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1) Executive Summary
A large share of edible food is wasted because it deviates from what consumers consider
‘optimal’: they are close to best-before date, have an odd shape, or have other visual
imperfections. COSUS is a three-year research project (2014-2017), initiated under the 1st call
of the SUSFOOD ERA-net, that investigated how to increase consumer acceptance of these
suboptimal foods. Participating partner institutes were the Norwegian University of Life
Sciences, Nofima AS, Aarhus University, Wageningen University, TU Dresden, RISE research
institutes of Sweden, and the Swedish University of Agricultural Sciences. The project aimed
to:
1. Understand the barriers and facilitators for acceptance of suboptimal foods
2. Investigate how strategies that stimulate consumer acceptance of suboptimal foods
can be successfully implemented into the food supply chain
3. Design and test strategies that promote the consumption of suboptimal foods
Eight work packages focused on analyzing consumer attitudes and behavior, analyzing
literature and expert opinions, analyzing success factors in current interventions, experiments
on labeling and other communication, experiments on social influences and sensory
experiences, experiments on attitudes, experiences and willingness-to-pay, and developing
interventions in the home and in the store. One WP focused on barriers and opportunities for
accepting suboptimal foods in the whole supply chain.
The results indicate that, like food waste in general, the acceptance of suboptimal foods is a
complex issue. The decision of a consumer to accept or discard suboptimal foods is influenced
by personal characteristics such as attitudes, food-waste related lifestyle and involvement,
environmental commitment, sociodemographic variables. In addition, external factors such as
daily routines, food availability, planning, product or suboptimality type and the situations in
which food decisions are made (home versus store). Communication had some effects on
consumer attitudes to suboptimal foods, as did changing sensory perception and attractive
pricing strategies. Barriers to selling suboptimal foods exist throughout the chain, due to
limited profitability but also logistics, personal standards and beliefs, including that consumers
will not buy suboptimal products. The results explain why, despite positive attitudes to
suboptimal foods, not all foods that are suboptimal at some point in the chain are currently
sold or consumed.
This project has resulted in a great deal of knowledge and understanding of consumer
attitudes and acceptance of suboptimal foods. Future initiatives should find innovative ways
of using the successful strategies from this project, together with the lessons learned about
success factors for initiatives, and the barriers and opportunities identified in the food supply
chain for producing, selling, and consuming suboptimal foods.

2) Background
The role of consumers in food waste issues
A large share of edible food is wasted throughout the supply chain: approximately 33% or 1.3
billion tonnes per year (FAO1). Consumers are directly and indirectly responsible for a
significant share of this waste. While estimates vary, consumers may be responsible for up to
110 kg per person per year when looking at total food waste (FAO2), and for 40-50 kg per
person per year when looking at food waste in the home (e.g. Voedingscentrum3, Matvett4).
Consumers are also indirectly responsible for food waste; for example, by not accepting foods
in the supermarkets that do not look optimal, because they do not have the desired level of
freshness (close to best-before date), because they have an odd shape, or because of other
visual imperfections. It is difficult to estimate the impact of consumers’ demands on food
waste, because some of this ‘suboptimal food’ never reaches the supermarket. However, up
to 30% of the food waste during production or in the supermarkets may be due to foods being
‘suboptimal’ in the eyes of the consumer (Wrap, 20095; Quested et al. 20136).
Suboptimal foods
COSUS focuses on increasing consumer acceptance of suboptimal foods. The working
definition of suboptimal foods as used in the project is:
“Foods that consumers perceive as relatively undesirable as compared to otherwise
similar foods because they either: (1) are close to, at or beyond the best-before
date; or (2) deviate (visually or in other sensory perception) from what is regarded
as optimal (usually equal to what is perceived as “normal”). This can be in the
“buy/do not buy” choice situation in the store or in the “consume/do not consume”
choice situation in the household.” (Aschemann-Witzel et al., 2015, Sustainability7).
Figure 1 provides examples of suboptimal foods. Some of these foods are more likely
encountered in the store, while others are more likely encountered in the home. What is
important is that both the taste and the nutritional value is preserved in suboptimal foods,
even though other sensory attributes (especially visual aspects of the food or packaging)
deviate from optimal.

1 FAO 2013 Food wastage footprint: Impacts on natural resources. Summary report, ISBN 978-92-5-107752-8
2 Ibid
3 Voedingscentrum.nl
4 Matvett.no
5 WRAP 2009 Household food and drink waste in the UK. Final report, ISBN 1-84405-430-6
6 Quested, T.E., Marsh, E., Stunell, D., Parry, A.D. 2013 Spaghetti soup: The complex world of food waste behaviours. Resour Conserv Recy.
79, 43-51
7
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Figure 1. Examples of suboptimal foods as used in the COSUS project.
Reducing consumer-caused food waste
In the COSUS project, the aim was to investigate what the opportunities were for increasing
the consumption of suboptimal foods. This project was created in order to generate new
insights into consumer behavior in the context of food waste in general. In addition, the
project has the potential to reduce consumer-caused food waste significantly, both in the
home and in the store. The work was done in cooperation with stakeholders and involved
various actors of the food supply chain in the research, who contributed useful insight into
food waste behavior, both by consumers and in the supply chain. The food supply chain was
directly involved in the research, because any opportunities for more consumption of
suboptimal food should also be feasible for producers and retailers.

3) About COSUS
Organization
The following partners were involved in COSUS:

COSUS was coordinated by Dr. Oostindjer at NMBU (Norway), with Prof. Rohm at TUD
(Germany) as deputy project coordinator. Other full partners were Nofima (Norway),
Wageningen University (the Netherlands), Aarhus University (Denmark), and RISE (Sweden).
SLU (Sweden) was subcontracted by RISE.
In total, 44 researchers and students were involved in the project, of which 31 were women.
COSUS invited an Expert Advisory Board, which comprised of 19 organizations and individuals,
from the participating countries and other countries in Europe. Communication with the
Expert Advisory Board was arranged through newsletters (sent out to all stakeholders), and
through local stakeholder meetings or individual communications.
Funding
The total allocated funding for the project was € 1,477,329. Due to the nature of the ERA-net
structure, funding for each partner came from his or her respective national funding agency.
The agencies below provided funding for each of the following partners:
Aarhus University: The Danish Strategic Research Council (DSF) (today Innovation
Fund), ref # 4144-00002B INNOFOND_SP
NMBU and Nofima: The Research Council of Norway under the BIONÆR program,
# 238614
RISE and SLU: Formas, registration # 222 -2014-51
TU Dresden: Bundesanstalt für Landwirtschaft und Ernährung, Bonn, # 2814ERA02B
Wageningen University: The Dutch Ministry of Economic Affairs, ref # 2100708100
Research aims
The three main research aims of the COSUS project were to:
1. Understand the barriers and facilitators for acceptance of suboptimal foods

2. Investigate how strategies that stimulate consumer acceptance of suboptimal foods
can be successfully implemented into the food supply chain.
3. Design and test strategies that promote the consumption of suboptimal foods
To facilitate investigation of these aims, the project was divided into 8 research work packages
(WP) and 1 dissemination work package; more details on the content WP 1-88 can be found in
section 4, and all dissemination is listed in section 7 .

Figure 2. Timeline and WPs of COSUS

4) Work Package Descriptions
Work Package 1
Title: Review knowledge on consumer food waste behavior and the respective food sector
environment
Partners:
MAPP Centre Research on Value Creation in the Food sector, Aarhus University
Chair of Food Engineering, Institute of Natural Materials Technology, Technische Universität
Dresden
Department of Marketing and Consumer Behaviour, Wageningen University & Research
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Due to the nature of the funding, the German partner will continue the work from WP 8 until December 2017. WP 6
extends beyond the project period as well.

RISE Research Institutes of Sweden
Faculty of Chemistry, Biotechnology and Food Science, Norwegian University of Life Sciences
Aim:
The aim of the work package was to define key concepts (such as food waste and SOF) and
develop a theoretical model of the influencing factors in the micro- and macro-environment
as a basis and reference point for all subsequent WPs. Focus was given to consumer-level food
waste and exploration of influencing factors originating in the different steps of the supply
chain, such as 1) food consumer behavior, 2) the functioning or structure of the retail sector,
3) the processing industry, and 4) the food and agriculture sector's economic-legislative
environment.
Structure:
The work for this work package consisted of two parts: 1) (combining task 1 and 2) literature
review and expert interviews on consumer food waste behavior and consumer values,
attitudes, motives and behavior as factors influencing food waste levels as well as the supply
chain factors influencing consumer-level food waste (e.g. food retail and supply chain
functions and structure), and 2) (constituting task 3) literature review and expert interviews
covering the food sector, in particular food processing.

Results of task 1 and 2:
The literature review and expert interviews showed that consumer-related food waste is a
complex topic with many variables involved (see also Figure WP 1.1 below).
The literature review and experts’ statements indicated that household composition in terms
of age and number of household members appears to play a major role in determining to what
extent food is wasted. Even more important, though, are the following factors:






The level of consumers’ motivation to avoid food waste for ethical reasons. These are,
for example, concerns about the environmental impact, unfairness of wasting food in
light of hunger in other regions of the world, or scruples over wasting food rooted in
values or religious beliefs.
The extent to which consumers prioritize goals that might clash with the everyday
handling of food in the household. For example, trading off avoidance of food wastage
with health or safety concerns, or with convenience and household members’ liking or
disliking of certain foods and meals.
The ways in which consumers organize their food provisions and perceive food and
meal preparation. For example, consumers differ in their ability to efficiently manage
purchasing, storage, and preparation of foods (e.g. using shopping lists, integrating
leftovers in subsequent meals). This factor also includes how consumers perceive the

whole process, such as whether they take pride in being ‘thrifty’ or enjoy the creativity
in dealing with leftovers.

Figure WP 1.1. Model of the overall influence factors on consumer-related food waste.
However, consumers’ motivations, priorities, capabilities and perceptions are of course
heavily influenced by their surroundings. Here, the following factors appear relevant:
 The immediate context in which food is chosen, such as the availability of foods in
stores and the way foods are marketed and presented with regard to packaging,
pricing, and communication.
 Social influences on food choice and food handling decisions, for example, culture or
family-specific habits determining which parts or remains are edible or not, and social
norms on appropriate food and eating-related behavior.
 The overall macro-environmental context, such as food safety or date labelling
regulation, technological developments in food processing, packaging or storage, and
the economic situation and general trend in terms of consumer culture.
Results of task 3:
For the review on literature on the food sector, especially on producers, scientiﬁc literature
was reviewed based on a keyword search, and information not covered was gathered by
conducting expert interviews with representatives from 13 German food processing
companies. From the available literature, three main areas of food waste generation were
identiﬁed and discussed:




product deterioration and spoilage during logistical operations
by-products from food processing
consumer perception of quality and safety

In addition, expert interviews revealed causes for food waste in the processing sector, which
were categorized as follows:


losses resulting from processing operations and quality assurance



products not fulﬁlling quality demands from trade

The interviewees explained a number of strategies to minimize food losses, starting with
alternative trade for second choice items, and ending with emergency power supplies to
compensate for power blackouts. It became clear that the concepts are not universally
applicable for each company, but the overview provided in the present study may support
researchers in ﬁnding appropriate solutions for individual cases.

Figure WP 1.2. Conceptual model for processing-related drivers of food waste.
Dissemination and publication:
The findings were published as:
Aschemann-Witzel, Jessica; de Hooge, Ilona; Amani, Pegah; Bech-Larsen, Tino; Oostindjer,
Marije (2015). Consumer-related Food Waste: Causes and Potential for Action. Sustainability,
7 (6), 6457-6477.
Aschemann-Witzel, Jessica (2016). Waste not, want not, emit less. Science, 352 (6284), 408409. 10.1126/science.aaf2978
Raak, Norbert; Symmank, Claudia; Zahn, Susann; Aschemann-Witzel, Jessica; Rohm, Harald
(2017). Processing- and product-related causes for food waste and implications for the food
supply chain. Waste Management, 61, 461-472.
The findings were presented as:

Aschemann-Witzel, Jessica; de Hooge, Ilona; Amani, Pegah; Bech-Larsen, Tino; Jenny,
Gustavsson (2015). Consumers and food waste – a review of research approaches and findings
on point of purchase and in-household consumer behavior. 143 joint AAEA-EAAE Seminar, 25.27. March, Naples, Italy.
Aschemann-Witzel, Jessica; de Hooge, Ilona; Amani, Pegah; Bech-Larsen, Tino; and Marije
Oostindjer (2015). Why do foods and meals become waste? – Causes of consumer food waste.
Presentation at the 12. MAPP Workshop, 10.-11. May 2015, Middelfart, Denmark.
Aschemann-Witzel, Jessica; de Hooge, Ilona; Amani, Pegah; Bech-Larsen, Tino; Kolle, Susanne;
and Marije Oostindjer (2015). Consumers and food waste – state of the literature and focus
groups. International Food Marketing Research Symposium, 18.-19. June, Chania/Crete,
Greece.
Aschemann-Witzel, Jessica; de Hooge, Ilona; Amani, Pegah; Bech-Larsen, Tino; Jenny,
Gustavsson (2015). A literature review and expert interview study on food waste consumer
research. 11th Pangborn Sensory Science Symposium, 23.-27. August, Gothenburg, Sweden.
Poster.
Raak, Norbert; Symmank, Claudia; Zahn, Susann; Aschemann-Witzel, Jessica; Rohm, Harald
(2016). Food losses in the German food industry: Insights from expert interviews. 4th
International ISEKI Food Conference (European Association for Integrating Food Science and
Engineering Knowledge into the Food Chain), 6.-8. July 2016, Vienna, Austria.

Work Package 2
Title: Transnational analysis of consumer motives, attitudes, behaviors, and identification of
consumer segments
Partners:
Department of Consumer and Sensory Sciences, Nofima
Department of Marketing and Consumer Behaviour, Wageningen University & Research
MAPP Centre Research on Value Creation in the Food sector, Aarhus University
Department of Food Quality and Design, Wageningen University & Research
Faculty of Chemistry, Biotechnology and Food Science, Norwegian University of Life Sciences
RISE Research Institutes of Sweden
Chair of Food Engineering, Institute of Natural Materials Technology, Technische Universität
Dresden
Aim:
To analyze consumer attitudes, motives, habits, and behaviors related to food waste
avoidance and acceptance of sub-optimal foods (SOF) and identify consumer segments.
Structure:
This work package consisted of three parts: 1) transnational focus groups, 2) a transnational
survey, and 3) a segmentation analysis based on the results of the survey. All countries
represented in COSUS were involved in the transnational analyses. The focus group discussion
points and the survey were setup in English, and then translated into the languages of the
respective partner countries. Data analyses were conducted based on multi-lingual data
translated to the English language.
Results of task 1, Transnational focus groups:
Focus groups were conducted in early 2015 in the five participating countries of COSUS,
involving 83 participants in total. A focus group is a qualitative research technique that
consists of interviewing consumers in groups of around 8 people, and inviting them to discuss
specific topics brought up by a moderator. The group discussions were focused on the
selection, usage and wastage of suboptimal foods in the home and in grocery stores. The goal
was to identify elements of interest regarding consumer attitudes and behaviors related to
food waste and suboptimal foods. The focus groups were conducted equivalently in the five
countries. They were structured in five parts: 1) projective mapping exercise, 2) home photos,

3) suboptimal products at home, 4) suboptimal products in grocery stores, and 5)
brainstorming of ideas for store interventions.
One of the key findings is that all types of foods are thrown away, regardless of their category;
fruits and vegetables, bread and bakery products, spices, sauces and canned foods were
discussed, among others. Reasons evoked for throwing away foods included decreased
freshness and past best-before dates, but not exclusively. For instance, remains of food
purchased for a specific recipe would also be thrown away, as well as packaged food products
that remained open for a long time in the refrigerator, despite their pursued usability. In
general, consumers report not favoring a food product unless it is considered safe, presents
good sensory properties, and is attractive to eat. Thus, northern European households
prioritize purchasing new items to prepare dishes that they really feel like consuming, before
preparing dishes that make use of the foods they already have at hand. Consequently, some
food items become old and get discarded. This may indicate that food is a product category
that is not rightly valued in European households.
Several facilitators of food waste were identified; food availability, pleasure of consumption,
food habits, and time constraints were the main factors that lead consumers to throw away
some fully edible foods rather than consuming them. The study unveiled a need for tools to
increase European consumers’ awareness and accountability in food waste reduction.
Results of task 2, Transnational survey:
In a transnational survey, consumers’ attitudes and behaviors towards suboptimal foods were
studied. The survey was conducted in all five countries, with a total of 4,250 respondents. The
respondents consisted of representative samples in terms of age, gender, and living region of
each country. The survey consisted of seven parts: 1) a food-related lifestyle measure, 2) a
section on attitudes to sustainable food consumption, 3) a choice task on suboptimal foods in
the home or the supermarket, 4) a section on communication messages that motivate
consumers to buy suboptimal foods, 5) a section on perceived reasons for food waste at home,
6) a section on knowledge of the extent of food waste, and 7) a section on demographic
variables. The food-related lifestyle measure was used for task 3 of this work package. The
communication messages were used as inputs for work package 4, and for a paper combining
consumer and supply chain actors’ insights concerning communication messages for
suboptimal food products.
In the survey, consumers made six choices either in a supermarket or in their homes, between
products that were optimal and suboptimal in terms of appearance, date labeling, or damaged
packaging. For all products, consumers selected the suboptimal product less often in a
supermarket compared to their homes, whereas suboptimal products were selected by 21%
(apple with a brown spot) to 47% (yoghurt one day passed the best-before date) of consumers
at home. All types of products were selected by fewer than 25% of the consumers in the
supermarket. Consumers perceived all types of products as being unattractive to consume.
Consumers’ choices for the suboptimal products were dependent on their country, age
(younger people selected more suboptimal products), commitment to environmental

sustainability, perceived importance of the food waste issue, and whether they frequently did
the grocery shopping and cooking. These findings suggest that frequently exposing consumers
to suboptimal products, for example by including suboptimal products in the retailer’s
standard assortment, might generate increased purchase likelihoods of such products over
time. In addition, the results indicate that consumers seem to be sensitive to discounts on
suboptimal products, and that most consumers are willing to purchase any type of suboptimal
product when a discount is given.
Results of task 3, Consumer segmentation:
A segmentation analysis was conducted based on the food waste related lifestyle measure
and the other results of the survey conducted in WP 2.
The food-waste consumer segmentation is based on the food-related lifestyle model (FRL). A
‘lifestyle’ is generally understood to encompass consumers’ ‘activities, interests and opinions’.
The indicative measurement of the FRL is operationalized and adapted to the food domain
through five aspects: purchasing motives, quality aspects, consumption situations, ways of
shopping, and cooking methods. Many studies have shown that the 63-item FRL measure is
valuable across different cultures or adaptable to cultural contexts. It has also been reduced
or altered to focus on specific topics, as well as applied to help explain differences in specific
food-related behaviors.
To adapt the FRL to a ‘food (waste)-related lifestyle’ measure, the study builds on knowledge
of consumer food waste behavior through WP 1 and WP 2.1. The new statements derived
from the literature and included in the survey were based on empirical research results from
studies of factors affecting consumer related food waste or behaviors known to cause or avoid
food waste.
Through statistical factor and cluster analysis, consumer segments were identified with
different food (waste)-related lifestyles. They were compared on the basis of their knowledge
of food waste (assessing the extent of food waste worldwide and in consumer households),
their perceived importance of food waste relative to other policy issues, their self-reported
household waste in five food categories, and their tendency to choose ‘optimal’ vs.
‘suboptimal’ foods in the store or at home, as indicated in the choice experiment within the
survey.
The results reveal that segmenting consumers on the basis of food-related behaviors,
especially on the basis of food involvement expressed via various dimensions, of food
planning, of perceptions of meals as social events, and of price orientation during shopping,
allows for the identification of differences in self-reported food waste and food waste-related
behaviors. This suggests that there exists a relevant relationship between food-related
lifestyle patterns and food waste.
The identified segments are as follows (please see figure WP 2.3 below for a characterization):







Segment 1 - the ‘involved socializers’
Segment 2 - the ‘un-involved’
Segment 3 – the ‘price-oriented’
Segment 4 – the ‘well-planning’
Segment 5 – the ‘price-dismissive’

Directions for the further development of macro-marketing actions and policies targeting
different consumer segments are derived (see figure WP 2). For example, segment 1 can be
expected to be aware of and interested in the food waste issue and motivated to read related
information. They can most likely be encouraged to engage in more effortful actions against
food waste and can be multipliers of respective messages. They could specifically be targeted
by actions such as the use of doggy bags in restaurants. Segment 2, on the other hand, should
rather be targeted by actions or policies that do not presume any effort or involvement, such
as respective choice architecture or nudging. Segments 3 and 4 might likely be motivated by
price-related incentives for buying foods in store that otherwise might become waste, and by
economic arguments when it comes to household actions. Segment 4 can be expected to be
most effective in incorporating planning and managing actions into their lifestyle that can
avoid food waste, while segments 3 and 5 would have much room for improvement in that
regard. Segment 5 might not likely be convinced by price-related incentives. Instead, for
segment 5, arguments highlighting the self-fulfillment derived from anti-food waste actions
might be promising.

Figure WP 2. Visualization of segments, their characterization, and suggested strategies.

Dissemination and publication:
The findings were published as:
Aschemann-Witzel, Jessica; Lengard Almli, Valérie; de Hooge, Ilona; Oostindjer, Marije (under
revision). Fine-Tuning the Fight Against Food Waste by Aligning Macromarketing and Public
Policies with Consumer Lifestyles. Journal of Macromarketing.
De Hooge, I. E., Oostindjer, M., Aschemann-Witzel, J., Normann, A., Mueller-Loose, S., &
Lengard-Almli, V., (2017). This apple is too ugly for me! Consumer preferences for
suboptimal food products in the supermarket and at home. Food Quality and Preference, 56,
80-92. DOI: 10.1016/j.foodqual.2016.09.012. Impact factor 3.688 (latest/ 3.864 5-yr) (1st
quartile).**Most often downloaded paper of Food Quality & Preference during the period
December 2016 – March 2017**.
The findings were presented as:

Aschemann-Witzel, J., de Hooge, I., Rohm, H., Mueller-Loose, S., Normann, A., Almli, V.L.,
Oostindjer, M. (2016). Consumers Food-Waste across five European countries: Determinants
and Food (Waste)-related Lifestyle. 4th Nordic Conference on Consumer Research (NCCR), 18.19.5. 2016, Aarhus, Denmark. Oral presentation.
Aschemann-Witzel, J., de Hooge, I., Almli, V.L., Oostindjer, M. (2016). Food Waste and
Consumers Food-related Lifestyle – A Segmentation across five Countries. 45th European
Marketing Academy Conference (EMAC), 24.-27.5. 2016, Oslo, Norway. Oral presentation.
Valérie L. Almli (2016). What influences apple consumers’ preferences? A perspective on
intrinsic and extrinsic factors. Interpoma 2016, 24-26 November 2016, Bolzano. Invited
speaker.
Marije Oostindjer, Ilona de Hooge, Jessica Aschemann-Witzel, Valérie Lengard Almli (2015).
Norwegian consumers’ choice for ‘suboptimal’ looking foods: Does the shape of the
cucumber matter less than the best before date on milk? 2nd Norwegian Food Market
Research Conference, Ås/Son, 4-5 November 2015. Oral presentation.
Almli, V.L., Steenbekkers, B., Rohm, H., Normann, A., Aschemann-Witzel, J., Oostindjer, M.
(2015). Quantitative tools and tangible tasks in focus group sessions. Application on food
waste discussions in five European countries. 2nd Norwegian Food Market Research
Conference, Ås/Son, 4-5 November 2015. Oral presentation.
V.L. Almli, G. MacDonald, H. Rohm, J. Aschemann-Witzel, B. Steenbekkers, D. Roodhuyzen,
A. Normann, M. Oostindjer (2015). Qualitative usage of projective mapping in focus groups.
An application on food waste in five countries. 11th Pangborn Sensory Science Symposium,
23-27 August 2015, Gothenburg, Sweden. Poster presentation.
In addition, WP 2 results were disseminated in national stakeholder meetings, through the
COSUS newsletters, and in popular scientific articles and interviews in local and national
newspapers, magazines and radio stations in Norway, The Netherlands, and Denmark.

Work Package 3
Title: Transnational analysis of societal food waste initiatives and issue communication
framing
Partners:
MAPP Centre Research on Value Creation in the Food sector, Aarhus University
Department of Marketing and Consumer Behaviour, Wageningen University & Research

Faculty of Chemistry, Biotechnology and Food Science, Norwegian University of Life Sciences
RISE Research Institutes of Sweden
Chair of Food Engineering, Institute of Natural Materials Technology, Technische Universität
Dresden
Aim:
The aim of the work package was to identify success factors of food waste avoidance initiatives
and explore the effect that framing of the issue has on consumers on the background of
national and cultural differences, and to analyze influence factors on success or failure of past
or current governmental, food-sector-led or societal initiatives for avoiding food waste. Cases
from different European countries were selected, and textual and visual material and
stakeholder accounts gathered, content-analyzed and results described with the MOAB
(motivation, opportunity, ability, behavior) framework in mind. Quite a few such initiatives
exist across Europe, with varying success, thus allowing an analysis of what might be the
ingredients to success or failure of such initiatives. The methodology was a case study, which
is an approach best applicable to complex phenomena, and when the goal is to learn for future
decision-making and policy making.
Structure:
The work for this work package consisted of a single task 1. The five partners involved (MAPP,
NMBU, Wageningen, SP, and TU Dresden) gathered 26 cases, covering 11 countries, 5
different types of actors (10 stakeholder-driven NGO and alternative retail organizations such
as foodbanks or government/stakeholder-driven organizations; 6 consumer-driven NGOs; 7
retailers; 2 processors; 1 government), and 4 actions (8 information and action to avoid foods
becoming/being perceived as suboptimal; 10 retail sale of suboptimal foods or foods based
on processing of suboptimal food; 6 alternative sales channels for suboptimal; 2 alternative
usage of suboptimal after sale). 23 cases include an interview – mostly with the actor, thus
indicating that the data is largely self-reported.
Results:
Many of the initiatives sprung out of a general trend towards the topic and were triggered by
other actors’ actions, allowing greater attention by the public as well as entailing business
opportunities. Conducting the initiatives, a positive focus (on how to use foods, rather than
avoiding wastage) was reported to be favorable, as well as good attention management; as
for example, effective and smart creation and maintenance of media/consumer attention,
including good story-telling and personal charisma. Some questions were raised; for example,
what the actual sustainability impact is of the creation of alternative retail (instead of tackling
the source of the problem), or what the long-term effect of creating a separate ‘suboptimal’
category is.

Overall, the findings (see also figure WP 3 below) reveal that collaboration between
stakeholders, timing and sequence of initiatives, competencies that the initiative is built on,
and a large scale of operations are key success factors. Success factors are identified for the
primary design, for the development and maintenance phase, and for reaching out to
consumers. There are three general types of initiatives that differ in their aims and
characteristics: 1) information and capacity building, 2) redistribution, and 3) retail and supply
chain alteration. The first type focuses most strongly on motivating consumer food waste
avoidance behavior and strengthening consumer abilities, while the second and third focus
primarily on altering consumer food choice context, but combine this with aspects of raising
awareness. Recommendations are derived for future initiatives which should take inspiration
from existing initiatives, especially considering the right partners, competencies involved,
timing the start of the initiative right, and aim to soon achieve a large scale.

Figure WP 3. An overview of the three types of initiatives and key success factors in the SC.

Dissemination and publication:
The findings were published as:
Aschemann-Witzel, Jessica; de Hooge, Ilona; Rohm, Harald; Normann, Anne; Bonzanini Bossle,
Marilia; Grønhøj, Alice; Oostindjer, Marije (2017). Key characteristics and success factors of
supply chain initiatives tackling consumer-related food waste – a multiple case study. Journal
of Cleaner Production, 155 (2), 33-45.

Aschemann-Witzel, Jessica; de Hooge, Ilona; Normann, Anne (2016). Consumer-related food
waste: role of food marketing and retailers and potential for action. Journal of International
Food & Agribusiness Marketing, 28:3, 271-285.

Work Package 4
Title: Exploration of factors determining consumer attention and response to communication
Partners:
Chair of Food Engineering, Institute of Natural Materials Technology, Technische Universität
Dresden
Department of Consumer and Sensory Sciences, Nofima
Faculty of Chemistry, Biotechnology and Food Science, Norwegian University of Life Sciences
Aim:
The aim of the work package was to investigate how consumers respond to information aimed
at increasing awareness and changing behavior regarding suboptimal foods. This WP therefore
investigated mechanisms of consumer attention in task 1: what sustainability information do
consumers pay attention to? And, how does this affect their decision? In task 2, this WP also
aimed at identifying the communication media that are most effective in encouraging
consumer acceptance of suboptimal food (packaging versus social media) and the content of
the information messages (addressing either societal benefits or personal benefits). Results
from previous WPs (consumer attitudes, WP2; communication as success factors in initiatives,
WP3) were used to design the experiments.
Structure:
The work for this work package consisted of two parts: 1) investigating the type of information
related to sustainability and food waste reduction that consumers pay attention to through
an eye tracking study. This task aimed at identifying which type of communication (labels,
packaging in general), and which presentation of the communication (label shape, color,
complexity) are noticed by consumers. 2) Investigating which communication media
(packaging, social media) and which information messages (societal or personal benefits) are
the most effective in positively influencing consumer acceptance of suboptimal foods, using a
conjoint analysis. Results from WP 4.1 were used to design the conjoint study.
Results of task 1:

The results emphasize the importance of highlighting suboptimal foods to attract consumers'
attention. The results show that, compared to the baseline condition (that contains only
impeccable products), suboptimal condition (with one visually suboptimal item) had a lower
time to first fixation and a higher dwell time. In the sublabel condition (that contains a
suboptimal product with an additional message; for an example see Figure WP 4 below),
effects were more pronounced, i.e. time to first fixation was lower and dwell time higher than
in the suboptimal condition. Within the sublabel condition, there was no clear pattern of
differences attributable to the 2x2 (Color: red vs. green x Message: price vs. taste) variations.
The results show no significant influences on time to first fixation, but a significantly higher
dwell time for messages printed on a red background. The content of the message was,
however, irrelevant.

Figure WP 4. Example of a matrix with a cucumber in the sublabel condition (suboptimal
and additional message).
Results of task 2:
Task 2 aimed at investigating which communication media (brochure, website, social media)
and which information messages (societal or personal benefits) are the most effective in
positively influencing consumer acceptance of suboptimal foods and reducing food waste.
Two studies were conducted in Norway. Firstly, a pilot study with n=396 participants was
conducted at a public fair in Oslo to investigate poster communication of four types of
messages: 1) personal financial advantages of suboptimal food consumption, 2)
environmental benefits, 3) economic and environmental advantages, and 4) a neutral
communication message. The pilot study revealed that communication by itself (presence of
a poster) showed a positive effect on the acceptance of suboptimal vegetables, regardless of
the nature of the message. Secondly, the main study investigated communication channels
in an intervention study with three groups: intervention group I received a brochure on food
waste reduction (n=207); intervention group II received the same brochure plus a

refrigerator magnet “Do not throw away edible foods” (n=205); and the control group only
participated in a final web survey measuring attitudes and self-reported behaviors.
Participants in the intervention groups received communication material promoting food
waste reduction (brochures and, if applicable, refrigerator magnets) in the mail. The
brochures invited participants to visit a corresponding website, and the website invited
visitors to join a Facebook group. The usage of these materials, the response to their
contents, and whether these contents had been shared within their households and/or
within their social network were studied after about 3 weeks after they received the
brochure. In addition, the communication flow from one communication channel to the
other was studied in light of the respondents’ socio-demographic characteristics and
attitudes to food waste. This study was done in conjunction with the social interaction
experiments in work package 5. Results revealed that the intervention had neither an effect
on an experimental choice task of SOF nor on self-reported behaviors (habits and food-waste
related lifestyle). A positive effect was, however, observed on website visits and Facebook
group registrations. Conclusively, sending brochures or refrigerator magnets did not appear
to change consumer (self-reported) behaviors with regards to food waste, but may have
increased awareness in a snowball effect relaying to website and Facebook channels.
Dissemination and publication:
The findings were published as:
Helmert, J. R., Symmank, C., Rohm, H. (2017). Have an eye on the buckled cucumber: An eye
tracking study on visually suboptimal foods. Food Quality and Preference, 60, 40-47.
The findings were presented as:
Symmank, C., Helmert, J. R., Rohm, H. (2016). Angeschaut und eingekauft? Wie Produktlabels
die Aufmerksamkeit auf visuell suboptimale Lebensmittel lenken, GDL-Kongress
Lebensmitteltechnologie 2016, 20.-22. October 2016, Lemgo, Germany.
Helmert, J. R., Symmank, C., Rohm, H. (2016). Visual attention on suboptimal food: An eye
tracking study, 7th European Conference on Sensory and Consumer Research (Eurosense), 11.14. September 2016, Dijon, France.
In addition, the results of Task 2 will be presented at the open COSUS final seminar, June 16th,
2017 in Ås, Norway.

Work Package 5
Title: Exploration of consumer sensory expectation and experience, and household social
interactions
Partners:
Chair of Food Engineering, Institute of Natural Materials Technology, Technische Universität
Dresden
Faculty of Chemistry, Biotechnology and Food Science, Norwegian University of Life Sciences
Department of Consumer and Sensory Sciences, Nofima
Aim:
The aim of this WP was to understand how consumer acceptance of suboptimal food products
is affected by sensory expectations and experience and social influences. Sensory expectation
of suboptimal food may be low, but after gaining sensory experience with the suboptimal
food, the consumer acceptance may increase when there is a positive experience. Social
interactions were included because the decision to accept or discard suboptimal food in the
household may depend on household norms, and on what other household members do. The
experiments were designed on the basis of WP 2 (sensory expectations, social norms), and
WP 3 results (initiatives related to sensory experience).
Structure:
The work for this work package consisted of two parts: 1) Sensory expectations and realproduct experiences with specially designed foods were tested complementary to consumer
attitudes and motives tested in WP2 in one sub-market, including analysis of purchase intent
before and after experience with suboptimal food. 2) Social interactions and shared attitudes
between family members and the effect on consumer acceptance of suboptimal food
products were being tested. In particular, the interaction between 'informed' and 'naive'
household members was observed, and the acceptance of suboptimal food by the naive
household member after this interaction was tested.
Results of task 1, Banana study:
After preliminary experiments, 233 participants were asked to judge the intensity of sensory
attributes (taste, smell, texture) using ‘Just-about right’ scales. Subjects who received peeled
samples were asked after tasting, whereas subjects who received unpeeled bananas first
judged expectation and, after peeling and tasting, perception. Sensory tests were
accompanied by a survey with questions about attitudes towards foods and food waste
behavior, and sustainability. Expected overall liking and purchase intention was significantly

lower for RD 7 bananas. Purchase intention was still significantly different between RD 5 and
RD 7 after tasting, whereas no difference in overall liking was obtained. The importance that
consumers attribute to the shelf-life of food had a pronounced impact on purchase intention
of bananas with different ripeness degrees. Concerning the sensory attributes, penalty
analysis revealed that only the firmness of the RD 7 bananas was still not just-about-right after
tasting. In the case of suboptimal bananas, the results demonstrate a positive relationship
between the sensory perception and overall liking and purchase intention. Convincing
consumers that visually suboptimal food is still tasty is of high relevance for recommending
different ways of communication.
Results of task 1, Yoghurt study:
290 subjects were assigned to two groups receiving ‘new’ or ‘old’ yoghurt without knowing
the best-before-date to rate overall acceptance, purchase intention, and the intensity of
sensory attributes using just-about-right scales (perception only); and three groups who
were informed of the best-before-date (‘new’ or ‘old’) and who rated similar before
(expectation) and after tasting (perception), with one group additionally receiving a
brochure containing ‘golden rules’ to reduce food waste (priming). As the subjects were not
able to identify the deviating sample in the initial tests, any differences in the main study can
be attributed to the best-before-date instead of any differences in the yoghurt itself. CATA
revealed color intensity, thickness, creaminess, flavor intensity, sweetness, and sourness as
most important to describing the respective yoghurt. The main study showed higher overall
acceptance and purchase intention after tasting compared to the ratings before tasting in all
groups. Penalty analysis of the just-about-right attributes revealed that sweetness was
judged too high and creaminess too low in all groups. However, in the priming group, the
negative impression of creaminess did not influence overall acceptance. The experience of
food with a short best-before-date via tasting positively influences the subject´s acceptance
and purchase intention.

Results of task 2:
Within task 2, four studies were performed in Norway.
First, a pilot study at a public fair in Oslo (Forskningstorget, September 2015) in which the
similarity in attitudes to SOF (focused on milk past its best-before date) was tested between
individuals living in the same household, by means of a survey (n=28 pairs). The results
indicated that members of the same household can strongly differ in their attitude to SOF,
suggesting that an intervention targeting the household as a whole may not be effective in
changing the behavior of all members of the household.
Secondly, the household intervention study described in WP 4.2 was performed in
collaboration with WP 5.2. Within the context of household interactions, the most interesting
results were that approximately 15% of the participants indicated that the brochure that was

sent to them had also affected the food waste behavior of other members of the household,
and 10% of participants indicated this effect after receiving a refrigerator magnet with the
message “Do not throw away edible foods”. Therefore, these results also indicate only a
nominal effect of targeting the entire household with food waste interventions.
Thirdly, a detailed study of socio-demographic characteristics and household composition was
performed by means of a survey. In this study, a convenience sample of n=332 participants
was asked to respond to a survey that included three sections: 1) choice for and descriptions
of SOF in the store and in the home (similar to WP 2.2), 2) attitudes and behavior towards
food waste in the household, 3) general food waste questions, and 4) socio-demographic
variables. The results indicated that the choice of SOF in the home (orange juice with dented
package), in the store (milk at the best-before date), as well as the acceptable discount for
purchasing SOF (milk at the best-before date and orange juice with dented package), was
influenced by whether participants had children living in their household. Participants with
children in the household are less likely to use or purchase SOF, even for a high discount, which
suggests that parents with children in the household are not an obvious target group for
increased consumption of SOF. Better target groups as suggested by this study are women,
those with lower education, and those with responsibility for buying groceries and cooking in
their household. In addition, the results in this study suggest, as in the pilot study, that
‘household norms’ or attitudes do not exist: participants often indicated large differences
between their own attitude to food waste and food waste behavior, and that of other
members of the household.
Finally, a study on social norm communication was
conducted.
This
study
combined
the
communication from WP 4.2 (communication that
wasting less food is good for your wallet and for
the environment, in collaboration with Matvett),
with communication about other people’s
acceptance of SOF (70% of our customers help to
reduce food waste by choosing our carrots with a
different shape. Well done!). These messages
were presented together with suboptimal carrots
(odd-shape, discoloration), and apples (brown
Figure WP 5. Example of product and message
spots). 509 participants who lived together with
shown to participants
another adult individual, and had at least some
responsibility for grocery shopping or cooking, participated in this study (representative
gender, age, level of education, job status). The participants were divided into four groups:
social norm message + message that wasting less food is good for the environment/your
wallet, social norm message + neutral food waste message, neutral norm message + message
that wasting less food is good of the environment/your wallet, and neutral norm message +
neutral waste message. Participants rated the attractiveness of the packages of carrots and
apples with the respective labels, the expected taste of the carrots and apples, their

willingness to purchase the products, and their willingness to pay. No clear benefit of social
norm messages could be found: apples with a social norm message were rated as slightly more
attractive, while carrots with a social norm message had a lower rated expected taste. The
message that wasting less food is good for the environment/your wallet also did not have a
positive effect on the assessment of the products.
The results of this task suggest that household interactions or norms are not substantially
useful for increasing the acceptance of SOF. In addition, it indicates potential target groups
for suboptimal food: households without children, women, and individuals with lower
education. On a more practical note, many individuals who expressed a general positive
attitude to SOF in all the studies in Task 2, saw two important limitations to accepting SOF: it
is not preferred to serve SOF to guests, and there are practical issues with usage of some SOF
(particularly peeling and cutting of odd-shaped vegetables). This may limit the final
acceptance of SOF, even though attitudes may be positive.
Dissemination and publication:
The findings were published as:
Symmank, C., Zahn, S., Rohm, H. (2017). Visually suboptimal bananas: How ripeness affects
consumer expectation and perception. Manuscript under review (Appetite, 3rd round)
Social and socio-demographic effects on food waste: the case of suboptimal food. Master
thesis by Siddiqua Yaqub, 2016. Norwegian University of Life Sciences.
The findings were presented as:
Jähn, F., Symmank, C., Zahn, S., Rohm, H. (2016). Erwartung und sensorische Wahrnehmung
von Konsumenten gegenüber suboptimalen Lebensmitteln am Beispiel von Bananen, DLGLebensmitteltag Sensorik, 29. September 2016, Kronberg, Germany.
Symmank, C., Zahn, S., Jähn, F., Rohm, H. (2016). Consumer expectation and perception of
suboptimal foods: The case of bananas, 4th Nordic Conference on Consumer Research (NCCR),
18.-19. May 2016, Aarhus, Denmark.

Work Package 6
Title: Exploration of experimental consumer willingness-to-pay and in-store purchase reaction
towards suboptimal fruits
Partners:
RISE Research Institutes of Sweden
Department of Economics, Swedish University of Agricultural Sciences
MAPP Centre Research on Value Creation in the Food sector, Aarhus University
Aims:
The aim of this work package was to 1) Better understand the decision-making process behind
food choices, focusing on implicit and explicit attitudes towards suboptimal and optimal fruit;
and 2) To analyze current producer or retailer-led initiatives to understand consumer purchase
reactions to such initiatives. Many of the current initiatives are focused on suboptimal foods,
and understanding how consumers make decisions in supermarkets, based on their own
attitudes and external influences, which helps to understand consumer response to
suboptimal foods.
Structure:
The work package consisted of two parts. Task 1 focused on disentangling the decision-making
process behind food choices by focusing on implicit and explicit attitudes related to visually
sub-optimal and optimal apples. This was done by applying a dual-process model in order to
investigate: 1) whether automatic and controlled attitudes are associated or not, and 2) to
which extent attitudes can predict purchase behavior. Furthermore, consumers’ willingness
to pay for apples of different levels of visual optimality and sub-optimality and the moderating
role of emotions when it comes to purchasing visually deviating apples was investigated. The
last part of task 1 relates to the psychological basis of the evaluation of sub-optimality with
economic preferences.
Task 2 focused on in-store observations and in-store interviews, case studies, and realistically
designed online choice experiments mimicking current in-store actions. More specifically, the
following studies were conducted or are in the process of being carried out:
1) Qualitative accompanied shopping interviews in spring 2015 focusing on consumer
perception and usage of price-reduced suboptimal food offers in the retailer store, 2) A case
study with secondary data of company reports and websites and empirical data collected via
observations at retail stores in spring 2016 to take stock of Danish retail actions to tackle food
waste, 3) An online survey experiment in autumn with Danish consumers realistically
mimicking the current food marketing practice of expiration date based pricing of suboptimal
food but varying the conditions of presentation of the action and surveying consumer

variables, and 4) An online survey experiment in spring 2017 with Uruguayan consumers to
explore suboptimal food perception, food waste related behaviors, and the conditions under
which price-reduced suboptimal food offers are accepted.
Results of task 1:
Two studies have been completed within WP6 task 1:
Study 1) Based on pictures of apples exhibiting different levels of visual optimality and suboptimality, an online study was designed, composed of three tasks: 1) an Implicit Association
Test (IAT) to measure their indirect automatic (implicit) attitudes, (2) a questionnaire to assess
direct (explicit) controlled attitudes, where participants (n=600 representative Swedish
participants) were presented with pictures of apples that had to be graded based on an 11point scale, and (3) the purchase decision, which consisted of questions where participants
had to answer on a 7-point scale if they were interested in buying the apples if they would
have been available in a grocery store. A key component of the design is the robustness check:
the respondents were asked to complete part (3) again three weeks later.

Figure WP6.1.1. Flowchart of study 1.

Figure WP6.1.2. Pictures of apples used in study 1.

Results Study 1:

Figure WP6.1.3. Result from study 1. Chart of Implicit Attitudes are seen to the left and below
are figures that show Explicit Attitudes for Optimal Apples and Explicit Attitudes for Sub-optimal
Apples respectively.

In the charts above one can see the results of the implicit and explicit attitudinal
measurements. Both the implicit and the explicit attitudinal scores show, as expected, a clear
preference for the optimal apples. A multilevel mixed-effect ordered logistic regression was
run in order to investigate the prediction power of the implicit and explicit measurements.
The explicit attitudinal scores indicated a higher predictive power for the purchase likelihood.
However the implicit attitudinal score were as well significant and contributed to explain the
variability in purchase likelihood. Finally the manipulation check, done three weeks later,
indicates that the purchase likelihood is consistent over time.

Study 2) The second study was also based on pictures of apples exhibiting different levels of visual
optimality and sub-optimality, this time in combination with tasting. The difference between the
first and the second study is that in the second one, the visual characteristics of the optimal and
suboptimal apples were investigated in more detail, dividing the apples into eight different
category groups based on different combinations of shape, color, and damage. The study took
place at the Swedish Research Institute in Gothenburg and was composed of 3 main parts. Part
1 was comprised of 2 questionnaires: A questionnaire to measure the emotions triggered by
pictures of apples (Thompson, 20079) and a questionnaire to assess direct (explicit) controlled
attitudes, the participants were presented with pictures that had to be graded based on a 7-point
scale. In part 2 participants tasted different types of apples and characterized them with CheckAll-That-Apply (CATA) according to thirteen attributes about the flavor and texture. Finally, in
part 3 an auction was conducted in order to measure consumers’ willingness-to-avoid suboptimal
apples (Jaeger et al., 200410).
According to the literature there are three main categories related to visual appearances of
apples that consumers find relevant: (1) color, (2) shape and (3) physical form/damage (Blasco,
Aleixos, Gómez, & Moltó, 200711; Loebnitz et al., 201512; Seppä, Railio, Vehkalahti, Tahvonen, &
Tuorila, 201313). The purchase intentions of consumers are affected by these characteristics, but
only if they deviate significantly from the norm (Loebnitz et al., 2015 12). Based on these three
main categories, and the distinction between optimal and sub-optimal apples, eight exhaustive
groups were formed (see table 1).
A representative sample of 130 Swedish consumers took part in this study (68% women, 32%
male; between the age of 22 and 88 years old).

9

Thompson, E.R., 2007. Development and Validation of an Internationally Reliable Short-Form of the Positive and Negative
Affect Schedule (PANAS). J. Cross-Cult. Psychol. 38, 227–242. doi:10.1177/0022022106297301
10

Jaeger, S.R., Lusk, J.L., House, L.O., Valli, C., Moore, M., Morrow, B., Traill, W.B., 2004. The use of non-hypothetical
experimental markets for measuring the acceptance of genetically modified foods. Food Qual. Prefer., Fifth Rose Marie
Pangborn Sensory Science Symposium 15, 701–714. doi:10.1016/j.foodqual.2004.04.002
11

Blasco, J., Aleixos, N., Gómez, J., & Moltó, E. (2007). Citrus sorting by identification of the most common defects using
multispectral computer vision. Journal of Food Engineering, 83(3), 384–393. https://doi.org/10.1016/j.jfoodeng.2007.03.027
12

Loebnitz, N., & Grunert, K. G. (2018). The impact of abnormally shaped vegetables on consumers’ risk perception. Food
Quality and Preference, 63(Supplement C), 80–87.
13

Seppä, L., Railio, J., Vehkalahti, K., Tahvonen, R., & Tuorila, H. (2013). Hedonic Responses and Individual Definitions of an
Ideal Apple as Predictors

Number of
category

Color
(0 = red;
1= green = “SOF”)

Shape
(0= optimal;
1= SOF)

Damage
(0= optimal;
1= SOF)

1

0

0

0

2

0

1

0

3

0

1

1

4

0

0

1

5

1

0

0

6

1

1

0

7

1

1

1

8

1

0

1

Table WP6.1. Categories of apples and pictures used.
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Pictures

Part 1) Emotions, visual characteristics and expected liking: Consumers were presented with
pictures of the eight different categories of apples (see table 1) and had to measure their
emotional response with the help of the 10-item international Positive and Negative Affect
Schedule (PANAS) on a 7-point scale (Meiselman, 201514; Thompson, 200715). The emotions used
were: active, determined, attentive, inspired, alert, afraid, nervous, upset, hostile, and ashamed.
Next, the consumers had to grade six different word pairs (bad-good, unpleasant-pleasant,
negative-positive, unenjoyable-enjoyable, unhealthy-healthy, unattractive-attractive) based on
a bipolar 7-point scale. The scales were designed by Richetin, Perugini, Prestwich, & O’Gorman,
200716). Moreover, the expected liking was measured by asking participants how much they
thought they would like the apples seen on the pictures, this was made on a 7-point hedonic
scale.
Part 2) Tasting and sensory characterization of the apples: The same pictures of apple categories
used in part 1 were combined with coded samples of random selected apples. All apples were
Swedish cultured; peeled, sliced, mixed up and served in randomized in three-digit cups together
with a picture of the specific apple category. The tasting session used a CATA design to evaluate
the thirteen sensory attributes about flavor and texture. The attributes were based on former
descriptive sensory analyzes performed by Smaka Sverige, a national compilation completed by
Jordbruksverket17. The attributes were measured on a 7-point scale from 1 = attribute does not
exist, 7 = attribute exists to a large extent. Liking of each apple slice was measured on a 7-point
hedonic scale. The samples included randomized variation of different apple varieties; since all
apples were peeled, sliced and mixed up the aim was to investigate if the picture had an impact
of how respondents experienced the apple within a certain category as well as the level of liking
connected to the sensory experience.

14

Meiselman, H. L. (2015). A review of the current state of emotion research in product development. Food Research
International, 76(Part 2), 192–199. https://doi.org/10.1016/j.foodres.2015.04.015
15

Thompson, E.R., 2007. Development and Validation of an Internationally Reliable Short-Form of the Positive and Negative
Affect Schedule (PANAS). J. Cross-Cult. Psychol. 38, 227–242. doi:10.1177/0022022106297301
16

Richetin, J., Perugini, M., Prestwich, A., & O’Gorman, R. (2007). The IAT as a predictor of food choice: The case of fruits versus
snacks. International Journal of Psychology, 42(3), 166–173. https://doi.org/10.1080/00207590601067078
17

Jordbruksverket Smaka Sverige
(http://smakasverige.jordbruksverket.se/ravaror/informationsartiklar/artiklar/resultatapple.939.html).
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Part 3) An auction was the third and final part of the experiment. All consumers received a real
apple from the apple category “optimal apple” (no 1) and pictures of the other seven apple
categories. During the auction, participants had to simultaneously and individually indicate, the
lowest amount of money that they were willing to accept in order to exchange their optimal
apple to an apple from each and every of the remaining categories of apples they saw on the
pictures. On each auction, there were nine rounds to indicate this amount of money. During each
round, those consumers that had given the four lowest bids were announced along with the
amount in SEK which represented the fifth lowest bid for each apple. At the end of the auction,
a number was randomly drawn to determine which round was binding for the outcome, and then
another random draw of a number was made to determine which apple was binding in the
chosen round. By this there was only one round and one apple category that had to be exchanged
in the end. Those with the lowers bid had to exchange their apple to an apple from another
category; they also received the money that they had stated they needed for an exchange. All
consumers had to eat their apple (optimal or sub-optimal) before they could leave the test.
Results from Study 2 part 2 will be presented below, other results are still being analyzed.

Figure WP6. Flowchart WP6.1 study 2.
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Results study 2 - Part 2
The results shows that there were no significant differences between the apples for the sensory
attributes mealy, dry, juicy, crispy, hard/high mastication, tasteful, tasteless, sweet taste, slightly
acid, bitter taste, spicy flavor and fresh flavor. Stale/old flavor was the only attribute of the
thirteen included with significant differences between samples. The significant difference
according to stale/old flavor was between product category 3 and the optimal apple (no 1) (3 =
SOF in shape and damage). However, there are tendencies that some attributes are perceived
different when compared to how the optimal apple (no 1) is perceived; these attributes are
crispy, sweet taste and bitter taste. Figures for crispy, sweet taste and bitter taste as well as
stale/old flavor are seen below. The optimal apples had the highest score, the lowest scores for
crispy had apple 4, 7 and 8 (all of them have the sub-optimality of damage).
The optimal apple got the highest score for sweet taste, lowest scores had apple 3 and 7 but also
apple 8 and 6 had slightly lower scores. Apple 6, 7 and 8 were all pictures of green apples (suboptimality color), apple 3 was in the category of red apples but also had some elements of yellow
and green. The conclusion thereby is that there might be an influence of perceived sweetness
according to the color of the apple when looking at a picture and tasting a random chosen apple.
For bitter taste, the optimal apple received as low scores as apple 5 (sub-optimality color). All
apples received low scores on bitter taste, the highest scores seen was for apple 7 and 8 which
are green apples with damages and for 7 also shape sub-optimality. There was a significant
difference between the optimal apple and apple 3 for the attribute stale/old taste.

Figure WP6.1.4. Significant difference of stale/ old taste between apple category 1 and 3.
No significant
differences but
tendencies that the
optimal apple is
perceived as less bitter,
more sweet and crispier
than the other apples.

The mean values of liking
are seen in figure 8.
Since the apple varieties
were randomly served,
the assumption was that
there would not be differences in either liking or how the apples were experienced. Overall, the
36

apples were all rated (for some of them just slightly) over the middle of the scale (meaning rated
more than 3.5 on a 7-point scale). However, significant differences are seen between the optimal
apple (no 1) as it was rated higher on the liking scale than the apples from the categories 3, 6, 7
and 8; no other significant differences were seen. From these results is might indicate that only
one aspect of sub-optimality (either color, shape or damage) does not affect consumer liking
negatively when compared to an optimal apple, but a combination with more than one of the
aspects of color, shape and damage it results in a lower liking score. Since all apples were mixed
up and randomly served, it is concluded that the pictures did affect how the consumers
experienced the apples and how they rated their liking for them.
Figure WP6.1.5. Mean value from liking of the apples. Significant differences between the
optimal apple (no.1) and apple
Liking
from categories 3, 6, 7 and 8.
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Results of task 2:
Study 1: The first study was analyzed together with quantitative data from WP 2. The interviews
revealed that consumers assess their ability to consume the price-reduced suboptimal food at
home. Consumers consider the relation between product-related factors of package unit,
expiration date, and product quality, in interaction with household-related factors of
freezing/storing, household size/demand, and possible meal/cooking (see figure WP 6.2, study 1
above). The survey shows that consumers who are more price-focused report lower food waste
levels and lower tendency to choose the optimal food item first at home, than those who are not
emphasizing the price-quality relation or do not search for price offers to the same extent. Higher
ge and high education also played a role and the price-focus is lower in high-income groups and
among single households.
Study 2: Food waste avoidance actions were found to be widespread in Danish food retail, with
a majority of retail stores having at least one action enacted. Collation of data across Danish food
retailers generated twenty-two food waste avoidance actions being grouped into six types of
categories depending on their application: a) price-related or pricing, b) product-related, c) unitrelated, d) communication about food waste issue, e) collaboration with other actors, and f) instore management. A range of identified initiatives and actions suggests retailers have placed
great focus on the food waste issue in Denmark. Hence, the retailer’s engagement in the food
waste action of any type appears to become an ‘industry norm’. However, retailers differ in a
variety of actions they undertake and their approaches.
Study 3: The study revealed that variations in communicating the practice have little influence,
apart from a gender effect when the practice is communicated as a food waste avoidance action
and not as budget saving. Consumers’ familiarity with the practice has a significant influence, and
perceived quality and estimated likelihood of consumption majorly drives likelihood of choice of
suboptimal food reduced in price. Trust in the retailer influences choice likelihood when the
consumer is not familiar with the practice nor the retailer in question.
Study 4: Analysis of the data will be done during May and June 201718.

18

Results will be reported in an amended version of the report, end of 2017.
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Figure WP 6.2, study 1. Visualization of the factors influencing consumer choice for pricereduced suboptimal food items.
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Dissemination and publication:
The findings are in preparation for or submitted for publication, or are published as:
Aschemann-Witzel, Jessica; Haagen Jensen, Jacob; Hyldetoft Jensen, Mette; Kulikovskaja,
Viktorija (2017). Consumer Behavior towards Price-Reduced Suboptimal Foods in the
Supermarket and the Relation to Food Waste in Households. Appetite, 116, 246-258.
Kulikovskaja, Viktorija; Aschemann-Witzel, Jessica. Food Waste Avoidance Actions in Food
Retailing – the Case of Denmark. Journal of International Food and Agribusiness Marketing.
(submitted).
Aschemann-Witzel, Jessica (201X). Policy Approaches for Tackling Food Waste at the ConsumerRetailer Interface: Assessment of Expiration Date Based Pricing of Suboptimal Food. Journal of
Consumer Policy. (submitted).
Aschemann-Witzel, Jessica; Giménez, Ana; Ares, Gastón. [Consumer perception and behavior
towards suboptimal food and food waste in a Latin-American context] (planned).
The findings were presented as:
Aschemann-Witzel, J., de Hooge, I., Kulikovskaja, V.; Bech-Larsen, Tino; Oostindjer, M. (2017).
Bargain or good deed? Exploring how retailers should communicate expiration date pricing of
suboptimal foods. 46th European Marketing Academy Conference (EMAC), 23.-26.5. 2017,
Groningen, The Netherlands.
Barilla Group: The presentation took place during a study trip organized by the research school
Food in Focus, SLU. (March 2015, Parma, Italy).
Chinese Academy at Agricultural Sciences: The presentation took place during a study trip
organized by the research school LiFT (Future Technologies for Food Production) (March 2017,
Beijing, China).
Mini Science Fair at Nobel museum (June 2017, Stockholm, Sweden)
TvärLivdagen: organized by the Swedish Food Federation (November 2014, Stockholm, Sweden)
In addition, the findings will be presented in two poster presentations at the 12th Pangborn
Sensory Science Symposium, August 2017, Rhode Island, USA.

Work Package 7
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Title: Identification of barriers to and opportunities for improved handling of suboptimal food
products in the food supply chain.
Partners:
Department of Marketing and Consumer Behaviour, Wageningen University
Department of Economics, Swedish University of Agricultural Sciences
Aim:
The aim of the work package was to identify the barriers and opportunities that supply chain
actors might perceive in the handling of suboptimal food products, with the goal of reducing food
waste of suboptimal food products across the supply chain. This work package also aimed to
study the flexibility of the food supply chain as a whole, in order to adapt to strategies that
encourage production, purchase, and consumption of suboptimal food products.
Structure:
This work package consists of two parts: 1) getting insights into the deadlines of suboptimal foods
across the food supply chain (more specifically, the business potential of not-perfect looking
foods), and 2) getting insights into the take-back clause that contributes to the food waste across
the food supply chain (more specifically, the dealings of expired foods).
Results of task 1:
In this part of the work package, 33 semi-structured individual interviews with growers, producer
organizations, and retailers from Germany and The Netherlands were first conducted to
investigate the motivations and perceptions of supply chain actors in their strategies on how to
handle suboptimal products in their business practice. Then interview findings were validated
with a survey of 201 growers and 94 retailers in The Netherlands. In the survey, the possibilities
of the production and sales of suboptimal food products were investigated with an experiment.
In both studies, the focus was on fruits and vegetables that deviated in terms of appearance
(shape, size, or color), as these products appeared to be one of the most important sources of
food waste in the previous work packages.
The findings reveal that, at all supply chain levels and in both countries, cosmetic standards for
the appearance of fruits and vegetables are used in the food supply chain. In addition to EU
regulations, retailer requirements constitute a main source of cosmetic standards for fruits and
vegetables. The majority of the interviewees indicated that consumers’ appearance-related
wishes or demands for perfect-looking fruits and vegetables are the major reason for the
existence of these cosmetic standards. There were large diversities between interviewees in the
amount of discarded food products on the basis of suboptimal appearance. The numbers ranged
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from 1% to about 20% in the interviews, and averaged on 5% in the survey. All Interviewees saw
opportunities in the production and sales of suboptimal products. The opportunities were based
on societal motivations to reduce food waste, company image, and social responsibility
motivations. However, the interviewees also revealed strong barriers to the production and sales
of suboptimal products, such as the desire to appear as a high-quality producer/retailer,
increased competition for perfect products, high costs (financially unrewarding), and consumers’
non-interest in purchasing such products.
The experiment in the survey revealed that supply chain actors are fine with the production and
sales of suboptimal food products when such products are processed (e.g., for a salad or soup),
or when such products are positioned on the market for a lower or a higher price compared to
the perfect/optimal products. However, supply chain actors are less willing to put suboptimal
products on the market when such products would have similar prices compared to the perfect
products, especially when these products would be sold as single units (as compared to
processed). Supply chain actors are indifferent between the sales of suboptimal products using
the regular supply chain channels, or the sales of suboptimal products using new or alternative
supply chain channels.
Together, these findings suggest that there is potential in the full production and sales of
suboptimal products. However, within the current food supply chains, the production and
marketing of suboptimal products would involve higher production and logistics costs compared
to “perfect” products. Consequently, pricing and related earnings for suboptimal products need
to be higher compared with “perfect” products, before the production and marketing of
suboptimal products becomes financially viable, even when it is posited on a moral or
sustainability argument.
Results of task 2:
The focus of task 2 was on the take back clause in contracts between suppliers and retailers. This
was based on two approaches:
1) Interviews in Sweden. Bread is the main food product where this agreement is widely used,

and as a result, the focus was on bakeries. Seven semi-structured interviews were conducted
with retailers and bakeries. Those interviews were conducted in order to map-out the supply
chain of the bread, determine the stakeholders involved and see the effect of the take back clause
on food waste.
The interviews showed that not all the unsold bread is returned to the supplier, but a portion is
treated by the store itself through different channels or just ends up in the garbage. The bread
that is returned to the supplier and considered food waste, is collected by the supplier itself, two
or three days before the expiry date and differs in quantity between one store to another and
between one supplier and another, and this is due to the following factors:
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1. Consumers regard freshness as a prime factor in buying bread – hence they will always
buy the fresher and leave behind the rest.
2. Retail market power. Due to the high concentration in Sweden and in most of the world,
retailers force bakeries to produce excessively and have high returns and consequently
food waste. Retailers request full shelves at all times, regardless of the actual demand.
3. Ordering of bread is based on forecast, not so much on actual need; hence it is only
natural to have some bread left over as waste.
4. Production method: The bakeries who bake and freeze and then distribute frozen bread
have a lower percentage of bread returns, approximately 4-5% compared to 12-14% of
those who deliver freshly baked bread directly.
5. Distribution route and size of the stores: the last store in the route usually receives
what is remaining in the distribution truck regardless of its need, and because the usual
distribution route starts with the larger and ends with smaller stores. Therefore, the
smaller the store, the more the waste.
6. Governance structure of bread delivery: some bakeries internalize the process using
their own delivery trucks, while others outsource it to a logistics company; it is, however,
still unclear which structure produces more waste.
2) Survey in the Netherlands. There were a number of questions in the Netherlands survey that

were targeting the “Take Back Clause”. Details of the survey can be found under Task 1 above.
Somewhat contrary to what was discussed in the interviews in Sweden, the findings from the
survey in the Netherlands point, among others, to the contradicting hypothesis that the take back
clause may even reduce food waste. According to some responses in the survey, the store
manager would not order less if this agreement did not exist. In some instances, the manager
may order more if he/she does not have the overall control of the chain. The price of the bread
is not affected by the returns as much as it is affected by the price of the raw material. However,
this process reduces the profit margins of the suppliers.
Better information and communication between retailer-bakery will definitely improve the
situation. Also, bakers and retailers are considering better shelf design, bread package size, and
other improvements that may reduce waste.
Dissemination and publication:
The findings are in preparation for or submitted for publication, or are published as:
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De Hooge, I. E., Van Dulm, E., & Van Trijp, J. C. M. (201X). This vegetable is too ugly to sell!
Addressing food waste by developing insights into supply chain decisions concerning suboptimal
food products. Journal of Cleaner Production (Submitted).
De Hooge, I. E., & Van Trijp, J. C. M. (201X). This vegetable is too ugly to sell! Addressing food
waste by developing insights into supply chain decisions concerning suboptimal food products.
(In preparation for submission).
Karantininis K., Pano, N., De Hooge, I.E. (201X) Take – Back clause: Does it increase food waste?
(In preparation)
Karantininis K, Pano N (201X) Reverse logistics in the Bread supply chain: Implications of contract
agreements (In preparation)
Eriksson, M., Ghosh, R., Mattsson, L., & Ismatov, A. (2017). Take-back agreements in the
perspective of food waste generation at the supplier-retailer interface. Resources, Conservation,
and Recycling, 122, 83-93.
Ghosh, R., Eriksson, M., & Istamov, A. (201X). Food waste in the Swedish bread supply chains:
Implications of coercive power. (Submitted).
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Work Package 8
Title: Develop and experimentally test household level and consumer oriented in-store

interventions
Partners:

Faculty of Chemistry, Biotechnology and Food Science, Norwegian University of Life Sciences
MAPP Centre Research on Value Creation in the Food sector, Aarhus University
Department of Marketing and Consumer Behaviour, Wageningen University
RISE Research Institutes of Sweden
Department of Consumer and Sensory Sciences, Nofima
Chair of Food Engineering, Institute of Natural Materials Technology, Technische Universität
Dresden
Aim:
The aim of this final WP was to integrate the results from all other WPs and to successfully design,
test, and apply intervention measures to reduce the waste of suboptimal food based on the
previous WPs. Interventions were to be performed on a household level and in-store in Norway
and Germany. Elements of the two interventions were used for an online survey in the other
countries to test generalizability of the intervention results.
Structure:
The work for this work package consisted of three parts: 1) Test the potential of a mobile app to
help consumers to reduce food waste at home, focusing on dairy past the best-before date. This
intervention was designed based on the previous WPs. 2) In-store interventions, focusing on the
presentation of different types of information (sustainability, price) to consumers to successfully
increase sell-off of suboptimal food. The interventions were designed based on the results from
all previous WPs. Companies of the communal catering that aim at having a sustainability image
were included. 3) Online survey in all countries (Sweden, Denmark, the Netherlands, Germany,
and Norway) to test the generalizability of the results in tasks 1 and 2, and from the COSUS
project in general. The focus here was on potential promising action to increase acceptance
towards and willingness-to-pay for SOF, including the consumer attitudes towards SOF, or
acceptance of policy measures to reduce consumer related food waste.
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Results of task 1:
A mobile app was used as a tool within the household intervention, as it presents an easy way to
deliver various communication messages to consumers in their home. Based on the previous WPs
and the insights from all partners, the household intervention was designed to focus on
increasing the acceptance of dairy products at or past the best-before date: there is already some
acceptance of these SOF at home, but consumers indicated uncertainties about the sensory
qualities and safety that targeted communication may help overcome. Based on the results from
previous WPs, it seemed that communication about how to use SOF, communication about how
SOF can be good for personal finances, and communication about how SOF benefit the
environment could be helpful in increasing acceptance of SOF. In addition, increased exposure/
tasting of SOF was also deemed to have good potential to increase SOF acceptance. Therefore,
the communication in the app focused on environmental benefits, financial benefits, what to do
with SOF (by providing tips and recipes), and on trying to get consumers to assess SOF by smell
and taste before discarding.
Three groups of participants (n=50 for each group) were
included in this study (balanced for gender, age, education,
Figure WP 8. Foodsaver app logo
children in the household, and frequency of using mobile
phones): 1) group that received the full app, targeted to
dairy products; 2) group that received the light version of
the app, which excluded targeted information about dairy
(instead treated dairy products like any other food group),
and 3) group that received the app screen prints on paper by post. This final group was included
because little research is done so far on the effectiveness of apps as such on changing attitudes
and behavior, and none on changing food waste behavior. The app was called Foodsaver and the
full version contained 5 major parts: 1) a fact sheet about food waste, 2) a calculator where
savings for the environment and personal finances could be calculated, 3) tips and recipes, 4) a
quiz, and 5) a registration option for dairy products and their best-before date. The light version
excluded the registration option, had a non-interactive calculator, and had a more general quiz
and tips/recipes section. The content of the app was based on group interviews that were held
before designing the app.
The two app groups received instructions on how to download the app by email, while the post
group received it in the mail. All groups had three weeks to evaluate the app, and answered
questions in a survey that asked them about the content of the app, the design, perceived
usefulness, and compared attitudes to SOF from before usage of the app with after usage of the
app. While the overall app was evaluated negatively, mostly due to technical issues, some
interesting results were found: the intervention (regardless of delivery method) had a small
impact on attitudes to suboptimal food and on self-assessed food waste behavior, suggesting
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that despite the issues with the app, the content did affect the participants. Few differences were
found between the app groups, while the paper group deemed the app as more useful. Based on
the group interviews, the survey results, and the comments, there seems to be a group for which
such an app is not useful at all, as they already have the appropriate behaviors and skills, while
another group finds the app useful and would like to learn more about how to use dairy products
past the best-before date. This suggests that, while an app is likely not the answer to increasing
suboptimal foods, some individuals may benefit from a well-developed app that focuses on
different ways to use SOF.
Results of task 2:
Task 8.2
The objective of the study was to develop and test in-store interventions aiming at motivating
consumers to purchase and accept SOF. This study shows whether and to what extent
communication messages have the potential to encourage sustainable food choices. By testing
the messages in real consumption context, the study reveals the influence of messages on
consumer behavior. The interventions were designed based on the results from all previous WPs.
An observation study of the real life behavior of consumers was conducted to analyze the
potential of communication messages to increase the acceptance of suboptimal foods. Based on
the research in WP 5.1 three different messages were developed and tested (Taste: “I might not
have the looks, but I am super tasty! – Convince yourself!”, Sustainability: “Grab me, too good to
waste! – For the sake of the environment!”, Price: “Get me for a special price! – Save money!”
[50% off]). In the fourth test condition, no message was presented (control condition). Testing
took place in one cafeteria of the Technische Universität Dresden, one cafeteria of the university
library, and one cafeteria of a private research institute. Each message (including the situation
without message) was tested in each location. Messages are randomized to avoid weekday or
weather influences and there was more than one week between the messages to avoid a recall
effect. Bananas were again used as product samples as these are part of the usual product
assortment of the canteens. On study days, only suboptimal bananas (with brown spots) were
sold. In part 1 of the study the cash area was observed to see when a consumer chose a banana.
Having done so, in part 2 of the study consumers were asked to fill in a short questionnaire.
In each condition, between 2,500 and 3,000 consumers passed the cash. 96 consumers (3.5%)
bought a banana when the sustainability message stood next to them. Thus, this message was
the most efficient one. A lower price was only for 80 consumers (2.7%) an incentive to buy the
banana, and only a few bananas (19, 0.7%) were sold based on the taste message. In the next
step we were interested in whether the participants recognized a message and whether they
remember the right message. On average, 46% of the participants recognized the right message
with the sustainability message having the highest recognition value compared to the other
messages (68%).
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Results of task 3:
Task 3 aims to test the generalizability of COSUS findings on potential promising action to
increase acceptance towards and willingness-to-pay for SOF, including consumer attitudes
towards SOF, or acceptance of policy measures to reduce consumer related food waste.
The study will be conducted in all 5 participating countries instead of only in three, as originally
planned. The survey is currently under development and will be conducted in May and June 2017.
Some of the questions from the survey will also be tested in Uruguay.
The online experimental survey is planned to combine three different studies. The research
questions are listed in the following:
-

-

-

POLICY ACCEPTANCE: To which degree are consumers of a number of continental North
European countries showing acceptance of a) a number of governmental versus private
sector policies and b) law versus education versus marketing type of policies for tackling
food waste, and can overall environmental concern, self-reported food waste, and
preparedness to take own action explain differences in acceptance?
INTERVENTION TEST: Are suboptimal foods reduced in price more likely chosen by
consumers of continental Northern Europe depending on the incentive communicated,
the location, and the food category, and can the perceived quality and quality dimensions
of the category as well as other psychographics of the consumer explain differences in
choice likelihood?
PRICE-ORIENTATION: Can intention to purchase reduced-price SOF be explained by
attitude, norms, and perceived behavioral control, and which role does consumer price
behavior play in this regard? Are there segments of price-oriented consumers who appear
to either waste more or less, and how can these segments be characterized in order to
understand the relation between consumer price behavior and food waste?

5) Scientific conclusions
With regards to reasons for consumers to waste suboptimal foods, this project concludes the
following:
a. The level of consumers’ motivation to avoid food waste depends on ethical reasons, the
extent to which consumers prioritize goals that might clash with the everyday handling of
food in the household, and the ways in which consumers organize their food provision and
perceive food and meal preparation.
b. The immediate context in which food is chosen, including social influences on food decisions
and the overall macro-environmental context have an impact. Food waste behaviors should
always be seen in context.
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c. Reasons evoked for throwing away foods included decreased freshness and past best-before
dates, but not exclusively: personal planning issues or uncertainty about use or safety of the
foods also were often indicated as reasons for food waste
d. Negative consumer perception of quality indicators (e.g. how it looks, smells, duration since
purchasing) and uncertainties about product history and safety have a negative impact on
consumption intention; this is very relevant in the case of suboptimal foods.
e. Food availability, pleasure of consumption, food habits, and time constraints were the main
factors that lead consumers to throw away some fully edible foods rather than consuming
them. Food is a product category that is not rightly valued in (North-West) European
households.
With regards to attitudes of consumers towards suboptimal foods, this project concludes the
following:
a. In general, consumers report not favoring a food product unless it is considered safe,
presents good sensory properties, and is attractive to eat. Odd-shaped vegetables are
considered positively both in the home and in the store, while products past the best-before
date are considered positive at home, but not in the store. When money is already spent
and the product history is known, attitudes to suboptimal foods are generally positive.
b. Consumers’ choices for the suboptimal products were dependent on their country, age
(younger people selected more suboptimal products), commitment to environmental
sustainability, perceived importance of the food waste issue, whether they have children
living in the household, and whether they frequently did the grocery shopping and cooking.
c. Five segments could be identified based on food-related behaviors in a survey, which differ
in their self-reported food waste and food waste-related behaviors:
i. Segment 1 - the ‘involved socializers’
ii. Segment 2 - the ‘un-involved’
iii. Segment 3 – the ‘price-oriented’
iv. Segment 4 – the ‘well-planning’
v. Segment 5 – the ‘price-dismissive’
d. Consumers who are more price-focused report lower food waste levels and lower tendency
to choose the optimal food item first at home, than those who are not emphasizing the pricequality relation or do not search for price offers to the same extent. Age and education also
played a role, and the price-focus is lower in high-income groups and among single
households.
With regards to strategies to increase acceptance of suboptimal foods by consumers, this
project concludes the following:
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a. Labeling on products may have some impact when colors are used (red), but the message
appears irrelevant with regards to drawing the attention of consumers to suboptimal
foods.
b. Using social norm messages were also not effective in changing consumer attitudes to
suboptimal foods.
c. Communication by itself (presence of a poster) showed a positive effect on the acceptance
of suboptimal vegetables, regardless of the nature of the message.
d. Sending brochures or refrigerator magnets with anti-food waste messages did not appear
to change consumer (self-reported) behaviors with regards to food waste, but may have
increased awareness about suboptimal foods and food waste.
e. An app that implemented communication messages from the project, focusing on dairy
products, could not increase consumer acceptance of suboptimal foods, but may have
increased awareness.
f. For some products (e.g. brown bananas, yoghurt past the date), a positive relationship
between the sensory perception and overall liking and purchasing intention exists, therefore
convincing consumers that visually suboptimal food is still tasty is of high relevance for
recommending different ways of communication.
g. Consumers seem to be sensitive to discounts on suboptimal products, but for some
suboptimal foods, consumers demand high discounts.
h. Consumer´s familiarity with differential best-before date pricing (discount) has a significant
influence, and perceived quality and estimated likelihood of consumption majorly drives
likelihood of choice of suboptimal food reduced in price. Variations in communicating about
best-before date pricing have insignificant impacts.

With regards to the supply chain, this project concludes the following:
a. Losses result from processing operations and quality assurance, and products not fulﬁlling
quality demands from trade.
b. The retailer’s engagement in the food waste action of any type appears to become an
‘industry norm’. However, retailers differ in a variety of actions they undertake and their
approaches.
c. Pricing and related earnings for suboptimal products need to be higher compared with
“perfect” products, before the production and marketing of suboptimal products becomes
financially viable, even when it is posited on a moral or sustainability argument.
d. Take-back clauses do not affect price as much as raw material prices. Suppliers are negatively
affected by take-back clauses with regards to their profit margins. Bakers and retailers are
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considering better shelf design, bread package size, and other improvements that may
reduce waste.
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6) Implementation and policy recommendations
This project indicates that suboptimal foods can be accepted by consumers under certain
conditions: more likely in the home than in the store, unless for a large discount; depending on
the product type, whether the product is easy to handle, whether it will be served to guests or
children, and depending on personal characteristics. Potential target groups for suboptimal food
are households without children, women, younger individuals, individuals with lower education,
those with strong environmental commitment, and individuals who are price conscious.
Consumers seem to be sensitive to discounts on suboptimal products, but in some cases, the
discount needed in order to accept suboptimal foods is high. Future studies or initiatives could
focus on how to increase the perception of value of foods by consumers, so that suboptimal
foods are considered more valuable, and a smaller discount is needed.
Repeated exposure of consumers to suboptimal products might generate increased purchase
likelihoods of such products over time. Convincing consumers that visually suboptimal food is still
tasty is of high relevance for recommending different ways of communication, though in many
cases, reaching the consumer with the intended message seems difficult. Ideally, children should
become familiar with suboptimal foods, thus making suboptimal foods move from being
suboptimal, to foods that are considered acceptable for consumption.
This project unveiled a need for tools to increase European consumers’ awareness and
accountability in food waste reduction. As this project shows, communication is not enough:
consumers may increase awareness during a short time, but may not actively receive the
message that is communicated. It is important to look for alternative ways of raising awareness,
beyond the typical communication paths. Combining increased awareness with more knowledge
and confidence about food safety will also be helpful, as lack of food safety knowledge is an
important driver of food waste.
Some current initiatives are already helping to reduce waste from suboptimal foods. Important
lessons can be learned from these initiatives. Collaboration between stakeholders, timing and
sequence of initiatives, competencies that the initiative is built on, and a large scale of operations
are key success factors. Future initiatives should take inspiration from existing initiatives,
especially in considering the right partners that are trusted by consumers, the competencies
involved, timing the start of the initiative right, and should aim to soon achieve a large scale.
Collaboration is also key to ensuring that future initiatives are acceptable and economically viable
for all actors in the supply chain.
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