceoofjanic vegetables. An opposite strategy
could obviously be recommended to the conventiomagetable industry. Given the
inconclusiveness of current scientific evidencas itecommended from a public and health
policy point of view, to further aim at stimulatingggetable consumption in general without
differentiating between the eventual organic or vemtional origin of the produce.
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Chapter 5

Consuming organic versus conventional vegetables:
The effect on nutrient and contaminant intakes

This chapter is based on:

Hoefkens, C., Sioen, I., Baert, K., De Meulenaer, Be Henauw, S., Vandekinderen, 1.,
Devlieghere, F., Opsomer, A., Verbeke, W., & Vamipa J. (2010). Consuming organic
versus conventional vegetables: the effect on enitrand contaminant intakelSood and
Chemical Toxicology, 4&1), 3058-3066.

Abstract

The health benefits of consuming organic compapedonventional foods are unclear. This
chapter aims at evaluating the nutrient and comtantiintake of adults through consumption
of organic versus conventional vegetables, namatyots, tomatoes, lettuce, spinach, and
potatoes. A probabilistic simulation approach wssdufor the intake assessment in two adult
populations: (1) a representative sample of Bekjign= 3245) and (2) a sample of Flemish
organic and conventional consumers (n = 529). Aighosignificant differences in nutrient
and contaminant contents were previously found éeetw organic and conventional
vegetables, the results were inconsistent for apoorent and/or vegetable. Also on the intake
level the intake of specific nutrients and contaamiis could be higher or lower for organic
versus conventional vegetables. However, when deriag the consumption pattern of
organic consumers, an increase in intake of a teeleset of nutrients and contaminants was
observed, which was explained by the general higegetable consumption of this consumer
group. In public health terms, there is insuffitiezvidence to recommend organic over
conventional vegetables. The general higher vetgetainsumption of organic compared to
conventional consumers outweighed usually the rofe differences in nutrient and
contaminant concentrations between organic andergional vegetables.
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5.1 Introduction

The EU as well as national and regional governmsumpport the organic agriculture and food
sector. Some consumers are willing to pay an inapbrpremium for organic food (Bonti-
Ankomah & Yiridoe, 2006; Mondelaers et al., 2009bhe question rises whether organic
food and farming have an added value that justihessupport and the price premium.

For this reason the Flemish government financedogeq aiming to compare organic and
conventional food and agricultural systems fronmoapof view of environment friendliness
(Mondelaers et al., 2009a), nutritional value aaféty (de Backer et al., 2009; Hoefkens et
al.,, 2009a). The research project was performed byultidisciplinary team from Ghent
University. The methodology implied a meta-analysfsthe existing scientific literature.
Meta-analyses are performed on the basis of availsdientific evidence which is usually
identified and compiled in a first phase by (sysio) reviews. Important reviews in the
domain of food quality and safety issues of orgaicsus conventional foods are: Bourn and
Prescott (2002), Brandt and Molgaard (2001), Dangdwal. (2009), Magkos et al. (2003a),
Rembialkowska (2003), Woese et al. (1997), Worttting2001). In general, the evidence
provided with regard to the nutritional quality asafety aspects of studied vegetables (carrot,
tomato, lettuce, spinach, potato) was inconclusegpecially about the nutritional value. For
synthetic pesticide residues and nitrates sigmfigalower concentrations were generally
found in the organic compared to conventional foltdis important to note that these
observations relate to the evidence base availal@d809 with its limitations in the design and
comparability of studies. Based on this evidenike,ldenefits to individuals consuming a diet
of organic and/or conventional foods are unclearah attempt to evaluate the effect of
concentration differences between organic and adiomeal foods on the nutrient and
contaminant intake, it is also important to take plotential difference in consumption pattern
between organic and conventional consumers intsideration. The aim of the present
chapter is to evaluate the potential added valuéhefconsumption of organic vegetables
compared to conventional vegetables in terms oflipuealth. Therefore, nutrient and
contaminant intakes were assessed probabilisticalh compared with respective
recommendations. The choice to focus on vegetablemtivated first by their importance as
a source of vitamins, minerals, dietary fibre aratious beneficial phytochemicals, and
second by their importance in the organic foodsketain Belgium with a market share in
2009 of 29 % in terms of volume and a market patietn of 51% (provided by GfK
Panelservices Benelux).
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5.2 Methodology

5.2.1 Scenarios

The effect of consuming organically cultivated viadies instead of conventional vegetables
was evaluated in this chapter on the intake ldweChapter 3 the comparison was made based
on the nutrient and contaminant content of the tadges only (Hoefkens et al., 2009a). A
probabilistic simulation approach was applied, nreguthat the variability and in some cases
the uncertainty of the vegetable consumption, bwdight (bw) and concentration data were
considered and represented by distributions (par&oma non-parametric) instead of single
values. Two consumption datasets using differetatkin assessment methods were used for
scenario analyses. In the first scenario, whicHuatad the effect of a potential difference in
nutrient and contaminant content between orgardccanventional produce on the intake, the
method described by Sioen et al. (2008) was applidgds method uses the program
Probintakéd® (developed at Ghent University, Belgium) which as software module
applicable in the free available softwar® R Development Core Team, Vienna, Austria).
Scenario 1, further referred to as thencentration effect scenariassumed that consumers
of organic and conventional vegetables have a ainviégetable consumption pattern. The
assumption was dismissed in the second scenaricewdretop of a content difference the
influence of a possible dissimilarity in vegetallamsumption pattern between organic and
conventional consumers was evaluated on the intékmutrients and contaminants (further
referred to as th€onsumption effect scenayioTo execute this simulation, the method
described by Baert et al. (2007) using @Risk 4digRde Corporation, Newfield, NY, USA)
was applied. Compared to the previous method,ntt@ghod enables uncertainty assessment
of the intake, which seemed advisable, as for sae@anot only the concentration data were
characterised by uncertainty but also the consumpmtata. Five hundred bootstrap iterations
were performed to estimate the 95% confidencevatéCl) to describe the uncertainty of the
intake assessments. Both methodologies calculéedntake by multiplying consumption
data (as a function of time (days) and body weifkg)) with nutrient or contaminant
concentration data of organic and conventional tadges.

5.2.2 Food consumption data

Two different food consumption databases were usmtk in each scenario. The
concentration effect scenaneas based on the vegetable consumption data fierB¢lgian
national food consumption survey 2004 (Debackeal et2007). From these data, it is clear
that the Belgian population does not consume engaghbtables a day with an average of 138
g compared to the daily recommended amount of 358irgs, design and methods of the
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national food consumption survey are describednddses (De Vriese et al., 2005). Briefly, a
total of 3245 adults were asked to report all tlkeinsumptions of the preceding day during
two non-consecutive 24-h recalls interviews anddmplete a food frequency questionnaire
(FFQ). A total of 3083 respondents completed twdn2écalls of which 1546 men and 1537
women of 15 years or older. Only the data of tlthviduals who completed two 24-h recalls
were used in this study. The data from the FFQ weteised.

The food consumption database used in the consompffect scenario was collected from
529 adults aged between 18 and 84 years througiQadkring the period of December 2006
- February 2007 in Flanders (the northern, Dutckeakmg part of Belgium) (Van
Huylenbroeck et al., 2009). Seven individuals wesmoved from the sample because of
incomplete information, leaving a final sample @25valid cases (243 men and 279 women).
This FFQ was part of a larger questionnaire onggerons and attitudes of organic consumers
(Hoefkens et al., 2009b). The FFQ assessed thadney and the amount of consumption of
the organic versus conventional vegetables, naroatyot, tomato, lettuce, spinach, and
potato. Half of the sample comprised members (166) &f the Flemish organisation VELT
that promotes an ecological lifestyle. These VEL&nmbers were considered to be more
highly involved in organic food. This selection wia$ormed by our interest in comparing
organic with conventional consumers. The non-VELdmmbers were recruited by means of a
non-probability convenience sampling.

For the purpose of the study, an organic consurharspecific food item was defined as an
individual consuming only the organic variant ofetltonsidered vegetable, whereas a
conventional consumer was considered someone wlyceats vegetables produced through
non-organic farming. Medium and low users of organegetables, i.e. consumers of both
organic and conventional vegetables, were exclunlé¢ais study. For example, an individual
stating to consume only organic tomatoes (no camnwesl tomatoes) was defined as an
organic tomato consumer.

5.2.3 Nutrient and contaminant data

The classes of nutrients and contaminants includetie present study were vitamins and
pro-vitamins (vitamin C, carotenoid$-carotene, lycopene, lutein), minerals (potassium,
calcium), secondary plant metabolites other tharroteaoids (chlorogenic acid,
glycoalkaloids), nitrate, heavy metals (cadmium,adle and pesticides (iprodion,
chlorothalonil, chloropropham). The selection oé tbompounds was based on the results
obtained in Chapter 3 and motivated by the aim \@flwating the implications of these
significant concentration differences with regaad public health. The various vegetable-
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compound combinations being studied in the two &gdes are described in the results
section.

The nutrient and contamination data used in thidysoriginated from two newly developed
databases compiled from internationally availakl@sdary data. The compilation procedure,
including data collection, data documentation, dateluation and selection, and data
weighing, has been described in Chapter 3. In,t88ahnd 35 relevant sources of respectively
nutrient and contaminant data for the selected tedigs were entered in the databases (a list
of references is included in Appendix ).

5.2.4 Evaluation of nutrient and contaminant intakes

The evaluation of the intake assessments compasazmparison with the dietary reference
intake (DRI) for the nutrients and the tolerablelydantake (TDI) in the case of the
contaminants, except for pesticide residues forcviain acceptable daily intake (ADI) is set.
As the obtained nutrient and contaminant intakesewexpressed per kg bw, “ad hoc”
reference values had to be calculated taking a rbealy weight of 70 kg of both adult
populations into account. For vitamin C, the DRinfalated by the Belgian Health Council
(2009) amounts 110 mg/day, leading to a refereabeevof 1.57 mg/kg bw/day. To date, no
recommended dietary intake level has been establifdr-carotene. However, the National
Academy of Sciences supports the recommendationganbus health agencies, which
encourage consumers to eat at least five servihfygits and vegetables a day. This level of
consumption of fruits and vegetables provides apprately three to six milligrams df-
carotene (Institute of Medicine, 2001). Therefayreliminary reference value of 3 rfig
carotene/day or 43 pg/kg bw/day was considereduidher evaluation. For potassium and
calcium, the Belgian DRI is 3000 a 4000 mg/day li@dpin this approach as 43 mg/kg
bw/day) and 900 mg/day (applied in this approaci&asng/kg bw/day), respectively. With
regard to the secondary plant metabolites, no resamdation currently exists. To our
knowledge, the no observed adverse effect level Tdddfor glycoalkaloids have also not
been set yet. Temporarily, a potato-based dose ohglkg bw/day is considered as
preliminary minimal critical exposure dose for huredJECFA, 1993b; Ruprich et al., 2009).
The (provisional) thresholds or TDIs (ADIs) usedet@luate the contaminants in the present
study are: 3.7 mg/kg bw/day for nitrate (Heppnemlet 2008; JECFA, 2003), 0.36 pg/kg
bw/day for cadmium (2.5 pg/kg bw/week) (Heppnealet2009), 3.6 ug/kg bw/day for lead
(JECFA, 1993a), 60 pg/kg bw/day for iprodion, 20kggbw/day for chlorothalonil and 50
ng/kg bw/day for chloropropham (JMPR, 2009).
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Statistical analyses were performed using SPSSvadtversion 15.0 (SPSS Inc., Chicago,
IL, USA). The non-parametric Mann-Whitney U-testsnapplied for comparing the median
nutrient and contaminant intakes through organigetable consumption with the

corresponding intake through conventional vegetatdasumption. A chi-square test or
Fisher's exact test were applied to assess thdfisggmce of any relations between organic or
conventional consumption on the one hand and siemegraphic characteristics and the
consumption amount of vegetables on the other Haigdificance was assessedat 0.01.

5.3 Results
5.3.1 Comparison of the vegetable consumption patte

Based on the FFQ conducted in Flanders with thpqag to compare the consumption of
organic food with the conventional alternative, emegraphic profiling of the organic and
conventional consumer was performed, which is shawiiable 5.1. The numbers were
calculated on the sample of consumers eating dmyarganic respectively conventional
variant of all considered vegetables (5 in tof@he results showed that consumers of organic
compared to conventional vegetables were moreylilkebe older (p = 0.002, chi-square test)
and to have children in the household (p = 0.008hd¥’s exact test). No relation was found
between organic consumption and gender, educatidrircome (p > 0.01, chi-square test).
Next to differences in demographic characteristsmsne important findings were identified
with regard to the amount of vegetables consumeéslda both types of consumers. Organic
consumers had significant larger portion sizesaofat, tomato, lettuce and potato (p < 0.001,
Mann-Whitney U-test). The consumed amount of spina@s similar for organic and
conventional consumers (Table 5.1).
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Table 5.1 Profiling of organic and conventional samers by demographic characteristics and
vegetable consumption (Van Huylenbroeck et al.9200

Considered per individual vegetable

Organic consume

Conventional consumer

Vegetable consumption

Carrot n
grams/day
Tomato n
grams/day
Lettuce n
grams/day
Spinach n
grams/day
Potato n
grams/day

177
49 [0-353]
109
70 [0-425]
142
16 [0-70]
94
32 [0-403]
150
110 [0-491]

102
32 [0-233]
105
56 [0-456]
82
8 [0-70]
84
30 [0-403]
167
101 [0-491]

Considered per total vegetables

Organic consume

Conventional consumer

Socio-demographics n

Gender Male
Female
Age 18-35
36-45
46-55
55+
Children in the househol Yes
No
Education Secondary
Higher
Family income < 1500 €/month

1500-2000 €/montl
2000-2500 €/mont
> 2500 €/month

55
60
40
5
24
31
40
87
13
60
40
31
23
25
21

58
41
59
31
24
28
17
64
36
43
57
50
25
14
11

5.3.2 Comparison of nutrient and contaminant intake through vegetable consumption

In Chapter 3 significant higher concentrationvitddmin Cwere found in organic tomato, but
significantly lower concentrations in organic casroand potatoes compared to the
conventional alternative. For all vegetables exdéeptettuce, the concentration gfcarotene
was significantly higher in the organically growagetable when comparing the organic and
conventional vegetable. With regard to Heeondary plant metabolitesudied (other thap-
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carotene), the organic vegetables contained a fisigmily lower content compared the
conventional product except for potato. In the calséhe mineralscalcium and potassium,
also inconsistent results were obtained when comgpathe organic and conventional
vegetables. Also no trend was found consideringhtreery metals cadmium and lead. Given
the prohibition of using synthetic pesticides agdtketic fertilizers (containing nitrogen) in
organic farming systems, it was of no surpriseind Significantly lower concentrations of
synthetic pesticide residues and nitrates in tigarmically grown vegetables compared to the
conventionally grown vegetables with the excepbtibnitrate in spinach.

Within the purpose of this study, the above reswise translated in terms of public health
through the combination with consumption data. €eBmated intake assessments obtained
using the Belgian consumption survey d&larf{centration effect scenajiare summarised in
Table 5.2 for the nutrients and Table 5.3 for thetaminants. The results are provided for the
total study sample, including the non-consumerd, fantwo situations: (1) assuming that all
vegetables consumed were conventionally grown abiet and (2) assuming that all
vegetables consumed were organically grown vegetafllhe number of non-consumers for
this scenario is equal for both the organic andveational intake distributions which forms
the basis for comparison of the results.

The primer implication with regard to public healtf previously found significant
concentration differences was the higher probgbdit achieving and even exceeding the
preliminary DRI of B-carotene and this by considering the intake thHmowme single
organically grown vegetable. About 20%, 1% and < &f4he Belgian adults consuming
respectively organic carrots, tomatoes and spihachan intake of-carotene higher than the
corresponding preliminary reference value while @mnventional carrots, tomatoes and
spinach, this was respectively 16%, < 1% and 3%e Thinor, although statistically
significant differences in mineral concentratioretvieen organic and conventional tomato
were removed in the case of potassium and chamgadviantage for calcium when assessing
the intake of both compounds. The low consumpterell of spinach in the Belgian adult
population led to similar nutrient intakes througtganic and conventional consumption,
although a significantly different nutrient compesh was found earlier. The results for
scenario 1 of the other studied vegetable-nutdentbinations are shown in Table 5.2 but are
not discussed here as its concentration differemepsained on intake level as expected
without exceeding the corresponding DRI. For thataminants, the intake assessments
through organic and conventional vegetable consiompiere all below the TDI or ADI.
Previously observed small differences in contantimamcentrations disappeared after being
combined with the consumption data for intake assests (cadmium from carrot and
lettuce; nitrate, cadmium and lead from spinach).
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Table 5.2 Concentration effect scenario: Summaryhef simulation results of the nutrient intake
assessment through consumption of organic (O) wsersanventional (C) vegetables for a
representative sample of Belgian adults (Debacket.e2007)

Carrot Tomato Lettuce Spinach Potato
o] C (6] C O C O C (0] C
Vitamin C (mg/kg bw/day P50 0.003 0.003 0.040 0.037 - - - - 0.112 0.226
P90 0.027 0.031 0.271 0.251 0.265 0.538
P95 0.042 0.049 0.366 0.340 0.320 0.645
P97.5 0.058 0.066 0.457 0.424 0.371 0.749
P99 0.083 0.095 0.572 0.533 0.451 0.922
Mean 0.009 0.011 0.096 0.089 0.129 0.260
B-carotene (pg/kg bw/day P50 10 8 3 2 - - 0O O - -
P90 89 70 20 17 0 O
P95 140 110 27 23 38 21
P97.5 188 147 34 29 79 45
P99 268 212 43 39 120 69
Mean 30 24 7 6 5 3
Lycopene (ug/kg bw/day) P50 - - 4 18 - - - - - -
P90 32 129
P95 44 175
P97.5 56 223
P99 74 288
Mean 11 45
Lutein (ng/kg bw/day) P50 - - - - 0.00 0.00 0O O - -
P90 1.91 2.24 0 O
P95 272 320 30 42
P97.5 3.82 450 62 86
P99 536 6.23 94 131
Mean 0.53 0.62 4 5
Potassium (mg/kg bw/day P50 0.17 0.22 0.62 0.61 0.00 0.00 - - 5 6
P90 151 1.98 415 411 1.60 0.58 12 14
P95 237 3.11 565 557 2.29 0.84 14 17
P97.5 3.15 4.17 7.02 6.96 3.18 1.16 16 20
P99 453 5.96 8.84 8.72 4.44 1.66 20 24
Mean 0.51 0.67 1.48 146 0.44 0.16 6 7
Continued
Notes: “-* indicates that for the specific nutriarggetable combination no data were available nwkite the

intake; the intakes higher than the reference vldugéhat nutrient are indicated in bold, the refeze values are
based on the DRIs proposed by the Belgian Healtm€bor the Institute of Medicine, but are expezsas a
function of body weight (for explanation see text)
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Table 5.2 Continued

Carrot Tomato Lettuce Spinach Potato
O C (6] C o] C O C (6] C
Calcium (mg/kg bw/day) P50 - - 0.021 0.020 0.000 0.000 - - 0.057 0.147
P90 0.144 0.136 0.202 0.084 0.133 0.352
P95 0.196 0.183 0.307 0.122 0.161 0.430
P97.5 0.247 0.230 0.438 0.168 0.187 0.505
P99 0.317 0.293 0.631 0.239 0.227 0.612
Mean 0.051 0.048 0.057 0.023 0.065 0.170
Chlorogenic acid (ug/kg bw/da P50 - - - - - - - - 310 234
P90 729 547
P95 875 658
P97.5 1003 758
P99 1225 925
Mean 354 266
Glycoalkaloids (pg/kg bw/day) P50 - - - - - - - - 116 90
P90 273 211
P95 329 254
P97.5 382 296
P99 463 359
Mean 133 102
Notes: “-* indicates that for the specific nutriarggetable combination no data were available nwkite the

intake; the intakes higher than the reference vedughat nutrient are indicated in bold, the refeze values are
based on the DRIs proposed by the Belgian Healiim€ibor the Institute of Medicine, but are expegbas a
function of body weight (for explanation see text)
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Table 5.3 Concentration effect scenario: Summarhefsimulation results of the contaminant intake

assessment through consumption of organic (O) wsersanventional (C) vegetables for a

representative sample of Belgian adults (Debacket.e2007)

Carrot Tomato Lettuce Spinach Potato
0] C O C 0] C O C O C
Nitrate (mg/kg bw/day) P50 0.015 0.012 - - 0.000 0.000 0.0M00 0.203 0.262
P90 0.145 0.114 0.363 0.612 0.000 0.000 0.480 0.609
P95 0.233 0.178 0.538 0.879 0.777 0.747 0.581 0.733
P97.5 0.324 0.237 0.747 1.230 1.620 1.603 0.673 0.840
P99 0.473 0.339 1.054 1.747 2.489 2.462 0.810 1.036
Mean 0.050 0.038 0.101 0.168 0.100 0.099 0.233 0.297
Cadmium (ug/kg bw/day) P50 0.002 0.002 - - 0.000 0.000 ®.0MOO 0.034 0.049
P90 0.015 0.016 0.006 0.007 0.000 0.000 0.079 0.116
P95  0.024 0.025 0.008 0.010 0.042 0.019 0.095 0.141
P97.5 0.033 0.034 0.012 0.013 0.086 0.042 0.109 0.166
P99 0.047 0.050 0.016 0.019 0.132 0.066 0.133 0.199
Mean 0.005 0.005 0.002 0.002 0.005 0.003 0.039 0.056
Lead (ug/kg bwiday) P50 0.006 0.004 - - - - 0.000 0.000 0.0076
P90 0.066 0.045 0.000 0.000 0.242 0.334
P95 0.108 0.076 0.031 0.023 0.294 0.419
P97.5 0.161 0.108 0.064 0.070 0.344 0.508
P99 0.232 0.161 0.096 0.134 0.412 0.626
Mean 0.023 0.016 0.004 0.005 0.117 0.155
Iprodion (ug/kg bw/day) P50 0.000 0.001 0.000 0.008 0.0@MO - - - -
P90 0.001 0.008 0.019 0.061 0.000 0.031
P95 0.001 0.014 0.028 0.082 0.000 0.112
P97.5 0.003 0.022 0.037 0.105 0.000 0.303
P99 0.005 0.034 0.051 0.138 0.000 0.840
Mean 0.000 0.003 0.006 0.021 0.000 0.035
Chlorothalonil (ug/kg bw/day) P50 - - 0.000 0.001 - - - - - -
P90 0.008 0.016
P95 0.012 0.024
P97.5 0.018 0.034
P99 0.024 0.052
Mean 0.002 0.006
Chloropropham (ug/kg bw/day) P50 - - - - - - - - 0.082 2.32
P90 0.293 7.26
P95 0.384 9.42
P97.5 0.483 11.6
P99 0.616 14.8
Mean 0.121 3.16

Notes:

indicates that for the specific contaani-vegetable combination no data were availablanwlate

the intake; the intakes exceeding the TDI (or ADi pesticide residues) for that contaminant arécatdd in
bold, for the choice of the TDI or ADI see text
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The results of th€onsumption effect scenartmnsidering the effect of the higher vegetable
consumption of organic consumers except for spinash stated above, in addition to
concentration differences between organic and adiomal vegetables on the intake are
presented in Table 5.4 for the nutrients and TalBefor the contaminants. The selection of
cases for this simulation was based on the sigmfie of concentration differences of the
considered nutrients and contaminants for the mdiffevegetables and the relative relevance
of a specific compound for these foods. Comparegdercentage of the consumers reaching
the preliminary reference value ficarotene, it was found that between 33% and 44#h (w
95% certainty) of the organic consumers with th&gnificantly higher consumption of
carrots exceeded the recommendation compared tm P%% of the conventional carrot
consumers, without considering the intake from otlegetables. Although higher vitamin C
intakes were observed for organic compared to auiveal tomato, their Cl overlapped,
which indicates that the intake of vitamin C wasigloly independent of the fact that the
consumed tomatoes were organically or conventipraailtivated (p = 0.111, Mann-Whitney
U-test). With regard to lycopene, the significantiigher tomato consumption of organic
consumers seemed to compensate the significarghehilycopene content of conventional
tomatoes resulting in similar lycopene intakes (p.£92, Mann-Whitney U-test). The most
significant difference in consumption level betwegganic and conventional consumers was
found for lettuce resulting in significantly highetakes of lutein and calcium from lettuce (p
< 0.001, Mann-Whitney U-test). This means thatlitein the consumed amount of lettuce
had more implications for public health than itswtemt present in lettuce. In contrast with
this, the concentration differences for vitamin €hlorogenic acid and glycoalkaloids in
potatoes were more significant compared to theewdffce in consumption level between
organic and conventional consumers, as such teatutritional composition of potatoes was
more important than the amount consumed. The assesmtaminant intake results for this
scenario indicated that the TDI or ADI was not edmd, except for nitrate through
consumption of organic lettuce. The significantligher lettuce consumption of organic
consumers led to higher nitrate intakes comparectaiventional consumers, although
organic lettuce was less contaminated with nitfpte 0.001, Mann-Whitney U-test). Table
5.5 shows that it is 95% certain that between 1%4fo of the organic consumers exceeded
the TDI of nitrate. Significantly higher pesticidetakes through conventional vegetable
consumption were still observed regardless thefszgntly higher vegetable consumption of
organic consumers (p < 0.001, Mann-Whitney U-te$t)e higher lead contamination of
organic carrots and the higher carrot consumptemels of organic consumers resulted in
significantly higher intakes of lead for organicngoared to conventional consumers (p <
0.001, Mann-Whitney U-test). Although higher cortcations of cadmium were observed in
conventional potato, organic consumers were sityitposed to this heavy metal compared
to conventional consumers of potato (p = 0.975, Marhitney U-test).
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Table 5.4 Consumption effect scenario: Summanhefsimulation results of the nutrient intake ass®sg through consumption of organic (O) versus
conventional (C) vegetables for a convenience samipFlemish adults, i.e. organic and conventia@isumers only (Van Huylenbroeck et al., 2009)

Carrot Tomato Lettuce Potato
0 C 0 C 0 c 0 C
Vitamin C P50 - - 0[0-0] 0[0-0] - - 0.064 [0.050-0.099] .105 [0.153-0.204]
(mglkg bw/day) P90 0.456 [0.429-0.494]  0.373 [0.342-0.400] 0.382[0.298-0.435]  0.515 [0.481-0.559]
P95 0.651 [0.594-0.690]  0.470 [0.426-0.516] 0.466 [0.411-0.519]  0.604 [0.569-0.665]
P97.5 0.725 [0.683-0.792]  0.582 [0.501-0.636] 0.534 [0.466-0.651]  0.704 [0.634-0.808]
P99 0.832 [0.740-0.912]  0.704 [0.598-0.809] 0.663[0.517-0.819]  0.866 [0.725-1.010]
Mean 0.160 [0.153-0.166]  0.116 [0.109-0.123] 0.133[0.115-0.152]  0.215 [0.201-0.230]
Carotenoids B-carotene Lycopene Lutein - -
with provitamin A activity P50 0 [0-0] 0 [0-0] 0 [0-0] 0 [0-0] 0 [0-0] 0 [0-0]
(ug/kg bw/day) P90 292 [254-328] 166 [133-203] 38 [31-52] 28 [26-29] 5.89 [5.42-6.42] 3.48 [2.89-4.14
P95 362 [322-416] 232 [202-289] 68 [47-93] 35 [31-40] 7.32[6.53-7.90] 5.34 [4.37-6.37
P97.5 441 [371-497] 302 [237-372] 96 [66-140] 42 [37-47] 8.33[7.42-9.04] 6.72[5.595.9
P99 503 [438-595] 380 [290-436] 142 [90-191] 53 [44-61] 9.14 [8.40-9.67] 7.81 [6.54-13
Mean 88 [74-103] 42 [35-50] 14 [12-18] 8 [8-9] 1.59 [1.49-1.70] 0.8148-0.96]
Calcium P50 - - - - 0[0-0] 0[0-0] - -
(mglkg bwi/day) P90 0.59[0.48-0.80]  0.11[0.09-0.15]
P95 1.07 [0.69-1.39]  0.17 [0.15-0.24]
P97.5 1.44[1.14-1.86]  0.25[0.17-0.35]
P99 1.87 [1.44-2.32]  0.34[0.22-0.44]
Mean 0.18[0.14-0.22]  0.03 [0.02-0.04]
Chlorogenic acid P50 - - - - - - 242 [208-280] 143 [131-162]
(Mg/kg bw/day) P90 655 [604-707] 372 [345-404]
P95 749 [701-869] 446 [408-492]
P97.5 920 [781-1006] 513 [463-587]
P99 1070 [922-1261] 623 [524-750]
Mean 279 [258-300] 161 [150-170]
Glycoakaloids P50 - - - - - - 89 [83-96] 55 [53-59]
(Mg/kg bw/day) P90 206 [191-222] 118 [112-126]
P95 219 [250-269] 139 [129-155]
P97.5 285 [258-326] 164 [149-186]
P99 337 [288-412] 192 [171-229]
Mean 93 [87-98] 54 [52-56]
Notes: “-* indicates that for the specific nutriar@getable combination no data were available twkite the intake; the intakes higher than thereefe value for that

nutrient are indicated in bold, the reference valare based on the DRIs proposed by the BelgiaittHEauncil or the Institute of Medicine (IOM), bate expressed as a
function of body weight (for explanation see text)
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Table 5.5 Consumption effect scenario: Summarpekimulation results of the contaminant intakeeasment through consumption of organic (O) versus

conventional (C) vegetables for a convenience samipFlemish adults, i.e. organic and conventia@isumers only (Van Huylenbroeck et al., 2009)

Carro

Tomatc

Lettuce

Potat

O C

O C

(6] C

O C

Nitrate
(mg/kg bw/day)

P50
P90
P95
P97.5
P99
Mean

Heavy metals:
(ng/kg bw/day) P50
P90
P95
P97.5
P99

Mean

P50
P90
P95
P97.5
P99
Mean

P50

P90
P95
P97.5
P99
Mean

P50

P90
P95
P97.5
P99
Mean

Iprodion
(ng/kg bw/day)

Chlorothalonil
(mg/kg bw/day)

Chloropropham
(ng/kg bw/day)

Leac
0[0-0] 0[0-0]
0.845 [0.644-1.075] 0.140 [0.060-0.250]
1.294 [1.060-1.468] 0.392 [0.191-0.668]
1.612 [1.362-1.883] 0.687 [0.381-1.100]
1.959 [1.666-2.218] 1.081 [0.611-1.412]
0.194 [0.148-0.241] 0.061 [0.038-0.088]
0[0-0] 0[0-0]
0[0-0] 0.015 [0.010-0.025]
0[0-0] 0.032 [0.020-0.051]
0.000 [0.000-0.013] 0.054 [0.031-0.093]
0.001 [0.000-0.083] 0.086 [0.046-0.201]
0.000 [0.000-0.001] 0.006 [0.004-0.018]

01[0-0] 01[0-0]
0.00@P0-0.064] 0.041 [0.025-0.078]
0.072 [0.000-0.161]20.0.063-0.204]
0.1560-0.231] 0.216 [0.123-0.302]
0.23578-0.326] 0.322 [0.204-0.553]
0.010(8-0.019] 0.021 [0.014-0.035]
0[0-0] 01[0-0]
01[0-0] 0.015 [0.012-0.022]
0.000 [0.000-0.047] 0.036 [0.020-0.058]
0.000 [0.000-0.160] 0.061 [0.038-0.095]
0.132 [0.000-0.283] 0.101 [0.059-0.267]
0.003 [0.000-0.010] 0.008 [0.005-0.021]

01[0-0] 0[0-0]
1.85[1.56-2.39] 0.86 [0.68-1.11]
3.00 [2.15-3.47] 1.38[1.10-1.75]
3.50[3.013.89 1.97 [1.40-2.3¢
3.89 [3.59-4.43]2.39 [1.86-2.89)]
0.56 [0.48-0.63]  0.22 [0.18-0.25]

0[0-0]
01[0-0]

0[0-0]
01[0-0]
01[0-0]
01[0-0]

0 [o}
0.000 [0.@0001]

0.009 [0.00658]
0.098 [0.01127P
0.010 [0.00053]

0.004 [0.002-0.007]

Cadmiun
0.030 [0.026-0.035] 0.028 [0.024-0.031]
0.089 [0.078-0.098] 0.109 [0.091-0.128]
0.107 [0.096-0.118] 0.152 [0.126-0.175]
0.124 [0.108-0.149] 0.187 [0.156-0.222]
0.152 [0.123-0.190] 0.229 [0.186-0.310]
0.036 [0.034-0.039] 0.042 [0.037-0.046]

0[0-0] 0[0-0]
0.264 [0.078-0.834]  6.72 [5.04-8.69]
0.967 [0.280-1.826] 10.98 [8.36-13.93]
1.727 [0.515-2.846]  15.3 [11.6-20.7]
2.60[1.24-3.87)  21.5[15.0-31.9]
0.142 [0.068-0.247]  1.97 [1.52-2.49]

Notes:

residues) for that contaminant are indicated il pfar the choice of the TDI or ADI see text
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Chapter 5. Consuming organic vs. conventional \adies

5.4 Discussion and conclusions

In this chapter, differences in nutrient and contemt intake through the consumption of
organic and conventional vegetables and their plessmplications for public health were
evaluated. Previously, vegetable composition daedbavere developed based on secondary
data to quantify nutrient and contaminant concéiotna and their variability in organic and
conventional vegetables. The problems encountaredgithe compilation of these databases
and potential solutions were discussed in ChaptéuBone of them is repeated here as it is
relevant for the interpretation of the results led present study. It concerns the difficulty in
differentiating whether a difference in compositim@tween organic and conventional
vegetables, possibly leading to a difference irrient and/or contaminant intake between
organic and conventional consumers, is due to tiivation method itself (organic versus
conventional) or due to one or more other factarshsas the variety, soil type, storage
conditions post harvest, or supply chain differend&ditional limitations and assets related
to the consumption databases as well as to theoagipes used for intake assessments are
discussed here.

First, two different food consumption databasedectéd by different methodologies have
been used, i.e. two non-consecutive 24-h recalisugea FFQ asking the frequency of eating
the organically versus conventionally cultivatediaat of the vegetable. Also the period
(2004 versus 2006/2007) and the geographical cgeefBelgium versus Flanders) of both
consumption surveys were different. Despite theaathge of a representative nationwide
sample, the national consumption survey has an rt@apo limitation with a view on the
purpose of this study because of missing infornmaabout the cultivation method of the
vegetables consumed. Another limitation of the amati food consumption survey is the
short-term character of the collected data dueh#limited number of consumption days
registered per person. Several statistical metBadh as the Nusser method are proposed in
literature to estimate long-term or usual intakgselminating the so-called intra-individual
or within person variability (Hoffmann et al., 2002 hese methods were not applied here as,
firstly, the improvement in accuracy was considei@de small relative to other sources of
within-person or day-to-day variability and secondhe main purpose of the study was to
evaluate the intake through organic consumption paoed to intakes from conventional
vegetable consumption and not to estimate nutreemd contaminant intakes as such.
Moreover, applying the Nusser method is also diffiavhen a high proportion of non-
consumers is present in the database. From a phuddi¢h point of view, the lack of national
consumption data of children posed an importanitdiion to this study as children are at
higher risk of having high contaminant intakes ggrbw due to higher amounts of food
consumed when expressed per kg bw (Kroes et &2)20
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Considering the intake distribution estimated ins tistudy, two different probabilistic
approaches were used to combine each consumptitabaga with the nutrient and
contaminant content database depending on thet effdze estimated on the intake, i.e. the
effect of concentration differences between organid conventional vegetables on the intake
(cf. Concentration effect scenario) and the condbietfect of concentration differences and
different consumption patterns of organic versusveational consumers (cf. Consumption
effect scenario). The advantage of using a proiséibiapproach is that the distribution of the
consumption as well as of the nutrient and contantirconcentration can be taken into
account, resulting in a distribution of the intakktshould, however, be emphasised that the
distribution functions for most nutrients and contaants in organic vegetables were
extrapolated from a relatively small amount of d&th Chapter 3). For the distributions
expressing the estimated nutrient and contaminaakes, a very skewed distribution was
found in most cases (illustrated by a high diffeebetween the mean and the median value),
due to the presence of non-consumers and infrequoergumption of some vegetables. The
approach of Baert et al. (2007) enabling variap#ihd uncertainty assessment of the intake,
was favoured for the second scenario as for thsulsition both the consumption and
concentration data were characterised by unceytalifite method of Sioen et al. (2008) was
used for the first scenario where the uncertairdgeasment was considered to be less
important as this simulation aimed at evaluating thutrient and contaminant intake
assessments against respectively the DRI and TiBdll¥; it is important to note that these
thresholds are referring to intakes from the tdtat and not from specific food items such as
individual vegetables. A similar assessment comsigethe intake from other organic and
conventional dietary sources is recommended fahéuresearch.

Attempts to profile consumers of organic foods magraphic characteristics yielded a
mixed picture, especially by income and educatidexal. However, some consistencies are
observed across research studies with regard tmehder, presence of children and age
(Hughner et al., 2007). Organic consumers are tdestias older women having children in
the household. The results of the demographic Iprofiof this study support the relation
between organic consumption and, age and the meseh children, not gender. For
education and income neither a positive nor a mnegagelationship was found. Important to
note is that the definition of organic consumen®ss studies might be different. In this study
it was based on the reported proportion of consiomf the considered organic relative to
conventional vegetables. Moreover, medium and Igersi of organic vegetables were even
excluded in the intake simulations in order to obtdearer insights into the potential impact
of organic versus conventional vegetable consumptio nutrient and contaminant intakes.
Furthermore, considerable confusion surroundingeh@ ‘organic’ exists among consumers
(Chryssochoidis, 2000). The significant higher eonption of vegetables in the group of
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organic consumers is also in line with researctifigs stating that organic food consumption
iIs associated with vegetarianism, active envirortalem, alternative medicine and/or
preventative health actions (through diet) (Cidiale 2002; Makatouni, 2002).

To date a large number of studies have been coedlirttestigating differences in nutritional
quality and safety between organically and conweewtly produced foods. However, the
number of studies being of satisfactory qualitgisappointingly low according to the latest
review (Dangour et al., 2009). In contrast, studregestigating the effect of organic food
consumption on animal and human health are scdfees studies have shown some
differences in effect of organic and conventiore@d or diet on the immune status (Finamore
et al., 2004; Lauridsen et al., 2005), reproductrealth, growth and weight development
(Williams, 2002), and the plasma antioxidant stgisRenzo et al., 2007; Grinder-Pedersen
et al., 2003; Stracke et al., 2009). However, moncite controlled clinical human trials will
be needed to further investigate health impactegdinic versus conventional diets on human
health.

In conclusion, the intake of nutrients and contaants through both organic and conventional
vegetable consumption in a sample of Belgian amdnih adults did not imply any public
health concerns except for nitrate through the waomtion of organic lettuce in a small
percentage of the population (between 1% and 4%% €3). An average nitrate intake
through organic lettuce of 0.56 mg/kg bw/day [95% @48-0.63 mg/kg bw/day] was
estimated. This result is in line with the averagake estimates of two studies that used a
deterministic approach, i.e. 0.32 mg/kg bw/day {lartin & Restani, 2003) and 0.39 mg/kg
bw/day (Guadagnin et al., 2005) from lettuce. Thisate concern has also been raised by the
European Food Safety Authority’'s Contaminants Parmal assessed the risks and benefits to
consumers from nitrates in vegetables. The Panatlgded that the beneficial effects of
eating vegetables and fruit outweigh potential tskhuman health from exposure to nitrate
through vegetables (Heppner et al., 2008). It gsh@lso be emphasised that the obtained
figures have to be interpreted with caution asviagetable consumption was determined by
self-report and may be an overestimation of theiadctonsumption. A more important
finding was the general higher vegetable consumpdioorganic compared to conventional
consumers, which outweighed in most cases the oblalifferences in nutrient and
contaminant concentrations between organic andedional vegetables. If the beneficial
effects of vegetables are to be enhanced for thergkpopulation, emphasis will have to be
laid on food choice education instead of on thenfag system by which the vegetables are
produced.
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PART III

Case study 2: Nutrition information
on university canteen meals

Part Il of this doctoral dissertation (Chapter® @) covers the second case study which deals
with the role of point-of-purchase (POP) nutritianformation in university canteens in
consumers’ meal choice and nutrient intake. Theoqae of Part Il is twofold. First, the
effectiveness of POP nutrition information in imyireg canteen customers’ meal choice and
nutrient intake is evaluated and explained. Theltesf the main effect of this nutrition-
information intervention study are reported in Cleajs (Study 4). Chapter 7 builds further on
the intervention effect observed in Chapter 6 byestigating the process by which the
nutrition information achieved its effects on theahchoice and energy intake in subgroups
of consumers. The second objective of Part lllasidentify and understand consumers’
preferences for alternative nutrition label formd&ts use in university canteens as an
additional explanation for the effectiveness ofritioh information in university canteens.
This objective is dealt with in Chapter 8 reportihg results of the choice experiment (Study
5).
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Chapter 6. The effect of nutrition information iniversity canteens

Chapter 6

The effect of posting point-of-purchase nutrition
information in university canteens on the meal
choice and nutrient intake

This chapter is based on:

Hoefkens, C., Lachat, C., Kolsteren, P., Van Cainp& Verbeke, W. (2011). Posting point-
of-purchase nutrition information in university ¢eans does not influence meal choice and
nutrient intakeAmerican Journal of Clinical Nutritior4(2), 562-570.

Abstract

Growing concern over the relation between out-afibceating and overweight has triggered
the use of point-of-purchase (POP) nutrition infatimn when eating out of the home. In

canteens that offer various unhealthy choices ptiating of POP nutrition information has

the potential to improve meal choices and dietatgkes. This chapter evaluates a nutrition-
information intervention study with the objective increase the proportion of consumed
meals that comply with recommendations for enesgyurated fat, sodium, and vegetable
content by 5%. A one-group pretest-posttest des@mused. A total of 224 customers of two
university canteens completed a questionnaire fwezbnsumer profiling and three-day food

records to assess their meal choices and nutneakds. The 12 best meal combinations
received star ratings and descriptors for nutrienf®od groups that did not comply. Findings
indicate that the reported meal choices in canteadsnutrient intakes did not improve after
the intervention (p > 0.05). The nutritional prefibf the meal choice, obtained from a
qualitative and quantitative nutritional assessnoémheals, mirrored the nutritional profile of

all meals offered (p > 0.05) and not that of theoremended meals offered (p < 0.001). Meal
choices were not compensated for later in the gay (0.05). The healthiest choices were
made by participants with greater objective nutntknowledge, stronger health and weight-
control motives, and a greater openness to chareged omoices at baseline (p < 0.05). In
conclusion, the posting of nutrition information umiversity canteens did not effectively
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change meal choices and nutrient intakes. Dedpéténtervention, meal choices were largely
determined by meals offered. Therefore, nutritiofoimation interventions in canteens may
be more effective with a healthier meal supply.

6.1 Introduction

The increase in diet-related diseases worldwideorssidered to be primarily caused by a
changing environment (e.g. accessibility of outofne (OH) food outlets) that encourages
poor dietary patterns and a sedentary lifestyleifBwn et al., 2004). The increased
importance of OH eating in the habitual diet isgmially worrisome and has been associated
with higher intakes of energy, fat, and sodium msaifficient amounts of fruit and vegetables
(Ayala et al., 2008; Lachat et al., 2009; Orfanbalg 2007; Vandevijvere et al., 2009). Most
consumers are unaware of the inferior nutritionaligy of foods consumed OH compared
with at home. The provision of simple and easilgessible nutrition information on OH
foods could benefit public health by facilitatingdithier food choices (Burton et al., 2006).

Nutrition-information interventions have shown nuxeesults depending on the information
provided (Chu et al., 2009; Harnack & French, 20@8st et al., 2010; Seymour et al., 2004;
Steenhuis et al., 2004; Wootan et al., 2006). \(aristudies have stressed the need for
nutrition information that is comprehensive andyeasunderstand and use for consumers (i.e.
so-called simplified nutrition information or sigogting information) (Cowburn & Stockley,
2005; Grunert & Wills, 2007; van Kleef et al., 200&implified nutrition labelling on
prepacked foods that display the nutritional peofdf a food has become an attractive
instrument because of its behavioural rather tmr@nmental approach to healthy eating by
providing information while retaining consumer fdeen of choice or the so-called
“libertarian paternalistic” approach (Grunert & W§jl 2007; Thaler & Sunstein, 2008). A
couple of recent studies have evaluated the effaotiss of such simplified nutrition labels on
prepacked foods and showed promising results mdef increased sales of targeted foods
(Freedman & Connors, 2010; Sutherland et al., 2016)our knowledge, it is not known
whether and how such simplified nutrition infornoetion OH meals (i.e. not prepacked) can
influence the individual meal choice and intakeofrients of canteen customers during lunch
and on a daily basis.

When entering university, young adults become nimdependent and explore and develop
their identity in a different social environmenttioften leads to different food choices and
poorer dietary habits (Nelson et al., 2008). Mahyhese young adults rely regularly on the
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university canteen for their main meal (CMM UGe209). The improvement of the dietary
pattern of young adults is important because bettéitional habits at this stage of life will
likely have positive effects on their future heghkinkleby & Cubbin, 2004).

The primary objective of this chapter was to evidiuhe effect of posting point-of-purchase
(POP) nutrition information in canteens on the meadlosen and consumed by customers (or
meal choice) in terms of an increase in the progordf meals that complied with all four
meal recommendations (i.e. three-star meals). Adratry objective was to examine this
intervention on the individual nutrient intake frame meal and the 24-h diet to check for
compensatory behaviours during the remaining coofgbe day. Finally, the chapter aimed
at profiling consumer subgroups according to tliavidual effectiveness of the intervention.

6.2 Methodology

6.2.1 Study area

The study was conducted between October 2008 and2@@9 in two canteens of Ghent
University (Ghent, Belgium). The canteen of the Wgcof Bioscience Engineering (FBE)
and the canteen of the Faculty of Psychology anet&iibnal Sciences (FPES) were selected
because of logistic advantages, their similaritiesize and number of customers, and their
equal meal supply. Both canteens served about @tbals a day. Preparation methods and
menus were standardized, and meals offered wegelyathe same in all canteens of the
university. The menus composed by the canteen asinaition were not adapted for the
purpose of this study. Besides a few fixed mealsioels (e.g. spaghetti), customers could
choose daily from four protein sources (e.g. meag or two warm sauces, two cooked
vegetables, one salad, and five carbohydrate coemerfe.g. French fries) to compose their
meal, which meant that about 180 meal combinatiegr® possibly consumed each day. The
meal consisting of these four components withoytextira purchased food such as additional
portions, dressings, fruit, other desserts, andkdrivas defined asanteen mealThe same
meal components were served throughout the yedy; the fruit availability might have
differed between seasons (e.g. mandarins onlyablailduring the fall). Because fruit were
not included in the meal, the seasonal effect was&ed to be negligible.
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6.2.2 Study population

Participants were regular customers of one ofwterhentioned university canteens, between
the ages of 17 and 35 years, and essentially BSc, r PhD students. An open-recruitment
procedure was applied, and potential participardsewnvited by email, flyers, and poster
boards at both faculties or addressed in the dassr A one-group pretest-posttest design
was used in this study, which meant that each qgygaint was exposed to the nutrition
information and served as his or her own controlassessed at baseline (October and
November 2008). The nutrition information was fipgtsted one month before the follow-up
measurement in April and May 2009. Participatiors watirely voluntary and rewarded with
one cinema ticket after completion of the basetituely and two additional tickets at the end
of the follow-up study. The overall research pragedvas explained to participants. To avoid
demand effects, participants were not informed alioel posting of nutrition information in
the university canteens and were told the studysored eating habits in general. All
participants provided written informed consent befentering the study. Together with the
informed consent, participants completed a shogstjonnaire about their socio-demographic
characteristics, body mass index (BMI), dietingd amoking status. The study protocol was
granted ethics approval by the Belgian Ethics Catemiof the Ghent University Hospital
(ethics approval number EC/2008/482) and is regadten ClinicalTrials.gov (Id number
NCT01249508). Initial recruitment started on 15d@her 2008.

6.2.3 POP nutrition-information intervention

Possible meal combinations were evaluated daily tf@ energy content, saturated fat,
sodium, and vegetable portion. If a meal compliéith & recommendation, it received a score
of 1. The maximum score was 4. These scores wanslated into stars, whereby the scores
2, 3 and 4 received, respectively, 1, 2, and 3si&fle opted for a maximum of three stars to
avoid the situation that a meal that complied witlly one of the four recommendations
would be considered as a healthier meal optiontwoof one star. In addition, a three-star
rating is a widely used quality appraisal in restats (e.g. Michelin stars). Besides the
number of stars, non-complying nutrients or foodugr were posted in a red font and
followed by an exclamation mark or “verbal desaiptexample: Figure 6.1). The following
meal recommendations were used for the evaluafitimeomeal: (1) meal suppliecb00 kcal
(otherwise posted as “Calorie!”) (Belgian Natiorf@dod and Health Plan, 2007), (2) the
energy from saturated fat wasl3% of the total energy supply (otherwise posted as
“Saturated fat!”) (Belgian Health Council, 2009;dépendent Scientific Committee My
Choice, 2008), (3) the amount of sodium in the nvead<2.2 mg Na/kcal (otherwise posted
as “Salt!”), (4) the meal containedl50 g vegetables (otherwise posted as “Vegetable!”)
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(Belgian Health Council, 2009; Independent Scientfommittee My Choice, 2008). Of all
possible meal combinations, the 12 best onestlieethree best meal options for each of the
four protein components) were selected. The birsgre (0,1) for each nutrient and
vegetable, as previously described, was translateca secondary score ranging from 0 to 3.
For example, a meal with an energy content600 kcal (i.e. energy recommendation)
received a score of 3, a score of 2 correspondddam energy content between 500 and 600
kcal, a score of 1 with an energy content betwehahd 700 kcal, and a score of 0 with an
energy content 700 kcal. The sum of these secondary scores exV@atotal score between
0 and 12 for each meal combination. All meal corabans were ranked based on this total
score for each of the four protein components (nfesht, or vegetarian) separately. The top 3
for each protein component was then selected amtiegoon large poster boards at the
entrance of the canteens and next to example dahi® buffet counter. During the three-
week follow-up period, it occurred only once thlagé t12 best meal options offered did not
include any three-star meals. Posters and brochbegsexplained the use of the nutrition
information and the meal recommendations used sigmsstar ratings were available for
consultation throughout the study canteens. Becanossumers are less familiar with the
termsenergyandsodiumthan with the termsaloriesandsalt, the latter terms were used in
the nutrition information (Cowburn & Stockley, 2Q0%an Kleef et al., 2008). Each day
before opening hours, the main researcher visiteth ltanteens to post the nutrition
information on the buffet counter and to check &lailability of brochures. By having the
nutrition information placed before opening hounsl &y formatting the supportive material
according to the house style of all communicatidng the canteen administration,
experimenter-demand effects were expected to b@mainThe canteen administration and
staff were involved in the study from the outsetagzertain that no changes were made to
their marketing and meals offered.

Salmon steak with sundried tomato € 3,60

I + mashed potato + cauliflower with broccoli

D * G A G ¢

2 + mashed potato/potato croquettes + cauliflower
with broccoli/scorzonera with milk sauce

Calorie!

+ (sauce Provencal) + boiled/mashed potato +
cauliflower with broccoli

Salt!

Figure 6.1 Example of the posted point-of-purchasteition information

97



Part Il

6.2.4 Food intake data

Food intake data were obtained from a self-adnerest three-day food and drink record. The
baseline study was conducted in a two-week peribdegular activity in October and
November 2008 (i.e. not just before or after adajiand not during an examination period).
Participants were asked to record all foods andkdrconsumed during 24-h on three days
chosen freely in that period according to theirituah schedule of eating at the canteen,
which meant that the days recorded were not neglyssansecutive. The only condition was
that participants had lunch in the canteen durlmgsé days. Because both canteens were
closed on weekends, only weekdays were includekeariood record. Instructions on how to
complete the form were provided by researcherseatdgistration desk and on the form itself.
The measurement of food intake was repeated watls@ime procedure at the 6-month follow-
up (April and May 2009). The period of follow-up svéhree instead of two weeks because
many participants reported to have fewer clas$es(ta lower presence at the university and
a lower chance to eat in the canteen) in the setema (spring term) of the academic year
compared with the first term (fall term). Portioizes of canteen meals were obtained from
the canteen administration, whereas other food® weiantified by using a standardized
reference manual for foods in Belgium if exact duess were not available (Belgian Health
Council, 2005). For example, if participants repdrtto have consumed only six of eight
potatoes of their canteen meal, the standard podipe of potatoes was reduced with two
times the amount of a single potato to estimatenttigent intake. The composition of meals
was obtained from the technical files provided bg producers. For foods not served in the
canteen (i.e. all foods eaten at home or duringratizcasions), nutritional composition data
were taken from the Belgian food composition tafslew Nubel, 2006). If data were not
available from these sources, the Dutch food coitipnsdatabase (RIVM, 2010) and food
labels were used to complete the food compositibiet Collected data on food intakes were
entered and processed with an online tool (Luci#gsion 1; http://www.foodintake.ugent.be;
Ghent University) developed to process 24-h dietacall data. The average of the three
recall days was used to assess the nutrient iatalkech and on a daily basis.

6.2.5 Physical activity data

Together with their food intakes, participants wasied to record all physical activities for
each 15-min period of a day. The time spent on eathity (in min) was multiplied with the
corresponding metabolic equivalent coefficient @worth et al., 2000) and summed to obtain
an individual estimation of energy expendituretfoe three days of recording at both baseline
and follow-up. An average was taken from the tidags to obtain a measure of the amount
of physical activity per day and period. The 15-ndiary of physical activities has been
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validated against the doubly labelled water techai¢Conway et al., 2002; Koebnick et al.,
2005). Physical activity data were entered in M8dEx2007 software (Microsoft Corp, WA,
USA) and processed in Stata 11.0 software (StgtaGwilege Station, TX, USA).

6.2.6 Individual characteristics for consumer profiing

The variables used for the profiling of consumeougps were assessed at baseline and
estimated diet-health awareness, intention of diethange, objective nutrition knowledge,
meal-choice motives, and socio-demographic chaiatits. The awareness of participants of
the relation between diet and health was measweing the 7-point Likert scale described
by Ragaert et al. (2004) and consisted of thremstéCronbach’s alpha = 0.64; e.g. “My
health is determined by the food | eat”). The ititamto change diet in the next six months
was measured on a 7-point interval scale from “wemlikely” to “very likely” (5 items;
Cronbach’s alpha = 0.94; e.g. “In the next six rhank plan to eat more healthy”) (Ajzen,
2002). Objective nutrition knowledge was assessedding the first part of the knowledge
index (i.e. knowledge on dietary recommendationsyetbped by Grunert et al. (2010).
Motives underlying the selection of canteen measenmeasured by 19 items adapted from
Steptoe et al. (1995). This scale assessed thea@égmwhich participants placed importance
on motives in making canteen meal choices by uaifigpoint interval scale that ranged from
“not at all important” to “very important” (e.g“It is important to me that the meal | choose
in a canteen is healthy”). An exploratory factoalgsis that used the principal components
extraction method with varimax rotation on thesatéghs revealed five factors or motives as
follows: health (3 items, Cronbach’s alpha = 0.84@jght control (2 items, Cronbach’s alpha
= 0.90), sensory appeal (4 items, Cronbach’s apBa4), price (3 items, Cronbach’s alpha
= 0.81), and familiarity (2 items, Cronbach’s alph8.87). The factors explained almost 65%
of the variance in the original data. The intemsdibility coefficient or Cronbach’s alpha for
all of these individual characteristics was satifey, and constructs were computed as the
average of corresponding items. The complete lissoales and scale items used in the
questionnaire are presented in Appendix Il.

6.2.7 Statistical analyses

As many volunteers as possible were recruited,obilyt volunteers who provided complete
dietary data at baseline and follow-up were rethifoe analysis. The aim was to show a 5%
increase in the proportion of consumed meals thamptied with all four meal

recommendations. The 5% increase was chosen dmatie of a previous study in the same
setting (Lachat et al., 2009) that showed that S%meal combinations chosen met all
considered recommendations. A similar low percentafj compliance was expected at
baseline. Doubling of the percentage was considdezsible and necessary for the
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intervention to be relevant for public health. biddion, doubling of the percentage was also
considered as the minimum effect size by the cantadministration to upscale the

information initiative to all university canteenBower calculations were carried out with

PASS v11 software (NCSS, UT, USA) for an inequalégt for two dependent proportions

from one sample.

Data analyses of the food intake data were cawigdwith Stata 11.0 software (Statacorp,
College Station, TX, USA). Pearson’s chi-squarégstegere conducted to assess significant
differences in proportions between categories.edaamples t-tests were performed to detect
significant differences in mean nutrient intakesn@en baseline and follow-up. If there were
non-normally distributed data and a lack of homagsnof variance, a non-parametric
Wilcoxon’s signed-rank test was used. Differencas the nutritional profile between
categories of meal choice or differences betweerswmer groups were calculated by using
independent samples t-tests and one-way ANOVA'sase of normally distributed data,
whereas Wilcoxon’s rank-sum test was used for thetwere not normally distributed. As an
extension to the latter test, a simple test forttbed across ordered groups was performed to
assess the presence of a trend in the nutritiondilgpacross the meal star-rating categories.
Results are expressed as means = SDs, unless shepecified. P-values were considered
statistically significant at p < 0.05. All statisail tests were two-sided.

6.3 Results

6.3.1 Description of participants

A total of 380 persons patrticipated in the basefinely, and 59% of participants completed
the follow-up study, which gave us 224 persons wbmpleted both study periods. There
were no differences between participants who droppg and participants who completed
the study in terms of socio-demographic charadtesisBMI, dieting, and smoking status (all
p > 0.05, chi-square test; results not shown). Géraharacteristics of the final sample are
shown in Table 6.1. The final valid sample of 2Z#ttigipants mostly consisted of regular
canteen customers, undergraduates, and studentsveti@way from home during the week.
This student sample mostly included women of alduyears of age and in good health as
indicated by their self-reported BMI, smoking s&tand energy expenditure. There was no
difference in the total reported energy expenditetre and after posting the POP nutrition
information (p = 0.275). No differences were obsérbetween the two canteens except for
gender and age, and the latter difference was sf@afl (p< 0.05. Data from both canteens
were pooled because an evaluation of the effedhefintervention on the reported meal
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choice by canteen showed no difference in the ptmpoof chosen meals between star-rating
categories for both canteens (FBW: p = 0.427, FRES:0.607, chi-square test). Moreover,
age (p = 0.074) and gender (p = 0.495) did noterfte compliance of the meal choice with
the recommended meals offered. The final sample kad a power of 91% to show an
increase of 5% in the proportion of meals that cleedpwith all four meal recommendations

at a significance level of 0.05.

Table 6.1 Study sample characteristics in n'(%)

Total sample Canteen FBW Canteen FPPV  p-value?

n (%) 224 (100.0) 94 (42.0) 130 (58.0)

Customer frequency <1 times a week 30 12 (40.0) 18 (60.0) 0.603
1 times a week 52 19 (36.5) 33 (63.5)
> 2 times a week 142 63 (44.4) 79 (55.6)

Living away from home Yes 146 59 (40.4) 87 (59.6) 0.519

during week No 78 35(44.9) 43 (55.1)

Gender Male 59 38 (64.4) 21 (35.6) <0.001
Female 165 56 (33.9) 109 (66.1)

Age (years) Mean (SD) 21 (3) 22 (4) 21 (2) 0.00Z

BMI status Underweight 15 7 (46.7) 8 (53.3) 0.667
Normal weight 188 78 (41.5) 110 (58.5)
Overweight 16 8 (50.0) 8 (50.0)
Obese 5 1 (20.0) 4 (80.0)

BMI (kg/m2) Mean (SD) 22 (3) 22 (3) 22 (3) 0.930

Dieting Yes 39 19 (48.7) 20 (51.3) 0.347
No 185 75 (40.5) 110 (59.5)

Smoking status Yes 15 5(33.3) 10 (66.7) 0.483
No 209 89 (42.6) 120 (57.4)

Energy expenditure (kca Baseline: Mean (SD) 2558 (485) 2575 (469) 2552 (503) 0.486
Follow-up: Mean (SD; 2583 (508) 2580 (506) 2585 (511) 0.934
p-valué 0.275 0.959 0.159

Except if otherwise stated

P-values from the chi-square test for comparisasaoiple characteristics between canteens 1 and 2
P-values from the non-parametric Wilcoxon’s rankagest (Mann-Whitney U-test)

P-values from the non-parametric Wilcoxon’s sigmaak test

S W N H
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6.3.2 Effect of posting POP nutrition information an canteen meal choices

The change in reported meal choice (i.e. meale®eleand consumed) and meals offered (i.e.
meals offered for sale) between baseline and fellpwis presented in Table 6.2. The
proportion of meals chosen in the different staingacategories remained relatively constant
after posting the nutrition information (p = 0.828h increase of only 1% was shown in the
proportion of three-star meals compared with thpeeted increase of 5%. Meals offered
included 2% more three-star meals (p = 0.016). Abti®%6 of meal choices were meals
without stars or with one star only, which was $&mito the profile of the meals supplied.
Posting nutrition information did not affect themioer of meals chosen that complied with
the meal recommendations for energy (p = 0.660) \segktables (p = 0.405). Despite a
decrease in the proportion of meals offered withrrach saturated fat between baseline and
follow-up, no significant change was observed i itiported meal choice for saturated fat (p
= 0.094). After posting the nutrition informatioan increase in the proportion of chosen
meals with too much sodium was observed (p = 0.0D&s finding was consistent with the
meals offered, which also had more sodium-rich nogaions after the introduction of the
nutrition information (p < 0.001). In both periodsbout two-thirds of meals chosen and
offered contained too much energy and sodium, vaseadout one-third supplied too much
saturated fat and not enough vegetables.

From these findings, it appears that the meal ehsimply mirrored the meals offered in
terms of star ratings and non-complying nutrientsood group. There were no significant
differences in the contents of energy, saturatédstadium, and vegetable portions between
the meal choice and meals offered at baselineq®%) and between the meal choice and the
meals offered at follow-up (p > 0.05) (data notwhp
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Table 6.2 Change in reported meal choice and mefilred by star rating and label descriptor
between baseline and follow-up

Meal choice Meals offered
Baseline  Follow-up Baseline Follow-up
(n =657) (n =664) (n=1460) (n=2198)

n % n % p-valuée n % N % p-valué

Star rating O stars 245 37.3 243 36.6 410 28.1 599 27.3
1 star 230 35.0 235 354 646 44.3 947 431
2 stars 148 22.5 144 21.7 353 24.2 524 23.8
3 stars 34 5.2 42 6.3 0.820 51 35 128 5.8 0.016
Descriptof Calorie! 435 66.2 432 65.0 0.660 1007 69.0 1498 68.2 0.601
SAFAI 279 425 252 38.0 0.094 470 32.2 552 25.1 <0.001
Salt! 355 54.0 409 61.6 0.005 883 60.5 1521 69.2 <0.001

Vegetable! 275 419 293 44.1 0.405 530 36.3 736 33.5 0.080

! P-values from the chi-square test for comparisath@humber of meals in each star-rating categetyéen

baseline and follow-up

Calorie!, SAFA!, Saltl, Vegetable!: meal not in cpliance with the meal recommendation for energys6@8
kcal), saturated fat (> 13 en%), sodium (2 éhg/kcal) and vegetable (< 150 g), respectively

SAFA: saturated fatty acid

2

6.3.3 Effect of POP posting nutrition information o nutrient intake from canteen
meals and daily diet

A similar meal choice before and after postingribg&ition information in terms of nutrients
targeted by the intervention resulted in a nonifigant difference in the nutrient intake from
the canteen meal (Table 6.3). The intake of thgetad nutrients and the intake of non-
targeted nutrients such as carbohydrates, praachtotal fat (p > 0.05) were not affected by
the intervention. A significant increase in the smmed amount of vegetables from the meal
was observed after posting the nutrition infornratjp < 0.001). This improvement was also
significant when the total daily diet was considef@ = 0.008), although the vegetable
consumption during other eating occasions thannum¢he canteen did not change (baseline:
65.3 (SD 59.4) g; follow-up: 62.7 (SD 62.1) g; p0:324). The results of the 24-h intake
(except for carbohydrates (p = 0.029)) indicateat grarticipants did not compensate for their
canteen meal choice later during the day (p > 0.05)
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Table 6.3 Change in consumer intake of targeted rmmattargeted nutrients from the canteen meal
and 24-hour diet between baseline and follow-up g24)"

Canteen meal 24-hour diet

Baseline  Follow-up Baseline  Follow-up
Mean (SD) Mean (SD) p-valué  Mean (SD) Mean (SD) p-valué€
Targeted  Energy (kcal) 597 (114) 598 (98) 0.967 2113 (566) 2046 (533) 0.110
zgggegizup Energy from SAFA (%) 11.52 (4.00) 11.81 (4.31) 0.381  12.29 (2.79) 11.97 (2.95) 0.201
Sodium (mg) 1620 (499) 1652 (429) 0.392 3446 (901) 3379 (924) 0.263
Vegetables (g) 167 (52) 189 (52) <0.001 238 (87) 257 (90) 0.008
Non- Carbohydrate (g) 68 (15) 66 (15) 0.085 268 (75) 259 (71) 0.029
;aufgleetﬁfs Protein (g) 30 (6) 30(6)  0.593 73 (16) 73(26)  0.155
Fat (g) 23 (8) 24 (7) 0.178 234 (150) 221 (158) 0.397

1
2

All values are means (SDs).

P-values from a paired samples t-test for comparisbthe mean nutrient intake between baseline and
follow-up

P-values from a non-parametric Wilcoxon’s signeukrgest

SAFA: saturated fatty acid

3

6.3.4 Effectiveness of the POP nutrition informatia to categorize meals on the basis of
their nutritional profiles

Compared with meal recommendations, a large prigmodf meals chosen after posting the
nutrition information still contained too much drgieted nutrients. Sixty-five percent and
62% of the meal choice did not comply with the mestommendations for energy and

sodium, respectively. Non-compliance with the aedisaturated fat content and vegetable
portion occurred in 38% and 44% of the meals chosespectively. The meals chosen

provided an average of 598 (SD 159) kcal. The @eesaturated fat and sodium density of
the meals were 11.82 (SD 7.18) % of energy fronuratgd fat and 2.77 (SD 1.06) mg

Na/kcal. On average, a portion of 190 (SD 80) gv@fetables was included in the meals
chosen by consumers.

To evaluate the effectiveness of the POP nutritdormation, the nutritional profile of the
reported meal choice was compared between stagratategories as well as between
categories by verbal descriptors (Table 6.4). Astar-meal supplied, on average, 667 (SD
151) kcal, 16.92 (SD 6.99) % of energy from sakddat, 3.28 (SD 1.02) mg Na/kcal, and
173 (SD 79) g of vegetables, whereas a meal thrakdahree stars contained, on average,
423 (SD 56) kcal, 6.18 (SD 3.90) % of energy fratugated fat, 1.61 (SD 0.53) mg Na/kcal,
and 208 (SD 21) g of vegetables. Consequentlyntitetional profile of meals with a higher
star rating was significantly better (p for tren@®.901).
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Meal profiles that were based on energy, saturi@iedodium, and vegetables corresponded
to actual differences in the composition of meas the respective descriptor. When
participants consumed a recommended meal, consumdra significantly lower intake of
energy, saturated fat, and sodium and a highertaklgeintake (p < 0.05).

Meals that exceeded the recommendation for enevgtaimed significantly higher amounts
of sodium (p < 0.001) and vegetables (p = 0.026f &verage energy content of meals too
rich in sodium was significantly higher (p < 0.00Meals with too much energy from
saturated fat also supplied significantly highenteats of energy and sodium (p < 0.001). A
significantly higher vegetable portion was obserf@dmeals that had contents of sodium
above the meal recommendation (p = 0.004). Theswmaisumed and profiled as supplying
an insufficient portion of vegetables containedsigantly more saturated fat (p < 0.001) and
sodium (p = 0.038).

Table 6.4 Nutritional profile of the reported meehoice at follow-up by star rating and label
descriptor (n = 664)

Star rating Calorie! SAFA! Salt! Vegetable! Recommended
A pfortrend A° p-value A° p-value A p-value > p-value A% p-value
Energy (kcal) 81 <0.001 182000f 97 <0.00f 49 <0.00f -16 0.219" -66 <0.00f
Energy fom SAFA (%) 4  <0.001 190055 9 <o000f O 0113° 3 <0.00f -1 0.006°
Sodium (mg/kcal) 0.6 <0.001 0%0.00f 05<000f 07 <000f 03 0038 -0.3<0.007
Vegetables (g) -12° . <0.001  14026" 19 0269° 18 0004’ -84 <0.00f 17 0.002°

! Calorie!, SAFA!, Salt!, and Vegetable! denote thide meal was not in compliance with meal

recommendations for energy (>500 kcal), saturattd(*¥13% of energy), sodium (>2.2 mg/kcal), and
vegetables (<150 @), respectively.

The 3 best meal options per day for each protempoment (meat, fish, or vegetarian) (n = 10 or d&jed
on meal recommendations

Values are mean differences in nutritional prdfidween star-rating categories (from 0 to 3 stars)
P-values corresponding to the test for trend aavodsred groups

Values are differences in nutritional profile betmethe category that did not comply with the meal
recommendation and the category that was in cong#iavith the meal recommendation

P-values corresponding to the non-parametric Wadodsrank-sum test (Mann-Whitney U-test)

P-values corresponding to the independent samybées t

Values are differences in the nutritional profiltlwseen recommended and non-recommended meals
SAFA: saturated fatty acid
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Only 8% of participants chose a recommended mea&aach of the three days they recorded
their food intakes (Table 6.5). The majority of p@pants (n=164/224, 73%) either did not
follow the daily meal recommendation at all (31%)roonly one of three times they made a
meal choice (42%). Intakes of energy and sodiummftike canteen meal showed a consistent
downward trend with increasing compliance with thecommendations, whereas the
vegetable intake was characterized by an incrgase {.05). Although not significant, the
trend in the intake of energy from saturated fat ferther support to the observation that a
higher compliance with the recommended meals affevas associated with an improved
nutrient intake.

Table 6.5 Nutritional profile of the reported megtoice (Mean (SDj)at follow-up (n = 664)
according to the compliance with the recommendealsrafered

recommendd meaisftered | O{3meal lofameal zofameal sofameal O
n (%) 70 (31) 94 (42) 42 (19) 18 (8)

Energy (kcal) 610 (92) 610 (93) 573 (115) 555 (88) 0.008
Energy from SAFA (%) 12.03 (4.31) 12.35(4.34) 10.66 (4.16) 10.68 (3.96)  0.075
Sodium (mg/kcal) 2.93(0.64) 2.72(0.59) 2.68(0.60) 2.66 (0.62) 0.009
Vegetables (g) 178 (56) 192 (52) 196 (48) 208 (28) 0.013

1
2

Except if otherwise stated

The 3 best meal options per day for each protempoment (meat, fish, vegetarian) (n = 10 or 12pdam
the following meal recommendations500 kcal energys 13 % of energy from SAFAs 2.2 mg Na/kcalz
150 g vegetables

P-value corresponding to the test for trend acoodsred groups

SAFA:saturated fatty acid

3

6.3.5 Consumer profiling

Participants who reported to have chosen recomngenteals at least two of three times
(27% of the sample) differed from the other sulgeetith a significantly higher level of
objective nutrition knowledge and a greater impuetaplaced on health and weight-control
motives in their canteen meal choices (p < 0.08b(@ 6.6). These participants were also
more open to change and, thus, less restrictedndiar meal choices (p = 0.001). For the
remaining variables (i.e. gender, age, BMI, enemypenditure, diet-health awareness,
intention of dietary change, and sensory and pmogives that underlie meal choices), no
significant differences were shown between theetleensumer groups 0.05).
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Table 6.6 Profiling of consumer groups (Mean (3[))= 224) according to the compliance with the
recommended meals offefed follow-up

Compliance of meal choice with 0 of 3 meal 1lof 3 meal 2to30f 3 p-value
recommended meals offefed choices choices meal choices

n (%) 70 (31) 94 (42) 60 (27)

Gender: female (n (%)) 48 (29) 72 (44) 45 (27) 0.495
Age 20.5(1.9) 21.5 (3.6) 22.1(3.5) 0.074
BMI 21.6 (2.4) 21.5(2.9) 22.4 (3.0) 0.114
Energy expenditure 2562 (484) 2502 (433) 2655 (562) 0.f71
Diet-health awarenes$s 5.03 (0.90) 5.12 (0.89) 5.15 (0.73) 0.827
Intention of dietary change 4.69 (1.00) 4.63 (1.24) 4.61 (1.28) 0.551
Objective nutrition knowledde 8.44 (2.34 8.88(3.113 10.03(2.90) 0.010°
Health motive in meal choite 5.38(0.85)* 5.11(1.09) 5.53(0.96)  0.028
Weight-control motive in meal choite 4.59 (1.35)* 4.12 (1.50) 4.75(1.32) 0.016°
Sensory motive in meal chofce 5.85 (0.73) 5.92 (0.69) 5.70 (0.73) 0.£87
Price motive in meal choite 5.68 (0.94) 5.70 (0.97) 5.48 (1.24) 0.410
Familiarity motive in meal choife 3.75(1.52) 3.54(1.29) 2.84(1.35)  0.001°

Except if otherwise stated

The 3 best meal options per day for each proteinpoment (meat, fish, vegetarian) (n = 10 or 12gHdam
the following meal recommendations 500 kcal energys 13 % of energy from SAFAs 2.2 mg Na/kcal,
> 150 g vegetables

P-value from the chi-square test

P-value from the Kruskal-Wallis equality-of-popudats rank test

P-value from the one-way ANOVA

Measured on a 7-point scale

Measured as a score on 19

Indicate significantly different means using oneywdOVA

6.4 Discussion and conclusions

Canteen meals are important in the diets of mamgesits and a wide range of adults in the
workplace. However, when eating OH, customers mghtoe aware of the nutritional profile
of their food choices and are consequently subjetbtesimply what is offered. Posting
nutrition information on canteen menus has them@kto promote healthier choices when
eating OH. However, our findings showed that nigtnitinformation by using a star-rating
system in combination with a descriptor of the mwomplying nutrients or food group did not
significantly affect meal choices during a cantderch or nutrient intakes at lunch or on a
daily basis. Nevertheless, this star-rating sysbaah the potential to positively influence the
diet because it provided a good representationefttual differences in meal compositions.
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Only 27% of participants followed the daily meatoenmendations at least two of three
times.

Despite the intervention, the nutritional profild the reported meal choice reflected
nutritional characteristics of all meals offereddamot of recommended meals offered, with
the exception of vegetables. Only a few meals rthévbar meal recommendations (i.e. three-
star meals). Although the vegetable consumptiomifsegntly increased after posting the
nutrition information, this could not be attributéal the intervention. The number of meals
consumed and offered with adequate vegetablesdligdignificantly differ between baseline
and follow-up. However, meals offered at follow-gpntained slightly more vegetables
(baseline: 181 (SD 48) g; follow-up: 187 (SD 29) 4hother possible explanation for the
increase in vegetable intake was the increase diuserich meals offered and, therefore,
chosen, which happened to contain a significarftdrigmount of vegetables.

The nature of our sample (i.e. mostly women, whoegally have greater weight-control
involvement and a stronger interest in healthyngathan do men (Wardle et al., 2004) and
with a higher educational level (Georgiou et aB97; Nelson et al.,, 2009) and the fixed
moderate price of the canteen meals suggestethibatutrition-information intervention had
the potential to alter meal choices and increaseptioportion of three-star meal choices by
5%. However, the ineffectiveness of the intervamtin this particular sample and setting
showed the enormous challenge of changing dietabjtdof young adults for whom price,
taste, and appearance are often more importantttiegahealthfulness of foods (Roininen et
al., 1999; Verbeke, 2006). For future informationtiatives in the catering sector, it is
important to know that the intervention was mogeédfve in participants who, at baseline,
had a higher objective nutrition knowledge, strantgealth and weight-control motives, and a
higher openness to change meal choices.

This study aimed to evaluate a practical and simpé¢hod to improve healthy meal choices.
Compared with more persuasive communications ss@deertisements or sales techniques,
a non-persuasive way to inform customers was ussdlid not actively try to influence them
at the time of their meal choices. Posting POPitutrinformation still requires an individual
to make the healthy choice. Knowing that the mdabice reflects the meals offered,
interventions in which the individual does not héwectively choose healthier foods because
of a limited number of unhealthy choices may havegreater effect on healthy eating
(Seymour et al., 2004) but is contradictory with ttea of libertarian paternalism.

Because the study rationale was to reflect thelfeaketting and to not interfere in the
planning of menus, different proportions of statings could occur between days. The
number of 3-, 2-, 1-, and O-star meals per dayol&aw-up) among the best meal options of
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the day varied between 0% and 45%, 11% and 74%ar¥80%, 0% and 58%, respectively.
To test for the effect of the different proportiavfsstar ratings on the meal choice, the binary
outcome variable (i.e. choosing a best meal opgromot) was regressed on the percentage of
3-, 2-, 1-, and O-star meals included in the 12 lpesal options, respectively. The results
indicated that the number of 3-star (p = 0.006) arsflar (p = 0.003) meals were significant
predictors for choosing a best or recommended nvelagéreas the number of 1-star £p
0.935) and O-star (p = 0.399) meals were not szl significant. For a 1% increase of 3-
and 2-star meals in the meals offered, the odd$obsing a recommended meal (compared
with not choosing a recommended meal) increase2Pbhyand decreased by 1%, respectively.
These results illustrated the need for a healthgl reepply for nutrition information to be
potentially effective in improving meal choices. d8kes the real-life setting, the major
strength of this study was the careful follow-uptloé daily food consumption and physical
activity of young adults in a free-living environnte Young adulthood is increasingly being
recognized as an important period for health praonoand disease prevention because, for
the majority of young people, it is the first tinteey have to make their own food choices
(Nelson et al.,, 2008). The collection of individugd-h consumption data as opposed to
aggregated sales data allowed for the investigatidnthe possible occurrence of
compensatory behaviours. Interestingly, participanlid not positively or negatively
compensate for their food choices at the canteen dring the day. Another strength of the
study pertained to the use of science-based compsele and easy-to-use nutrition
information for canteen meals that targeted distyuad) nutrients (e.g. saturated fat and
sodium) and a qualifying food group (e.g. vegetpble addition, to our knowledge, no
nutrition-information intervention considered thedividual taste preference next to
healthfulness (Seymour et al., 2004). The highirghof nutritional shortcomings of a meal
may appear unacceptable to many caterers (Laclaht 2010) and may be less appealing for
customers, which would form a barrier for its wideale implementation.

Some limitations should be acknowledged when imédiqy our findings. First, a one-group
pretest-posttest design was used because rand@nindtcanteens was impossible because
of the insufficient number of canteens within Ghéifriversity. Although susceptible to
threats to validity associated with history, matirg and testing, this quasi-experimental
design without a control group was considered napgropriate because intact groups were
required for this intervention (Campbell & Stanl@@63). Because the time gap between the
baseline and follow-up was relatively short, ex¢raus influences rather than the intervention,
were assumed not to substantially change respohgasticipants. Such a possible threat was
addressed by the comparison of energy expendittgeseen the baseline and follow-up,
which confirmed that the amount of energy expemditdid not change (see Table 6.1).
Second, to be inclusive, a convenience samplingoagph was adopted, which is vulnerable
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to a sampling bias because of subject self-selecttowever, this sampling would have
favoured a positive effect of the intervention. fidfere, this intervention, when used on a
population basis, would have equally produced noravement in the actual meal choice and
nutrient intake. Third, meal components were ocsadly out of stock by the end of lunch
time and replaced by food items that originally &veot on the menu. This change in meals
offered could not have been predicted and couleiefbre, not have been covered by the
intervention. To address this issue, the analysis vepeated without the meal choices that
were not part of the menu. Similar results wereaimigtd after the exclusion of these meals.
Finally, the 1-month implementation period of thérition information in the canteens before
follow-up measurement may have been too shortltavatome participants to acquire the
necessary interest and skills to use the informatitowever, the lack of an effect of the
intervention was not expected to be due to missngportive material because the
availability of posters and brochures was checlaly thy the main researcher.

In conclusion, posting POP nutrition information danteens as implemented in this study
was not effective in improving meal choices andieut intakes from the canteen meal and
the total diet of students. Regardless of the trtrinformation intervention, the nutritional
profile of the meal choice was largely determingdtibe meals offered. Compliers had a
higher objective nutrition knowledge, stronger keahnd weight-control motives, and a
higher openness to change meal choices. The cudmeirigs highlight that posting nutrition
information in canteens requires a healthy meaplyuip be effective in a larger population.
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Chapter 7

Person-related factors influencing the effect of
nutrition information in university canteens

This chapter is based on:

Hoefkens, C., Pieniak, Z., Van Camp, J., & Verbeké, Why posting point-of-purchase
nutrition information in university canteens doest influence meal choice and nutrient
intake.Journal of the American Dietetic Associatioasubmitted.

Abstract

The importance of canteen meals in the diet of mamyersity students makes the provision
of simple point-of-purchase (POP) nutrition infotioa in university canteens a potentially
effective way to promote healthier diets in an imi@ot group of young adults. However,
modifications to environments such as the postinB@P nutrition information in canteens
may not cause an immediate change in meal chores@rient intakes. This chapter aimed
at understanding the process by which the POPtioatinformation achieved its effects on
the meal choice and energy intake and whether nif@nnation was more effective in
changing the meal choice of subgroups of universtitiglents. Data of theoretical mediating
variables and the energy intake from canteen nuedliscted at baseline (2008) and follow-up
(2009) of the nutrition-information intervention meused in a structural equation model to
test causal pathways of information effects. A danmgd 224 customers of two university
canteens were included in the study. Significafdti@ns were identified between liking of
the information and its use on one hand and a @&amgattitude towards healthy canteen
meals on the other hand. Motivation to change dietl sufficient objective nutrition
knowledge were required to maintain a recommendedgy intake from canteen meals or to
lead to a decrease in energy intake. Studentsgsétiiter objective nutrition knowledge had a
greater understanding of the POP nutrition inforamatvhich resulted in an effective use of
the information. Our findings suggest that nutntioformation interventions will be more
effective when using nutrition information thatgenerally liked by the target population in
combination with an educational intervention tor@ase objective nutrition knowledge.
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7.1 Introduction

Young adults often establish unfavourable dietaalits when leaving the parental home to
enter university, i.e. consuming a diet of limitedriety, high snacking, consuming more
high-fat foods (including fast foods), more sofinéts, and less fruit and vegetables (Brunt &
Rhee, 2008; Levitsky et al., 2004; Nelson et @08). Such habits may have a long-lasting
impact on their own health or the health of thaitufe families (Nelson et al., 2008;

Winkleby & Cubbin, 2004). Therefore, it is importaim promote maintenance of adequate
nutritional habits learned at home or to improveent eating habits.

For many university students canteen meals cotestdn important part of the diet (CMM

UGent, 2009). Because canteen customers might e@ware of the nutritional quality of

their meal choices (Burton et al., 2006), which aiften too rich in energy, fat and sodium,
and contain insufficient amounts of fruit and vedpés (Kjollesdal et al., 2011; Lachat et al.,
2009), dietary guidance through simplified poirtpofrchase (POP) nutrition information on
menu choices in canteens could be a strategicalpoitant approach to promote healthy
dietary choices.

Evaluation of the overall effect of a POP nutritioformation intervention in two canteens of
Ghent University showed that nutrition informatiby using a star-rating system as signage
did not effectively change meal choices and nutriemakes (Hoefkens et al., 2011a).
Modifications to the environment such as postingition information in university canteens
might not cause an immediate dietary change (Hadddw& Haslam, 1998). Consumer
behaviour and information processing models pdsit bnly information that is effectively
processed by an individual may affect his or hdietse attitudes and behaviour (Verbeke,
2008). In addition, the effect of nutrition inforti@n on dietary behaviour may differ between
individuals (Drichoutis et al., 2006; Moorman & Méth, 1993). To examine causal
pathways of information effects on determinantscahteen meal choices for consumer
subgroups, moderated mediation models are espeecaliable. In these statistical models, a
third variable mediates the effect of an indepehd@niable on the dependent variable, and
this mediated or indirect effect depends on thellef a moderator (i.e. conditional indirect
effect) (MacKinnon et al., 2007). Despite the acklealged importance of investigating
mediation and moderation effects of interventiongl®tary behaviour, only few studies have
done so and none of them have evaluated a nutritilormation intervention in a canteen
environment (Kristal et al., 2000; Lockwood et aD,10).

The objective of the study was to explain the ieetiteness of our nutrition-information
intervention in university canteens (Hoefkens et 2011a). A moderated mediation model
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was estimated to examine, first, the process byghwtiie POP nutrition information achieved
its effects on the meal choice and energy intakd, second, whether the information was
more effective in changing the meal choice of sabgs of university students. From
consumer behaviour models, our first hypothesistiasindividuals who understand and like
the POP nutrition information, will be more likely use the information, will increase their
subjective knowledge about how to evaluate thethiealss of a food, leading to a more
positive attitude towards healthy canteen meals @tichately to a healthier meal choice
(Figure 7.1). A second hypothesis was that the PRO#Ation information would be most
effective among more motivated and more knowledigeialividuals (Moorman & Matulich,
1993). Because the information was designed tdititei the identification of healthier meal
choices, also less knowledgeable consumers wiigharhotivation to change their diet were
hypothesized to be positively influenced by theinéntion.

Liking of information

Use of .| Change in subjective .| Changein .| Change in energy
information knowledge attitude intake

| N _

Understanding of
information
(objective, subjective)

Figure 7.1 Hypothetical model of the process bycWhihe nutrition information achieves its effeats o
the meal choice and energy intake

7.2 Methodology

7.2.1 Study design and population

The nutrition-information intervention that formsetstarting point of the present study used a
one-group pretest-posttest design. A convenienogleaof 224 students (165 females and 59
males) between the ages of 17 and 35 years (Meayeats, SD 3), who were regular
customers of two canteens of Ghent university (iBehy, enrolled in the intervention and
completed three-day food records and self-admiadtstructured questionnaires at baseline
(October and November 2008) and follow-up (AprildaMay 2009). The nutrition
information, posted in March 2009, was implemerdgadhe 12 best meal combinations and
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consisted of a star rating ranging from zero teehstars and a descriptor for nutrients or food
group that did not comply with recommendationsdoergy (>500 kcal), saturated fat (>13%
of energy), sodium (>2.2 mg/kcal), and vegetablE5(<g) (Belgian Health Council, 2009;
Belgian National Food and Health Plan, 2007; Indepat Scientific Committee My Choice,
2008). Participants were not informed about thetipgsof nutrition information but only
about the study purpose of measuring eating habBitenore detailed description of the
nutrition—information intervention, the sample daeristics and results in terms of meal
choice and nutrient intake are provided in Chaptefhe study protocol was granted ethics
approval by the Belgian Ethics Committee of the @HRéniversity Hospital (ethics approval
number EC/2008/482) and registered on Clinical$rggdv (Id number NCT01249508) .

7.2.2 Measures

Behavioural outcomeThe primary outcome variable of the interventiorsvilae number of
chosen meals that complied with all recommendat{pasthree-star meals) (Hoefkens et al.,
2011a). Because the moderated mediation modelresgaicontinuous outcome variable, the
present study used the energy intake from the eanteeal as a proxy for the star-rating of
the reported meal choice. The energy intake fromn danteen meal at both baseline and
follow-up were calculated as the average of theedlttays collected through self-administered
three-day food records together with the energyesland standardized portion sizes of the
meal components provided by the caterer. Basedh@uwlifference in energy intake from the
canteen meal between follow-up and baseline, [atits were categorized into (1)
increasing energy intake (i.e. increase of more thiae standard deviation with SD = 147
kcal), (2) maintaining high energy intake, (3) ntaining moderate energy intake, (4)
maintaining low or recommended energy intake and d&creasing energy intake (i.e.
decrease > 147 kcal). The mean, SD and range @iuttceme variable are presented in Table
7.1.

Theory-based mediatar$he theoretical framework of the nutrition-inforneat intervention
was based on a combination of the model of consunf@mation processing proposed by
Grunert and Wills (2007) and the Hierarchy-of-efse¢HOE) model (Lavidge & Steiner,
1961).

The hypothesized mediators related to informatimt@ssing were liking of the information
(3 items; Cronbach’s alpha = 0.81) (Almanza & Hsidl995; Feunekes et al., 2008),
subjective understanding (3 items; Cronbach’s atpba80) (Obayashi et al., 2003), objective
understanding (aggregated score on 14 items; sekefu and self-reported use of the
information (5 items; Cronbach’s alpha = 0.93) {gérald et al., 2008). A description of the
items and construct variables are provided in Table Liking was measured on a 7-point
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interval scale from “totally not like the informati” to “like the information very much”,
while the subjective understanding of the informatwas rated on a 7-point Likert scale. For
objective understanding, an index was computed toogithe number of correct answers to
14 multiple-choice questions on the definition ati@ interpretation of the star-rating
information (scores from 0 to 14). To assess us&gee information, participants were asked
to rate on a 7-point scale how often (ranging froemer to always) they used the information
for their meal choices.

Two potential mediators derived from the HOE modetre “change in subjective
knowledge” about the healthiness of a food andrigean attitude” towards healthy canteen
meals. Subjective knowledge (4 items; Cronbaclpdal baseline = 0.75, follow-up = 0.81)
(Pieniak et al., 2010) and attitude (single iterAxharya et al., 2006) were measured at
baseline and follow-up by asking participants’ agnent with a series of questions on a 7-
point Likert scale. For the change in subjectivekledge a score of one to five was assigned
as follows: (1) negative change in knowledge, (2aintaining low knowledge, (3)
maintaining moderate knowledge, (4) maintaininghhignowledge, (5) positive change in
knowledge. The same classification procedure wed tes derive change in attitude with five
final categories: (1) negative change in attity@¢ maintaining low attitude, (3) maintaining
moderate attitude, (4) maintaining high attitud®), gositive change in attitude. A decrease
and increase in knowledge or attitude from basein®llow-up of more than one standard
deviation (with SD = 1.34 for change in attitude) S 0.94 for change in subjective
knowledge) on a 7-point scale was used to clagsfyicipants under categories 1 and 5,
respectively.

Theory-based moderator§he potential moderators of the intervention effestre defined
on the basis of the objective nutrition knowledgd @tention to change diet at baseline. Four
subgroups of individuals were compared: those {lijthigh knowledge and high intention (n
= 44), (2) high knowledge and low intention (n =5,5@) low knowledge and high intention
(n = 70), (4) low knowledge and low intention (rb2). Objective nutrition knowledge was
determined using the index of knowledge on dietappmmendations developed by Grunert
et al. (2010). High versus low knowledge was defiae a score of more versus less than 8.5
on 19 items. Participants’ intention to changertliget in the next six months (used as a
proxy for motivation to change diet) was measuradao7-point interval scale from “very
unlikely” to “very likely” (5 items; Cronbach’s alm = 0.94) (Ajzen, 2002). A median split
(cut-off = 4.7) was used to form high and low suhgps on intention of dietary change.

The complete list of scales and scale items usegrasented in Appendix II.
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7.2.3 Statistical analyses

Data were analyzed using the robust maximum likelth procedure in LISREL 8.72
(Joreskog & Sorbom, 1989). To provide insights iifiedences between the four subgroups
(characterized by moderating factors), a multi-gratructural equation modelling (SEM)
analysis was conducted. By using SEM, the exanunatf all the relations between
constructs and items was performed simultaneouslyich is a substantial advantage
compared with single equation modelling (Bollen82p This model also enables to examine
relations between variables, such as mediatorsnamderators, in a simultaneous way (by
means of multi-group analysis) that many othernepies cannot (Hair et al., 2006).

Correlation coefficients were first calculated beén the variables of interest. All correlations
were below 0.70, thus multicollinearity was notamcern in the present data (Tabachnick &
Fidell, 2001). SEM parameters were then estimatedl tae general fit of the model was
assessed first for the total sample and then fer fbur subgroups based on nutrition
knowledge and intention of dietary change. To ea@uhe fit of the model, thg?-value
together with degrees of freedom are reported, els ag four other indices: the root mean
square error of approximation (RMSEA), the normédridex (NFI), the non-normed fit
index (NNFI) and the comparative fit index (CFl)aMes below 0.08 for RMSEA (Browne et
al., 1993) and above 0.90 for NFI, NNFI and CFIl|{&a 1989) indicate an acceptable fit
between the model and the data.
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Table 7.1 Description of items and construct vaesl{mean, SD, range) for the total sample, subgmeith low knowledge and high intention, and sulbgro
with high knowledge and high intention

Total sample (n=226)

For subgroup with low knowledge

and high intention (n=7

For subgroup with high knowledge

and high intention (n=4

MeanzxSD Range Meanz SD Range Meanz SD Range

1. Change in energy intake 1.10+ 143 914 -27.88+ 132 76t -30.66+ 12¢ 48t
2. Change in attitudés -0.69+ 1.34 10 -0.6% 1.15 5 -0.64t 1.35 6

3. Change in subjective knowle¢ -0.05+ 0.9¢ 7.2t -0.12+ 0.9¢ 6.7t -0.07+ 0.71 3

4. Use of information 2.90+ 1.51 6 3.03 1.47 5.6 3.2k 1.52 5

5. Subjective understanding of informa® 454+1.25 6 454+ 1.2¢ 5.6i 4.45% 1.1 5

6. Objective understanding of information 10.19+ 2.2¢ 13 9.63+ 2.2¢ 11 10.32+ 1.91 11

7. Liking of information} 4.35+1.06 5.33 4.43 1.02 5 4,56t 1.00 4.33

Four individuals were removed from the sample bseai incomplete information, leaving a final saenpf 220 valid cases.
Item to measure attitudes (7-point Likert scal@atiteen meals that are designated as healthy sheniedetter for me".

Items to measure subjective knowledge (7-point itikeale): "My friends consider me as an expehaalthy foods"; "I have a lot of knowledge abouitto prepare a
healthy meal"; "I know which food is healthy for in&l have a lot of knowledge about how to evalutie nutritional value of a food".
Items to measure use of information (7-point inkéscale): | use the information "to make my mduaice"; "to choose the healthiest meal”; "to avoigials containing

too much energy"; " to avoid meals containing tacchhsaturated fat"; "to avoid meals containingrimach sodium (salt)".
Items to measure subjective understanding (7-pdletrt scale): The information is "hard to interpréhard to extract"; "difficult to understand".

Items to measure liking of information (7-pointéntal scale): "l like the information"; "The infoation is attractive to me"; "The information iséngsting to me".

117



Part Il

7.3 Results and discussion

Goodness-of-fit of the modelBhe hypothesized model as presented in Figur@érfbrmed
well for the total sample (Table 7.2). Thefor the model was 172.58 with 74 degrees of
freedom (p < 0.001). The RMSEA value was 0.078.GRéwas 0.96, the NNFI was 0.94 and
the NFI was 0.93, indicating that the goodnessitdfitlices were satisfactory (Bollen, 1989;
Browne et al., 1993). Also the data by subgrouedithe model well (but not as good as for
the total sample). Thg? for the model was 439.35 with 320 degrees ofdioee (p < 0.001).
The RMSEA value was 0.083; the CFl was 0.95, thé-NMas 0.93 and the NFI was 0.83.

Role of liking.Overall, one significant relation was confirmedegch of the four investigated
subgroups, namely the relation between liking asé of the information. This association
was also found to be the strongest, indicating peaiple who liked the information more,
declared to use the information more often. A matkesignificant path from liking of the
information to change in attitudes or high attitsiseas observed, both directly and indirectly
through claimed usage of the information. The dipsth from liking to change in attitude
was also found in the subgroup with low knowledgé high intention.

Compared to the understanding of the informatidmgd was a more important predictor of
information use. This finding highlights the need Eommunication efforts and research to
move beyond a focus on “understanding of nutritidormation” and to emphasize more the
liking and attractiveness of information formats. seems that most consumers have a
reasonable understanding of nutrition informatidmew prompted, but only a minority seems
to look for nutrition information when shopping (@ert et al., 2010). The present study
confirmed the general good level of objective ustierding of POP nutrition information
with less than 10% of the sample having a scoteetdw 7 on 14. Liking of the information
was more heterogeneous among the sample with 25%#gha score of less than 4 on a 7-
point scale. These findings suggest that infornmatbaracteristics (e.g. display size, colour
scheme), which are key determinants of consumetentgon to nutrition information
(Bialkova & van Trijp, 2010) and liking of the infmation (Berning et al., 2010), may offer a
window of opportunity to improve the effectivenest nutrition information in terms of
targeted dietary change.

Nutrition knowledge versus motivatioRarticipants needed both to like and (objectively)
understand the information to use it, leading tieerease in energy intake or maintenance of
the recommended energy intake level, as shown enstibgroup of high motivated and

knowledgeable consumers. Objective knowledge lss@kviously been reported to act as a
moderator of the relation between objective undeding and use of the information on one
hand (Grunert et al., 2010), and between use aadgehin energy intake on the other hand
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(Drichoutis et al., 2006). Compared to this subgtdbe total sample reported a significantly
lower objective nutrition knowledgeP€0.001). Although simplified nutrition information

does not require detailed nutrition knowledge (Feas et al., 2008); some level of
knowledge seems necessary to result in effectiagausf the information (Verbeke, 2008).
Moreover, higher nutrition knowledge may also iradéc a higher interest in nutrition and
healthy eating (Worsley, 2002). These findings sstjthe need for more nutrition education.

A more important moderator of participants’ respso nutrition information was their
motivation to change diet as illustrated by thecoate of the multi-group analysis, which was
also consistent with previous studies (Keller et #097; Moorman, 1990). In addition to
nutrition education, the challenge is to investtghbw to motivate people (more) to change
dietary habits.

Objective versus subjective understanding of thetgabinformationThe distinction between
objective and subjective understanding was firstdenby Grunert & Wills (2007), but no
study thus far analyzed the importance of subjeatinderstanding in explaining consumers’
use of nutrition information. In this study, no mificant association was found between
subjective understanding and the use of the infoamaexcept for the subgroup with high
knowledge and high motivation, for whom the relatiwas negative. A possible explanation
was that the more knowledgeable participants wiiee,more they tended to underestimate
their own performance compared with that of pedatt(stelli et al., 2009). In the total
sample and in the subgroup of participants with lkmowledge and high intention, a
significant association between objective and siive understanding was observed.
Moreover, for the total sample, subjective undeditag was negatively associated with a
change in energy intake, but positively with a @em subjective knowledge. This could
indicate that an important segment of our sample waa learning stage — hence, not (yet)
ready for action — which is comparable to the naitonal phase as defined by Renner and
Schwarzer (2003) and the contemplation or premarastage of change described by
Prochaska & Velicer (1997). Simultaneously, the eanelations between subjective
understanding and change in energy intake on ond had subjective knowledge on the
other hand were observed in the subgroups withifdention, which indicated that part of
this learning segment may probably never evolveeioavioural change because of a lack of
personal motivation. Again the importance of peatonotivation is highlighted.

Intervention effect on subjective knowledgln increase in subjective knowledge or
maintenance of high subjective knowledge was fotmdesult from a higher use of the
information, but not because of a higher objectivederstanding of the information.
Subjective knowledge is usually defined as peopdelsjective perceptions of what or how
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much they know about a specific product compareti weers (Park et al., 1994; Selnes &
Gronhaug, 1986). In the present study, we did netasure the perceived knowledge of
products but of skills (i.e. to evaluate the nigriall value and healthfulness of a food), which
is often referred to as self-efficacy (Bandura, @98&revious studies have indicated that
although nutrition information may not have an intha¢e effect on food choices and dietary
intake, such information may act together with otfectors to enhance consumers’ self-
efficacy and thereby increase the likelihood ofltméer food choices being made later on
(Contento et al., 2002; Holdsworth & Haslam, 1998herefore, a nutrition-information
intervention that targets self-efficacy may, in tbieg run, lead to dietary changes.

Relation between attitude and behavioline results for the subgroup of high motivated and
knowledgeable consumers support a positive reldieiween attitude towards healthy eating
and dietary behaviour (Hearty et al., 2007; PetickiRitson, 2006). Again this suggests that
some baseline level of nutrition knowledge may beessary to translate a positive attitude
into a lower energy intake. In general, the atetwdwards healthy canteen meals decreased
after posting the information (paired sample’sste < 0.001), which can be explained by the
limited number of healthy meal choices. Improvimgstattitude by increasing the offer of
healthy choices might therefore be an importarg &teward in the development of effective
strategies for stimulating healthier meal choices.

Strengths and limitations of the studyhe major strength was the application of a new
advanced approach to the evaluation of intervenéffects in nutrition research. Another
strength of the study was the careful follow-ugha daily food consumption of young adults
and its determinants in a real-life setting. Somatations should also be acknowledged.
First, the use of a convenience sample limits therpretation of the findings to its specific
sampling frame. Extrapolation to other populatioasiains to be further validated. Second,
the small sample size may have limited the abtlitydetect significant differences in more
personal factors with sufficient power. Third, tivaited duration of follow-up did not permit
evaluations of gradual behavioural changes andspense of behavioural change over time.
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Table 7.2 Standardized solutions for hypothesie¢ationships between intervention, mediators and
behavioural outcome for different grodps

Low knowledge High knowledge

o i o ” Total sample

Construct Path Construct high intention  high intention
(n = 70) (n = 44) (n = 220f

Change in attitude — Change in energy intake 0.41
Use of information — Change in energy intake 0.46
Subjective understanding of informatior» Change in energy intake -0.18
Liking of information — Change in energy intake
Use of information — Change in attitude 0.19
Liking of information — Change in attitude 0.31 0.29
Use of information — Change in subjective knowledge 0.24
Subjective understanding of informatior~ Change in subjective knowledge 0.17
Subjective understanding of informatior~ Use of information -0.27
Objective understanding o information — Use of information 0.38
Liking of information — Use of information 0.58 0.90 0.59
Objective understanding of information— Subjective understanding of information 0.28 0.20

! Only paths with at least one significant coeffitiemany of the three models are included

2 Four individuals were removed from the sample bsea incomplete information, leaving a final saenpf

220 valid cases

7.4 Conclusions

The proposed moderated mediation model of nutritidormation effects contributed to a
better understanding of the ineffectiveness of drittan-information intervention in
university canteens. The model highlighted the irtgpce of liking of the posted
information. The nutrition information was more exffive for the more motivated students
and for those with a greater objective nutritiomkiedge. Increasing students’ motivation to
change their diet and, to a lesser extent, theowkedge is recommended. Additionally,
creating an eating environment with more healthpicds and attractive POP nutrition
information complemented with the provision of midn education, is proposed for the
development and implementation of effective nuritinformation strategies.
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Chapter 8

Consumer preferences for alternative formats of
nutrition information in university canteens

This chapter is based on:

Hoefkens, C., Veettil, P. C., Van Huylenbroeck, @an Camp, J., & Verbeke, W. What
nutrition label to use in a catering environmenteigcrete choice experimeriood Policy,
submitted.

Abstract

Worksite and university canteens are increasinghgdufor main meal consumption.
Following the use of simplified nutrition informati on food labels of prepacked foods, the
provision of easily accessible nutrition information foods prepared and consumed out of
home is a highly topical policy issue with poteht@help consumers make better informed
and more healthy food choices when eating out.rinétion presented in a format that is
preferred by the target group is more likely toused. A sample of 1725 university students
participated in a web-based choice experiment desligo identify and understand individual
preferences for alternative nutrition labels ontean meals. The findings suggest that
participants valued the presence of nutrition imfation on canteen meals and showed a
preference for more detailed nutrition label forsnafbility and motivation to process
information as well as socio-demographics explaidé@rences in label format preferences.
Observed decreasing marginal utility from combioasi of two simplified label formats as
well as from combinations of two detailed formagynal information insufficiency versus
information overload. In order to satisfy most €nt$’ information needs, a nutrition label
containing basic guideline daily amounts as numaérinformation in combination with
familiar interpretational visual aids like starsdawolour codes is proposed for use in
university canteens.
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8.1 Introduction

Consumers’ increased demand for information ableathealth characteristics of foods has
motivated food manufacturers and retailers to mlewuutrition information on their food
labels (Verbeke, 2005). Recently, different frofpack (FOP) simplified nutrition labels
have been introduced voluntarily as a complemendaheme to the EU regulated back-of-
pack nutrition table (EC Regulation 90/496), andritian and health claims on prepacked
foods (EC Regulation 1924/2006). Examples are thidefjne daily amounts (GDA) and
traffic light label (TL). These simplified nutrittolabels differ from the traditional nutrition
tables in the amount and presentation of the mtrinformation and therefore, would require
less time and effort to be processed. From a puigalith and food policy point of view,
providing consumers with summarised nutrition infation at the point of purchase may help
them to easily identify and (hopefully) choose ttealthier foods. Marketers, for their part,
have an interest in nutrition labelling to devektpategies to better differentiate their food
products in the market and to build and maintaitriton- and health-related competitive
advantages. Both from a public and private persgecit is important to identify and
understand consumers’ preferences for alternatitgtion information formats (Grunert &
Wills, 2007).

Due to rising overweight and obesity rates (WHQOLZ4) and the increased reliance on food
away from home (FAFH) (Guthrie et al., 2002; Orfaret al., 2007), there is ongoing debate
on whether to adopt mandatory nutrition labellimgthe FAFH sector. FAFH have been
blamed for hindering the potential beneficial efée@ssociated with label use due to the
increased substitution of at-home consumption epacked foods, which the EU regulation
supports, with away-from-home consumption (Dricl®et al., 2006). Frequent out-of-home
(OH) consumption has been associated with higherggrintakes, and a higher prevalence of
overweight and obesity (Ayala et al., 2008; Orfapbsl., 2007; Vandevijvere et al., 2009).
Additionally, most consumers seem to underestirttegenutrient content of FAFH (Burton et

al., 2006). Given the possible mismatch betweerp#reeived and actual nutritional value of
FAFH, the inclusion of nutrition information on th@enu could benefit consumers by
effectively transforming the nutrient content, gital credence attribute, into a search
attribute (Caswell & Mojduszka, 1996), and herewidduce uncertainty and information

asymmetry for FAFH choices. Moreover, consumersaterhigh-quality foods, apparently

with as much information as possible, but at themesaime they often experience time
constraints and a lack of motivation and skillptocess information (Verbeke, 2005). This
suggests that simplified nutrition labelling is atgntially interesting policy tool also for

FAFH. Other cues or indicators of quality frequgniked in situations of time pressure are
the price and brand name of the food product (@ratial., 2009). In the context of OH
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eating, brand names might not be important, buptiee is (Hwang & Lorenzen, 2008) and
will, therefore, be included in the choice expenn® allow a monetary valuation of the food
information attributes.

Previous consumer research on nutrition labellimg Imainly focused on the use and
understanding of on-pack nutrition information dtsleffect on consumer decision-making
(reviewed by Campos et al. (2011), Cowburn and Kkgc(2005), Drichoutis et al. (2006),
Grunert and Wills (2007). It was concluded that mosnsumers are able to find and use
simple numerical information for making simple camrpons between products for
consumption at home, but their ability to interpmatrition labels decreases as the complexity
of the tasks increases. Therefore, it was suggeastetid interpretational aids like verbal
descriptors (high, medium, low) and recommendedregice values to assist consumers in
making more informed food choices. Since the inicidn of the traditional back-of-pack
nutrition tables, several stakeholders (food mastufars and retailers, governmental and
non-governmental organisations) have been focussintpese interpretational aids resulting
in a wide range of additional FOP nutrition infotina labels. Different classifications of
simplified nutrition labels have been suggesteliténature (Feunekes et al., 2008; Grunert &
Wills, 2007; Storcksdieck genannt Bonsmann et2811,0a) based on their level of simplicity
(simple versus complex), comprehensiveness (basisus detailed) and/or coerciveness
(non-directive, semi-directive, directive). An ovieaw of FOP labels can be found in
European Heart Network (2007). To date the questmnains in which format simplified
information on pack should preferably be made atbégl to consumers (Mdser et al., 2010).

The presence of multiple nutrition labels on fooackages is likely to further confuse
consumers (van Trijp, 2009). Nutrition labels hdeen found to be positively valued by
consumers when presented individually, but oftematieely when appearing together
(Barreiro-Hurle et al., 2009, 2010). Consumers alearly facing increasing nutrition
information on pack which may eventually yield infation overload. Although consumers
say they want more information, being faced with touch information and limited time and
motivation to process information may simply caukem to opt out of the nutrition
information search process in order to protect gewes from information overload and
resulting uncertainty (Caswell & Padberg, 1992).

A few studies have been examining differences imsamer preferences for FOP labelling.
Feunekes et al. (2008) found that simple symbolsewaore appropriate in a shopping
environment compared to the more detailed labe¢stdiuthe lower processing time needed,
while differences in perceived consumer friendlfhesd usage intention between both
formats were minor. Best performing FOP labelliogniats according to the study by UK
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Food Standards Agency are Multiple TL (MTL) and @otcoded GDA (CGDA) compared
to Simple TL and Monochrome GDA (Food Standardsrsge 2005). MTL performed best
in the individual product evaluation, while CGDArfeemed better when comparing two
products. A recent study by the British Market Resk Bureau for FSA concluded that the
strongest FOP labels are those which combine tegh,(medium, low), TL colours and %
GDA information (Malam et al., 2009). Regardingd#img characteristics (such as display
size, position of the label on FOP, colour scheme=garch by Bialkova and van Trijp (2010)
found that the presence rather than absence dfitiorulabel printed on a consistent location
on the package, with a doubled display size andh \mbno- rather than polychromatic
colouring were key success factors for attractingsamer attention. A choice experiment
assessing consumers preferences regarding nuttdioels revealed that the easy-to-use
format may benefit more shoppers than the detdiechat (Berning et al., 2007). These
findings are important for the outlook of nutrititabels in the FAFH sector. To date no other
study has been covering the FAFH market with theepion of the study by Drichoutis et al.
(2009), which concluded that consumers are williogpay more for FAFH with nutrition
information and that they value the EU nutritiobleaand TL label more than the US
nutrition facts panel.

The current chapter extends the literature on tmtriinformation preferences by an
evaluation of simplified nutrition labels in a sgecOH context, namely university canteens.
Presenting canteen customers with nutrition infdiomain a preferable format may increase
its use and eventual health impact. Observed hggamty in the preference of nutrition
information in grocery stores is also expected xestein a canteen environment which
highlights the importance for canteens to identatyel format preferences of their customers.
Specifically, the present chapter addresses twearek questions: (1) To what extent do
consumers prefer simple nutrition labels to morited labels on meals served in a catering
environment? and (2) To what extent do specificeinants of label use and liking
influence the nutrition label preferences?

These research questions were analysed using ed stabice modelling approach since
consumers’ preferences for various nutrition labglformats were assumed to be the result
of trade-offs between different attributes due tef@grences for ease of use, for being fully
informed and for not being pushed into particutasd choices (Grunert & Wills, 2007). Also
the possibility to evaluate the potential use agtiaxg and new label formats or combination
of label attributes that are not yet availablehia inarket, made discrete choice experiments of
interest.
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The chapter is structured as follows. The secomticsedescribes the design of the choice
experiment in detail including the attribute sel@tt choice design and modelling approach
followed in the analysis. The third section presehe results of the choice model. The final
section contains a discussion of the results amtlading policy implications of the model
outcome.

8.2 Methodology

8.2.1 Attributes and choice experiment design

Choice experiments are widely recognised as a rdetbhoreveal preferences of people
(Hensher et al., 2005; Louviere et al., 2000; Tr2®03). It is a method that can be used for
different applications. Own applications include thoice for water-pricing systems among
farmers (Veettil et al., 2011) or more relevant fois study the importance of health and
environmental attributes in the buying decisiorogganic foods (Mondelaers et al., 2009b).
In the present study, a choice experiment (CE) wgesl to assess students’ preferences for
different labelling formats of nutrition informatiofor canteen meals and to identify factors
that explain differing preferencesefesection on Determinants of choice preferencesjt e
the price, the following formats of nutrition infoation were included in the experiment:
GDA information, star-rating information and pri¢€able 8.1). First, two types of GDA
labels — the most widely used on-pack simplifiedritian label in Europe (Storcksdieck
genannt Bonsmann et al., 2010b) — were used. Th& I&Bel providing the total amount of
energy (kcal) and nutrients (grams) and as a ptgerof what a typical healthy adult should
be eating daily on the basis of a 2000 kcal dieds selected as the example of a non-
directive, complex and detailed nutrition label A8} 2008). The energy GDA label was
included as the example of a non-directive, lesamex and basic nutrition label. Second,
two types of star-rating labels were used, as elesnfhat provide directive and (more)
simple information. A distinction was made betwdbha basic star-rating label, presenting
only stars, and a more detailed star-rating labeViding additionally a verbal descriptor to
signal the high nutrient contents. Because directivtrition labels give an interpretation of
the nutritional quality of the overall product, th@rocessing load would be considerably
reduced (Scott & Worsley, 1994). Third, the prieetor selected, reflected the current price
levels of a pasta dish in the university canteeitls the upper bound of 3.50 €. A pasta dish
was used as the carrier canteen meal, due to jislgrity and frequent availability in the
university canteens. A summary of the attributes lamels is provided in Table 8.1.
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Table 8.1 Attribute and attribute levels in the icleoexperiment

Attribute Levels considered Example

GDA information Basic (energy)

36%

Detailed (energy, sugatr, fat,
saturated fat, salt,
Vegetable) 36% 6% 26% 44% 67% 41%

None

Star rating Basic (without verbal
descriptor)
Detailed (with verbal
oo T

None

Price 3.00 €
3.25€
3.50€

The basic idea of CE is that an individual deriveasd maximizes utility from the
characteristics or attributes from the goods thescipase or consume rather than from the
goods as such (Lancaster, 1966). Based on the Rabiitty Theory (McFadden, 1974) and
the characteristic theory of Lancaster (1966),utigy for an individualn derived from label
alternativei in choice occasion or sgtis divided into a non-stochastic () and stochastic
component &;). The non-stochastic utility consists on its twia choice-specific utility
component (X;) and an individual-specific component,(Z

Unij = Vij + €nij where Vi = 3, By Xnijt + et 0kZnk (Eq. 1)

With | is the attribute level (e.g. basic GDA)s the label alternative,is the choice between
label alternativesj is the relative utility weight (part-worth utilifyassociated with attribute
levell, andk is the number individual-specific variables. A eligl used approach to estimate
the regression coefficienbse(f,0) is the maximum likelihood estimation, which prdes the
value for the coefficients that makes the obseresdlts the most probable (given the model).
When assuming a basic Multinomial Logit (MNL) modile6 coefficients can be calculated
as follows:

LogL(6) = $i7%° Y5, 5, vijn log (M) (Eq. 2)

Zrl\xdl:1 eXp(Vnmj)
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where y,=1 if individual n chooses label alternativiein choicej containingM possible
choices, and;y=0 otherwise

CE are typically framed in a manner that closelgembles actual purchase decisi
(Louviere et al., 2000)An important advantage of the CE methodology, argpecific the
stated preference experimentation, is that it sffee possibility to analysee valuation of
new products with new attributes for which therens revealed preference history.
allowing the consumers to value multiple attribuggaultaneously, a near market situatio
created. While most CE focus on preferences forsighy atributes, the CE here explor
preferences for information attribut

Since the full factorial design with three variahleach with three attribute levels (3x3x3’
undesirable, an optimal nonlinear design accounfimg two-way interactions betwee
information attributes was used. These interactesms allow the assessment of poter
information overload. The optimal design (usin-efficiency criterion) was created usi
SAS macros (please refer to Kuhfe(2009) for details of the SAS macros)he obtained
design of 18 choice sets was blocked into thresetshof six choice sets to avoid respc
fatigue and to keep the survey design controlldbéeh choice set contained three alterne
labels: two unlabeled alternatives and one-out’ choice. The opbut option captures tr
preferences for other labelling options not showrthie choice set as well as for a-buy
option. Inclusion of this r-buy option has been recommended by several at
(Adamowicz & Boxall, 2001; Louviere et al., 00). This is also in agreement with re
market decisions where consumers can choose pofrthiase or to purchase something ¢
or purchase elsewhe(Enneking, 2004; Hu et al., 20(. A sample choice card is included
Figure 8.1.

Choiceset 1
Label A Label B
Fora 625 g PASTA DISH : o) CE G AT ER) 2
Neither label
A nor label
B
% of an adult's guideline daily amount (GDA)

Which label
do you
prefer? 0 O N
(please
check)

Figure 8.1 Sample choice ce
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In order to obtain an almost equal number of pigditts in each subset, participants were
assigned to one of the three subsets based on litdiday month. For example, all
participants born in January, February, March orilApceived subset 1. Prior to the choice
guestion, the functioning of the choice experim&as explained to the participants defining
the labelling attributes and levels included in #wperiment. An important facet of the
description of the CE task was that their choic@reference did not have to reflect the meal
they wanted to eat (all meals were the same), hetldabel presenting best the desired
information.

8.2.2 Determinants of choice preferences

Individual differences in terms of liking of varisdabelling formats are assumed to be driven
by conflicting preferences for simplification, fdreing fully informed and for not being
pushed into particular food choices. These factoes so-called determinants of liking of
different nutrition label formats (Grunert & Will007; Storcksdieck genannt Bonsmann et
al., 2010a). All three determinants were measurg@dguseveral items on a 7-point Likert
scale ranging from “totally disagree” (= 1) to ‘@lly agree” (= 7).

The desire for simplicitywas assessed by four items adapted from the invessae of the
need for cognition construct (Cacioppo et al., 39@1g. “I would rather do something
requiring less thought than something that chakengy thinking abilities”). Need for
cognition is defined as the tendency to seek odteamoy thinking, or also to enjoy engaging
in effortful information processing (Cacioppo & Bgt1982). The internal reliability
(Cronbach’s alpha) of the four items was 0.84, tiagogood internal consistency. It was
hypothesized that people who prefer simplificatwaili like the star-rating labels more than
the GDA labels, especially more than the detail@RAGormat, since processing of the star-
rating labels is limited to the number of stars amdbal descriptor and does not require
numerical comparisons.

The desire for full informatiorwas measured using five items adapted from thsetoat of
interest in information (Verbeke et al., 2008ay(€lf there was a computer in the university
restaurant that could supply me with more nutritigiormation about the meals, | would use
it". Following internal reliability check (Cronbathalpha = 0.82), the construct of desire for
full information was computed as the average offithee items. Individuals with a preference
for full information were expected to favour the &Dabels over the star-rating labels, in
particular the basic star-rating format.

For the measurement of tldesire for not being coerced into particular foodo@es four
items were adapted from the construct of percemadipulative intent presented by Cotte et
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al. (2005) (e.g. “Nutrition information on a foodbel that tries to persuade people seems
acceptable to me”). The average of the four itenas walculated given the satisfactory
reliability coefficient (Cronbach’s alpha = 0.83Jhe numerical information provided by
GDA labels was expected to give less impressiompaiérnalism than does a star rating,
especially if accompanied by a verbal descriptor {fie non-complying nutrient) in a red font
and followed by an exclamation mark.

The ability to process the nutrition labels was lexeed based on participantsbjective
understandingdf the GDA information (adapted from Grunert et(@010)), and of the stars
in combination with the different verbal descriga@n the detailed star-rating labels. A score
was computed for both label formats separately hasethe number of correct answers to
multiple-choice questions. The higher the scores Hetter participants understood the
information. Previous research suggests that likind understanding of nutrition labels do
not necessarily match (Feunekes et al., 2008; legvgl., 1992, 1996). For example in the
study of Feunekes et al. (2008), stars scored kigirecomprehension and liking among four
labelling formats, while the GDA scored lowest ammprehension but second highest on
liking. Because both liking and understanding oflabel are considered important
determinants of the use of that label, providingstomers with nutrition information that is
generally understood and presented in a prefefabieat is more likely to result in a higher
use of the information and healthier food choices.

Participants’ motivation to process nutrition informatioabout the canteen meals was
assessed using four items on a 7-point Likert s@lg “I would like to receive nutrition
information about the meals in the university rasdat”) drawn from Keller et al. (1997) and
Moorman (1990). Cronbach’s alpha for the four-iter@asure was 0.96, indicating very good
internal consistency reliability. Consumers witlhigher motivation to process information
are more likely to spend time and effort in prooasgst (Petty & Wegener, 1999), making
more detailed labelling formats such as the dets@®A format of more value to consumer
with a higher motivation to process. While consusneith lower motivation to process may
prefer the most easily accessible information (awgnber of stars) and ignore the detailed
information (Keller et al., 1997).

Becausewomenand older consumers in general are more motivated to consid&ition
information in their food choices (Drichoutis et,a2006; Grunert & Wills, 2007), more
detailed label formats like the detailed GDA argexted to be preferred more by women
versus men, and by older versus younger consumers.

The complete list of scales and scale items usegrasented in Appendix II.
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8.2.3 Model specification and estimation

It was assumed that each individual chooses hieiomost preferred label from three options
(two labels and the opt-out option) based on tlesgmtation of the GDA information, star-
rating information and the price (Base model). Irsexond or full model the impact of
determinants of liking and use as well as genddrage on label preferences was assessed.
For this purpose, the following non-stochasticitytiiunction was specified (Eq. 3):

Vhij = B, BasicGDA + B, DetailedGDA — (B1 + BZ)(NOGDA) + B, BasicStar + B, DetailedStar
- ([53 + [54)(N08tar) + B Price + B,BasicGDA X BasicStar + [, BasicGDA

X DetailedStar + BgDetailedGDA x BasicStar + ,DetailedGDA X DetailedStar
49

+ Z O Znk
k=10

where \4j is the estimated utility that participant derives from the attributes of label
alternativei in a choice occasion The coefficient$1-p5 in Eq. 3 describe the main effects
of the different labelling options, while the caeiénts B6-p9 represents the interaction
effects between the information attributes in oterheck for effects of information overload
or information insufficiency. The coefficientd0-649 capture the differences in preferences
based on the individual-specific variables consder

The information attributes were coded using effectding: basic information was coded 1
and 0, detailed information was coded 0 and 1,remdhformation was coded -1 and -1. All
other variables were included in the model as dimoous variable except gender (with 1 =
male and 2 = female) and objective understanding@®iGDA (with 0 = no and 1 = yes). To
estimate both the basplf9) and full model §1-p9, 610-649) in Eq. 2, a MNL model was
applied, which assumes that individuals are homeges in terms of taste in the population
(McFadden, 1974). The MNL models were estimatechqusiLOGIT 4.0 (Econometric
Software Inc., Plainview, NY, USA).

Once the regression coefficients were obtainedntean willingness-to-pay (WTP) for the
different attributes were calculated as the ratithe coefficient associated with the attribute
of interest to the price coefficient multiplied bynus one. A marginal WTP for including an
additional attribute on the label conditional oe firesence of another attribute was assessed
by adding the coefficient of the interaction teretween both attributes to the coefficient of
the initial attribute divided by the negative priceefficient. WTP for attribute bundles was
calculated similarly but using the sum of the cogfhts of involved attributes and the
interaction between both attributes in the numeratéTP values may be interpreted as the
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price premium that an individual would be willingl pay to obtain the attribute (bundle) (i.e.
nutrition information in a certain format) while dg@ng total utility constant.

8.2.4 Data collection and sample

Data were collected through a web-based surveychnite experiment among students of
Ghent University, Belgium, in February 2010. All 83VISc and PhD students enrolled at
Ghent University during the academic year 2009-204€re invited to participate in the
survey by e-mail with a link to the web-based syria total, 1725 responses were returned
and have been used for further data analysis. dtie-slemographic profile of the sample is
presented in Table 8.2. The majority of particisawas female within the age group 17-25
and undergraduate (BSc) student. The large nunfbfentale participants corroborates with
the finding that women show greater interest irt died health issues (Wardle et al., 2004). It
is important to note that the specificity of thengding frame does not allow generalisation to
other populations. A preliminary version of the siennaire was pilot-tested in a small
sample of 30 students for clarity of content andrail understanding of the survey.

Table 8.2 Sample characteristics (%, n = 1725)

Percentage (%)

Socio-demographic characteristics

Gender Male 32.8
Female 67.2

Age 17-20 years 28.8
21-23 years 394
23+ years 31.8
Mean (SD) 23.0 (4.0)

Education (completec Undergraduate: BSc stude 47.7
Graduate: MSc student 334

Postgraduate: PhD studer 18.8

Attitudinal variables

Likingsimplée* Mean (SD) 2.6 (1.1)
Likingfull* Mean (SD) 3.1(1.3)
Likingncoercive Mean (SD) 3.9(1.4)
Motivation® Mean (SD) 4.9 (1.6)
UnderstandGDA Mean (SD) 1.0 (0.2)
UnderstandStar Mean (SD) 5.7 (1.7)

1
2
3

measured on a 7-point scale
measured as a score on 1
measured as a score on 7
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8.3 Results

8.3.1 Base model with choice specific variables

Participants chose either of the presented lalmeB9%6 of the cases instead of the opt-out
option (11%), indicating that in general they dedva higher utility from choosing a meal
with nutrition information than without. The resaultor the base MNL model, which include
the main effects as well as two-way interactionswben the choice-specific nutrition
information attributes (Table 8.1), are reported able 8.3. In congruence with the standard
economic theory, the effect of the price on utiliyas negative indicating that price
increments decreased consumers’ utility. The pasitialue of the parameter estimates for
each of the information attributes except for tlasib star-rating format, confirmed that the
utility of a meal was higher with than without rition label. The negative value of the
parameter estimates for the interactions betweeiaisic formats of the GDA and star-rating
label (basicGDA x basicStar), and between the kdetaformats of both label types
(detailedGDA x detailedStar), indicated that thaitytfor the joint provision of respective
label formats was less than the sum of utilitiesivéel by each of the label formats
individually. In other words, participants expeged a decreasing marginal utility from the
combinations of the two simple label formats aslwslfrom the two detailed formats. The
first result might signal perceived information ufficiency, while a combination of detailed
information may become too complex, thus indicatsgme tendency of information
overload. The non-significant interaction betweasib and detailed label formats (basicGDA
x detailedStar, detailedGDA x basicStar) indicateat the effect on utility of providing both
information was equal to the sum of the utilitiss@ciated with the presence of each label
format in isolation. Since this utility was highisan that of the combinations of basicGDA x
basicStar and detailedGDA x detailedStar, partitipg@referred a joint provision in between
these two (i.e. combination of a detailed and acblasmat). WTP measurement also proved
this finding.
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Table 8.3 Parameter estimates of the base and/iNIL model

Base model Full model

Variable Coefficient SE Coefficient SE

BasicGDA 0.186** 0.019 0.197 0.188
DetailedGDA 0.496** 0.018 -0.048 0.198
BasicStar -0.091** 0.019 0.458* 0.201
DetailedStar 0.177** 0.020 -0.601** 0.198
Price -0.931** 0.050 0.330 0.362
BasicGDA x BasicStar -0.105** 0.041 -0.104* 0.042
BasicGDA x DetailedStar 0.073 0.041 0.090* 0.042
DetailedGDA x BasicStar -0.047 0.038 -0.039 0.039
DetailedGDA x DetailedStar -0.197** 0.034 -0.208** 0.036
Likingsimple x BasicGDA 0.003 0.017
Likingsimple x DetailedGDA -0.058** 0.018
Likingsimple x BasicStar 0.040* 0.018
Likingsimple x DetailedStar 0.029 0.018
Likingsimple x Price -0.034 0.034
Likingfull x BasicGDA -0.051* 0.019
Likingfull x DetailedGDA 0.156** 0.021
Likingfull x BasicStar -0.012 0.021
Likingfull x DetailedStar -0.016 0.020
Likingfull x Price -0.129** 0.038
Likingncoercive x BasicGDA -0.011 0.014
Likingncoercive x DetailedGDA 0.022 0.014
Likingncoercive x BasicStar -0.020 0.015
Likingncoercive x DetailedStar -0.020 0.014
Likingncoercive x Price 0.059* 0.027
Motivation x BasicGDA 0.016  0.015
Motivation x DetailedGDA 0.134** 0.016
Motivation x BasicStar -0.056** 0.016
Motivation x DetailedStar 0.041** 0.016
Motivation x Price -0.217**  0.029
UnderstandGDA x BasicGDA 0.008 0.086
UnderstandGDA x DetailedGDA -0.096 0.090
UnderstandGDA x BasicStar 0.019 0.091
UnderstandGDA x DetailedStar 0.098 0.090
UnderstandGDA x Price 0.031 0.166
UnderstandStar x BasicGDA -0.012 0.011
UnderstandStar x DetailedGDA -0.044** 0.012

Continued

*for p < 0.05, ** for p < 0.01
SE: Standard error
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Table 8.3 Continued

Base model Full model

Variable Coefficient SE Coefficient SE

UnderstandStar x BasicStar 0.007 0.012
UnderstandStar x DetailedStar 0.073** 0.012
UnderstandStar x Price -0.053* 0.021
Gender x BasicGDA 0.230** 0.039
Gender x DetailedGDA -0.188** 0.041
Gender x BasicStar 0.037 0.042
Gender x DetailedStar -0.031 0.041
Gender x Price -0.105 0.076
Age x BasicGDA -0.010* 0.005
Age x DetailedGDA 0.008 0.005
Age x BasicStar -0.018** 0.005
Age x DetailedStar 0.007 0.005
Age x Price 0.019* 0.009

*for p < 0.05, ** for p < 0.01
SE: Standard error

In order to fully understand participants’ valuatiof different labelling options, the mean
willingness-to-pay (WTP) estimates for each chaipeeific attribute (main effects) and the
attribute bundles (interaction effects) as welltlas marginal WTP for attribute inclusion
conditional on the presence of another attributeevealculated and are presented in Table
8.4. Results indicate that participants in our atesetting placed the highest value on the
detailed GDA format, which is the most widely usaahplified nutrition label on prepacked
foods. The average premium that the participantee wealling to pay for detailed GDA
information about the canteen meal is 0.53€ (18kepgrremium). Participants also attached
positive WTP to the provision of basic GDA infornoat (0.20€) and detailed star-rating
information (0.19€).

From the marginal WTP estimates, it is clear that presence of other attributes influenced
consumers’ valuation of a certain attribute. Ofcalinbinations between GDA and star-rating
information, the joint provision of the basic GDAddetailed star-rating information was the
only combination that marginally increased the WTrPother words, the total value of this
combination (total WTP = 0.47€) was higher than shen of the individual attribute effects
(sum of mean WTP = 0.39€). When both detailed ldbehats were provided jointly, the
WTP marginally decreased with 0.21€, indicatingtaasion of information overload that was
perceived negatively. However, this combinationidbrmation was associated with the
second largest premium or 0.51€ because of thealte of the detailed GDA information
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(i.e. 0.53€), making this combination not the dsde one. Finally, the participants disliked
the provision of information in the form of a numh# stars without description (i.e. Basic
star-rating label), either in isolation (a decreatenean WTP by 0.10€) or together with the
basic GDA information (a decrease of total WTP 1€). From these results it appears that
the detailed GDA information in isolation or thentoination of basic GDA and detailed star-
rating information were the preferred ways of cominating the nutritional profile of the
meals.

Table 8.4 Willingness-to-pay (WTP) estimates (ifo€each information attribute conditional on the
presence of zero or one related attribute

Attribute In combination with...
None BasicStar DetailedStar
Basic GDA 0.20 0.09 0.28
Detailed GDA 0.53 0.48 0.32
None Basic GDA Detailed GDA
Basic Star -0.10 -0.21 -0.15
Detailed Star 0.19 0.27 -0.02

Note: Total WTP for attribute 1 x attribute 2 itbum of the marginal value of attribute 2 appegjamtly with
attribute 1 and the marginal value of attribute gpearing in isolation (e.g. Total WTP of BasicGDA x
DetailedStar = 0.20 + 0.27 = 0.19 + 0.28 = 0.47€)

8.3.2 Full model with choice specific and individulespecific variables

The full model including individual characteristias explanatory variables related to liking
and use of a label is described in Table 8.3. Ailamoverall effect of choice-specific
variables in both models was obtained when contbtioupon interaction terms. The results
of the full model show that in general the consdedeterminants of liking and use were
statistically significant when interacted with thkoice attributes and thus clearly affecting
consumers’ utility. With respect to the overall, fihe full model was superior to the base
model (likelihood ratio test yields a p < 0.001).

When looking at the role of the three dimensiondikifig in explaining utility, it should be

noted that the third dimension or the desire fdrbeng coerced into particular food choices,
did not significantly interact with any of the imfoation attributes. It means that this
dimension did not add to the explanation of pgstiats’ label preference. In particular, the
directive star-rating labels appeared not to hanegative impact on the utility experienced
by participants with a desire for not being pushecertain choices. Individuals with a
preference for simplification valued the basic stding label higher than no information, but
at the same time they derived less utility fromatlett GDA information. Among this group
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there is a clear tendency of avoiding more detaded complex information on nutrition
labels, consistent with our hypothesis. A prefeeefoe full information was associated with a
lower utility from the basic GDA format comparedrto information, while the detailed GDA
format was highly valued. Individuals with a prefiece for being fully informed attached no
significant value to both star-rating labelling foats. For this group the price seemed to be
more important than for the group that dislikesagezoerced into making certain choices.

None of the interactions between objective undeditey of the GDA information and the
information attributes were significant, suggestingt the degree of understanding GDA may
not predict label preferences. This could be exrplhiby the fact that 95% of our sample
knew how to interpret GDA. Although the averageeashiye understanding of the detailed
star-rating labelling concept was also high witinean score of 5.7 on 7, understanding of
this concept was more heterogeneous within the armpe positive value of the parameter
estimate for the interaction with the detailed stding format indicated that the associated
utility was higher with a higher level of understiamg of this format. At the same time, those
with a higher understanding of the detailed stéingaformat seemed to value the detailed
GDA format less than no information.

A higher motivation to process nutrition informatigrovided with canteen meals had a
positive impact on the valuation of both the de@iGDA and the detailed star-rating label,
but a negative impact on the basic star-ratinglldBeEmale participants obtained more utility
from the basic GDA label than male participantd, Ibas utility from the detailed GDA with
reference to no information. That is, while makiaghoice preference, females preferred
basic GDA whereas males preferred detailed GDA.ifmfegmation overload was more vivid
in female participants than male participants, thosting for simple information.
Additionally, gender did not explain the preferemdéer the star-rating formats. Increasing age
had a negative impact on the utility associatedh wasic label formats and no impact on the
valuation of the detailed label formats. For théeolage group of this student sample, which
consisted mostly of PhD students having the higedstation, a dislike of basic and thus less
informative nutrition labelling formats matched expations. The positive value of the
parameter estimate for the interaction betweenaageprice indicated that the utility of price
increments was higher with increasing age. This mnayexplained by the fact that PhD
students have an income which is not the case ést ondergraduate students.
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8.4 Discussion and conclusions

A nutrition label that is generally understood gmésented in a preferred format is more
likely to be used and to affect food choices amisgarget population (Grunert & Wills,
2007). Because university students rely regulanyuniversity canteens for their main meal
(CMM UGent, 2009), simplified nutrition labellingoald be a promising policy tool to
promote healthier diets in a large population ifhbconditions of liking and understanding of
the label are met. Therefore, the present studyedito identify students’ preferences for
different labelling formats of nutrition informatio for canteen meals and to explain
preference heterogeneity based on determinanikind land use of nutrition labels. Results
indicate that students generally valued the presefsimplified nutrition labels on canteen
meals. The detailed GDA label was found to be tlstrpreferred label format, which is also
the most widely used simplified nutrition label prepacked foods (Storcksdieck genannt
Bonsmann et al., 2010b). This may confirm that feamiy with the label (from experience in
the retail market for food consumption at homeamether determinant of label preference
(Méser et al., 2010). Signals of information instifncy and information overload were
observed when providing students with increasinglieof simple (or basic) information and
increasing detailed information, respectively. Whogting to combine labelling formats, the
best combination would be one of basic GDA infoloratwith detailed star-rating
information together. Students disliked the prauispf too simplistic and low informative
information such as a number of stars without frrithescription or explanation (or basic star-
rating information). Students’ ability and motivati to process the information as well as
gender and age explained differences in label peées. Regarding the three dimensions of
label liking, label preferences were found to bgnsicantly determined by the desire for
simplicity and by the desire for full informatiobut not by the desire for non-coerciveness.
This means that more directive labels such as diaith or without descriptor) were
acceptable to the majority of canteen customess, these labels were not perceived
negatively as imposing or forcing meal choice ipaticular direction. Highlighting the
nutritional shortcomings of a meal on the label nayertheless be unacceptable to many
caterers (Lachat et al.,, 2011), herewith entailamgpotential limitation to the practical
usefulness of the label in voluntary programs.

The reported findings have relevant implications danteen customers, public and private
organisations dealing with food and health poliBgcause simplified nutrition labels are
expected to reduce search and information costterdaformed and healthier food choices
may be facilitated which may eventually lead to Itheer consumption patterns and a
favourable health outcome. However, the more dmtaflormats among the simplified
nutrition labels may not affect the individuals wespecially need to change their food choice
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behaviour, e.g. for medical reasons (Berning eR807). Based on our results, less motivated
canteen customers with a preference for simplifiddrmation were more likely to use the
labels that required relatively less time and éfforprocess, such as the basic GDA and the
detailed star-rating label. Customers who prefemede detailed labels may on their turn be
underprovided of information when presented with $anple labels. In order to satisfy most
customers’ information needs, a more successfélliag strategy could be the combination
of both the basic GDA and the detailed star-ratifgrmation given that this was the most
valued combination. In that case, it will be impoit to increase the understanding of the
detailed star-rating concept in the general sangilege a better understanding leads to a
higher valuation of this labelling format. As sugéhformation asymmetry between canteen
customers and private or public organisations neyeduced (Verbeke, 2005). Of relevance
for caterers is the guideline for the nutrition ddlio be used on their canteen meals.
Additionally, given the presence of these nutritiabels, canteen customers may effectively
signal their preferences for nutritional qualityatgh their purchase. This allows caterers and
indirectly also the meal component and ingredieippsiers to adapt their food offer based on
their customers’ food preferences, e.g. more loergy or low-sodium meals. Mandatory
instead of voluntary simplified labelling of canteeneals is expected to increase market
performance since meal components with unfavourabtetional profiles and labels may
either be removed from the menu or may be subjetdedroduct reformulation (Rubin,
2008). The caterer himself may opt to change sapplFor public policy it will be important
to identify different consumer segments accordimghieir label preferences and to profile
these segments based on the considered determuofalaisel use among others (e.g. body
mass index).

While the study provided new insights about theuatibn of nutrition labels for canteen
meals in a sample of Belgian students, future studre recommended to investigate whether
these findings hold equally in other European coemtand among non-student populations.
For example, the study by Moéser et al. (2010) okesbia difference in labelling preference
between Belgium and Germany. Whereas most consum&aslgium indicated a preference
for the GDA, in Germany the TL was favoured most.

The main strengths of this study pertain to itstadled setting and the large and relevant
sample. To our knowledge, it is the first studytthddresses preferences for simplified
nutrition labels in an OH setting which is becomingreasingly important as food choice

environment (Orfanos et al., 2007; Vandevijveralet2009). The focus on young adulthood
is justified by the increased recognition of thgearoup as a target for health promotion and
disease prevention since the majority of these gqeople have to start making food choices
for their own or for their young families (Nelsoha., 2008). The habits they develop at this
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stage in their lifecycle are possibly crucial foeir later personal and family life. The use of a
web-based survey is considered appropriate forcsputer literate population; apart from
the advantages of being cost effective, reducirgttiinaround time and enhancing survey
item completion rates are important assets of tethad (Schleyer & Forrest, 2000).

Nevertheless, the study also faces some limitatimhsch open up opportunities for further
research. Firstly, the study evaluated only twoesymf simplified nutrition labels in the
specific setting of canteens using one product é.standard pasta dish). Future research
could explore the valuation of other nutrition llbén a wider range of FAFH products,
different settings (e.g. fast food, workplace cant restaurants, hospitals, schools) and age
groups. A comparison between different productyiagrin perceived healthiness and degree
of familiarity would be interesting since diverseogucts may elicit different responses to
nutrition (Barreiro-Hurle et al., 2008; Grunert &Ny, 2007), e.g. some foods may rather be
chosen for satisfying a predominant nutrition metiwhereas others may rather be chosen to
satisfy hedonic motives. Also the setting of fodmwice might influence consumers’ response
to nutrition labelling (Kozup et al., 2003; Seymairal., 2004). As consumer organisations
are aiming at the same labelling scheme on prepafdasls, foods sold loose and foods sold
through catering outlets (BEUC, 2006), a comparigbtabelling format preferences across
these different settings would be desirable. Reggrthe selection of information attributes,
the choice design could include additional attéisutelated to the nutrients to be presented
and the reference quantity to be used. Previowgarels indicated that different nutrients are
not valued to the same extent (Balcombe et al.02Bbefkens et al., 2011b). As with other
nutrients there is still a lot of ongoing discussion whether the energy content should be
expressed in absolute terms or relative to recordexidaily intake, or whether it should be
expressed per serving or per 100 g (van Kleef.e2@D8). The inclusion of more attributes
could certainly add reality to the experiment, With a potential risk of preference elicitation
in a complex choice setting which can lead to lmaslicitation process. A third limitation
pertains to the possible presence of hypothetieal ue to the reliance on stated rather than
on revealed preferences for model estimation. Alystily Drichoutis et al. (2009) used
experimental auctions to assess whether consurare mutrition labels for FAFH products.
This method has the advantage that it is conductedd non-hypothetical context involving
real products, real money and a bidding technigompared to the CE approach. A
disadvantage of experimental auctions is the pt&tn of choice sets to existing products and
product attributes. Although several studies haported a good match between the results
obtained from choice experiments and actual belawo revealed preferences (Adamowicz
et al., 1998; Adamowicz et al., 1994; Adamowicalet 1997), non-hypothetical settings are
closer to the real living and choice environmeitrfg consumers.
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In conclusion, the presentation format of nutritimfiormation played a decisive role on
students’ valuation of nutrition labels for canteeeals. Individual variables such as students’
personal motivation and ability to process the nmfation and socio-demographic
characteristics contributed to the explanatiorhefdbserved differences in label preferences.
More detailed nutrition labels such as basic GDpetyof numerical information in
combination with interpretational visual aids ligirs or colour codes are proposed for future
use in university canteen settings. Although thpl@mentation of simplified nutrition labels
on FAFH may be a step in the desired direction ofanhealthy food choices, nutrition
labelling as such is unlikely to solve the problehoverweight and obesity. It should be seen
as one of the policy instruments to be used inipuiealth initiatives, programs and food-
related policies for combating obesity.
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General discussion and conclusions







General discussion and conclusions

The previous two parts have presented study-spdaifilings and discussed implications in

detail. This final part (Part 1V) provides a genediscussion of the main findings and

conclusions in light of the proposed conceptuamiaork presented in Chapter 1 (Part I).

The first section (9.1) recapitulates the reseapcbcedure and revisits the research
hypotheses outlined in Chapter 1 in response tadbearch objectives. The second section
(9.2) provides a general discussion of the maieaneh findings and their implications for the

food production and distribution sector, food seevior catering sector and public health
authorities. The third and final section (9.3) amkiedges the limitations of this doctoral

research and proposes perspectives for furtheandse

9.1 The research objectives and hypotheses reveit

The overall objective of this doctoral research weagnprove the understanding of the role of
information in consumers’ health-related food giyatierceptions and their food choices. A
better understanding of this quality perceptioncpss contributes to the development of
better nutrition and health communications and wsh shopefully to better informed and
healthier food choices and diets. Two case stud&® conducted to address the objective,
one dealing with organic vegetables, the other wthrition information on meals in
university canteens. Both case studies coveredfgpelements of the conceptual framework
using a multidisciplinary quantitative research ragh, i.e. a literature-based comparison of
nutrient and contaminant content data (Study lgrs¢ quantitative consumer surveys (Study
2, Study 4 pre-post), an intake assessment stutlydy(S3), and a web-based choice
experiment (Study 5). All studies were conducte#llanders, Belgium, among (young) adults
in the period of 2006-2010. Based on the concepfi@hework, four specific research
objectives (two objectives per case study) andteigbearch hypotheses were formulated,
which are discussed in the following subsections.

9.1.1 Exploring the gap between scientific eviden@nd consumer perception
regarding the nutritional value and safety of orgamc versus conventional vegetables

This first objective has been dealt with in thetfitwo chapters of Part Il. The science-based
evidence on differences in nutrient and contaminaohtent between organic and
conventional vegetables was covered in Chaptehi3. dhapter described the development of
detailed nutrient and contaminant databases fandcgand conventional vegetables as well
as the statistical results of the differences itriaat and contaminant content between both
cultivation methods (Study 1). Chapter 4 reportexhsumers’ perception towards the
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nutritional value and safety of organic versus @mional vegetables (Study 2) and discussed
the agreement between the facts and consumer piercep

Using the concepts of the framework in Chapter Haer 3 dealt with the objective quality
of vegetables including the product-oriented (ruiriand contaminant content) and process-
oriented quality (organic production), while Chaptereported on the subjective or perceived
guality of organic versus conventional vegetabBesth the nutrient and contaminant content,
and the cultivation method are intrinsic and credequality attributes. However, these
attributes are transformed into search attributdserwinformation is provided. Since
vegetables do not contain nutrition and contamamatnformation on pack provided they are
packed at all, the only information consumers may on when making food choices is
whether or not they have been grown organicallyo hiypotheses were drawn based on the
conceptual framework presented in Figure 1.3 (P. Eitst, consumers use the organic claim
as an extrinsic quality cue to assess the hedbiterk quality of vegetables. Second, the
objective health-related quality (i.e. nutritionalue and safety) does not match consumers’
perceived quality of vegetables.

The results of the profound literature-based comparin Chapter 3 revealed that the
scientific evidence up to 2009 could not univocaligte that organically grown vegetables are
healthier (i.e. richer in beneficial nutrients apdorer in harmful contaminants) than
conventionally grown vegetableBl1 partly confirmed). Inconsistent findings with respect
to differences in vitamins, minerals and benefigilytochemicals were found between
organic and conventional vegetables. Additiondtly generally higher contents of synthetic
pesticide residues and nitrates observed in theerdional food, were still far below the
statutory maximum amount and as such not posinghaaijth risk. Moreover no trend was
observed for the heavy metals (cadmium and ledw.fihding of no difference in nutritional
guality between organically and conventionally proed foods has recently been confirmed
by a systematic review (Dangour et al., 2009). Becodelated and place-related factors other
than the cultivation method (cf. Conceptual framgkyonay be more important determinants
of the highly variable nutrient and contaminant pasition of vegetables, for example the
cultivar of the vegetable, the quality of the eomment (air, water, soil, climate), pest and
disease incidence, and post-harvest practices glikage and home preparation) (Holden,
2002; Rembialkowska, 2007; Zhao et al., 2006).

Chapter 4 indicated that organic vegetables berfedin more favourable consumer

perceptions compared to conventional vegetabless@uoers perceived organic vegetables as
containing less contaminants and more nutrientsl as such, as being healthier than
conventional vegetables. The first hypothesis tlhasumers associate health-related qualities
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of vegetables with the organic claim is confirmét® (confirmed). Consumers considering
organic vegetables to be healthier than conventivegetables also perceived the organic
product as having less contaminants, more nutriemtesticide residues, less mycotoxins,
less harmful micro-organism and as being safersGmers gave relatively more credence to
the health benefit of less contaminants than tob#eefit of more nutrients. This finding
should not be surprising, given that unfavouralemunication related to food-health issues
weigh more heavily in consumers’ food consumptienisions than favourable news (Richey
et al., 1967; Verbeke & Viaene, 2001).

The results of the literature-based comparisonhef riutritional value and safety between
organic and conventional vegetables in Chaptergeth®r with the findings on consumer
perception of the health-related quality of orgac@empared to conventional vegetables in
Chapter 4 confirm the second hypothesis that thectie quality does not match consumers’
perceived qualityH3 confirmed). Available scientific evidence did not support nefute the
superior health-related quality of organic vegetaplbut consumers in general strongly
believed in the health advantage of organic ovewentional vegetables. The gap between
facts and perception appeared to be the largeshéhealth character, the nutritional value
and microbiological safety, which are the food a&spevith major inconsistent results. The
mismatch was also stronger with increasing age amigher consumption frequency, but
independent of gender, place of residence, educatm income level. Given the lack of
scientific evidence arguing in favour of organialile-related credence qualities, consumers
tend to form subjective quality expectations basedtereotypes, image transfer and emotion
instead of factual knowledge (Saher et al., 2006).

9.1.2 Investigating the influence of consumers’ héh-related perception of organic on
the consumption of vegetables

Chapter 5 of Part Il has addressed the secondtolgexf the first case study which relates to
the person-related factor of the conceptual frammkeylBigure 1.3, p. 11) and its influence on
perceived food quality, which in its turn is assuimie impact the food choice and dietary
intake. In Chapter 4 differences in consumers’ theadlated perception of organic versus
conventional vegetables were observed accordintpeoclaimed share of organic in total
claimed vegetable consumption. Chapter 5 aimedvestigate the influence of consuming
organic versus conventional vegetables on the entaknutrients and contaminants. The
results reported in Chapter 5 are based on th&antéssessment study (Study 3) which
combines the vegetable composition data compilestudy 1 and the vegetable consumption
data collected in Study 2. Two consumption scesasiere considered. In a first scenario the
intake of nutrients and contaminants were baseeéxisting vegetable consumption for the
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Belgian population (De Vriese et al., 2005) in artdefind out whether differences in nutrient

and contaminant content between organic and coivethtvegetables implied differences in

beneficial nutrient intakes and/or safety concdrasause of too high contaminant intakes.
The second scenario assumed a difference in consumfevel between organic and

conventional consumers and as such a differenceuinient and contaminant intake

depending on whether an organically or conventigrgabwn vegetable was consumed.

No implications for public health were found in batcenarios except for a too high nitrate
intake through the consumption of organic lettuseai small percentage of the Flemish
population.The general higher vegetable consumption of orgaampared to conventional
consumers was found to outweigh the role of pa¢dtfferences in nutrient and contaminant
content between organic and conventional vegetalriegShapter 4 an association was found
between the perceived added value for health adrocgelatively to conventional vegetables
and the organic consumption level. This findingsgether with the higher vegetable
consumption and consequently higher nutrient amdacoinant intakes of organic consumers
(Chapter 5), confirm the hypothesis that the peexifood quality is a better determinant of
food choice and dietary intake than the objectioedf quality H4 confirmed). The
significant higher consumption of vegetables in gheup of organic consumers is explained
by the different lifestyle organic consumers ofteve which involves vegetarianism, active
environmentalism, alternative medicine and/or pnéatve health actions (through diet)
(Cicia et al., 2002; Makatouni, 2002).

9.1.3 Evaluating the effectiveness of posting pouuf-purchase nutrition information in
university canteens on consumers’ meal choices andtrient intakes

Part Il of this doctoral dissertation has beenalett to the second case study of which
Chapter 6 and 7 dealt with the effectiveness otipgshutrition information in university
canteens in helping canteen customers to makehieafbod choices. With respect to this
specific objective, three hypotheses were drawmnfrtie conceptual framework. First,
canteen customers use the nutrition informatiomesls as an extrinsic quality cue to make
healthier meal choices leading to improved nutriatdkes. Second, the effectiveness of the
nutrition information in terms of improved meal ates and nutrient intakes depends on
whether the nutrition label is liked, understooce.(imatches the intended meaning) and
eventually used. In other words, a better matcivéen objective and perceived nutritional
quality of meals is obtained if the scientificalgubstantiated nutrition label is liked,
understood and eventually used. Third, the effectss of the nutrition labelling depends on
person-related factors such as socio-demograplaiacteristics, diet-health awareness, food
choice motives, motivation to change diet and #neell of objective nutrition knowledge.
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Both Chapter 6 and 7 were based on the one-gratpgtfposttest intervention study (Study
4) including three-day food and physical activigcords and quantitative consumer surveys
completed at baseline (2008) and follow-up (2009).

The overall effect of the intervention study prdsenin Chapter 6 revealed that posting
nutrition information about canteen meals did mopliove canteen customers’ meal choice
and nutrient intake. Given that the rating systemdeulying the nutrition label had a good
discriminative power, the ineffectiveness of therition-information intervention could only
be attributed to the fact that the label was gdlyenat (effectively) used by the participants
(H5 rejected). The nutritional quality of the meal choice wasgely determined by the
quality of the total meal offer which met the calesied meal recommendations of energy,
saturated fat, sodium and vegetable only in abBubbthe cases. Moreover, participants did
not compensate for their meal choice later durivegday.

In Chapter 7 an explanation for the ineffectivenesshe nutrition-information intervention
was sought in consumers’ processing of the lalgelhformation starting with the perception
of the nutrition label (i.e. extrinsic quality cuelf perceived, it was hypothesized that
participants who understand and like the nutritioformation, will be more likely to
(effectively) use the information, will then incesatheir subjective knowledge about how to
evaluate the healthiness of a food, leading to eerpositive attitude towards healthy canteen
meals and ultimately to a healthier meal choicee Tésults obtained through a structural
equation modelling analysis confirmed partly the@diphesized hierarchical model for certain
subgroups of participants onlif§ partly confirmed). Consumers needed to be motivated to
change their diet and to have sufficient objectwgrition knowledge in order to maintain a
recommended energy intake from canteen meals teanh to a decrease in energy intake
(H7a confirmed). Strong associations were found between likind) ase of the label, liking
of the label and change in attitude, and use ofldbel and change in attitude. Although
consumers’ motivation to change diet was primord@l be affected by the nutrition-
information intervention to a certain extent, addasvel of objective nutrition knowledge
seemed necessary to turn one’s objective understand the label into effective use of the
label.

In Chapter 6 some additional person-related fact@i® investigated which were assumed to
impact the effectiveness of the intervention. Tkpeeted trade-off between health (credence
guality aspect) and sensory motives (experiencetitgaspect) in making meal choices in
the canteen could not be confirmed, as well asitifleence of consumers’ diet-health
awareness. Also the socio-demographic characterigénder and age did not influence the
impact of the nutrition-information interventionafcipants with stronger health and weight-
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control motives were more likely to choose a recanded meal. Furthermore, participants
being more open to change and as such being Iss&ted to familiar meal choices were
also more likely to follow the meal recommendatioAs such, the hypothesis of differences
in intervention effectiveness according to perselated factors can be partly confirmétirp
partly confirmed).

9.1.4 Identifying and understanding consumer prefeznces for alternative nutrition
labels on canteen meals

The fourth and final objective based on the coneapframework was to evaluate the
influence of information characteristics (i.e. sliopy, completeness, and (lack of)
coerciveness) and person-related factors on condaive preferences (Chapter 8). Chapter 7
already indicated that individual differences intivation and objective nutrition knowledge
moderated the effectiveness of the nutrition-infation intervention. In Chapter 8 an
additional explanation was sought in the charasties of the information implemented. The
results of the structural equation model in Chagtalready highlighted the importance of
consumer liking of the nutrition label as a prediadf label use. Consumer label preferences
were analyzed using a web-based choice expering&ody 5) in which consumers were
asked to choose between label formats includingrinétion on guideline daily amounts
(GDA) and/or star-rating information next to theicpt Participants generally valued the
presence of nutrition labels on canteen meals &odvesd a preference for more detailed
formats. However, indications of information overdband information insufficiency were
observed with increasing detailed information ainap$e (or basic) information, respectively.
Differences in label preferences were found acogrdio participants’ preference for
simplicity and/or completeness of information burevindependent of a dislike to be directed
to certain choicesH8a partly confirmed). Participants’ understanding of the different
nutrition concepts (GDA, star rating) appearedrfbuence their label preference as well.
Regarding the person-related factors, a highervatiin to process the nutrition information
on canteen meals was associated with a more pos#ivation of both detailed label formats
and a more negative valuation of the basic stamgdtbel. A preference for basic versus
detailed GDA information was found according to den while the age affected the
valuation of detailed GDA and star-rating inforneati This confirms the hypothesis that
person-related factors influence consumer labefepraces Ki8b confirmed). Although
individual differences in label preferences are nmekledged, the results of the choice
experiment among university students suggest atioattabel for canteen meals containing
the energy content relatively to the GDA in combimra with familiar interpretational visual
aids like stars and colour codes. This label forrmgiroposed as extrinsic quality cue to be
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used by university students to assess the nuitiqoality of meals with the potential to
improve their meal choice and nutrient intake.

9.2 General discussion and societal implications

Health-related food qualities — a key priority food and public health policy — have become
of increasing importance for consumer food choige tb the increased public awareness of
the diet-health relationship. The rising prevalenteliet-related non-communicable chronic
diseases however, suggests that consumers encaliffi@rlties in making healthier food
choices. An important bottleneck is the credenaeastteristic of the healthiness of a food for
which consumers rely on various nutrition and leatimmunication. Without clear, concise
and informative communication, information asymmetretween consumers and other
stakeholders (food industry, public health authesit researchers) will remain. In order to
develop better consumer communication, understgntifia role of information in the way
consumers perceive food-health qualities and maked thoices is essential. In this regard,
presented doctoral research has provided new itissiphmeans of two highly topical cases,
I.e. on organic and out-of-home (OH) foods. Basedhe results of both case studies, several
suggestions for improved consumer communicatiompegsented.

From a scientific perspective, organic labelling ¥egetablesGase study ) appears to fail
as a health-related quality cue because of therlymgp scientific evidence being mostly
inconclusive. Where science is more undecided,wuaBs perception is more often based on
non-factual information, in this case mostly of amg food proponents. Their influence on
media to promote organic food and this often atekgense of conventional food seems to
greatly affect consumer perception which, basedhenconsumer survey, was found to be
clearly in the advantage of organic. This is expdi by the fact that consumers attach much
more importance to unfavourable information in foatecisions. An example of
misinformation introduced in the media was theestant that moving to organic food is like
“eating an extra portion of fruit and vegetablegrgvday” resulting in messages of “four a
day” can suffice instead of the recommended “fiiag’ (Rosen, 2010).

To overcome misleading consumer communication déggrorganic foods, an evaluation
and approval process of organic claims similahtd of nutrition and health claims under the
EU regulation (EC Regulation 1924/2006) is suggesté&urthermore, given the
inconclusiveness of current scientific evidenceblipuhealth authorities are proposed to
further stimulate vegetable consumption in genaradl to educate consumers about the
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beneficial effects of consuming a recommended @orof vegetables per day without
differentiating between the organic or conventiowaigin of the vegetable. From the

perspective of the organic vegetable sector, etipipipropositions in their product

positioning and communication strategies that ae fally scientifically sound should be

avoided. A better communication strategy would dedpitalise rather on emotional value
than providing rational argumentation for the cleoid organic vegetables. “Organic” should
be considered as a process claim, indicating teswoers that a product was produced
according to the organic regulation (EC Regula®®4/2007), rather than a product claim
(including nutrition and health claims). Finallyrther intervention research is required to
strengthen scientific evidence about the addedevafuorganic vegetable consumption for
health to enable consumers to make decisions lmsedrrect and objective information.

Even when consumer communication is science basedned food choices cannot be taken
for granted, which is illustrated in the secondecagidy dealing with nutrition labelling of
canteen mealgCase study 2. Person-, information- and product-related factoave shown
to influence the effectiveness of the nutritioneimhation intervention in university canteens.
Implications for the food service or catering, fomducer and public health authorities are
discussed.

First, although consumers reported to attach gngabrtance to the nutritional value of foods
in food choices in general (Chapter 2) and to haveortant health and nutrition motives
when choosing a meal in a canteen (Chapter 6),gtiélacked motivation and knowledge to
actually choose healthier foods and change thetinggabehaviour. An improved
communication strategy would be to use both a genautrition label and specifically
tailored or personalized information to consumearticularly to younger consumers. As
generic labelling approach, presented doctoralrebeproposes a combination of simple and
more detailed information on canteen meals suchumserical information on the energy
content and an overall appreciation of the nutmaioquality using familiar visual aids like
stars and colour codes. The provision of too murchplstic and too much detailed
information should be avoided, since it standsa risk of information insufficiency and
information overload leading to further confusiomdaignorance of the information by the
majority of consumers. Interactive personalizediiah communication through the internet
and emerging social media on trendy electronic rmédion vehicles is suggested as a
promising way to address personal relevance, fiigyiland active participation (Bouwman et
al., 2005; Brennan et al., 2010; Normand & Osbo204,0). In order to put this approach into
practice, more insights into the interaction betveeatrition and human genetics as well as
the social acceptance of personalized nutritionraamication will be required. Our research
has already indicated that more directive labeth ss a star rating and indications of nutrient
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contents in a red font followed by an exclamatioarknare generally liked by university
students. A potential barrier of this tailored agwh could be the bias of commercial
nutrition related websites that lack scientificdas

With respect to the meal offer in university cantgecaterers are recommended to invest time
and effort to create a healthy eating environm@&he catering sector should recognize their
role in the promotion and facilitation of healthyofl choices. Careful menu planning should
be guaranteed to ensure nutrition adequacy andstensy with dietary guidelines without
compromising the taste. Our research has indidhtedhe sensory aspects are major motives
for choosing a meal next to the price and healtberaChanges in the food supply does not
only concern the caterer but also the food produagrich may have to reformulate their food
products. For both food producers and caterersyigirg nutrition information and
producing/serving healthy foods which are necestaryonsumers to make informed and
healthier food choices, is a way to demonstratedgamrporate social responsibility and to
differentiate themselves from competitors.

Finally, public health authorities are encourageaat only educate end consumers, but also
food producers and caterers about the importandeealthy foods in OH settings. Further
emphasis should be placed on social responsilitity collective action to make the healthy
choice the easy choice. The catering sector shHmilthore engaged in strategies for healthier
eating out in Europe (Lachat et al., 2010). By tatyog nutrition and health communication,
food reformulation and innovation by food producghsuld be stimulated (Vyth et al., 2010;
Young & Swinburn, 2002). Additionally, food and htbapolicies with regard to nutrition
communication should be, as much as possible, stemsifor prepacked foods, foods sold
loose and in catering outlets in order to contebwd consumers’ awareness of the
communication and strengthen its impact in the l@nm.

9.3 Limitations and future research perspectives

The results of this doctoral research contributepartantly to nutrition and health
communication through a better understanding ofrtdie of information in health-related
food quality perceptions and food choices. Nevéeg the choice for a specific research
design and methodology has imposed some limitatmmghis research, which open up
opportunities for further research. Limitations dotlre research perspectives are organised
according to the main influencing factors includedhe conceptual framework, i.e. related to
the person, product, place or environment, andmdébion (Figure 9.1).
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Person.A first limitation pertains to participant recruigmt, notably the use of convenience
sampling methods. As a result, the research firgdinged to be interpreted within their
specific sampling frame, and extrapolation to otip@pulations remains to be further
validated. The sample of the consumer survey onhtadth-related perception of organic
compared to conventional vegetables was charaetehy an overrepresentation of higher
educated adults (Study 3), while the sample invleestudies of the second case study (Study
4 & 5) consisted of mainly undergraduate universitydents. Future research could repeat
presented studies among less educated consumgsgand other age groups such as children
and elderly for whom health communication and clranglietary behaviour are assumed to
be even more challenging. The higher level of etiocaamong the participants of the
different studies in this doctoral research madeube of web-based surveys possible which
allowed collecting a substantial amount of goodliudata in a relatively short time notice
against low costs (Schleyer & Forrest, 2000). Wihensidering less educated consumer
segments and other age groups, other ways of asheriimg questionnaires as well as the
clarity and length of the questionnaire will needoe taken into consideration. However, the
ideal questionnaire length may be very differentwieen individuals depending on, for
example, their interest and involvement in the aede topic, their expectations about the
duration of the questionnaire, the number of cdstadth the questioner and the use of
incentives (Galesic, 2002). Important feedback bas¢ aspects can be obtained from
pretesting the questionnaire with a conveniencepsamf the target population. The larger
proportion of female participants in the variousdss corresponds with the finding that
women show greater interest in diet and healtresswt again limits generalization to a more
general population (Wardle et al., 2004). By rejpgathe studies on a larger scale, i.e. with a
higher number of participants from different soemnomic backgrounds in a variety of
geographical locations, a better identification aadgeting of the information needs of
different market segments will be possible.

EnvironmentAll presented research is limited to Flandersgimh (with the exception of the
introductory Chapter 2). However, nutrition and lleaommunication does not stop with
regional borders, and its potential role in stimiainformed and healthier food choices is a
global matter in today’s society with escalatingyalence of diet-related non-communicable
chronic diseases. Chapter 2 indicate that Europeasumers in general report to attach high
importance to the nutritional value of foods in doohoices, though the way information
about these nutrients should preferably be predentay significantly differ between
European countries (Moser et al., 2010). A comparlsetween European countries regarding
the effectiveness of information in terms of hea#lated quality perceptions and food
choices is recommended for future research. Bek&leountry also the setting of food choice
might influence consumers’ response to informai{eymour et al.,, 2004). As consumer
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organisations are aiming at a similar nutritioneldibhg scheme on prepacked foods, foods
sold loose and foods sold through catering ou{BESJC, 2005), a comparison of consumer
label preferences across these different settingsldvbe desirable. Moreover, other OH
settings than university canteens should be coresidsuch as worksite canteens, schools,
hospitals, and restaurants. Within a same settirggsocial environment in which consumers
make food choices should be taken into consideraiio future research since the
effectiveness of health communication does not meelely on individual responsibility but
also on the support of the environment (Vaandrageal., 1993). For young adults, the
presence of peers might have a rather negativgeinéle on their food choice behaviour which
may explain the lack of effectiveness of nutritiofermation interventions.

ENVIRONMENT

Expansion to other
sectors, settings and

including social
networks

PERSON

Expansion to other
consumer segments

Health-related consumer
communication
as presented in this
dissertation

INFORMATION

Expansion to other
information media,
messages and
information
presentations

PRODUCT

Expansion to other
products

Figure 9.1 Future research perspectives

Product. Different products and product groups varying imcee/ed healthiness may elicit

different consumer responses (Grunert & Wills, 200he first case study was limited to

vegetables which have a general healthy imagea# found that organic vegetables clearly
benefit from favourable health-related perceptiomsch are even more pronounced among
consumers of organic vegetables, resulting in &drigegetable consumption (Chapters 4 &
5). With respect to the problem of overweight amesty, an important question to ask is
whether the same reasoning goes for less healttdsfdo consumers eat more of organic
foods compared to conventional foods in generat@o&nt experimental study on cookies and
desserts confirmed this assumption (Schuldt & Schw2010). Future research will need to
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investigate the effect of the organic claim on attaonsumption behaviour but these
preliminary insights already indicate the need doicate consumers about the meaning of
“organic”. A shortcoming of the nutrition-informat intervention described in the second
case study was the small proportion of canteen sriegihg offered that complied with the
recommendations (or three-star meals). Takingactmunt that the sensory aspects are major
motives for students to choose a meal in universatyteens, a similar nutrition-information
intervention as presented in this doctoral dissertawith an intrinsically healthier and
equally tasteful meal offer could be recommendeduture research.

Information The fact that a higher health-related quality doganic cannot be scientifically
substantiated, has an important influence on cosessinperception of organic versus
conventional vegetables. To reduce information asgtny and to enable consumers to make
food decisions based on correct and objective inédion, more well-controlled studies
comparing the nutrient and contaminant contentrgic and conventional foods (i.e. paired
studies) as well as animal and human interventiodies are required. Provided that nutrition
communication is trustworthy (i.e. scientificallpisid and communicated by a trustworthy
information source), it still needs to be used bgsumers. The nutrition label implemented in
the intervention study (Study 4) appeared not taused by the majority of the participants
primarily because they did neither like nor disltke label. Further research is recommended
to evaluate the effect of the more preferred ladmglformats as identified in the choice
experiment (Study 5). However, provided that ddferes between individuals in their
motivation to change diet and objective nutritionowledge moderates the effect of the
nutrition-information intervention on food choices;one-fit-all” nutrition label is impossible
to find. In order to be more responsive to constsriaformation needs and interests; more
personalized, interactive and persuasive commuaitaf nutrition information in addition to
nutrition labelling will need to be considered iatdre nutrition-information intervention
studies. Regarding the content of the informateobetter balance between disqualifying and
qualifying nutrients/foods in communication straésgis recommended (Chapter 2). Also the
way the information is framed has undoubtedly ailuémce on the effectiveness of the
information (Levin et al., 1998). The same accodatsthe formulation of the questions in
consumer surveys. Future research could investlygateconsumers’ label preferences differ
between alternative framings of nutrition infornaattion labels.

Health-related food quality perceptions are cordilyuevolving in response to changing
lifestyles, emerging innovations, demographic etiohs, media agenda, changes in
knowledge, and so on. Although the trend for orgdoi example is still mainly the result of
concerns for human health rather than for the enwnent, environmental and ethical
concerns become the longer the more importantnswoers when choosing foods (Verbeke
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et al., 2008b). Consumer expectations for a mdreiait use of natural resources to protect
the environment makes environmentally sustainabtal fproduction and green marketing
highly topical consumer issues. Future researchnegid to take this evolution into account
when studying health-related food quality percemiand their impact on food choices.

To end, a major strength of this doctoral reseaschundoubtedly the combination of

methodologies from two disciplines, food nutritisnience and consumer science. Similar
interdisciplinary approaches to food choice arehlyigecommended in future food-health

research (Grunert, 2003).
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Appendix Il: Complete scales and scale items useQliapters 6, 7, 8)

. ~ Chapter

Construct and items Scale Reference6 =78
Diet-health awareness 7- point Likert scale  Ragaert et alx
- | feel to eat healthier now as compared to thrée= Totally disagree (2004)

years ago* 4 = Neither agree,
- | feel to have control over my own health* orumlisagree
- Food plays an important role for keeping me= Totally agree

in good health
- I know which food is healthy for me
- My health is determined by the food | eat
Intention to change diet in the next 6 months  7-point interval scale  Ajzen (2002) x x
- | plan to eat more healthy 1 = Very unlikely
- | expect to eat more healthy 7 = Very likely
- Il desire to eat more healthy
- lintend to eat more healthy
- | want to eat more healthy
Objective nutrition knowledge True/False Grunert et alx | x

Health experts generally recommend that we (2010)
should try to avoid/eat less/eat about the same/eat
more/try to maximize/No idea

- Fat

- Polyunsaturated fats

- Energy

- Sodium

- Saturated fat

- Omega-3 fatty acids

- Salt

- Trans fat

- Sugar

- Omega-6 fatty acids

- Fibre

- Monounsaturated fat

* item removed after reliability testing
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. Chapter
Construct and items Scale Referenc

6 7 8

Obijective nutrition knowledge (continued) True/False Grunert et alx @ x
Health experts generally recommend that we (2010)
should try to avoid/have a little/have some/ have

a lot/try to maximize/No idea

- Fruits and vegetables

- Starchy foods (bread, rice, pasta, potatoes)

- Protein sources (meat, fish, eggs, beans)

- Milk and dairy products

- Food and drinks that are high in fat

- Food and drinks that are high in sugar

- Food and drinks that are high in salt

Food choice motives 7-point interval scale  Steptoe et ak
It is important to me that the meal | choose in a 1 = Not at all (1995)
canteen... important
Factor 1: Health 4 = Neutral

- ... is healthy 7 = Very important
- ... Is nutritious

- ... contains a lot of vitamins and minerals

Factor 2: Weight control

- ...islow in energy

- ...islowin fat

Factor 3: Sensory appeal

- ... tastes good

- ... smells nice

- ... looks nice

- ... has a pleasant mouth feeling

Factor 4: Price

- ... is not expensive

- ...ischeap

- ... is good value for money

Factor 5: Familiarity

- ... iswhat | usually eat

- ... Is familiar to me

Items loading on different factors*

- ...islowin salt

- ... Is good for my physical and mental health

- ... Iis quickly served

- ... Is easily available

- ... is new on the menu

* jtems removed
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. Chapter
Construct and items Scale Refere cg =78

Objective understanding of label True/False X X

In your opinion, which of the following definitiag correct

for the star label? (multiple answers possible)

- The star label is a tool for making the healthrastl
choice available in the university restaurant

- The star label is an indication of the best me&bop
per major meal component (meat, fish, vegetarian)

- The star label is a guideline to guarantee a
recommended daily intake of nutrients

- The star label is a tool for making healthy menoicés
per major meal component (meat, fish, vegetarian)

- The star label is a guideline to avoid unhealthylme
choices

What do you understand by above star labels?

Label A: * * salt! Label B: * *Vegetable!
Label C: * * Calories! | LabelD: * * Saturates!
Label E: *Calories! Salt! Label F: * * *

- Meals with labels A, B, C, D are equally healthgept
that the cause of the lower number of stars i®afit

- The meal with label F is the healthiest meal choice

- The meal with label E is as healthy as the meats wi
labels A and C

- The meal with label A is less healthy than the mati
label F

- The meal with label E is less healthy than the gt
label F

- The meal with label A contains too much salt

- The meal with label B contains enough vegetables

- The meal with label C contains not enough energy
- The meal with label D contains not enough saturted
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. Chapter

Construct and items Scale Reference ARAL
Subjective understanding of label 7- point Likert scale  Obayashietal. x
- The star label is hard to interpret 1 = Totallyadjsee  (2003)
- The information on the star label is hard to 4 = Neither agree,

extract nor disagree
- The star label is difficult to understand 7 = Totally agree
Liking of label 7-point interval scale  Almanza anc X
- (Do) like 1 = Totally not Hsieh (1995),
- Attractive 7 = Very (much) Feunekes et al.
- Interesting (2008)
Use of label 7-point interval scale  Fitzgerald et X
- To make your meal choice 1 = Never al. (2008)
- To choose the healthiest meal 4 = Sometimes
- To avoid meals containing too much energy 7 wals
- To avoid meals containing too much saturated

fat
- To avoid meals containing too much sodium
(salt)

Subjective knowledge 7- point Likert scale  Pieniak (2008) X
- My friends consider me as an expert in 1 = Totally disagree

healthy foods 4 = Neither agree,
- I have a lot of knowledge about how to nor disagree

prepare a healthy meal 7 = Totally agree
- I know which food is healthy for me
- | have a lot of knowledge about how to

evaluate the nutritional value of food
Desire for simplicity: inversed scale of Need 7- point Likert scale Cacioppo et X
for Cognition 1 = Totally disagree al.(1984)
-l would rather do something requiring less 4 = Neither agree,

thought than something that challenges my  nor disagree

thinking abilities 7 = Totally agree
-l do not like to have the responsibility of

handling a situation that requires a lot of

thinking
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_ - Chapter
Construct and items Scale Reference
6.7 8
Desire for simplicity: inversed scale of Need 7- point Likert scale Cacioppo et X
for Cognition (continued) 1 = Totally disagree al. (1984)
- ltry to anticipate and avoid situations where ¥ = Neither agree,
will be likely to have to think in depth about nor disagree
something 7 = Totally agree
- Thinking is not my idea of fun
Desire for full information 7- point Likert scale  Verbeke et X
- If there was a computer in the university 1 = Totally disagree al. (2008a)
restaurant that could supply me with more 4 = Neither agree,
nutrition information about the meals, | would  nor disagree
use it 7 = Totally agree
- If there was a code on the meals in the
university restaurant that | could use to get
more nutrition information through internet, |
would use it at home
- If there were labels on the meals in the
university restaurant that | could use to get
more nutrition information, | would use it
- lam willing to pay more in the university
restaurant for a meal that has more
documentation
- ltis important for me to have direct access to
as much nutrition information as possible
about the meals in the university restaurant
Desire for not being coerced into particular 7- point Likert scale Cotte et al. X
food choices 1 = Totally disagree (2005)
- Nutrition information on a food label that tries4 = Neither agree,
to persuade people seems acceptable fo me nor disagree
- Nutrition information on a food label that tries7 = Totally agree
to influence people seems acceptable tB me
- 1 'do not mind nutrition information on a food
label that tries to be persuasive without being
excessively influenciriy
- lam annoyed by nutrition information on a
food label that tries to manage/control people

Ritem reversed for analysis
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Chapter

Construct and items Scale Referenc
6 7 8
Objective understanding of GDA label True/false Grunert et al. X
(2010)
Calories © Sugar Fat " Saturates Salt
105kal 26.59 0.0g 0.0g9 0.0g
5% 29% _ 0% 0% 0%
- The GDA of sugars is 26.5 g
- Around 26.5 servings of a glass of Regular
Cola (250 ml) would contain my total GDA
for the day
- A glass of Regular Cola (250ml) contains 26.5
g of sugars
- 26.5% of a glass of Regular Cola (250ml) is
sugar
- A glass of Regular Cola (250ml) contains
26.5% of my GDA of sugar
Motivation to process nutrition information 7- point Likert scale Keller et al. X
about canteen meals 1 = Totally disagree (1997),
- lwould like to receive nutrition information 4 = Neither agree,  Moorman
about the meals in the university restaurant nor disagree (1990)

- If there were labels on the meals in the 7 = Totally agree
university restaurant that | could use to get
more nutrition information, | would pay
attention to it
- ltis important to me that nutrition information
is available about the meals in the university
restaurant
- If there were labels on the meals in the
university restaurant that | could use to get
more nutrition information, | would use it
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Summary

Due to consumers’ increased health concerns anceaess of the relationship between diet
and health, health-related food quality aspect® lmacome of increasing importance in their
food choices. From a consumer perspective, theteshted quality of a food refers to the
nutritional value and safety of foods. The risingyalence of diet-related non-communicable
chronic diseases suggests that many consumersiengeerdifficulties in making healthier
food choices. A major barrier is the fact that aomers may not perceive the healthiness of
foods either before nor after consumption, but thegd to infer it from various information
(or quality cues). To improve nutrition and heattbmmunication and as such hopefully
consumers’ food choices, thorough insights are sg&ug in the role of information in how
consumers perceive the health-related qualityfobd and make food choices. In this regard,
the overall objective of this doctoral dissertatiwas to evaluate whether extrinsic quality
cues have scientifically desired effects on consahealth-related food quality perceptions
and food choices. This doctoral research includenl ¢ase studies: one covering organic
production as a quality cue for vegetables, therottutrition information on canteen meals.
Both primary and secondary data were collectedvie independent studies conducted in
Flanders, Belgium, among (young) adults in thequeof 2006-2010. The main findings for
the four research objectives of this research arsgnted:

The first objective consisted of exploring the dpgtween scientific evidence and consumers’
perception regarding the nutritional value and tyafef organic versus conventional
vegetables. The profound meta-analysis revealddthanic vegetables are not healthier than
the conventional alternative. Inconsistent findinggh respect to differences in nutrient
content were found between the organic and cormeaitfood. The generally higher contents
of pesticide residues and nitrates in the convaeatidood remained far below the statutory
maximum amounts. Consumers, however, generally ep@d organic vegetables as
containing less contaminants and more nutrientd,thas being healthier than conventional
vegetables. The gap between facts and consumesptienrts was the largest for the health
character, nutritional value and microbial safedgpecially among older consumers with
children and heavy users of organic vegetables.

The second objective pertained to the influencearfsumers’ health-related perception of
organic on the consumption of vegetables. Consumeose favourable perception of the

health-related quality of organic compared to comemal vegetables was associated with a
higher vegetable consumption among consumers @nargregetables. A higher vegetable
consumption means a higher intake of nutrients af s contaminants. As such, the
consumption pattern was found to be more importhan differences in nutrient and

contaminant content between organic and converti@getables.
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The third objective was to evaluate the effectiwsnef posting point-of-purchase nutrition

information in university canteens in improving rhelaoices and nutrient intakes. In general,
the intervention did not improve students’ canteeeal choice and nutrient intake. The

nutritional value of the meal choices were far froacommended. The healthiest choices
were made by students with higher objective notmitnowledge, stronger health and weight-
control motives, and a higher openness to changd cmices at baseline. Those liking the
nutrition label more, declared to use the labelenaiten and were more likely to positively

change their attitude towards healthy meals. Mtabweto change diet and sufficient objective

nutrition knowledge were required for effective daluse and to maintain or improve the
energy intake from meals. Future nutrition-inforrmaatinterventions in canteens may be more
effective with a healthier meal supply and a latbedt is generally liked by the target

population in combination with nutrition education.

As a fourth objective, consumer preferences fara#tive formats of nutrition information in
university canteens were identified and explairetidents valued the presence of nutrition
labels on canteen meals and showed a preferencedi@ detailed information. Provision of
too detailed and too simplistic nutrition inforn@ati resulted in information overload and
information insufficiency, respectively. Ability dmqmotivation to process information as well
as socio-demographics contributed to the explanadiothe observed differences in label
preferences. A nutrition label providing the eneapntent relatively to its guideline daily
amount together with an overall appreciation of tia&itional quality of the meal by means
of familiar interpretational aids such as stars aalbur codes is proposed for future use in
university canteens.

In conclusion, the studied quality cues (among mather) are not very successful in

correctly informing consumers about the healthteglaquality of foods and in improving

their food choices. From a scientific perspectives organic claim for vegetables seems to
fail due to a lack of underlying scientific evidencWhere science is more undecided,
consumer perceptions are more often based on stpeso image transfer and emotion
instead of factual knowledge. As long as thereoiscientific evidence about the added value
of organic vegetable consumption for health, anuaten and approval process of organic
claims similar to that of nutrition and health ofai is suggested to avoid misleading
consumer communication. Even when consumer comratioicis science based like in the
second case study, informed food choices canntdksn for granted. Person-, information-
and product-related factors have shown to influetite effectiveness of the nutrition-

information intervention in university canteens.eThmplications for nutrition and health

communication are that the audience needs to berhetderstood, segmented, identified and
targeted. An improved communication strategy wdagdo use both a generic nutrition label
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and specifically tailored information to consumers. Also other strategies than consumer
communication such as environmental strategies addressing the availability of healthy and
tasteful food products, should be considered if consumers are to be stimulated to make better
informed and healthier food choices in the future.
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Samenvatting

Door een toegenomen bewustwording van de relasisetu voeding en gezondheid vinden
consumenten gezondheidsgerelateerde voedselkiwszgpecten alsmaar belangrijker bij het
maken van voedingskeuzes. Consumenten beschouwearedigswaarde en veiligheid van
voedingsmiddelen als de voornaamste gezondheidateale kwaliteitsaspecten. De steeds
toenemende prevalentie van voedingsgerelateerdenisbhe ziekten wijst erop dat een
belangrijke groep van consumenten moeilijikhedeneonddt bij het maken van gezondere
voedingskeuzes. Het belangrijkste probleem hierb§ dat consumenten de
gezondheidswaarde van een voedingsmiddel voor nacbonsumptie kunnen ervaren. Zij
dienen zich hiervoor te baseren op beschikbargnrdte (of kwaliteitsindicatoren). Kennis
van de rol van informatie in de manier waarop comsuien de gezondheidsgerelateerde
kwaliteit van een voedingsmiddel ervaren is noodfigkkom communicatie over voeding en
gezondheid en bijgevolg de keuze van consumentegarbeteren. De algemene doelstelling
van dit doctoraat was na te gaan of kwaliteitsiatticen het gewenste effect hebben op
gezondheidsgerelateerde kwaliteitspercepties ernelsewan consumenten inzake voeding. Dit
doctoraatsonderzoek bestond uit twee gevalsstudigeserste betrof de biologische productie
als kwaliteitsindicator voor groenten en de tweedatritionele informatie voor
kantinemaaltijden. Zowel primaire als secundairgeyens werden verzameld in het kader
van vijf onafhankelijke studies in Vlaanderen, Bé)doij (jong) volwassenen in de periode
2006-2010. De hoofdbevindingen bij elk van de varderzoeksdoelstellingen worden
hieronder samengevat.

Als eerste doelstelling werd de kloof tussen deemsthappelijke feiten en de perceptie van
de consument inzake de voedingswaarde en veiligherd biologische versus gangbare
groenten onderzocht. De uitgebreide meta-analysed® aan dat biologische groenten niet
gezonder zijn dan de gangbare variant. Op basis dearbeschikbare wetenschappelijke
literatuur kon niet eenduidig worden besloten dat beter scoort. Afhankelijk van het
beschouwde nutriént en de beschouwde groente scbadsoms beter en soms slechter dan
het gangbare product. De algemeen hogere gehatepesticide residu’s en nitraten in de
gangbare groente bleef onder de maximum toegelameveelheid. De consumenten
percipieerden biologische groenten als zijnde aimepntaminanten en rijker aan nutriénten
en bijgevolg gezonder dan gangbare groenten. Def kissen wetenschappelijke feiten en
consumentenpercepties was het meest uitgesprokeor e gezondheidswaarde,
voedingswaarde en de microbiologische kwaliteitdgnvooral bij oudere consumenten met
kinderen erheavy usersan biologische groenten.

De tweede doelsteling bestond erin na te gaan wat invioed is van de
gezondheidsgerelateerde perceptie van bio op deungstie van biologische groenten. De
positievere perceptie van de gezondheidsgerela&desdliteit van biologische groenten in
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vergelijking met gangbare groenten resulteerde @m éogere groenteconsumptie Dbij

consumenten van biologische groenten. Een hogeentgconsumptie betekent een hogere
inname van nutriénten en contaminanten. Bijgevatgdwhet consumptiepatroon belangrijker

bevonden dan mogelijke verschillen in het gehatte autriénten en contaminanten tussen
biologische en gangbare groenten.

Als derde doelstelling werd vooropgesteld om de ltoefeendheid te evalueren van
nutritionele informatie in universiteitskantines tnaés doel de maaltijdkeuze en inname van
nutriénten te verbeteren. Over het algemeen blegktdrventie geen effect te hebben op de
maaltijdkeuze van studenten en de inname van nt#né De voedingswaarde van de
maaltijdkeuze kwam niet overeen met de aanbeveleggezondste keuzes werden gemaakt
door studenten met een hogere objectieve kenniswmazrling en door studenten die meer
begaan waren met hun gezondheid en gewicht, en opegristonden voor een verandering
van maaltijdkeuze. Diegenen die het voedingslabetrakkelijker vonden, gaven aan dat ze
het label vaker gebruikten en waren meer geneigdhwmhouding ten aanzien van gezonde
maaltijden in positieve zin te veranderen. Motigaim het voedingspatroon te veranderen en
voldoende objectieve kennis over voeding waren iserepdat het label effectief werd
gebruikt om de energie-inname te verminderen dieteouden in het geval deze goed was.
Toekomstige interventies die gebruik maken vanitaele informatie worden verwacht
doeltreffender te zijn indien een gezonder maal#ijtbod voorhanden is, een label gebruikt
wordt dat algemeen aantrekkelijk wordt bevondenrduoet doelpubliek en gecombineerd
wordt met voedingsvoorlichting.

De vierde doelstelling bestond erin de voorkeur eamsumenten voor alternatieve weergave
van nutritionele informatie te identificeren en verklaren. Studenten apprecieerden de
beschikbaarheid van nutritionele informatie voontkeemaaltijden en hadden een voorkeur
voor meer gedetailleerde informatie. Het voorziean vte gedetailleerde nutritionele
informatie alsook te vereenvoudigde informatie itegude in indicaties van, respectievelijk,
verzadiging van informatie en een tekort aan infiien Het vermogen en de motivatie om
informatie te verwerken alsook socio-demografiskéiemerken droegen bij tot de verklaring
van verschillen in voorkeuren voor de voorstellingn nutritionele informatie. Er wordt
aangeraden aan universiteitskantines om in de toskogebruik te maken van een
voedingslabel met informatie over de energiewaatele opzichte van de dagelijkse
voedingsrichtlijn en een algemene appreciatie vamutritionele kwaliteit van de maaltijd
door middel van eenvoudig interpreteerbare stezrekieurencodes.

Ten slotte, de kwaliteitsindicatoren die in dit thbaatsonderzoek werden bestudeerd, bleken
niet erg succesvol te zijn bij het correct inforever van consumenten over de
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Samenvatting

gezondheidsgerelateerde kwaliteit van voedingsneddesn in het verbeteren van de
voedingskeuzes. Vanuit een wetenschappelijk stardplijkt de biologische claim voor

groenten te falen door een gebrek aan onderliggestdnschappelijk bewijs en consensus.
Consumentenpercepties zijn vaker gebaseerd opostpees, imago en emotie in plaats van
feitelijke kennis wanneer onvoldoende wetenschajgpbEwijs voorhanden is. Zolang er

onvoldoende bewijskracht is omtrent de meerwaaedebio voor de gezondheid, wordt een
evaluatie- en goedkeuringsprocedure aangeraden hiotwgische claims gelijkaardig aan

deze van voedings- en gezondheidsclaims. Ook in gestal de communicatie naar
consumenten toe wetenschappelijk onderbouwd isszwalde tweede gevalsstudie, zijn
geinformeerde voedingskeuzes geen evidentie. Resomformatie- en productgebonden
factoren beinvioedden de doeltreffendheid van terventiestudie in de universiteitskantines.
Belangrijke implicaties zijn dat de communicatieeowoeding en gezondheid meer gericht
moet zijn naar de noden van het doelpubliek diehapr beurt beter dient begrepen,
gesegmenteerd en geidentificeerd te worden. Eearebebmmunicatiestrategie zou zijn om
een generiek voedingslabel te gebruiken gecomhineeet informatie op maat voor

consumenten. Ook andere strategieén dan het gelamilnformatie dienen in de toekomst in
rekening gebracht te worden opdat consumenten wvegdstimuleerd worden om beter
geinformeerde en gezondere voedingskeuzes te makergevingsinterventies die zich

toeleggen op het aanbod aan gezondere en smaakeeengsmiddelen zijn hiervan een
voorbeeld.
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