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A sensory evaluation of swidden rye (Secale cereale) – how the 
taste of history and geographical location can play part in a 
sustainable food production 

AMANDA JONSSON 

Jonsson, A., 2022: A sensory evaluation of swidden rye (Secale cereale) – how the taste of history and geographical 
location can play part in a sustainable food production. Master thesis in Sustainable Development at Uppsala 
University, No. 2022/39, 54 pp, 30 ECTS/hp  
Abstract:  
 
Due to their resilience, durability, and broad genetic variations, increasing the production and consumption of landrace 
cereals has been highlighted as a solution to handle increasing environmental variability resulting from climate change. 
However, the consumption of landrace cereals remains low due to limited production and purchase availability for 
consumers. To increase knowledge and possibly the production and consumption of landrace cereals, the overall aim 
of the study was to investigate the influence of terroir and the addition of ingredients on consumers' perception and 
acceptance of sensory qualities in cookies prepared from the landrace cereal swidden rye. Rye (Secale cereale) has 
been pointed out as a wonder crop and is of historical importance in the Nordic region. The study analyses the 
application of swidden rye (Swedish: Svedjeråg), a landrace variety of rye, in cookies by investigating how consumers 
perceive and describe its sensory characteristics. Additionally, the study explores how terroir relates to sensory 
perceptions. Five samples of swidden rye and a conventional rye sample have been included in the study. The study 
used a mixed methods approach with a Quantitative Descriptive Analysis (QDA®), a hedonic liking test, a focus group, 
and Geographical Information Systems (GIS) data. Different sensory profiles could be detected for the cookies 
produced with swidden rye, and a descriptive vocabulary and sensory profiles have been developed to describe the 
swidden rye cookies. Common descriptors were a browned butter aroma, a colour that ranged between golden and 
grey, roasted nutty and rye flavours, with a coarser or oily texture. All cookies were considered liked and acceptable 
by consumers, and cookies produced with swidden rye and the addition of butter and sugar could meet future 
consumers' expectations. There were relationships between terroir and sensory perceptions of swidden rye cookies. 
Relationships were found for increases and decreases in intensities of different sensory attributes. The geographical 
location on the latitude was only related to a decrease in the liking for texture; otherwise, differences in the consumer's 
liking were not related to the farm's geographical location. Showing that soil texture and land types are more related 
to differences in consumer liking and that the geographical location was less so. However, all parameters representing 
terroir were related to perceived sensory attribute intensities. The knowledge gained can be applied in the efforts to 
increase the production and consumption of landrace cereals. Communicating both the history, the historical 
importance, and the different sensory characteristics of swidden rye through terroir could be one way to increase 
consumers' interests and consumption. 

 

Keywords: Sustainable Development, Sensory science, Landrace, Terroir, Food system, Consumer science 
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Summary:  
 
Landrace cereals are older varieties of cereals that have not been improved in modern plant breeding programs and 
have other characteristics than modern and commonly available cereals. Landrace cereals were cultivated on larger 
scales until the beginning of the 20th century, when modern high-yielding varieties took over more and more. Since 
then, much knowledge about landrace cereals and their qualities have been lost, and consumption is low due to limited 
production and purchase availability for consumers. Despite lower yields, increasing landrace cereals' production and 
consumption have been highlighted due to their resilience, durability, and broad genetic variations as a solution to 
handle increasing environmental variability resulting from climate change. In addition, they are also considered to be 
healthier than modern cereals. To increase the production and consumption of landrace cereals, knowing what specific 
landrace cereals are perceived as tasty and liked by consumers needs to be understood. The overall aim of the study 
was to investigate the collective influence of the environment, soil, place (terroir), and the addition of ingredients on 
consumers' perception and acceptance of sensory qualities in cookies prepared from the landrace cereal swidden rye. 
Sensory qualities refer to how the product smells, tastes, what textures it has, and how it looks. The study analysed the 
use of swidden rye (Swedish: Svedjeråg), a landrace variety of rye, in cookies. It was done by investigating how 
consumers perceive and describe its sensory characteristics. Additionally, the study explored how terroir relates to 
sensory perceptions. In the study, terroir comprises information about the landscape surrounding the farm, where the 
farm is geographically located, and what type of soil the rye has been grown in. Five samples of swidden rye from five 
different farms in Sweden and a conventional store-bought rye sample have been included in the study. The different 
rye samples were then used for baking cookies for the sensory analysis. Sensory analysis is a discipline that tries to 
understand how a food product is perceived with our five different senses. The study used a combination of four 
different methods to collect different kinds of data: a Quantitative Descriptive Analysis (QDA®), a hedonic liking test, 
a focus group, and Geographical Information Systems (GIS) data. The cookies were used in the QDA®, the hedonic 
liking test, and the focus group. GIS data was used to collect information about the farms' soil and surrounding 
landscapes. The result from the study showed that different sensory profiles could be detected for the cookies produced 
with swidden rye, and a descriptive vocabulary and sensory profiles have been developed to describe the swidden rye 
cookies. The cookies could be described slightly differently, but common descriptors were a browned butter aroma, a 
colour that ranged between golden and grey, roasted nutty and rye flavours, and a coarser or oily texture. The result 
from this study shows that using swidden rye in cookies with the addition of butter and sugar provides liked products 
from a consumer perspective. All cookies were liked and accepted by the consumers, and cookies produced with 
swidden rye can meet future consumers' expectations. The study also revealed relationships between parameters 
included in terroir and the sensory perceptions of swidden rye cookies, which means that certain things, such as the 
type of soil, are related to specific sensory attributes. For example, soil with a higher proportion of silt was related to 
a decreased intensity of light particles in the cookies. The knowledge gained from the study can be applied in the 
efforts to increase the production and consumption of landrace cereals. Communicating both the history, the historical 
importance, and the different sensory characteristics of swidden rye through terroir could be one way to increase 
consumers' interest. This study also provides regained knowledge about landrace cereals, especially swidden rye, and 
its sensory potential, where historically knowledge has been lost. 
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1. Introduction 
How humans produce and consume food affects food system sustainability (Foley et al., 2011; Tilman et 
al., 2011). Increasing the production and consumption of landrace cereals have, due to their resilience, 
durability, and broad genetic variations, been highlighted as a solution to handle increasing environmental 
variability resulting from climate change (Longin & Würschum, 2016; Boukid et al., 2018; Zamaratskaia et 
al., 2021). However, the consumption of landrace cereals is low due to the limited production and purchase 
availability for consumers, whereas modern varieties of cereals are more common. Despite lower yields 
than modern varieties landrace cereals have proven to be more drought-resistant, and they increase food 
system biodiversity with their broader genetic variation, contributing to their adaptability to a changing 
climate (Zamaratskaia et al., 2021). Landrace cereals also contribute to healthy human diets with higher 
nutritional values than modern varieties, such as higher protein and mineral content (Ibid.). In addition, they 
provide new gastronomical and sensory potentials for product development and for meeting present and 
future consumer preferences (Westling et al., 2019; Zamaratskaia et al., 2021). However, research is needed 
to identify landrace crop species best suited for consumer preferences and how environmental and 
cultivation parameters may affect sensory attributes (Longin & Würschum, 2016).  

Consumers are becoming more aware of the connection between food and sustainability, which has 
increased consumer demand for sustainable food products (Aschemann-Witzel et al., 2019). Meeting this 
demand is vital for enhancing overall food system sustainability. Consumer perceptions and liking can be 
understood by applying different sensory science methods (Ibid.). Sensory science explores sensory 
perceptions and affective responses to products, such as food, and can tell us how expectations and food 
preferences are shaped (Delarue et al., 2015; Aschemann-Witzel et al., 2019). By utilising consumers, 
sensory science can promote dietary shifts towards sustainable products and increase the interest in food 
diversity (Aschemann-Witzel et al., 2019). Given the benefits of landrace cereals, identifying consumer 
attitudes toward specific landrace cereal species and how they can be used in products is important to 
understand consumer preferences. Rye (Secale cereale) is a historically significant crop in the Nordic region 
and has been highlighted as a potential wonder crop (Kaur et al., 2021). With essential macromolecules, 
vitamins, and minerals and a capacity to grow on marginalised land, rye has caught the research community's 
interest to find new ways of utilising rye in commercial products (Ibid.). Increasing its consumption could 
enhance human health and food system resilience. However, few studies investigating the sensory potential 
and acceptance of landrace rye have been conducted. 

The study is conducted in collaboration with the project "Sustainable organic food from heritage cereal – 
using history to form the future" (project no 2018–02393), financially supported by FORMAS, which is led 
by the Swedish University of Agriculture (SLU) in Uppsala. This study investigates how consumers 
perceive and describe the sensory qualities of swidden Rye (Swedish: Svedjeråg), a landrace variety of rye. 
In a preliminary study, swidden rye was evaluated as a porridge that showed significant differences in 
appearance, flavour, and texture. Since differences were detected, this study will further analyse the 
application of swidden rye in a bakery product, namely cookies. It explores how environmental and 
cultivation parameters, collectively terroir, influence and relate to consumers' sensory perceptions. Terroir 
has been suggested to contribute to sustainability and could be used as an instrument for increasing 
sustainable agricultural development (Leedon et al., 2021). Terroir can help form a perception of higher 
quality products compared to products not described with terroir (Aurier et al., 2005; Capitello et al., 2021). 
Terroir can also be used for value-building in products and as a story-telling practice to communicate place, 
history, and cultivation practices (Charters et al., 2017; Capitello et al., 2021; Castello, 2021). Using terroir 
in association with landrace cereals could be a way to increase interest in landrace cereals and communicate 
their historical importance and other quality traits to consumers (Leino,2017). The desired outcome is to 
provide a richer knowledge about consumers' perception and acceptance of a swidden rye product while 
developing a descriptive vocabulary and understanding how terroir and ingredients influence consumer 
perceptions and acceptance. This knowledge could provide farmers, bakers, and product developers insights 
into cultivating, developing, and producing products that meet future consumer demands and preferences 
while contributing to a more sustainable and resilient food system. 
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2. Research aim 
The overall aim is to investigate the influence of terroir, and the addition of ingredients on consumers' 
perception and acceptance of sensory qualities in cookies prepared from the landrace cereal swidden rye. 
 
To reach the overall aim, the study will:  
 

a) Develop a descriptive vocabulary to communicate swidden ryes sensory qualities in a cookie to 
future consumers. 
 

b) Investigate consumers' acceptance and liking of cookies from swidden rye, which can help 
understand future consumers' expectations.  

 
c) Understand how environmental and cultivation parameters, collectively terroir, relate to sensory 

perceptions of swidden rye cookies.  
 

3. Background 
This section will provide information and prior research for understanding the research topic. How the 
food system and sustainability is connected will be described as well as the current loss of biodiversity in 
the food system. The focus on cereal crops and the potential of landrace cereals will be described. The 
sensory potential of landrace cereals will be addressed with a focus on Rye (Secale cereale). A historical 
background on rye and swidden rye will be provided and its role in the Nordic region. Thereafter, the 
concept of terroir will be introduced and explained in relation to landrace cereals. Current consumer 
trends, food practises and how sensory science can be utilised to meet consumer demand will be described. 
Lastly, background information regarding applicable methods will be provided.  
 

3.1. Food system sustainability  
The importance of the food system has increasingly received attention when dealing with climate change 
and planetary issues facing humanity in the 21st century. The food system can be described as a complex 
system (Gliessman, 2015) with global interconnections and interdependencies. It both connects and 
concerns all humans. Studies focusing on food systems sustainability have shown that the food system is 
one of the most significant contributing factors to global climate change, deforestation, loss of biodiversity, 
and increased emissions of N2O and CH4 (Foley et al., 2011; Tilman et al., 2011; Godfray & Garnett, 2014; 
Gordon et al., 2017; Willett et al., 2019). The latest IPCC report on climate change mitigation estimates that 
if immediate actions are not taken to reduce greenhouse gas emissions, we will reach global warming of at 
least 3,2 degrees in 2050 (IPCC, 2022). The report also highlights potential sectors for interventions with 
substantial potential to reduce greenhouse gas emissions (Ibid.). Here attention is drawn to the energy and 
agricultural sector (Ibid.). Focusing on agriculture, forestry, and other land uses is one of the most important 
aspects of limiting greenhouse gas emissions and staying within the 1.5 degrees Celsius target (Cissé et al., 
2022).  
 
Although reducing greenhouse gas emissions is often at the centre of sustainable development discussions, 
other aspects such as biodiversity loss, resilience, and health are equally important, and there are synergies 
between these aspects. The IPCC report points to the fact that agricultural mitigation strategies are unique 
because they also deliver other benefits and address multiple issues regarding land management and 
sustainability (Cissé et al., 2022). One way to achieve multiple benefits while mitigating climate change is 
to shift away from modern agricultural practices dependent on monocultures, inorganic fertilisers, fossil 
fuels, and chemicals towards organic farming practices, agroforestry, regenerative practices, and 
agroecological practices (Gliessman, 2015).  
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Demand-side mitigation practices are also addressed in the 2022 IPCC report, focusing on consumers, where 
changes toward more sustainable diets are suggested (Cissé et al., 2022). What those sustainable diets would 
look like is not developed in the report. However, other studies have been aimed at answering that question 
(Poore & Nemecek, 2018; Willett et al., 2019). For instance, having consumers shift toward a diet that 
consists of less red meat, processed foods, and more legumes, cereals, nuts, and blue foods has been 
suggested as solutions (Willett et al., 2019). Doing so would also mean that people would have to diversify 
what they eat. On average, around 60% of calories consumed come from five staple crops: rice, corn, millet, 
sorghum, and wheat (FAO, 2018a). In addition, only 170 out of 30 000 eatable crop species are cultivated 
on commercial scales (FAO, 2018a; FAO, 2018b). Increasing landrace cereals' production and consumption 
is a valid option to diversify our diets. The loss of biodiversity is also mentioned in the IPCC report as a 
threat to the resilience of different ecosystems to, for example, withstand increasing weather variabilities 
resulting from climate change (Cissé et al., 2022). In addition, further reductions in biodiversity might 
jeopardise the potential mitigation strategies suggested by the IPCC and their success in agricultural systems 
(Ibid.). Increasing agricultural systems' diversity could make them more resistant to pests and diseases, 
resilient to climate change-related issues such as drought and floods, and help keep traditional knowledge 
alive while providing economic benefits for small-scale farmers (Ibid.). The IPCC report suggests that 
diversifying the types of crops grown in agricultural systems is one way forward, adding that it is also a way 
to increase soil organic matter (Cissé et al., 2022). In order to diversify diets and increase food system 
sustainability, changes need to be made at the top levels of the food system but changes also need to occur 
from the bottom up (Meadows, 2009; Gordon, 2017). Here, consumers are essential to consider since how 
and what food we consume can serve as a solution (Willet et al., 2019). If a wider variety of food products 
were available to consumers, it could increase their interest and consumption of more diverse and 
sustainable diets. 
 

3.1.1. The loss of biodiversity in modern agricultural systems  
Measures to restore, preserve, conserve, and increase biodiversity is argued to be of great importance in 
achieving sustainability (Tilman et al., 2014). It has been argued that the effect of lost biodiversity can be 
equated to other drivers of environmental change, such as climate change, wildfires, droughts, and broken 
geochemical cycles (Tilman et al., 2014). Modern agricultural practices and monocultures produce around 
80% of the world´s food on 25% of worldwide cropland, creating large and relative stable yields over 
decades but with the help of fertilisers and chemical inputs, resulting in environmental damage (Ibid.). 
Monocultures are predominantly used in modern agricultural systems to achieve high yields (Miller & 
Spoolman, 2017). Monocultures are defined by their name, that only one crop is cultivated over large areas; 
this is employed both in agricultural and forest systems (Felton et al., 2010; Gliessman, 2015; Miller & 
Spoolman, 2017; Huuskonen et al., 2021). In modern agricultural systems, specific varieties of crops are 
cultivated, which have been subjected to modern plant-breeding (Gliessman, 2015; Miller & Spoolman, 
2017). Modern plant breeding aims to increase yields to achieve food security for a growing population 
(Miller & Spoolman, 2017).  
 
The disadvantages of using monocultures are that they are vulnerable to droughts, floods, pests, and 
diseases, which are expected to increase with climate change (Tilman et al., 2011; Stephen R. Gliessman, 
2015; Miller &Spoolman, 2017). Another issue is the loss of biodiversity, both in cultivated diversity and 
by the extensive use of pesticides, herbicides, and fungicides affecting surrounding wildlife, affecting in-
field and off-field diversity (Gliessman, 2015; Miller & Spoolman, 2017). Modern plant-breeding programs 
have resulted in a lower cultivated diversity and within-crop species diversity (Wouw et al., 2010). The 
FAO (2018b) argues that two factors limit the potential of global agriculture and food system sustainability: 
limited production diversity and a heavy reliance on a few staple crops. They point out that this leads to 
unbalanced diets, increases the risk for malnutrition, and that the high input farming practices currently 
employed in modern agricultural systems make these very systems more vulnerable to environmental shocks 
(Ibid.). With the global loss of biodiversity, solutions are needed that create synergies and tackle multiple 
issues. Changing diets or ingredients in our diets can help tackle some of the issues at hand. In particular, 
eating food that contributes to the sustainability of food systems, increases biodiversity, and is more resistant 
to climate change stressors could be a way forward (Gordon et al., 2017; Willett et al., 2019). In line with 
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this, consumers are becoming more aware of the connection between food and sustainability and are 
demanding more sustainably produced food (Asioli et al., 2014; Garnett et al., 2015; Aschemann-Witzel et 
al., 2019; Petrescu et al.,2019) at the same time as they are more sceptical of modern agricultural practices 
(Asioli et al., 2017). 
 

3.1.2. Directing focus and ways forward 
Cereal grains are one of the most important staple crops for food security and are consumed by people across 
the globe. However, increased global temperatures and CO2 emissions decrease cereal yields (Wang et al., 
2018). To feed the continuously growing population, estimates have shown that cereal production needs to 
increase by 70-100% until 2050 (Godfray et al., 2010; Ray et al., 2013). Studies have shown that current 
and historical trends in cereal yields are not on track with the needed increases (Ray et al., 2013). Further 
expansions of agricultural land have been suggested as a solution, but that would also entail increased 
pressure on biodiversity and carbon emissions from deforestation (Ibid.). Another issue is that land suitable 
for agriculture is decreasing due to salination, topsoil erosion, and certain agricultural practices (Hawkesford 
et al., 2013). Since cereals are an important staple crop globally, research has sought sustainable solutions. 
Some argue for increased plant-breeding and accessing more tolerant genes (Hawkesford et al., 2013), or 
using arable land more efficiently, changing agricultural practices, reducing food waste, and changing 
consumers' diets (Ray et al., 2013). Other possible routes forward could come from our history. Looking 
back at cereal production before the era of modern agriculture, where landrace cereals were used. Research 
has started to focus on these older cereal crops (Boukid et al., 2018). Additionally, consumers are becoming 
more aware of them and are favourable to consuming them in different food products (Wendin et al., 2020). 
 

3.2. Landrace cereals 
Recently, attention has shifted towards older cereal species that have not been subjected to modern plant 
breeding. They naturally have a broader within-species diversity, are well adapted to local conditions and 
offer increased diversity within production and consumption (Boukid et al., 2018; Westling et al., 2019; 
Johansson et al., 2021; Zamaratskaia et al., 2021). These older cereal species, often referred to as landraces, 
ancient cereals, or heritage cereals, are, despite their lower yields in contrast to modern varieties, more 
genetically diverse and they posses traits that make them more resilient to climate change stressors (Boukid 
et al., 2018; Johansson et al., 2021; Zamaratskaia et al., 2021). They can be cultivated on marginalised land 
otherwise unsuitable for cereal production and are often richer in macro and micronutrients than modern 
varieties (Ibid). Landrace cereals are also suitable in organic production systems since they, compared to 
modern varieties, require less water, energy, and fertilisers (Lazzaro et al., 2017; Leino, 2017; Slama et al., 
2018). Research has also been aimed at exploring the gastronomical potential of older cultivars (Westling 
et al., 2019). Apart from their ecological and nutritional benefits, they could contribute to diversified diets 
in terms of product, texture, flavour, and aromas (Ibid.). It has been argued that increasing the production 
and consumption of older species could help secure a food system that can adapt to a changing climate 
(Scherr & McNeely, 2008). Additionally, increasing the production and consumption of older cereals would 
contribute to preserving, restoring, conserving, and increasing food system biodiversity.  
 
Older varieties of crops have been of great importance since the beginning of agriculture and throughout 
history (Villa et al., 2005; Boukid et al., 2018; Zamaratskaia et al., 2021). An issue that has, in some part, 
hindered the conservation of these older crops is that there is no accepted definition for them (Villa et al., 
2005; Boukid et al., 2018). Villa et al. (2005) tried to find a definition that would encompass the meaning 
of older crops and their traits. Commonly used terms to describe older crop varieties are landraces, ancient, 
heritage, heirlooms, folk, farmers, and traditional varieties, creating confusion (Ibid.). Villa et al. (2005) 
highlighted that when the terms' variety' and 'cultivar' are used for landraces, it creates further confusion 
since these terms are more correctly associated with modern and formally improved material (Ibid.). Villa 
et al. (2005) formulated a working definition for landraces, which is the definition that will be used in this 
study:  
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"A landrace is a dynamic population(s) of a cultivated plant that has historical origin, distinct 
identity and lacks formal crop improvement, as well as often being genetically diverse, 

locally adapted and associated with traditional farming systems (p.381)." 
 
Landrace cereals have been a staple food for centuries. Prior to formal plant breeding, landraces were the 
standard crop cultivated in agricultural systems. Landraces are adapted to local conditions and have, over 
time, adapted to the environment in which they have been cultivated, creating a broad intraspecies diversity 
(Persson & Von Bothmer, 2002; Dawson et al., 2013; Leino, 2017). Formal plant-breeding started during 
the first green revolution in the 1950s to 1960s, when efforts were aimed at increasing yields and assuring 
food security (Okuno et al., 2014; Lopes et al., 2015). The lower-yielding landraces were faced out during 
the 1900s and replaced by high-input modern varieties and new agricultural practices where landrace 
characteristics did not suit the new and more technologically advanced practices (Longin & Würschum, 
2016; Leino, 2017; Boukid et al., 2018;).  
 
The newer modern cultivars are often denser, with smaller stalks than landrace cereals, where most of the 
energy produced in the plant goes to producing larger and more seeds for harvest, and less energy is directed 
towards developing, for example, root systems and leaf mass (Leino, 2017). This has been a conscious 
decision in plant breeding. Landraces, often growing taller than modern varieties, are therefore more 
sensitive to lodging, which can result in yield losses (Okuno et al., 2014). Quality traits such as nutrition, 
natural defence mechanisms, and other agricultural traits were prioritised lesser than higher yields and 
uniform crops. Landraces have, however, been used in plant breeding programs where specific genes from 
landraces have been essential for developing modern varieties (Okuno et al., 2014; Lopes et al., 2015). 
During the shift to modern high-input and technological agricultural practices, landraces have still been 
cultivated, but a lot of material and species have unfortunately been lost when modern varieties over time 
have taken over (Longin & Würschum, 2016; Leino, 2017). For example, only 5% of wheat cultivated 
worldwide is landrace wheat (Brouns et al., 2013), resulting in biodiversity, resilience, and knowledge loss. 
However, consumers' interest and awareness of landrace cereals in Sweden are relatively high (Wendin et 
al., 2020). Consumers want to consume them in different products such as bread, pasta, and bakery products 
such as cookies (Ibid.). For more information about landraces, see appendix A. 
 

3.3. Sensory potential in landraces  
Since many landraces and the knowledge about them have been lost during the shift to modern cultivars, 
knowledge gaps have appeared (Leino, 2017). According to Leino (2017), drawing conclusions about 
landraces' qualitative characteristics is one of the more challenging aspects. He suggests that there 
historically has been a developed knowledge about qualitative aspects of landraces, relating to their 
suitability as food, fodder, applications in bread baking, and beverage production (Ibid.). According to Leino 
(2017) the knowledge of taste and sensory qualities in different landraces is where most knowledge has 
been lost.  
 
In recent years, studies have started to bridge the knowledge gap of the sensory potentials in landrace cereals. 
An unpublished trial was made in Sweden where different landrace cereals were used for baking bread for 
sensory evaluation (Leino, 2017). However, there was no clear indication of which cereal provided the most 
liked product (Ibid.). Other published studies have focused on sensory aspects of emmer, spelt, einkorn, 
millet, and wholemeal wheat (Zamaratskaia et al., 2021). In all, Zamaratskaia et al. (2021) concluded that 
landrace cereals could be used for tasty products with a heightened nutritional value. When investigating 
sensory potentials in landrace cereals, it is important to identify landraces that meet current and future 
consumer demands and use them in suitable products (Longin & Würschum, 2016). A part of doing that 
would be further investigating how consumers perceive landrace cereals. Although consumers are 
demanding more sustainable, healthy, and locally produced products, which landrace cereals meet, how 
they taste and how much they are liked will be evident for increasing consumption of landrace cereals.  
 
Studies have shown that different landrace species of wheat provide different sensory attributes for 
appearance, aroma, flavour, and texture (Starr et al., 2013) and that landrace wheat can be used for 
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sourdough bread with great potential for consumer acceptance (Serban et al., 2021). Other studies focused 
on sourdough bread from other landrace cereals and have shown a high liking for their sensory attributes 
(Coda et al., 2010). Combinations of different types of landrace cereals and modern cereals have been used 
to create more nutritious and tasty bread, which has shown high acceptability for different sensory 
characteristics (Angioloni & Collar, 2011; Collar et al., 2014). The type of product and preparation 
techniques evaluated have been shown to impact the acceptability and sensory descriptions of different 
landrace cereals (Kissing Kucek et al., 2017). Kissing Kucek et al. (2017) could also show that differences 
in flavour attributes of landrace wheat were more subtle than texture characteristics which showed more 
apparent differences depending on preparation and product. Other aspects that have been found to affect the 
sensory attribute of landrace cereals are harvest year and weather impacts (Korczyk-Szabó & Lacko-
Bartošová, 2013). Climate variations, agricultural practices, place, and genetic diversity have been shown 
to affect the nutritional values of cereals (Miranda et al., 2011; Hidalgo & Brandolini, 2016; Boukid et al., 
2018). Overall, landrace cereals provide acceptable and tasty products. However, the specific landrace 
species, preparation methods, and agricultural parameters can influence sensory attributes. Here more 
research is needed to determine which landrace cereal species could meet future consumer demands (Longin 
& Würschum, 2016). 
 

3.3.1. Rye (Secale cereale)  
The studies mentioned above have mainly focused on wheat and other landrace cereals such as oats and 
buckwheat. Few studies have investigated landrace cereals of rye. The knowledge of rye landraces' sensory 
characteristics is still scarce. Leino (2017) points out that flavour and texture historically were important, 
especially for rye, where records have shown that farmers were aware of which types of landrace rye 
provided different textures and appearances, for example, dense or fluffy bread or dark and light bread 
(Leino, 2017). Rye is of historical and traditional importance in Nordic diets and an important source of 
whole grains and has traditionally been consumed as porridge and soft and crisp bread (Katina et al., 2007; 
Nilsson, 2015; Leino, 2017). Landraces of rye have been found to serve as a good source for 
macromolecules, that is, starch, fibre, and proteins (Kaur, et al., 2021), which in turn has sparked an interest 
in the research community and for industries to find new ways of using rye in commercial products to 
enhance health benefits (Ragaee & Abdel-Aal, 2006; Katina et al., 2007; Kaur et al., 2021). Some suggested 
applications for rye have been for bakery products, edible films, and beverages (Kaur et al., 2021). 
Pohjanheimo et al. (2010) argued that increasing the intake of rye products, especially wholegrain, should 
be strongly recommended due to its health benefits.  
 
Given rye's health benefits, studies have investigated how the nutritional composition is affected by 
cooking/preparation, milling, and its sensory characteristics. However, these studies have focused on 
conventional and modern rye cultivars, not landraces. Filipcev et al. (2011) showed that replacing fractions 
of wheat flour with rye had improved effects on biscuit dough characteristics, but no significant differences 
were detected for its sensory profiles. Conventional rye is characterised by a bitter flavour which has been 
further researched to identify compounds causing this (Heinio et al., 2008). The effect of milling has also 
been investigated where the degree of milling was found to affect the appearance and, foremost, the colour 
of rye bread (Heinio et al., 2003). Changes in the flavour and texture of rye bread and an increased bitterness 
have arisen from the processing stage (Heinio et al., 2016).  
 
Angioloni and Collar (2011) used blends of landrace cereals to bake bread, where landrace rye was mixed 
with oat, Kamut® wheat, and spelt wheat. The bread was concluded to be both nutritious and acceptable 
from a sensory perspective (Ibid.). Tran et al. (2019) did not specifically study rye landraces but developed 
a descriptive vocabulary lexicon for describing different rye types from northern Europe and the United 
States of America. Their study concluded that rye from northern Europe had a broader flavour spectrum 
than rye from the United States (ibid.). Increasing the consumption of rye is important considering its health 
benefits, but the consumption is low compared to other cereals (Sandvik, 2017), and especially low is the 
consumption of landrace rye. A recent study has identified barriers and drivers for increasing rye 
consumption (Shah et al., 2021). The main drivers were connected to health aspects, environmental 
awareness, and rye recommendations, whereas the barriers were lack of knowledge on preparation, the low 
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availability, and sensory attributes (Ibid.). Given the health benefits of landrace rye and the potential of 
landrace cereals to be cultivated with environmentally friendly practices, increasing the awareness of them, 
their availability and investigating their sensory characteristics is important and could help increase 
consumers' consumption of rye and landrace rye. 
 

3.4. The history of rye (Secale cereale) in the Nordic region 
Rye (Secale cerelae) has been of historical importance in many countries and has a long history of 
domestication and cultivation (Ragaee & Abdel-Aal, 2006; Katina et al., 2007; Kaur et al., 2021). For a 
botanical classification of rye, see appendix B. Historical records have shown that rye was the most 
important cereal crop in Fennoscandia (Sweden, Finland, Norway, and Denmark) for centuries providing 
both economic means and stability (Ibid.). From the Middle Ages until the beginning of the 18th century, 
rye was the most important cereal crop in many parts of Sweden (Ibid.). Several studies have been aimed at 
mapping and understanding the genetic structures, cultivation practices, evolution, and spread of cereals, 
focusing on wheat, barley, rye, and corn, to name a few (Persson & Von Bothmer, 2002). Fewer studies 
have focused on landraces, especially rye landraces (Ibid.). However, recent research has been aimed at 
filling this gap and determining and mapping the evolution and history of rye and rye landraces from when 
it was first domesticated to where it stands today (Persson & Von Bothmer, 2002; Grikpėdis & 
Matuzevičiūtė, 2016; Hagenblad et al., 2016; Larsson et al., 2019).  
 
Compared to other cereals, rye is a wind-pollinated species (Helbaek, 1970, in Persson & Von Bothmer, 
2002), meaning that its pollen is spread by the wind and can travel for several kilometres creating a constant 
geneflow between different populations of rye and a high degree of intraspecies variation (Leino, 2017). It 
is believed that rye was first discovered as a weed in other already domesticated cereals fields (Persson & 
Von Bothmer, 2002). In the Nordic region, traces of pollen from rye have been found in Denmark dating 
back to the 1st century AD (Helbaek, 1970, in Persson & Von Bothmer, 2002), and in Sweden, the first 
traces were found in Småland from around 100-200 AD (Göransson, 1995, in Persson & Von Bothmer, 
2002). The traces of rye in Sweden from this time are believed to be rye in its wilder form prior to its 
cultivated form; the first signs of rye cultivation in the Nordic region are dated to approximately 500 AD 
(Behre, 1992). Since the consumption of rye is relatively low (Sandvik et al., 2017), telling stories and 
communicating its rich history could be a way to increase consumers' interest and consumptopm of rye 
products.  
 

3.4.1. Swidden rye  
Rye has, during its history, been cultivated both on traditional farmland and in slash-and-burn farming 
systems (Larsson et al., 2019). Slash-and-burn is a farming system that has been used in different cultures 
around the world and is believed to be one of the earliest farming systems (Gliessman, 2015). In slash-and-
burn systems, forest areas or areas otherwise not used for farming were intentionally burnt to create new 
areas for farming. The burning of vegetation generates new farmland with an enriched topsoil layer with 
sufficient nutrients and organic matter from the recent fire providing good conditions for cultivation 
(Gliessman, 2015). The technique is often referred to as either slash-and-burn or swidden (in Swedish: 
Svedje), which indicates the farming method and explains the name of rye cultivated in these systems that 
are referred to as swidden rye (in Swedish: Svedjeråg) (Leino, 2017).  
 
Rye was the main crop used in slash-and-burn or swidden farming systems in the Nordic region since rye 
is suitable to cultivate on marginalised land (Larsson et al., 2019). There are different theories about which 
type of rye was predominantly used in these systems (Larsson et al., 2019). Some research suggests that 
specific types of swidden rye were used, such as "Tuvråg" or "Fälleråg" (Tvengsberg, 1995 in Larsson et 
al., 2019; Ahokas, 2012), whereas others have suggested that the same kind of rye was used both in slash-
and-burn systems and in regular fields (Leion, 2017). In a more recent study by Larsson et al. (2019), they 
did not find any support for the hypothesis that swidden rye should be genetically different from other rye 
landraces in Fennoscandia. This supports the suggestions that during the evolution of rye cultivation in the 
area, the same seeds have been used both in permanent fields and slash-and-burn systems and that cross-
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pollination and intensive cultivation of rye has created a rich diversity that is shared among landraces of rye 
in Fennoscandia whether they have been cultivated in permanent fields or slash-and-burn systems (Persson 
& Von Bothmer, 2002; Leion, 2017; Bennet, 1792 in Larsson, et al.2019). In Finland, rye was often 
cultivated in slash-and-burn systems. The start of slash-and-burn farming systems in Sweden is traced back 
to the large immigration of people from Finland to Sweden during the 15th and 16th centuries (Hagenblad 
et al., 2016). They often settled in the middle of Sweden, to what is called Finnmarken (Myrdal & Söderberg, 
1991 in Larsson et al., 2019; Bhere, 1992). Historical records show that the migrants from Finland likely 
brought seeds and farming practices to this area of Sweden (Persson & Von Bothmer, 2002; Tvenbsberg, 
1995 in Larsson et al., 2019). Records have also shown that rye seeds from Finland were excellent for slash-
and-burn cultivation and in regular fields (Leino, 2017). Predominantly landraces of rye or swidden rye 
from Finland were used in these systems (Ibid.). With time and continued cultivation, these landraces 
adapted to the new environmental conditions and mixed through their open pollination with local Swedish 
rye cultivars, which resulted in a richer genetic variation in the different landraces of swidden rye (Persson 
& Von Bothmer, 2002). The rich genetic variation is also believed to have provided different characteristics 
in rye landraces, where some were suitable for specific food products depending on their sensory 
characteristics (Leino, 2017). 
 

3.4.2. Genetic diversity, variation, and distribution of rye and rye landraces 
Historically rye has, in contrast to other cereals, been described and named depending on which period of 
the year they have been sown, for example, autumn rye, winter rye, or midsummer rye (swidden rye) (Leino, 
2017). It has been hard to determine if these are genetically different types of rye or if they simply are the 
same but named differently depending on when or where they were sown (Ibid.). Studies have been aimed 
at mapping the genetic variation and distribution of both rye and different types of rye landraces (Behre, 
1992; Grikpėdis & Matuzevičiūtė, 2016; Hagenblad et al., 2016; Larsson et al., 2019; Persson & Von 
Bothmer, 2002). Hagenblad et al. (2016) discovered that the genetic diversity was highest within cultivated 
rye landraces and not in their wild form (Ibid.). In addition, they could also detect geographical clusters of 
rye similar in their genetic diversity, where the diversity shared within the geographical clusters was greater 
than in the taxonomic classification (Fig 1) (Ibid.). Regardless of whether it was a wild, feral, or cultivated 
rye, the geographical location was what most explained the clusters. These geographical clusters indicate 
how rye has been cultivated and where seeds and cross-pollination have influenced the genetic evolution 
(Ibid.). They identified a cluster in Fennoscandia and four other clusters (Ibid.). Within this, slash-and-burn 
rye from Finnmarken formed its own cluster that had little resemblance to the other landraces (Ibid.). The 
authors explained the smaller cluster as an example of the historical agricultural exchange between Sweden 
and Finland (Ibid). 
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Figure 1. Geographical distribution of rye landraces clusters according to models by Hagenblad, et al. (2016). Each 
pie chart represents landraces and their proportional membership to each of the five detected clusters. The grey lines 
represent the division of different agro-climatic zones. (Figure from Hagenblad, J., Oliveira, H. R., Forsberg, N. E. G., 
& Leino, M. W. (2016). Geographical distribution of genetic diversity in Secale landrace and wild accessions. BMC 
Plant Biology, 16(1), 23. https://doi.org/10.1186/s12870-016-0710-y, used with permission from Leino, M.W. 
and Hagenblad, J.). 
 
Larsson et al. (2019) focused their study solely on landraces of rye in Fennoscandia and their genetic 
structure. They concluded that landraces from Fennoscandia, in accordance with Hagenblad et al.´s (2016) 
study form their own population that is genetically differentiated from other cultivated landraces in Europe 
(Larsson et al., 2019). Persson and Von Bothmer (2002) showed that landraces, mainly from Finland and 
Sweden, contained a higher genetic diversity and shared much of its genetic diversity. The studies focusing 
on genetic structures in rye show that there are geographical clusters of rye, that rye in Fennoscandia has a 
richer genetic diversity, and that the genetic variation within each landrace is greater than between different 
landraces in this region (Hagenblad et al., 2016; Larsson et al., 2019; Leion, 2017; Persson & Von Bothmer, 
2002). Although genetic studies show a high genetic resemblance of landraces in Finnmarken, historical 
documents point to a greater diversity between different rye landraces (Leino, 2017). This could be 
explained by the fact that currently employed methods might not fully capture the diversity and that future 
methods with more developed genetic markers might show different results (Ibid.). Alternatively, older 
literature and documentations rather portray differences in farming practices, sowing times, and soil 
qualities (Ibid.) relating to terroir. Another possibility is that the preserved landraces available for studies 
today do not reflect the material available historically (Ibid.). Relating to studies showing that environmental 
conditions, agricultural practices, and genetic diversity can affect sensory experiences and attributes in 
landrace cereals (Boukid et al., 2018; Hidalgo & Brandolini, 2016; Miranda et al., 2011) looking at how 
this can be perceived in swidden rye by consumers is essential. The intraspecies diversity in landrace rye 
could, for example, provide ground for specific sensory attributes relating to a specific geographical 
location. That could be communicated using storytelling and concepts such as terroir.  
 

3.5. Terroir  
Terroir stems from France and the wine world. It is used to describe the collective influence of the 
environment, soil, climate, and agricultural practices on sensory qualities. Terroir has been used for 
centuries and started as an expression for specific regions, mainly encompassing soil and land use (Castello, 
2021). In recent times terroir can serve as a marketing tool for understanding how different food products 
are experienced from a sensory perspective. In addition, terroir can be understood as a socio-cultural 
construction where a specific place, production methods, history, local knowledge, and relationships to 
place and land create meaning (Capitello et al., 2021; Castello, 2021). The meaning or definition of terroir 
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has changed over time and is constantly reconceptualised, where new ideas, narratives, and meanings are 
introduced (Castello, 2021; Leedon et al., 2021). One way of trying to define it was made by Leedon et al. 
(2021), who suggest that terroir can be seen as:  
 
"…specific environmental attributes (e.g., climate and soil) combined with human actions, heritage and 
traditions determine the qualities and quality of particular products and services from that place (p.415) ". 
 
Since terroir is a broad concept, it is important to address the spatial/hierarchical scale one refers to 
(Vaudour, 2002). For example, terroir can refer specific farm or region, or in some cases, both farm and 
region (Ibid.). To avoid confusion on this issue, Vaudour (2002) suggests that the investigated scale of 
terroir should be made clear. In this study, the use of terroir will refer to a specific farm.  
 
Communicating the history and the potentially different sensory characteristics of swidden rye cultivated at 
different geographical locations could be one way to increase consumers' interest. A way of doing so is 
through terroir. Leino (2017) suggests in his book two possible ways to cultivate and utilise the genetic 
material and the qualities in landrace cereals. The first is through plant breeding, a low-intensive kind of 
plant breeding where selections are made by farmers and organisations such as Alkorn (a Swedish 
organisation for preserving landraces) (Ibid.). The second suggestion is connected to terroir. Leino´s (2017) 
suggestion is to preserve landraces close to their historical state and adapt the farming system to match the 
cereals. Using this second approach would perhaps mean that the scale of landrace cultivation would remain 
small but that it could provide culturally important aspects otherwise lost. Here Leino (2017) connects to 
how terroir is used for other culturally and historically important food products (Ibid.). He argues that there 
is a value in preserving these unique qualities and that marketing landrace cereals in this way could be 
meaningful and present new opportunities for farmers, bakers, and product developers (Ibid.). To quote 
Leino (2017), doing so "would literally be like tasting history (p.252) "1.  
 
Research has shown that terroir can be used for value-building in products and as a story-telling practise to 
communicate place, history, sensory quality and cultivation practices (Charters et al., 2017; Capitello et al., 
2021; Castello, 2021). Using terroir in association with landrace cereals could be a way to increase interest 
in landrace cereals and communicate their historical importance and sensory characteristics to consumers. 
As Charters et al. (2017) concludes, terroir is one of the most effective ways to unlock value for producers 
and consumers from a regional marketing perspective. Additionally, terroir has been suggested as a strategy 
for creating unique products with local connections (Jacobsen, 2010; Capitello et al., 2021). Using terroir 
as a concept can encompass the perception of high-quality products (Aurier et al., 2005; Charters & 
Spielmann, 2014; Charters et al., 2017; Capitello et al., 2021). Terroir can also be used as an instrument for 
implementing sustainable agricultural development (Leedon et al., 2021), which is in line with current 
consumer trends of interest in food products that are tasty with local connections and that are sustainably 
produced (Poore & Nemecek, 2018; Wendin et al., 2020). Information about the landscape and the location 
needs to be collected to study terroir. Geographical Information Systems (GIS) data is one example that has 
been used in studies of terroir and wine (Jones et al., 2004; Nunez et al., 2011) and environmental and soil 
studies (McGrath et al., 2004) with satisfactory results. Providing knowledge about the landscape and its 
interactions with quality and determining soil quality (Ibid.).  
 
Terroir has increasingly been used for different food products (Aurier et al., 2005; Castello, 2021). Here 
sensory perspectives are important, that is, how the taste of a place is communicated using terroir. Terroir 
can heighten the sensory experiences since it creates certain expectations of the product, which can 
positively contribute to the overall sensory experience of the product (Leedo et al., 2021). Given both the 
physical aspects of terroir (soil, environment) and the socio-cultural (history, knowledge), sensory 
perceptions can bridge the two aspects of terroir (Ibid.). Since sensory perceptions are based both on 
physical responses to a product, simultaneously as these perceptions are influenced by our lived experiences 
(Lawless & Heymann, 2010), it provides a way to combine the two factors of terroir. Leedo et al. (2021) 
highlight that the influence of environmental aspects on sensory perceptions is key in the concept of terroir. 

 
 
1 Quote translated by the author. 
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Further, they argue that there are several routes for working with terroir to strengthen sustainability which 
could lead to more sustainable agricultural practices, rich sensory experiences, and encourage historical and 
cultural knowledge sharing (Ibid.).  
 

3.6. Changing consumer demand towards sustainable food 
practices  

Consumer trends have started to change in light of climate change, as awareness has increased of the 
environmental problems connected to food production and of health benefits and concerns with consuming 
particular food (Asioli et al., 2014; Garnett et al., 2015; Poore & Nemecek, 2018; Slama et al., 2018; 
Aschemann-Witzel et al., 2019). According to Petrescu et al. (2019), consumers are interested in food 
products perceived as sustainable, healthy, and locally produced. Other studies have shown that some 
consumers are willing to pay more for these attributes (Loureiro & Umberger, 2003; Wendin et al., 2020). 
There is a growing interest in so-called "clean labels", signifying that products are made with natural and 
organic ingredients (Asioli et al., 2017). Demand for food products produced with organic practices is also 
increasing (Garnett et al., 2015) because consumers are more aware and sceptical about conventional 
farming practices (Asioli et al., 2017). Labels indicating organic production methods have even been shown 
to influence consumers' sensory perceptions, enhancing taste perceptions (Hemmerling et al., 2013). 
However, consumers value production locations to a greater extent than production practices, meaning that 
locally produced claims are more important (Onozaka & McFadden, 2011). Previous research has also 
focused on understanding the connection between suitability and health claims (Hoek et al., 2017). Hoek et 
al. (2017) showed that consumers were interested in food products that are environmentally friendly and 
healthy. An extensive literature review by Garnett et al. (2015) showed that consumers shift their demands, 
where taste and price are the most important aspects. Here landraces pose as a valid option. Increasing 
demand for food products that are adaptable and contribute to the positive preservation of biodiversity are 
some of the reasons why attention has been directed toward landraces (Boukid et al., 2018; Slama et al., 
2018). The findings also indicate that sustainability is important as well as local and organic production 
(Ibid.). It should be noted that many studies focusing on consumer demands and trends are conducted in, 
and with a focus on, the Global North and that the conclusions drawn are not universal (Garnett et al., 2015).  
 
Wendin et al. (2020) showed that almost all consumers who participated in their survey were aware of 
landrace cereals and would also consider purchasing products made with them. However, the awareness of 
swidden rye (approx. 30%) among the consumers was lower compared to Spelt (approx. 95%) and Emmer 
(approx. 45%) (Ibid.). Landrace cereals match consumer demands for organic, healthy, local produce and 
contribute to sustainable and resilient food production. Since landrace cereals meet these consumer demands 
(Longin & Würschum, 2016), it could explain why consumers are becoming more aware of them. Kaur et 
al. (2021) suggested that potential applications for rye could be in bakery products or beverages. Even if the 
product most consumers reported that they would be interested in consuming in Wendin et al. (2020) study 
were bread, cookies from landrace cereals were also one of the products that consumers were interested in.  
 
For the market to meet the new consumer demands, other quality aspects of landraces must be considered. 
One of the prominent drivers of food purchases is taste, texture, aroma, and appearance (Aschemann-Witzel 
et al., 2019; Asioli et al., 2014; Garnett et al., 2015). By applying sensory science, consumers' perceptions 
of taste can be understood. Even if a food product meets the demands of sustainability, local and organic 
production, and health benefits: it still needs to be tasty for consumers to eat it (van Bussel et al., 2019). 
 

3.7. Applying sensory science  
Sensory science studies humans' analytical or affective perceptions of different physical and chemical 
stimuli (Lawless & Heymann, 2010). It is a multidisciplinary discipline that can be used to gather both 
quantitative and qualitative data (Ibid.). Sensory science can be utilised to understand perceptions of all 
kinds of products but is commonly used within food research (Ibid.). When we consume food, we are 
constantly forming opinions based on our physical reactions to it, which are further affected by our 
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preferences, experiences, hunger, mood, and so forth- ultimately forming what we like and dislike (Cardello, 
1994). One can apply sensory science to understand how preferences, acceptance, and liking is perceived. 
Utilising sensory science is important when introducing new foodstuffs to understand if they meet consumer 
preferences. Applying consumer sensory science has also been argued to accelerate sustainable food 
practices (Aschemann-Witzel et al., 2019).  
 
Sensory science is a scientific discipline that evokes, measures, interprets, and analyses how people perceive 
products with our five senses (Stone & Sidel, 2004; Lawless & Heymann, 2010). To evoke includes the 
specific procedures and techniques for evaluating samples (Lawless & Heymann, 2010). Where, how, in 
which order, at what temperature, etc., the samples are evaluated are important to consider to minimise 
biases (Ibid.). Samples are often evaluated in controlled settings; samples should be evaluated individually 
and with as little interference as possible; samples are, for example, evaluated with blinding codes to not 
influence any biases from labels and other information (Ibid.). The term measure refers to the quantitative 
approaches in sensory science where the sensory experiences can be reported as numerical data (Ibid.). The 
approach is built from behavioural research in quantifying humans' behaviours, reactions, and responses to 
different stimuli (Ibid.). However, it is important to remember that sensory science is multidisciplinary, and 
methods such as focus groups can also be used to generate qualitative data (Ibid.). The evaluation part of 
sensory science focuses on the employment of statistical analysis to understand quantitative data (Ibid.). 
Using humans as measuring instruments is inherently challenging since humans are affected by several 
things such as mood, motivation, hunger, sensitivity to sensory stimuli, personal preferences, and 
experiences (Ibid.). Therefore, it is essential to employ rigorous statistical analysis and a valid study design 
to be able to draw conclusions from the gathered data (Ibid.). For qualitative methods, other means of 
analysis are employed (Ibid.). For the final term, interpret, the generated result from the quantitative or 
qualitative analysis needs to be interpreted in the context of a hypothesis or previous research to place the 
new results in a context (Ibid.). Any conclusions drawn from a sensory analysis must be based on data, the 
analyses, the results, the context, and the limitations of the methods and study design applied (Ibid.).  
 
Sensory science can be divided into two main fields: 1) analytical analysis, which is stripped from 
preference and liking and can be considered objective, and 2) hedonic analysis, which is subjective, focusing 
on liking and preferences (Lawless & Heymann, 2010; Gustafsson et al., 2014). Thus, two different types 
of panels can be used. Firstly, an analytical panel is used as an analytical instrument (Ibid). Secondly, a 
consumer panel is used for consumer tests, often for hedonic assessments (Ibid.)  
  
Within the two main fields of sensory science, three different methods of tests can be identified: 1. 
descriptive analysis, 2. affective tests, and 3. difference testing (Lawless & Heymann, 2010).  
-Descriptive analysis belongs to the analytical field and uses selected and trained panels that are motivated 
and screened for sensory perceptivity (Ibid.). Descriptive analysis should be used to understand differences 
between perceptions of samples and to develop descriptive vocabularies for these samples. A descriptive 
analysis normally results in product profiles, describing the included samples' differences and similarities 
(Ibid.).  
-Affective tests belong to the field of hedonic analysis, where the panellists most often are consumers. An 
affective test should be used to understand how much a product is liked and or how much a product among 
several is preferred (Ibid.). This type of test aims to understand consumers' preferences and perceptions. 
-Difference testing can be used in both fields. As an analytical test, when using selected panellists screened 
for their sensory perceptivity when focusing on answering the question if there is a difference between 
samples (Ibid.). A difference test can also be used within the hedonic field if it is based on preference and 
thus is called a preference test, where the sample that is preferred over another is selected (Ibid.). The 
difference test is not suitable for generating descriptive vocabularies or when one tries to understand liking 
between several samples (Ibid.). 
 

3.7.1. Analytical tests  
Descriptive analysis is an analytical test often described as the most advanced and sophisticated approach 
to sensory analysis (Varela & Ares, 2012; Stone & Sidel, 2004; Lawless & Heymann, 2010). It provides 
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knowledge about specific sensory attributes and can also help analyse different ingredients, providing a 
good starting point for understanding which sensory attributes should be evaluated in a hedonic test (Ibid.). 
Selected and trained panels utilising descriptive analysis have shown to produce replicable and comparable 
results for the same products in different settings and countries and show the stability provided by 
descriptive analysis (Lawless & Heymann, 2010). The tasks performed in a descriptive analysis require a 
trained panel (Ares et al., 2014). Using consumers in these panels is not suitable since they are not as 
analytical and concise in their assessments (Ibid.). Different methods can be used within the area of 
descriptive analysis, where the Quantitative Descriptive Analysis (QDA®) is the more prominent method 
(Lawless & Heymann, 2010: Varela & Ares, 2012).  
 
QDA® uses training, individual evaluations, and a non-active moderator that merely guides the process, 
encourages discussion, and facilitates the process (Stone & Sidel, 2004; Lawless & Heymann, 2010). The 
assessment is conducted using line scales to measure the intensity of different sensory attributes (Ibid.). The 
scale often uses anchors close to the ends, encouraging panellists to use larger parts of it (Ibid.). The 
recommended number of participants in a QDA® is 8-12 panellists (Ibid.). The structure of a QDA® can 
be somewhat modified with different approaches for the training sessions. However, modifications of the 
standard practice risk the validity of the results (Lawless & Heymann, 2010). The strength of QDA® lies in 
that the samples are assessed individually and that it allows for both univariate and multivariate analysis 
(Stone & Sidel, 2004; Lawless & Heymann, 2010). One must, however, keep in mind that a QDA® does 
not provide absolute measurements but rather relative differences between the samples (Ibid.). Therefore, it 
is important to include several samples and reference samples in a QDA® (Ibid.).  
 
The recommended procedure in a QDA® can be divided into three steps: training the panellists, determining 
the consistency in evaluation, and evaluating the samples (Lawless & Heymann, 2010). The training should 
start with exposing panellists to samples representing different sensory attributes (Ibid.). The panel uses the 
samples to generate a standardised vocabulary, and this first session should be done individually in silence 
(Ibid.). From these words, the panellists, with the guidance of the moderator, form a consensus on what 
words they agree on and can assess equally (Ibid.). Sometimes, a list of attributes or specific lexicons can 
be used (Ibid.). However, it has been shown that letting the panellists form their own vocabulary is 
preferable (Ibid.). During these discussions, the panel should also decide on the scale's end references 
(Ibid.). In most cases, only verbal references are used, but sometimes, depending on the study and 
complexity, the moderator can provide actual reference samples to aid the assessment (Murray, 2001; 
Lawless & Heymann, 2010). Depending on the sensory complexity of the samples, this training can require 
more or less time (Lawless & Heymann, 2010). During the continued training, the panellists should form a 
consensus on what order they want to assess the different attributes, both in terms of sensory attributes and 
in what order they will assess appearance, aroma, flavour, and texture (Ibid.). In the later stages of training, 
the panellists train on assessing attributes on the line scale for the moderator to detect if the panel is assessing 
the attributes consistently (Ibid.). This is done individually, and the panellists might use the scale length 
differently (Ibid.). It is important to consider that the panellists are using the scale consistently, which can 
be calibrated by discussions, and the use of visual feedback can speed up the process and form consistency 
in the evaluation (Findley et al., 2007).                     
 
For the sensory evaluation, the panel is placed in individual booths equipped with standard lighting, pallet 
rinsing, spit-cups, and blind-coded samples (Lawless & Heymann, 2010). The study design should consider 
the order in which the samples are served so as not to create any biases, and the samples should therefore 
be served in a balanced order, meaning that the sample served first, second, etc., varies (Ibid.). The samples 
can be served either monadically, one by one, or simultaneously, all at once (Ibid.). Studies have shown that 
either practice is functional but that serving samples simultaneously is more time-consuming (Mazzucchelli 
& Guinard, 1999; Hein, 2005 in Lawless & Heymann, 2010). Using replicates is recommended, where at 
least two are recommended, but three is considered the best standard practice (Lawless & Heymann, 2010). 

3.7.2. Hedonic tests 
Affective or hedonic tests aim to measure the degree of pleasure, liking, or appeal of a product (Lawless & 
Heymann, 2010). In association with the evaluation of food products, they focus on consumers' experiences 
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and perceptions of appearance, aroma, flavour, and texture (Stone & Sidel, 2004; Lawless & Heymann, 
2010). An important aspect of these tests is the recruitment of the consumer panel. It is essential to have a 
panel that represents different ages, gender identities and, foremost, are familiar with the product that will 
be evaluated and preferably are frequent consumers of it (Lawless & Heymann, 2010). There are different 
types of tests within this field. For example, as earlier mentioned, preference test, where consumers are 
asked to choose between products using different methods (Ibid.). Hedonic scaling is one widely used 
approach to understanding consumers' acceptance and liking (Stone & Sidel, 2004; Lawless & Heymann, 
2010). Ranking of different products is another alternative, but it has been argued not to provide as much 
information as a scaling test (Ibid.). Therefore, scaling tests are more often applied when understanding 
consumer preferences and perceptions of food (Ibid.). The most common approach is a 9-point hedonic 
scaling test (Ibid.). A hedonic liking test can be designed to measure liking for appearance, aroma, texture, 
flavour, and different attributes of these (Ibid.).  
 
The scale stretches between the categories "Dislike extremely" to "Like extremely", with the middle point 
being "Neither dislike nor like". The advantage lies in the ease consumers' can use it and the design of a 
ruler-like appearance and function, where each step is supposed to be equal, making it possible to assign 
each step a numeric value (Stone & Sidel, 2004; Lawless & Heymann, 2010). The use of the scale has been 
widely studied and is considered to provide stability and validity to the data (Peryam & Girardot, 1952 in 
Lawless & Heymann, 2010; Lawless & Heymann, 2010). The scale has shown consistent results in different 
regions and panel sizes (Lawless & Heymann, 2010). Lawless and Heymann (2010) argue that keeping the 
structure of the 9-point scale is important since it provides consumers with sufficient options for their degree 
of liking. Others have criticised the scale, especially the "Neither dislike nor like" option (Mosokowitz, 
1980). However, the "Neither dislike nor like" option has been shown to be important since it represents a 
valid reaction (Lawless & Heymann, 2010). Some studies have shortened the scale to seven options (Beinner 
et al., 2010; Daroub et al., 2010; Akonor et al., 2017). Lawless and Heymann (2010) suggest that this should 
be avoided since it can risk reducing the actual number of options, given that consumers often refer from 
using the scale end-options. Others have suggested that shortening the scale to seven steps aids consumers 
and can avoid overuse of the option "Neither dislike nor like" (Gustafsson et al., 2014). For a hedonic liking 
test, the complexity of the product should guide the number of consumers, and also the site of testing where 
the recommended number of consumers can vary between 20-100+ to detect differences and to conduct a 
valid statistical analysis (Stone & Sidel, 2004; Lawless & Heymann, 2010; Mammasse & Schlich, 2014). 
 
Focus groups can also be employed to gain a qualitative and deeper knowledge about perceptions, attitudes, 
opinions, preferences, and likings and can fall under hedonic tests (Lawless & Heymann, 2010). Focus 
groups can be adapted and structured differently depending on what questions are asked (Lawless & 
Heymann, 2010; Bryman, 2011;). Using a focus group in sensory science can help bridge potential gaps 
between the analytical and hedonic analyses and solidify the results (McNeill et al., 2007). A focus group 
can also help render deeper insights into the questions asked (Cresswell & Cresswell Báez, 2021; Bryman, 
2011). When conducting focus groups, it is essential to consider who should participate (Bryman, 2011; 
Creswell & Creswell Bàez, 2021). The information one wants to gain from the focus group should guide 
the decision (Ibid.). For example, if the aim is to investigate consumers' attitudes, consumers should be 
recruited, or if trends should be investigated, market experts could be recruited. The recommended number 
of participants in a focus group can vary from six to 12 (Bryman, 2011; Creswell & Creswell Bàez, 2021). 
However, fewer participants can be advantageous since it reduces the risk that some participants are not 
heard (Bryman, 2011). However, an initial over-recruitment can be valid since people often regret their 
choice to participate in a focus group (Creswell & Creswell Bàez, 2021). A recommended practice for 
conducting focus groups is to start the session with introductions and simpler questions to warm up the 
participants and make them feel comfortable with the situation (Bryman, 2011; Creswell & Creswell Bàez, 
2021). To later move towards more challenging tasks and discussions (Ibid.). 
 

3.7.3. Analysing sensory methods  
Different approaches are used to analyse sensory data depending on if the method is qualitative or 
quantitative. For quantitative sensory methods, statistical analysis is typically used (Lawless & Heymann, 
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2010). Both a QDA® and a hedonic liking test are quantitative methods where the data is reported in 
numerical values (Ibid.). Then, conducting statistical analysis is essential to interpret the gathered data 
(Ibid.). Different statistical approaches can be used (Ibid.). Firstly, conducting descriptive statistics to 
represent the raw data is often done by calculating averages and standard deviations (Ibid.). Secondly, 
determining and finding evidence that the detected differences and results are actual and not a product of 
chance can be done by determining the statistical significance of the result (Ibid.). Different approaches can 
be used, but Analysis of Variance (ANOVA) is commonly applied (Ibid.). Thirdly, one can look at 
correlations, relations, and associations between the investigated variables and attributes, for example, 
through a Principal Component Analysis (PCA) or a multi or bivariate correlation analysis (Ibid.).  
 
Correlation analysis can be applied to combine different quantitative data in statistical analysis, such as 
sensory and GIS data, to understand the relationships between them. A correlation analysis is used to 
describe the strength and direction of linear relationships between different variables (Schober et al., 2018; 
Perinetti, 2019). It can be used to understand how a particular variable is associated with another or how 
these relationships look. In bivariate correlation analysis, the R value determines the strength of the 
correlation. The maximum value of R can be either -1 or +1, which indicates the correlation's strength and 
direction. An R-value of ±0,7 is seen as a strong positive or negative correlation (Schober et al., 2018). One 
needs to consider that a correlation, even if it is considered a strong correlation, does not mean causation 
(Ibid.). Meaning that in correlation analysis, one can say that there is a relationship between variables X and 
Y, but one cannot say that X results in Y. The advantage of using a bivariate correlation analysis is that 
several different variables and types of data can be combined - making it suitable when one tries to analyse 
different types of data to understand possible relationships between them. 
 
A focus group which is a qualitative method should be analysed using qualitative approaches, for example, 
thematic analysis (Bryman, 2011; Creswell & Creswell Bàez, 2021). In thematic analysis, the author 
familiarises themself with the gathered material and tries to interpret what the material contains (Creswell 
& Creswell Bàez, 2021) and then tries to find codes for these interpretations of different paragraphs 
(Bryman, 2011). These codes are then further used to form themes that can communicate and represent the 
meanings found in the material (Ibid.). The codes build the evidence for the themes that are later presented 
in the results (Creswell & Creswell Bàez, 2021). The purpose of thematic analysis is not to simply report 
what has been said in focus groups but to interpret and put it together, letting the material tell a story 
(Bryman; Creswell & Creswell Bàez, 2021). Another essential aspect to consider when conducting 
qualitative analysis is one's own background, experiences, and interpretations (Creswell & Creswell Bàez, 
2021). The analysis is never free from the influence of the person who interprets the material; therefore, it 
is vital to stay reflexive when conducting a thematic analysis (Ibid.). 
 

3.8. Mixed methods approach and interdisciplinarity  
The use of interdisciplinary research has increased in recent years (Barry et al., 2008; Frodeman, 2011). By 
combining knowledge from different fields, new conclusions can be drawn. It has been suggested that an 
interdisciplinary approach is needed to evaluate and create new and sustainable food products (Gordon, 
2017). This study has its foundation within sensory science, with the addition of agronomical science, where 
GIS data and field notes have been used. Combining these fields makes it possible to deepen the 
understanding and answer the research question of how terroir relates to sensory attributes. In addition, 
Sensory science can be seen as an appropriate discipline to combine with others, and often is in 
interdisciplinary science, to form a cohesive knowledge about products (Martens, 1999; Gustafsson et al., 
2009; Zamaratskaia et al., 2021). When one tries to understand new products from multiple quality traits, 
sensory science can be an important aspect to include to render new insights (Delarue et al., 2014).  
 
This study utilises a mixed methods approach which is often applied within the field of sustainability and 
has provided deeper and more holistic answers to different research problems (Frodeman, 2011). Depending 
on the study, different mixed method approaches can be applied (Ibid.). This study combines quantitative 
methods and analyses with a qualitative method and a thematic analysis. This approach has been shown to 
provide a deeper understanding and knowledge of posed research questions (Artmann et al., 2020). Given 
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that sensory science is a multidisciplinary discipline that can be used to render both qualitative and 
quantitative data, it is suitable to use in mixed method studies (Lawless & Heymann, 2010). 
 

4. Material and methods 
In this section the choice of methods and research design will be provided. Descriptions of sample material, 
sample development, and production will be given. The use of the three different sensory evaluation methods 
will be described followed by descriptions for the data collection process. The environmental and cultivation 
parameters, representing terroir, will be described and the method of compiling this data. Lastly, the 
process of data analysis and ethical considerations will be described. 

4.1. Study design  
The study was conducted with a mixed methods approach, using quantitative and qualitative methods 
(Figure 2). Using a mixed methods approach allowed for statistical analyses that were further complemented 
with deeper insights from the qualitative method. The study had an interdisciplinary approach utilising 
previously gathered environmental and cultivation data, from each farm corresponding to the samples of 
swidden rye, collected by Tove Ortman, PhD student at SLU, 2021, in the project Sustainable organic food 
from heritage cereal – using history to form the future. These results were combined with the analytical and 
hedonic sensory analysis to understand if and how terroir relates to consumers' perceptions of cookies based 
on swidden rye. 
 

 
Figure 2. The study design explaining the different parts of the study, how they are connected and how each analysis 
was conducted to reach the results. The green boxes indicate the sample production procedure, the orange boxes 
correspond to the sensory evaluation methods. The clay-coloured box represents the previously gathered data. The 
yellow boxes represent the different approaches for data analysis. The brown box represents the results. 
 
The study included six different samples, five samples of swidden rye from five different Swedish farms 
and one sample of conventional rye as reference. The samples were milled into flour for the sample 
development process and baked into cookies. A standard recipe was created after pretrials and evaluation 
of the different cookie samples. During the sample production, cookies were baked for the sensory analyses.  
 
The study used an analytical descriptive analysis with an already established trained analytical panel and a 
QDA® since it is suitable for generating descriptive vocabularies and understanding specific sensory 
attributes. A hedonic test with a non-trained, i.e. consumer panel consisting of 82 participants, was used for 
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a hedonic liking test measuring the degree of liking of appearance, aroma, flavour, and texture of the 
swidden rye cookies. This was followed by a consumer focus group, conducted using a semi-structured 
interview guide and in-depth discussions led by a moderator. The environmental and cultivation parameters 
representing terroir have been collected via GIS data from each of the five farms where the swidden rye has 
been cultivated, providing information about each sample's geographical location and growing conditions.  
 
The data collected from each method have been analysed using either quantitative or qualitative analysis. 
The results from the sensory analyses were combined through a bivariate correlation analysis with the results 
from the different environmental and cultivation parameters previously collected. Combining the results 
from the sensory analyses and the environmental and cultivation parameters showed if and how terroir 
relates to sensory attributes, perceptions, and the acceptance of swidden rye cookies. 
 

4.2. Sample material  
For the study, six samples of rye were included; five samples of swidden rye from five different farms in 
Sweden and one sample of store-bought conventional rye as reference. In table 1, all samples are presented 
by their alias used throughout the study. Table 1 also provides pictures of the raw material before milling, 
seeding time, agricultural system, and farm/field location. The five swidden rye samples were harvested in 
2021 at the five different farms. The samples were harvested, dried, stored and cleaned at the farm. The 
samples were then collected at the farm or sent by post to the SLU in Uppsala, Sweden. The samples were 
then stored at room temperature before analysis. The conventional sample (KONV) was purchased at a 
grocery store before the sample production on the 18th of January. The same production batch of KONV 
has been used throughout the study (Batch nr: 4611832, Best before date 15-11-2022). There was no further 
information on seeding time or farm/field location for the KONV sample except that it is from Sweden and 
conventionally produced. 
 
Table 1. Sample material used in the study. Presented according to alias, raw material, seeding time, type of farming 
system, and the geographical location of the farm in Sweden.  

Alias Raw material Seeding System Location 

D2 

 

Midsummer Organic Skåne 

E 

 

Autumn Organic Småland 

T 

 

Midsummer Organic Hälsingland 

F1 

 

Spring Organic Dalarna 

G 

 

Midsummer Organic Uppland 

KONV 

 

- Conventional Sweden 

 

4.3. Sample development 
For the sensory analyses, cookies were produced to assess the different samples of swidden rye. The cookie 
recipe for this study was developed using results from a previous student study on recipe development for 
landrace cereals (Bridonneau & Chauveteau, 2021). The student study was a part of the project "Sustainable 
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organic food from heritage cereal – using history to form the future". The study utilised sensory and textural 
analysis to develop recipes for pasta and shortbreads based on landrace cereals (Bridonneau & Chauveteau, 
2021). The study used a standard shortbread recipe as a reference (Ibid.). From the standard recipe, the 
amount of flour, butter, and sugar was either increased or decreased according to a fractional design (Ibid.). 
Their results indicated that changing amounts of the different ingredients affected the shortbreads' sensory 
attributes. In Bridonneau & Chauveteau (2021) study, two recipes increased the overall flavour of cereals. 
One where the amount of flour had been increased, and secondly, where the amount of butter was increased, 
and sugar decreased (Ibid.). Therefore, these two recipes, together with the standard recipe in Briodonneau 
and Chauveteau's study, were chosen as a starting point for the recipe development of this study with the 
addition of three other recipes. See appendix C for further descriptions of the sample development process 
and pretrials of the different recipes and baking procedures. After evaluation of the pretrials, the baking 
procedure, recipe, size, shape, and oven settings that performed the best and most consistent results were 
combined for the recipe used in this study. 
 

4.4. Sample production  
The raw material was milled to flour at the finest setting using Bileux 2000 stone mill. The flour used for 
the hedonic liking test and the focus group was stored in paper bags, approved for food products, and placed 
in a freezer at -18 degrees Celsius until the day of production. Recipe two (see Appendix C) from the sample 
development and pretrials were used (Table 2 and figure 3). 165 g of flour, 25 g of sugar, and 125 g of butter 
were meassured using a digital kitchen scale (±1g) and placed in separate containers. Sugar and butter were 
mixed in a Bjørn Teddy Varimixer (M0058301Z) kitchen blender at the second speed for two minutes and 
then for three minutes at the third speed to incorporate the butter and sugar. The flour was added, and the 
dough was mixed for four minutes at the second speed. After that, the edges of the mixing bowl were scraped 
to help ensure homogenisation and prevent the formation of butter clumps. The dough was then mixed for 
another four minutes at the second speed. The dough was removed and placed on plastic wrap, and rolled 
to a thickness of 0,7 cm in a rectangular shape. The dough was then sealed with plastic wrap and placed in 
a 4-degree Celsius fridge for two hours. After two hours, the cookies were cut using a circular cutter of 4 
cm diameter (Devisetti et al., 2015). The dough scrapes were re-rolled to a thickness of 0,7 cm and cut using 
the circular cutter. A total of 24 cookies were cut from each dough and placed on baking sheets. 
 
Table 2. Summary of sample production where amounts of each ingredient is provided. Shape, size, and weight of the 
cookies are specified. Lastly, oven settings for baking and references are presented.  

Sugar (g) Butter (g) Flour (g) Grinding 
degree 

Shape Size (cm) Weight 
(g) 

Oven 
settings 

Reference 

25 125 165 Fine Circle 4*0,7 11-13 180°C  
8 min  

Reduced 
wind 

(Davidov, 
2012; 

Devisetti, 
2015) 

 
To minimise any effect of tray location during the baking, a Latin square design can be used (Giarnetti et 
al., 2015). A Latin square design uses rows and columns where the design can be adapted to the number of 
samples where each sample appears in each row and column once (Ibid.). A simplified approach was used 
since all trays were baked at the same location in the oven and one by one. The trays were divided into four 
squares, and all samples were placed within all squares an equal number of times. The cookies were baked 
in a Rational oven (SCC101) at 180 degrees Celsius for eight minutes at reduced wind speed (Davidov-
Pardo et al., 2012). The cookies were placed on a cool surface and left to cool to room temperature (21±2 
degrees Celsius) (Devisetti et al., 2015). After cooling, the cookies were placed in sealed plastic bags with 
butter paper in-between to prevent the gain of moisture (Davidov-Pardo et al., 2012) and stored at room 
temperature (21±2 degrees Celsius) (Arifin et al., 2010) for 3-5 days before the sensory evaluations. 
 
The procedure was repeated for all batches. The author has produced all batches to minimise any effect of 
different approaches for each step in the baking process. For the analytical panel, 18 batches were produced 
on the 28th of February. For the consumer panel, 24 batches were produced on the 6th of March. Lastly, six 
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batches were produced for the focus group on the 10th of March. All materials used were cleaned between 
the preparation of each batch. The sample production for the analytical panel was conducted at Kristianstad 
University. The sample production for the consumer panel and the focus group was conducted in a restaurant 
kitchen in Sundsvall. Both facilities are approved for food production and up to Swedish food safety 
regulations (Personal communication). 
 

 
Figure 3. The different steps in the sample production. Starting from the top left corner, picture 1 shows the 
milled flour; 2 the measured ingredients; 3 the mixing of butter and sugar; 4 the addition of flour; 5 the scraped 
edges before further mixing; 6 the placement on plastic wrap; 7 the dough rolled to a thinness of 0,7 cm; 8 the 
sealed doughs that were placed in a fridge for cooling; 9 the cookies cut with the 4cm cookie cutter; 10 the 
placement on the tray; 11 the cooling after baking; and lastly 12, the packaged cookies ready for sensory 
evaluation. 
 

4.5. Analytical sensory test 
For the analytical sensory test, QDA® was used to generate a descriptive vocabulary for appearance, aroma, 
flavour, and texture. The QDA® has been conducted according to recommendations and guidelines in 
section 3.8. The analytical panel was recruited from Kristianstad University´s established sensory panel. 
The panel has undergone sensory training and regularly participates in sensory evaluations. Information 
about the included samples was sent to the analytical panel. Seven panellists were included; however, due 
to COVID restrictions, only five were able to attend. 
 

4.5.1. Training sessions  
Before the session, all samples were evaluated by the author and the sensory lab assistant at Kristianstad to 
pick out three samples that represented and captured the different qualities and attributes of the cookies. 
These three samples were used for the first and second days of training.  
 
The first training session on the 31st of January started by informing the panellists about the study, and they 
were asked to provide their written consent to participate in the study. Afterwards, the panellists were 
presented with the three samples served in plastic cups with randomised three-digit codes, still water, neutral 
crackers, a spit-cup, pen, and paper. They were encouraged to familiarise themselves with the samples in 
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silence and individually write down descriptive words. After 20 minutes, a group discussion was initiated, 
and the panellists reported the words they had used. The words were recorded on a whiteboard. Discussions 
were moderated about the words to form a consensus on which words everyone agreed on. The words 
recorded from the first discussion and the words remaining after the consensus discussion are presented in 
Appendix D. The panellists wanted to assess the samples firstly by aroma, appearance, flavour, and lastly, 
texture.  
 
The second training session on the 1st of February started with discussions about the words generated during 
the first day. The panellists then trained on assessing the samples on a scale. A physical scale (0-100) was 
used to visualise the assessments. Each panellist was provided two differently coloured magnets, the three 
samples served in plastic cups with randomised three-digit codes, water, neutral crackers, spit-cups, and still 
water (Figure 4). The moderator chose two samples, and the panellists were then asked to place their 
magnets, representing the samples, on the scale according to their assessment of a given attribute by the 
moderator. The same procedure was repeated for all attributes until a consistent evaluation was achieved. 
Further discussions were needed to calibrate how the panellist assessed the samples for some attributes. 
When further discussions were needed, alterations to the descriptive words were made, some words were 
excluded, and for some words, reference samples were provided to the panellists to calibrate the assessment. 
All attributes were assessed with the scale of intensity going from "0=little to 100=a lot". A specific 
definition was made for the attribute "Degree of grinding/milling", where the endpoints of the scale were to 
be considered as the intensity of milling from coarse to fine. The final descriptive words are presented in 
Appendix D and the results. What order the attributes would be assessed in was decided. The panellists 
highlighted that the samples were oily, making the assessment harder. To decrease the oiliness, sliced 
cucumber was served as an additional pallet cleanser during the final evaluation, which has been used as a 
pallet cleanser in other studies (ex. Akonor et al., 2017). 
 

 
Figure 4. Set up for the second day of training utilising a physical scale for the training session to calibrate 

and discuss the assessment of the different attributes. 

4.5.2. Sensory evaluation and data collection  
The sensory evaluation was conducted on the 2nd of February. The test was designed using EyeQuestion® 
(Version 5.0.7.11. the Netherlands). The test was conducted in the sensory laboratory at Kristianstad 
University, equipped in accordance with ISO-8589:2007 (ISO, 2007). Each panellist was seated in an 
individual booth equipped with sliced cucumbers, neutral crackers, still water, and a spit-cup (Figure 5). 
One cookie of each sample was served in sealed plastic cups with a randomised three-digit code. The six 
samples were served monadically in three replicates (18 samples) in a balanced service order in a fixed 
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sequence through a serving hatch. The evaluation was divided into two sessions with a 20-minute break in-
between. The panellists assessed the samples individually. All attributes were assessed with the scale of 
intensity going from "0=little to 100=a lot". Anchors were used on the scale and placed at 10 and 90 to aid 
the assessment. The responses were recorded in EyeQuestion®. 
 

 
Figure 5. Set up for the sensory evaluation and data collection, showing the individual booths at the sensory 

laboratory at Kristianstad University. 
 

4.6. Hedonic liking test 
An affective test with a hedonic liking method has been applied. The hedonic liking test with a consumer 
panel was conducted over five days (7/3-11/3-2022) between 12.00-17.00 in Sundsvall, Sweden. The testing 
facility was a lunch restaurant in central Sundsvall. The test was conducted in a separate part of the restaurant 
to minimise distractions. A sound isolating curtain was used to provide a quiet testing area, following 
recommendations by Lawless and Heymann (2010) and Stone and Sidel (2004). Consumers were recruited 
via poster distribution in the office building of the restaurant, social media posts, and through offering people 
working in the office building to participate. The consumers could either participate by booking a time in a 
web-based form before the test or drop by during advertised hours. A mixed approach was used for the 
recruitment of consumers: prior and on-site recruitment (Stone & Sidel, 2004). The purpose was to recruit 
an adequate number of consumers that represented an even distribution between gender identities, age 
groups, and were consumers of cookies. The aim was to recruit 70-80 consumers, given that only one 
variable was changed in each sample, that the test was not conducted in a sensory lab, and since it also 
enables statistical analysis of the collected data. The consumers were informed about the recruitment 
requirements via the distributed posters, namely that they needed to be over 18 to participate, that test would 
be conducted on rye cookies with the allergen gluten and lactose. The test was designed following 
recommendations in section 3.8 but with the shortened hedonic 7-point scale with the endpoints being 1= 
"Dislike very much" and 7= "Like very much". 
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4.6.1. Data collection 
The test was designed using EyeQuestion®. The participants were asked to indicate their degree of liking 
for each sample and assessed them for appearance, aroma, flavour, texture, and overall liking (Table 3). 
From the vocabulary developed in the QDA®, the attributes nutty flavour, cereal aroma and flavour were 
included. The consumers were able to add comments if they wanted in an open field. However, doing so 
was not mandatory. Each participant answered questions regarding how often they consumed cookies, their 
age, and gender identity. The number of consumers participating in the different sessions ranged between 
1-8 consumers at a time.  
 
The consumers scanned a QR code and conducted the test on smartphones or iPad using EyeQuestion®, 
which collected the data. Each consumer was served the six samples simultaneously, still water, neutral 
crackers, and cucumber slices. One cookie of each sample was placed in sealed plastic cups with a 
randomised three-digit blinding code. The samples were served in a balanced service order. The consumers 
were offered water, crackers, and cucumber to rinse their palette before tasting the following sample (Figure 
6). The consumers were given instructions on how to conduct the test both orally and written. They were 
asked to provide their informed consent to participate before the test and informed that they participated 
anonymously and could redraw their participation whenever they wanted. 
 
Table 3. The attributes in the assessed order for liking on 7-point hedonic scales by the consumer panel divided by 
categories aroma, appearance, flavour, texture, and overall liking. 

Category Assessed attribute for liking 
Aroma Cereal aroma 

Overall aroma 
Appearance Colour of the cookie 

Overall appearance 
Flavour Roasted (nutty flavour) 

Cereal flavour 
Overall flavour 

Texture Overall texture (how the sample feels in your mouth when you chew it) 
The full sample, considering aroma, 
appearance, flavour, and texture 

Overall liking 

 

 
Figure 6. Set up for consumer panel, showing the equipment each consumer was given, six samples of cookies, 
water, neutral crackers, and cucumber.  
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4.7. Focus group 
The focus group aimed to bridge potential gaps between the analytical and hedonic analyses and render 
deeper insights into consumers' preferences and use of descriptive words; therefore, consumers were 
recruited for the focus group. At the end of the consumer test, the participants got information about the 
focus group and could leave their email addresses if they wanted to participate in the focus group. In total, 
18 people registered their interest an email was sent to them with the purpose of recruiting six to eight 
consumers. The email contained information about the purpose of the focus group, at what time and location 
it would take place and ethical considerations. The consumers were asked to answer the email to sign up for 
the focus group. In total, six consumers answered and participated in the focus group. The focus group was 
conducted on the 18th of March in Sundsvall, Sweden. The same test facility as in the consumer test was 
used. The focus group was designed with inspiration from previously conducted sensory focus groups by 
Cardinal et al. (2003) and McNeill et al. (2007) (Figure 7). The guide follows general guidance for 
conducting focus groups, like starting the session with introductions and simpler questions to warm up the 
participants to move towards more challenging tasks and discussions later. For this study, the focus was on 
generating descriptors for the different samples of swidden rye cookies to investigate if the descriptors used 
by the analytical panel and the consumer panel were similar to the ones used by the focus group and to see 
how the focus group perceived these words. Another aspect was to investigate the negative or positive 
descriptive words when describing the samples. The focus group also looked into which cookies and 
descriptors generated higher and lower liking of the samples. Figure 7 shows the adapted focus group guide. 
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Figure 7. Guide used for the focus group session, divided into four parts. The guide is adapted from studies 
conducted by Cardinal et al. (2003) and McNeill et al.,(2007).  
 

4.7.1. Data collection  
The focus group session was divided into four main parts (Figure 7). The session started by providing all 
participants with information about the study, how the data would be used, and their right to anonymity. 
Participants were asked to give their written and oral consent to participate in the study. After that, the focus 
group started. The participants were first asked to state their names, how often they consumed cookies and 
their favourite cookie type. The participants were then asked and encouraged to come up with words that 
could be used to describe cookies. They were asked to discuss which of the words they thought were 
negative descriptors versus positive descriptors for cookies. A flip chart was used to direct the participants' 
attention and write down the generated words.  
 
The participants were then served six samples of cookies in plastic cups with a randomised three-digit 
blinding code in a randomised order. Each participant was also equipped with a pen, paper, still water, 
neutral crackers, and sliced cucumber. The participants were asked to describe the different samples' colour, 
appearance, and aroma before tasting while taking individual notes. Thereafter, the words used by the 
participants were discussed collectively and written down on the flip chart. The same procedure was 
repeated for taste and texture, aided by tasting. There was no need to probe any of the words indicated in 
the guide as the focus group mentioned them. Finally, discussions were focused on what words were most 
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and least important for the participants in the samples. The participants were also asked to rank the samples 
according to liking and then discuss what attributes made them rank the samples the way they did. The 
session was recorded to obtain information gathered, and the notes from the flip chart and the participants 
were collected and used in the analysis. 
 

4.8. Terroir: Environmental and cultivation parameters 
The GIS data and field notes have been collected in a prior study by PhD student Tove Ortman at SLU, 
Department of Crop Production Ecology, in her PhD project "Production and consumption of organically 
grown heritage cereals" within the project "Sustainable organic food from heritage cereal – using history 
to form the future" (project no 2018–02393). Additional GIS data has also been collected in this study.  
 

4.8.1. Data collection 
The data collected by PhD Tove Ortman, SLU, consists of field notes from her visits and interviews with 
the five different farms included in the study and GIS data. Ortman's study includes several other farms, but 
only the field notes and GIS data for farms D2, G, T, F1, and E have been included in this study. The field 
notes collected by Ortman have provided background information about the farms, coordinates, seeding 
times, and agricultural practices employed. Most of the GIS data used in this study was collected by Ortman 
and Pierre Chopin, Post doctor at SLU, Department of Crop Production Ecology. The following information 
on the GIS data collection has been provided through Ortman by Chopin.  
 
The average proportion of clay was determined at 1km and 5km radius. A raster was produced for the clay 
content in the fields following Piiki et al.'s (2019) map, and the average was calculated. For the proportion 
of land types, forest, arable land, and others, CadasterEnv (available online) was used. The different codes 
relating to agriculture and forest were assembled. For arable land: Åkermark (3; 131) and for Forest: 
Tallskog (utanför våtmark), Granskog (utanför våtmark), Barrblandskog (utanför våtmark), Lövblandad 
barrskog (utanför våtmark) etc. (Id 111–117; 121–127). The number of pixels was summed *100 m2, the 
resolution of the pixel and divided by the total area of the circle radius at 1km and 5km of each farm. The 
collected GIS data was provided in a Microsoft Office Excel document to the author of this study.  
 
To determine soil texture classes and proportions of sand and silt for each of the five farms, the author has 
retrieved additional GIS data from the Digital arable land map -detailed mapping of texture in arable 
land (Söderström & Piiki, 2016; FAO magnifier, 2022) using the coordinates reported by Ortman. The 
digital arable land map is publicly available online and has a resolution of 50x50m (Ibid.). The map provides 
information regarding sand and clay proportions in different point grids. The soil texture classes produced 
by the map are determined by the FAO/USDA and calculated using methods by the USDA (2015). The GIS 
data was collected using the coordinates for each farm to record the clay content and soil texture type.  
 

4.9. Data analysis  
Given the mixed method approach of the study design, the data analysis has employed both quantitative 
statistical analyses and qualitative thematic analysis. The following sections will explain the approaches 
applied to the different methods. 
 

4.9.1. Quantitative analyses  

4.9.1.1. Analytical and hedonic sensory tests 
Statistical analyses have been used to analyse the QDA® and the hedonic liking test. For the QDA®, all 
panellists have been included, and all replicates. Only the 79 out of 82 consumers that finalised the hedonic 
liking questionnaire have been included in the analysis.  
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The data was deployed from EyeQuestion® to EyeOpeneR® version 5.0.7.11, which is the statistical 
program connected and developed for EyeQuestion®. For both methods, a raw data file was also 
downloaded from EyeQuestion® to Microsoft Office Excel. In a first step, the raw data was analysed in 
Microsoft Office Excel to ensure that all participants in both methods had finalised the questionaries and to 
ensure that no consumers had used the hedonic liking scale in a repeated manner, meaning putting the same 
value for every attribute for every sample.  
 
General and descriptive statistics, such as means and standard error, were calculated in EyeOpeneR® for 
both methods. Standard deviations on means were calculated using Excel and EyeOpeneR®. For both 
methods, EyeOpeneR® was used to perform the Two-way ANOVA with Tukey´s posthoc HSD (Honestly 
Significant Difference) to detect significance levels. The levels of significance were determined at 
p=<0,001, p=<0,01, and p=<0,05. For the QDA®, a Principal component analysis (PCA) was conducted 
using mean values to analyse what attributes related to each sample, this was done using EyeOpeneR®. 
Microsoft Office Excel has been used to create tables and figures to visualise and present the results.  
 
In the hedonic liking test, an open-ended section was included in the questionnaire where consumers could 
add comments. The section was used only by a few consumers. The information attained was related to the 
attributes already assessed on the hedonic scale and did not provide further information. Therefore, these 
answers have not been included in the analysis or the results. 

4.9.1.2. Terroir: Environmental and cultivation parameters 
The previously gathered data by Ortman and Chopin (section 4.8) was compiled in Microsoft Office Excel. 
Only the data and information regarding the farms included in this study were compiled in a new document. 
No further statistical analyses have been conducted. Microsoft Office Excel was used to visualise the data, 
where figures and tables have been made.  
 
The data collected from the Digital arable land map -detailed mapping of texture in arable 
land (Söderström & Piiki, 2016; FAO magnifier, 2022) was used to calculate estimated proportions of clay, 
sand, and silt proportions. The calculations were made using Microsoft Office Excel and the Soil Texture 
Triangle (King et al., 2013). The calculations were based on the clay content reported from the previously 
gathered GIS data and the digital arable land map (Söderström & Piiki, 2016; FAO magnifier, 2022). The 
mean absolute error in the area for the clay content was reported and calculated by Söderström and Piiki 
(2016). The Microsoft Office package has been used to create figures and tables that visualise the data. The 
data collected by Ortman and Chopin and the GIS data from the digital arable land map have also been used 
in a bivariate correlation analysis.  

4.9.1.3. Correlations between sensory perceptions and terroir  
A bivariate correlation analysis has been used to understand how environmental and cultivation parameters 
and geographical location, collectively terroir relate to the sensory descriptions of swidden rye cookies and 
consumers' liking for the different attributes. The mean values from all assessed attributes in the QDA® and 
the hedonic liking test were used in the bivariate correlation. The compiled GIS data for soil textures and 
land types, together with the coordinates of each farm, were also included. The data was compiled using 
Microsoft Office Excel and then imported to IBM© SPSS© statistics version 28.0.1.0 (142). The data were 
assigned labels and types of measure (nominal, ordinal, or scale). A bivariate correlation was conducted 
with all variables with Pearson correlations coefficients and a two-tailed significance test. The correlation 
was considered significant at p=<0,05 and p=<0,01. Only correlations with an R-value above ±0,7 and 
statistically significant correlations have been considered strong and reported in the results. IBM© SPSS© 
statistics and Microsoft Office Excel was used to develop a figure for the results. 
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4.9.2. Qualitative analysis 

4.9.2.1. Thematic analysis: Focus group  
A thematic analysis approach has been used to analyse the focus group data. This study has applied an 
abductive approach, where the empirical material and theoretical reflections have guided the author's 
interpretations and analysis (Alvehus, 2019).  
 
The recording from the focus group session was transcribed, and the flip-chart notes were collected. After 
transcribing the recording, the combined material was read to get a general idea and obtain a sense of the 
material. Thereafter, the material was reread, and specific text paragraphs and segments of the transcribed 
material were marked and assigned with codes that were later used to formulate themes in the material. The 
continued analysis proceeded with rereading and assembling the different codes in Microsoft Office Excel, 
where they were colour coded. Quotations that related to the different codes were also assembled in Excel. 
After further rereading and interpretations, the codes were used to formulate the main themes in the material. 
The themes arose from the codes, several codes that shared a common theme were grouped together. A total 
of 34 codes were developed. After reading, regrouping, interpretations, and removing redundant codes, they 
were reduced to 21 codes that formed the basis of and laid the ground for five themes that arose from the 
analysis. The five themes were further reduced to three since there was an overlap, and the themes could be 
grouped together based on the meanings behind the codes they consisted of. 
 

4.10. Ethical considerations  
Since the study included humans in the sensory evaluations, ethical considerations needed to be taken 
(Lawless & Heymann, 2010; Vetenskapsrådet, 2017). The study gathered information about gender identity, 
which falls under the GDPR article 9.1 for sensitive data (Integritetsskyddsmyndigheten, 2016). To consider 
this aspect, the information about age and gender identity could not be traced to a specific participant since 
everyone was automatically anonymised in EyeQuestion. In addition, the participants indicated their 
informed consent with the information that questions regarding gender identity and age would be asked. 
Therefore, the requirements in article 9.2 (a) of the GDPR for sensitive data have been considered 
(Integritetsskyddsmyndigheten, 2016). The participants in the focus group and the different farms have been 
anonymised in the study. The recording from the focus group was stored on a password-protected device 
before transcribing, and the file was later deleted. The transcribed and anonymised material has been stored 
on a password-protected hard drive, following Integritetsskyddsmyndigheten's (2016) and 
Vetenskapsrådet's (2017) recommendations. 
 
In addition, the study has taken the four ethical principles of research into consideration, the information 
requirement, the voluntary consent requirement, the confidentiality requirement, and the utilisation 
requirement (Bryman, 2011). Participants in the study have been informed about; the purpose of the study; 
how the data was to be used and handled; that their participation was voluntary and they were free to 
withdraw their participation at any time; and lastly, that the data would be used for this master thesis that 
further is a part of the project "Sustainable organic food from heritage cereal – using history to form the 
future". The information has been provided to the participants both orally and verbally. The participants in 
the QDA® signed an information letter before the test indicating their informed consent to participate and 
received monetary compensation. For the hedonic liking test, the consumers were also presented with an 
information letter and electronically indicated their informed consent to participate before starting the 
sensory evaluation. The focus group participants also got a written information letter that they signed prior 
to the focus group indicating their informed consent to participate.  
 
 
 



 
 

 

28 

5. Results  
In this section the results from the data analysis will be provided. The results will be presented starting with 
the analytical sensory test, followed by the hedonic sensory test, the focus group, and terroir, environmental 
and cultivation parameters, and lastly the results from the bivariate correlation analysis. All the results will 
be presented according to the farm alias in table 1.  
 

5.1. Analytical sensory test  
The results from the QDA® are reported in table 4. Based on the results, figures showing the same mean 
values have been made to visualise the results and to provide a graphical representation of the different 
flavour profiles, a spider plot has been created (Figure 8).  
 
The assessed attributes are presented in table 4 in the order they were assessed. For all the attributes, six out 
of 16 were statistically significant; oats-aroma, grey appearance, golden appearance, amount of light 
particles, nutty flavour, and degree of milling. The results indicate that the most prominent differences can 
be found in appearance, texture, and aroma. The attribute where there were minimal differences was salt, 
which can be explained by the fact that none of the cookies contained the addition of salt. The salt flavour 
might come from the salted butter used in the sample production.  
 
For oat aroma, samples KONV and E had a significantly more intensive aroma than sample T. Sample 
KONV and sample F1 had a more intensive grey appearance than samples T and G. Whereas reversely, 
samples T and G had a more intense golden appearance than KONV and F1. A clear difference in intensity 
was found for the attribute amount of light particles, where sample KONV had a significantly higher amount 
of light particles than all other samples. Sample F1 also had a higher intensity of light particles, significantly 
higher than D2 and E. For the flavour attribute, roasted (nutty) sample KONV had a significantly higher 
intensity than samples T and G. Sample D2 had a significantly higher intensity for the attribute degree of 
milling than KONV. The two attributes that could be considered negative attributes are grey appearance 
which was most intense in KONV, and oiliness (greasy feeling) which was most intense in F1 but with no 
significance. 
 
 Table 4. Assessed attributes are listed and samples are indicated according to their alias. Mean score per attribute with 
standard deviation are indicated as (±). The scale of intensity measuring from 0=little to 100=a lot. Significance levels 
are indicated as A' p=<0,001; A p=<0,01; a p=<0,05. 

Attributes KONV (A) D2 (B) E (C) T (D) F1 (E) G (F) 
Rye-aroma 47 (±16) 52 (±19) 51(±18) 50 (±19) 48 (±18) 49 (±20) 

Oats-aroma 46 (±16) d 40 (±13) 48 (±13) d 35 (±12) 45 (±12) 38 (±13) 

Syrup 43 (±22) 39 (±18) 42 (±18) 35 (±18) 36 (±18) 38 (±20) 

Browned butter 63 (±10) 58 (±17) 57 (±18) 53 (±14) 51 (±17) 55 (±18) 

Grey 55 (±16) dF 37 (±16) 44 (±19) 34 (±18) 53 (±16) df 32 (±17) 

Golden 41 (±18) 58 (±17) 53 (±19) 61 (±17) ae 41 (±17) 64 (±18) ae 

Crackelation (degree) 60(±19) 48 (±22) 49 (±20) 47 (±16) 45 (±19) 52 (±17) 

Light particles (amount) 64 (±12) B'C'D'EF' 23 (±8) 23 (±9) 36 (±13) 40 (±14) bc 38 (±13) 

Roasted (nutty) 66 (±13) df 66 (±12) 58 (±15) 57 (±17) 61 (±13) 57 (±14) 

Rye-flavour 54 (±15) 57 (±14) 57 (±13) 58 (±14) 57 (±14) 59 (±12) 

Oats-flavour 45 (±17) 43 (±13) 37 (±13) 40 (±11) 44 (±14) 43 (±11) 

Sweetness 44 (±20) 40 (±17) 41 (±18) 39 (±17) 45 (±20) 41 (±15) 

Salt 20 (±13) 17 (±10) 17 (±9) 18 (±14) 19 (±12) 18 (±9) 

Butter 58 (±15) 49 (±20) 54 (±16) 51 (±17) 56 (±16) 49 (±18) 

Degree of milling/grinding 32 (±17) 58 (±18) a 55 (±17) 45 (±19) 40 (±15) 36 (±17) 

Oiliness (greasy feeling) 53 (±19) 59 (±12) 50 (±16) 56 (±15) 60 (±16) 49 (±16) 
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The spider plot (Figure 8) visualises the different sensory profiles for the samples. Where the samples could 
be described by their five most intensive attributes.  
 
KONV can be described as a cookie with a high amount of light particles and crackelations, with an aroma 
of browned butter and a distinctive roasted and nutty flavour with the addition of buttery flavours.  
 
D2 can be described as a cookie with clear roasted nutty flavours, a golden colour, notes of browned butter, 
and a coarse and slightly oily texture.  
 
E can be described as a cookie with roasted nutty, rye, buttery flavours, with an aroma of browned butter 
and a slightly coarse texture.  
 
T can be described as a cookie with a golden colour, roasted nutty and rye flavours, with a light aroma of 
browned butter and a slightly oily texture.  
 
F1 can be described as a cookie with an oily texture, with flavours of butter, rye, roasted nutty tones, and 
slightly grey colour. 
 
G can be described as a cookie with a golden, slightly crackelated appearance, with aromas of browned 
butter and roasted nutty and rye flavours. 
 

 
Figure 8. Spider-plot for means per assessed attribute for each of the six samples. Significante differences between 
the different samples for the assessed attribute are indicated as ***: p <= 0.001; **: p <= 0.01; *: p <= 0.05.  
 
Figure 9 displays the Principal Component Analysis (PCA). Where PC1 explains 52,74 % and PC2 17,79% 
of the variations. It visualises which samples are associated with the different attributes and how they can 
be clustered together. There are three different clusters where one cluster consists of samples E, D2, T, and 
G, the second of KONV and the third of F1. The sample KONV has differentiated itself from the other 
samples and is placed further out on PC1 and PC2 than the other samples. It is closest to sample F1, which 
both correlate with a grey appearance, the degree of crackelation, and the amount of light particles. Samples 
E, D2, T, and G are placed further away on both PC1 and PC2 and are more correlated with the attributes 
golden, degree of milling, and rye aroma and flavour. Showing that there are differences in the flavour 

0
10
20
30
40
50
60
70

Rye-aroma
Oats-aroma*

Syrup

Browned Butter

Grey**

Golden*

Crackelation (degree)

Light particles
(amount)**

Roasted (nutty)*
Rye-flavour

Oats-flavour

Sweetness

Salt

Butter

Degree of
grinding/milling*

Oiliness (greasy feeling)

Spiderplot for means per attribute with significance

KONV
D2
E
T
F1
G



 
 

 

30 

profiles between the landrace cereal cookies and the cookie prepared with conventional rye. But also, that 
there are sensory differences between the different cookies prepared with swidden rye. 
 

 
Figure 9. Principal component analysis biplot PC1 vs PC2 where each sample is indicated with an orange dot and the 
assessed attributes for liking are indicated with green lines. Showing clusters for the different samples and certain 
attributes. PC1 is explaining 52,74% and PC2 17,79%.  
 

5.2. Hedonic sensory test  
In total, 82 consumers participated. Only 79 consumers finished the questionnaire due to technical 
difficulties. The three consumers that did not finish the questionnaire have been excluded from the results. 
There was an even distribution between the age groups (between 13-25%) and for gender identity (54% 
female and 46% male) (Figure 10). For the gender identity question, the options "non-binary" and "do not 
want to answer" were available but not chosen by any consumer. Therefore, those options are not included 
in figure 10. For the consumption of cookies, most consumers consumed cookies on a weekly (48%) or 
monthly (33%) basis (Figure 10). 

KONV

D2

E

T F1

G

Rye-aroma Oats-aroma

Syrup
Browned butter

Grey

Golden Crackelation (degree)

Light particles (amount)

Roasted (nutty)

Rye-flavour

Oats-flavour

Sweetness

Salt

Butter

Degree of 
milling/grinding

Oiliness (greasy feeling)



-1,5

-1

-0,5

0

0,5

1

1,5

2

-1,5 -1 -0,5 0 0,5 1 1,5 2

PC
2 

(1
7.

79
%

)

PC1 (52.74%)

PCA Biplot

Active products Active variables

Supplementary products (if applicable) Supplementary variables (if applicable)



 
 

 

31 

Figure 10. The distribution of age, cookie consumption, and gender identity for the 79 participants in the 
consumer panel.  
 
The consumers assessed their liking for aroma, appearance, flavour, texture, and overall liking of the 
samples using the 7-point hedonic liking scale where 1="Dislike very much and" 7="Like very much". 
Figure 11 provides a visualisation of how the samples differed, and the mean liking for each attribute is 
presented with error bars indicating the standard deviation. In table 5, the mean liking is presented but with 
standard deviations indicated as (±) and the level of significance indicated 
as A' =<0,001; A p=<0,01; a p=<0,05. The following paragraphs present the results from both the figure 
and the table.  
 
Table 5. Assessed attributes are listed and samples are indicated according to their alias. Mean score per attribute 
with standard deviation are indicated as (±). Attributes are assessed according to the hedonic scale where 
1=Dislike very much and 7=Like very much. The two-way ANOVA test with Tukey posthoc pairwise comparison for 
mean per attribute is also presented with significance levels indicated as A'<0.1%; A<1%; a<5%. 

Attributes KONV (A) D2 (B) E (C) T (D) F1 (E) G (F) 
Cereal aroma 5,1 (±1,1) BE 4,6 (±1,5) 5,1 (±1,1) BE 4,9 (±1,3) 4,6 (±1,2) 5,0 (±1,2) be 

Overall aroma 5,2 (±1,2) Be 4,6 (±1,5) 5,2 (±1,2) Be 4,9 (±1,2) 4,7 (±1,4) 5,2 (±1,4) Be 

Appearance Colour 4,4 (±1,3) 5,2 (±1,2) A' 5,3 (±1,1) A'e 5,2 (±1,1) A' 4,9 (±1,2) A 5,2(±1,1) A' 

Overall Appearance 4,3 (±1,3) 5,3 (±1,2) A' 5,2 (±1) A' 5,2 (±1,1) A' 5,1 (±1,2) A' 5,4 (±1,1) A' 

Taste nutty 5,0 (±1,1) 4,7 (±1,3) 5,18 (±1,2) 4,9 (±1,3) 4,9 (±1,3) 5,2 (±1,2) 

Taste cereal 4,9 (±1,2) 4,8 (±1,3) 5,2 (±1,2) de 4,8 (±1,1) 4,7 (±1,2) 4,9 (±1,2) 

Overall taste 5,1(±1,3) 4,8 (±1,3) 5,2 (±1,2) 4,9 (±1,2) 4,9 (±1,3) 5,0 (±1,2) 

Texture 4,7 (±1,5) 5,2 (±1,3) a 5, 2 (±1,4) A 5,1 (±1,2) 5,1 (±1,2) 5,2 (±1,4) 

Overall Liking 4,9 (±1,2) 4,8 (±1,4) 5,2 (±1,2) 4,9 (±1,2) 4,9 (±1,3) 5,2 (±1,3) 

 
The different samples showed significant differences in the liking of cereal aroma, overall aroma, colour, 
overall appearance, cereal flavour, and texture (Table 5). Most of the significant differences in liking were 
between sample KONV and the cookies produced with swidden rye. However, there were some significant 
differences between the different cookies of swidden rye as well. All the assessed cookies did receive a 
mean liking score on the positive side of the liking scale for all assessed attributes, and should be considered 
acceptable and liked from a consumer perspective.  
 
The mean liking for all attributes is presented in figure 11, with error bars representing the standard 
deviation. Overall, the samples received a liking for cereal aroma and overall aroma between four and six, 
which is on the positive side of the scale. Samples KONV and E received the highest liking for cereal aroma, 
significantly higher than D2 and F1, which received the lowest liking. The cookie G also received a higher 
liking for cereal aroma, significantly different from D2 and F1. For overall aroma, samples KONV, E, and 
G received the highest liking, significantly different from D2 and F1, which had the lowest liking. 
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Figure 11. Mean liking of the assessed attributes for the assessed samples with standard deviation for each sample. 
According to the hedonic scale where 1=Dislike very much and 7=Like very much. 
 
The mean liking for appearance is presented in figure 11. Here sample E got the highest liking for colour, 
which was a significantly higher score than KONV and F1. Samples D2, T, and G received the same mean 
liking score for colour, all significantly higher than KONV, which got the lowest liking. F1 also received a 
significantly higher liking than KONV. G got the highest liking for overall appearance and was significantly 
more liked than KONV. The samples D2, E, T, and F1 also got a significantly higher liking for the overall 
appearance than KONV. 
  
The mean liking for the flavour attributes nutty taste, cereal taste and overall taste are presented in figure 
11. There were no statistically significant differences between the samples for the liking of nutty taste and 
overall taste. However, G did receive the highest liking score and D2 the lowest for nutty taste but with no 
statistical significance. E got the highest and D2 the lowest mean score for the overall flavour liking, but 
with no statistical significance. E got the highest liking for the attribute cereal taste, significantly higher 
than T and F1, which scored lower. 
 
For texture, all samples got a liking score on the positive side of the scale (Figure 11). Samples D2, E, and 
G received the highest liking and KONV the lowest, where D2 and E were significantly more liked than 
KONV (Table 5). For the overall liking, the consumers were asked to consider the whole sample: aroma, 
appearance, flavour, and texture. There was no statistical significance for the different mean liking scores, 
but samples E and G received the highest mean liking. However, all samples did receive a mean liking score 
on the positive side of the scale and can be considered acceptable and liked. 
 

5.3. Focus group 
From the thematic analysis of the focus group, three different themes arose. The results will be presented 
according to these themes. Table 6 provides an overview of the thematic analysis process with the themes, 
the reduced number of codes that built the themes and some examples of quotations used to build the codes 
and write the results. All quotes have been translated from Swedish to English by the author. A synthesis of 
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the descriptive words used by the focus group and their liking for each cookie is provided in appendix E. 
 
Table 6. The process and results from the thematic analysis according to themes, codes, and quotations.  

Themes  Codes Examples of quotations  
Sensory experiences Texture 

Appearance 
Flavour 
Dairy products 
Cereals 
Breads 
Colour is complex 
Negative attributes 

"I want a cookie to be buttery, 
roasted, and nutty"  
 
"I do not like cookies that taste 
margarine and sour, and that are 
compact" 
 
 
 

The interplay of attributes & 
personal preferences 

Appearance tells about texture 
Different attributes can create a 
balance 
Texture sounds tasty  
Aroma shapes preferences 
Feelings 
I like it like this 
Flavour is personal 

"It looks like it is going to be crisp"  
 
"What it lacked in flavour it 
compensated for in texture" 
 
"It is very beautiful, the colour, it is 
very appealing to the eye"  
 

  "This is so exciting, how different it 
can be in a different person’s mouth" 
 
"I do not like fruity cookies, but I 
would not say that it is a negative 
word, generally speaking, like if you 
do not like nuts you will not like 
nutty cookies"  
 

The meaning of words The importance of descriptive 
words 
Words in a context 
Same purport different meanings 
Identified the wholemeal 
Health 
The importance of ingredients 

"Tasty, it looks tastier based on the 
words compared to the others even 
though I believe more in the others" 
 
"It sounds disgusting with clumps" 
 
"It tastes a bit like a healthy bread, 
but mixed with a cookie"  

 

5.3.1. Sensory experiences  
During the focus group, several different sensory attributes were discussed. Initially, the focus was on 
discussing what words were seen as positive or negative when describing cookies. The focus group agreed 
upon some negative attributes: compact, hard, oily, dry, grainy, and sticky. Some positive attributes were 
porous, crumbly, buttery, crisp, moist/juicy, round as a shape and as a round flavour, airy, nutty, and fruity. 
The samples were described with attributes similar to the ones used by the analytical panel. The main 
attributes used to describe the samples were related to dairy (butter, browned butter, and fermented milk 
product-Filmjölk), cereals (oats and rye), roasted, nutty, caramel, bread (sourdough and crispbreads), 
colours (grey, light brown, golden), crackelation, oiliness, and spotty/light particles. A complete list of 
descriptive words for each cookie sample is provided in appendix E. The focused group preferred cookies 
that they perceived as buttery, roasted, nutty, and brittle. Attributes that they did not like in the cookies were 
dry, compact, oiliness, sour, and sandy/grainy. The focus group liked all the cookies they tried, but most 
preferred samples G and F1. The least preffered were samples D2, T, and F1. During the focus group, it 
became clearer that colour attributes, flavour, and texture were more challenging for the focus group to 
agree on descriptive words for compared to aroma attributes which were simpler for them to agree upon. 
Showing that a descriptive vocabulary that is understandable for consumers are important and that the words 
used in these descriptions need to relate to consumer experiences and vocabularies.  
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5.3.2. The interplay of attributes and personal preference  
The focus group circled a vital aspect of sensory attributes, namely the interplay between different sensory 
attributes and their meaning for the whole sensory experience of a product. As one respondent phrased it, 
"What it lacked in flavour it compensated for in texture". There were also clear indications that different 
sensory senses such as aroma, texture, flavour, and appearance could influence one's expectations of the 
cookie and, to some degree, heighten the sensory perceptions of some attributes. The appearance of the 
cookies seemed to tell the consumers about their texture attributes since the consumers often used typical 
texture attributes to describe the appearance. A common saying is that we eat with our eyes, which was 
indicated during the focus group. As one respondent said, "It is very beautiful, the colour, it is very appealing 
to the eye", further highlighted by another respondent stating, "It looks like it is going to be crisp". Some of 
the texture descriptions also made the focus group think that the cookie would be tasty. Showing that 
appearance descriptions are important for setting textural expectations and texture descriptions for setting 
flavour expectations. Apart from that, the cookies' appearance seemed to set texture expectations, and the 
aroma of the cookies influenced the consumers' expectations of the cookies. Cookies that had unappealing 
descriptors for the aroma were expected to be less tasty, and cookies that were described with pleasant 
aroma attributes created a craving.  
 
For flavour descriptions, it was harder for the focus group to develop descriptive words. The flavour was 
often described in reference to other products such as sourdough, certain crispbreads or even breakfast 
cereals. Here it became clear that everyone was shaped by their previous experiences and references for 
some flavour characteristics. As one respondent concluded when discussing flavour attributes: "This is so 
exciting, how different it can be in a different person's mouth". However, aided by their discussions, they 
could also help each other perceive specific attributes by pointing them out to each other. Showing that 
descriptions are important for expectations and perceptions and that we can perceive some attributes more 
clearly if they are described to us. Though, for some attributes, there was a focus in the discussions on 
personal preferences. Especially when discussing what attributes they perceived as positive versus negative. 
Some respondents really liked nutty flavours in the cookies, and some liked more fruity attributes. Personal 
preferences were discussed, and since there was no need for a consensus to be reached, one respondent 
summarised the discussions about nutty and fruity flavour attributes like this: "I do not like fruity cookies, 
but I would not say that it is a negative word, generally speaking, like if you do not like nuts, you will not 
like nutty cookies.", which was echoed by the other respondents, showing that personal preferences will to 
some degree determine your liking for a specific product and how it is described.  
 

5.3.3. The meaning of words 
During the discussions, it became clearer that the words used to describe the cookies were important for 
how the consumers perceived them. How and in what context the words were used also affected the focus 
groups' perceptions. Certain words were seen as positive for describing the cookies in this study. However, 
the focus group also indicated that those words could be perceived as negative in a different context and 
vice versa. Some words were even perceived as demeaning, and the panel referred to use them, such as 
vapid and preferred words as bland or mild instead to describe sensory intensities. Clumps were another 
word perceived as negative as one respondent put it, "It sounds disgusting with clumps". Here words such 
as spotty and sandy appearance were seen as more positive and as words that the focus group wanted to 
use. Showing the meaning and effect of descriptive vocabularies and accurate sensory descriptions for 
setting expectations and for meeting expectations. The words used to describe the cookies affected the 
expectations. As mentioned in 5.2.3, the expectations were affected by texture, aroma, and appearance 
attributes. It was also shown that the full descriptions could almost change the preferences of the focus 
group, as one respondent stated: "Tasty, it looks tastier based on the words compared to the others even 
though I believe more in the others".  
 
Another aspect that came up was the health aspect. The cookies seemed to be perceived as healthy. The 
focus group pointed out the spotty, sandy appearance or the degree of light particles in the cookies resulting 
from using wholemeal flour in the baking. They also described the cookies in comparison to other healthy 
products such as sourdough bread and crispbreads, as one respondent explained: "It tastes a bit like a healthy 
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bread, but mixed with a cookie". The sweetness of the cookies was also discussed where they were not 
perceived as sweet cookies but rather buttery, roasted, cereal tasting, and caramel resulting from roasting. 
Which was liked by the focus group, and they wanted to eat them as Swedish "fika" or even as a small meal. 
What ingredients are used for baking cookies also appeared important, were certain unhealthy, less 
sustainable, or processed products were perceived as negative and created hesitations for consumption.  
 

5.4. Terroir: environmental and cultivation parameters  
The results from the gathered GIS data are presented in figures 12, 13, and table 7. To visualise the results 
figure 12 was created. The data showed differences in soil texture classes between the farms and that the 
proportions of sand, silt, and clay differed at each of the farms (Table 7). No farm had the same proportions 
of sand, silt, and clay. However, the soil texture classes were shared by some of the farms. Farms D2 and T 
had a loam soil texture, while farms E and G had a sandy loam soil texture, and F1 had a silt loam soil 
texture. The coordinates show the geographical distributions of the farms, differing in their positions in 
longitude and latitude.  
 
The clay proportions from the GIS data gathered by Ortman and Chopin were similar to the predicted clay 
content from Piikki and Söderström (2017). Where the clay content for farm F1 differed the most, for the 
soil texture classes, the data from Ortman and Chopin were weighted higher than the GIS data from Piikki 
and Söderström (2017).  
 
The highest clay proportion was found at farm G, followed by T, F1, D2, and E. The highest estimated 
proportions of silt were found at farm F1, followed by T, D2, E, and G. For the estimated sand proportion, 
the highest proportion was found at farm E, followed by G, D2, T, and F1. 
 
Table 7. Soil texture for each farm indicated by alias. X and Y coordinates are provided. Clay proportion is compiled 
from gathered GIS data at 1km in %. Predicted clay content from Piikki and Söderström (2017) is indicated in % with 
mean absolute error in the area (±). Estimates for silt, sand, and clay proportions in % are also provided. Soil texture 
is determined from both the soil texture classes from FAO and the USDA-NRCS. 

Alias D2 E T F1 G 

Y coordinates  13.6849372
59041057 

15.27369847
917616 

16.93252023
8956442 

15.65392994
3099001 

18.35862808
09844 

X Coordinates 55.9938924
197855 

57.32349691
273038 

61.28902771
220848 

60.43104078
0793175 

59.76694187
0722555 

Clay proportion % (1 km GIS) 11,47 10,42 20,02 16,2 25,7 

Predicted Clay content % (Piikki 
& Söderström, 2017) 

10-15 
 (±2,2) 

10-15  
(±1,8) 

25-30 
 (±1,8) 

15-20  
(±5,3) 

20-25 
 (±8,1) 

Estimated Silt proportion % 
(USDA-NRCS) 

40 25 40 60 25 

Estimated Sand proportion % 
(USDA-NRCS) 

50 65 40 25 50 

Estimated Clay Proportion % 
(USDA-NRCS) 

10 10 20 15 25 

Soil texture class (USDA, 2015) Loam Sandy Loam Loam Silt Loam Sandy Loam 
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Figure 12. Images from the Digital arable soil map of Sweden Version 160105 (Piikki & Söderström, 2017). Clay 
proportions are estimated in a 50 x 50 meter point grid, soil textures according to FAO/USDA and calculated from 
USDA (2015).  
 
The different land types surrounding the farms also differed (Figure 14). The highest proportion of arable 
land was found at farm F1, followed by farms T, D2, G, and E. The forest proportion surrounding the farms 
was highest at farm E, followed by T, D2, G, and F1. The proportion of other types of land (including 
infrastructure, water etc.) was found at farm G, followed by E, D2, T, and F1  
 

 
Figure 13. Showing the proportions of arable, forest, and other types of land that surround the five different fields for 
a 1km radius. Data from CadasterEnv.  
 

5.5. Correlations between terroir and sensory aspects  
The results from the bivariate correlation are presented in table 8. The correlations determined statistically 
significant and correlations that fall in the category of strong correlations with an R-value above ±0,7 but 
are non significant (n.s.) are described in the following sections. The results are presented according to table 
8 in the following order: QDA®, hedonic liking test, terroir environmental and cultivation parameters 
together with coordinates. 
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Bold = significance cursive = strong correlations. 
*. Correlation is significant at the p=<0,05 level (2-tailed). 
**. Correlation is significant at the p=<0,01 level (2-tailed). 

Table 8. Pearsson´s correlation coefficients (r) followed by p-value of Quantitative Descriptive Analysis, hedonic Liking test, and environmental and cultivation parameters. 
Measurements 1-17 represents the Qualitative Descriptive Analysis. Measures 18-26 represents the hedonic Liking test for consumer. 27-29 represents the proportion of silt, sand, 
and clay in the soil texture. 30-32 represents the proportion of arable land, forest, and other land types. Measures 33-34 represents latitude and longitude positions of the different 
farms. Lastly, 35 represents the sum of perimeter fields.  

Table 8. Pearsson´s correlation coefficients (r) followed by p-value. Measurements 1-17 represents the QDA®. Measures 18-26 represents the Hedonic Liking Test. 27-29 represents the 
proportion of silt, sand, and clay in the soil texture. 30-32 represents the proportion of arable land, forest, and other land types. Measures 33-34 represents latitude and longitude positions 
of the different farms. Lastly, 35 represents the sum of perimeter fields.  
 

 

  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 

1. Product 1                                                                   

2. Rye aroma -0,173 1                                                                 

3.Oats aroma -0,423 -0,215 1                                                               

4.Syrup aroma -0,654 -0,102 0,724 1                                                             

5. Browned butter -.842* -0,063 0,371 .850* 1                                                           

6.Grey -0,414 -0,531 .823* 0,433 0,271 1                                                         

7. Golden 0,375 0,544 -0,785 -0,360 -0,212 -.997** 1                                                       

8. Crackelation -0,499 -0,537 0,245 0,707 .838* 0,281 -0,235 1                                                     

9. Light particles -0,225 -.893* 0,173 0,235 0,392 0,557 -0,562 0,738 1                                                   

10.Roasted Nutty -0,762 -0,113 0,412 0,463 0,653 0,604 -0,590 0,427 0,417 1                                                 

11.Rye .847* 0,321 -0,615 -0,617 -0,714 -0,775 0,752 -0,600 -0,611 -0,752 1                                               

12. Oats -0,124 -0,611 0,020 0,031 0,243 0,428 -0,448 0,426 0,710 0,672 -0,343 1                                             

13.Sweetness -0,095 -0,727 0,742 0,368 0,135 .909* -.909* 0,313 0,615 0,454 -0,530 0,561 1                                           

14.Salt -0,214 -.880* 0,204 0,138 0,290 0,647 -0,663 0,607 .979** 0,477 -0,629 0,760 0,683 1                                         

15. Butter -0,359 -0,620 0,793 0,424 0,248 .965** -.960** 0,341 0,624 0,436 -0,773 0,307 .873* 0,687 1                                       

16.Grinding -0,236 .974** -0,004 -0,005 -0,052 -0,346 0,362 -0,560 -.888* -0,052 0,207 -0,636 -0,571 -.855* -0,441 1                                     

17. Oiliness -0,135 0,201 -0,084 -0,473 -0,288 0,257 -0,309 -0,509 -0,087 0,481 -0,124 0,382 0,108 0,100 0,082 0,234 1                                   

18.Cereal aroma -0,124 -0,331 0,244 0,596 0,463 0,002 0,051 0,669 0,315 -0,283 -0,215 -0,300 0,047 0,142 0,199 -0,327 -.932** 1                                 

19.Overall aroma 0,018 -0,455 0,192 0,518 0,375 -0,005 0,052 0,670 0,385 -0,331 -0,133 -0,203 0,110 0,214 0,193 -0,463 -.943** .982** 1                               

20. Colour 0,477 0,751 -0,481 -0,421 -0,514 -.815* .812* -0,673 -.906* -0,701 .826* -0,734 -0,781 -.932** -0,807 0,673 -0,127 -0,150 -0,176 1                             

21. Appearance 0,648 0,636 -0,510 -0,566 -0,681 -0,764 0,746 -0,771 -.862* -0,703 .920** -0,583 -0,659 -.856* -0,782 0,560 -0,002 -0,306 -0,291 .964** 1                           

22.Nutty fla. 0,263 -0,413 0,383 0,480 0,118 0,077 -0,033 0,399 0,166 -0,447 0,067 -0,283 0,276 0,034 0,234 -0,364 -.893* .844* .887* -0,032 -0,078 1                         

23.Cereal fla. -0,144 0,149 0,486 0,690 0,355 -0,026 0,093 0,284 -0,236 -0,297 -0,054 -0,621 -0,032 -0,370 0,081 0,222 -0,806 0,777 0,706 0,207 0,038 0,787 1                       

24.Overall fla. -0,132 -0,277 0,526 0,701 0,408 0,192 -0,134 0,537 0,190 -0,242 -0,253 -0,377 0,226 0,050 0,357 -0,201 -.872* .936** .906* -0,142 -0,281 .908* .897* 1                     

25.Texture 0,520 0,704 -0,216 -0,391 -0,623 -0,551 0,543 -.821* -.944** -0,571 0,787 -0,629 -0,492 -.910* -0,607 0,697 0,066 -0,348 -0,360 .914* .944** -0,055 0,159 -0,211 1                   

26.Overall Like 0,424 -0,035 0,282 0,291 -0,146 -0,161 0,200 0,001 -0,282 -0,665 0,371 -0,593 0,017 -0,389 -0,033 0,014 -0,799 0,647 0,667 0,381 0,334 .894* .830* 0,771 0,390 1                 

27. Silt 0,055 -0,280 0,097 -0,603 -0,646 0,662 -0,720 -.894* 0,425 0,517 -0,411 0,603 0,542 0,703 0,539 -0,180 .894* -0,850 -0,796 -.894* -0,848 -0,629 -0,786 -0,724 -0,462 -0,669 1               

28. Sand -0,429 0,580 0,207 0,830 0,842 -0,418 0,495 0,672 -0,762 -0,218 0,007 -0,721 -0,469 -.927* -0,363 0,554 -0,707 0,703 0,581 0,862 0,629 0,485 0,870 0,700 0,751 0,590 -.900* 1             

39. Clay 0,852 -0,712 -0,700 -0,621 -0,535 -0,474 0,422 0,373 0,831 -0,591 0,864 0,371 -0,105 0,615 -0,343 -0,875 -0,280 0,192 0,356 -0,056 0,383 0,211 -0,328 -0,077 -0,739 0,054 -0,074 -0,367 1           

30. Arable 0,219 -0,423 0,010 -0,684 -0,740 0,605 -0,670 -0,821 0,571 0,416 -0,255 0,676 0,562 0,811 0,502 -0,343 0,833 -0,808 -0,723 -.921* -0,792 -0,564 -0,823 -0,717 -0,564 -0,630 .985** -.959** 0,093 1         

31. Forest -0,404 0,526 0,085 0,591 0,629 -0,435 0,493 0,506 -0,636 -0,453 -0,095 -.923* -0,587 -0,802 -0,267 0,499 -0,702 0,784 0,645 .881* 0,539 0,455 0,818 0,724 0,486 0,551 -0,838 .901* -0,276 -.895* 1       

32. Other -0,064 0,300 -0,074 0,665 0,727 -0,648 0,711 .939* -0,455 -0,340 0,467 -0,421 -0,475 -0,718 -0,604 0,192 -0,822 0,726 0,689 0,835 0,870 0,570 0,726 0,624 0,550 0,608 -.967** .883* 0,046 -.950* 0,712 1     

33. Y 0,872 -0,734 -0,479 -0,372 -0,475 -0,423 0,394 0,502 0,724 -0,843 0,827 0,046 -0,059 0,454 -0,201 -0,845 -0,588 0,537 0,678 0,088 0,423 0,554 0,039 0,314 -0,545 0,420 -0,311 -0,115 .919* -0,151 0,010 0,230 1   

34. X 0,759 -0,791 -0,417 -0,799 -.897* 0,007 -0,075 -0,199 .910* -0,597 0,367 0,193 0,160 0,838 0,211 -0,825 -0,003 0,054 0,183 -0,393 -0,186 0,103 -0,416 -0,100 -.886* -0,033 0,327 -0,646 0,771 0,450 -0,357 -0,460 0,742 1 
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5.5.1. Correlations for the analytical test 
The product had a significant negative correlation with the aroma of browned butter, meaning that the 
cookies could be percived as having a lesser browned butter aroma depending on the sample. The attribute 
browned butter aroma had a strong significant positive correlation with the syrup aroma, meaning that a 
browned butter aroma relates to a syrup aroma in the cookies. The syrup aroma also had a strong not 
significant (n.s.) positive correlation with the oat aroma.  
 
The colour grey had a significant positive correlation with an oat aroma in the cookies, indicating a 
relationship between a grey-coloured cookie having an oat aroma. There were also significant negative 
correlations between golden and grey-coloured cookies, meaning that the cookies were either perceived as 
golden or grey. The intensity of a golden colour also had a strong negative correlation, however, n.s., to an 
oat aroma. The degree of crackelation in the cookies was positive and significant correlated with a browned 
butter aroma, meaning that a more crackelated cookie is likely to smell more browned butter. Crackelations 
in the cookies also had a positive correlation, but n.s., with a syrup aroma. The amount of light particles in 
the cookie was negatively correlated to a rye aroma, meaning that more light particles relate to a decreased 
rye aroma. An n.s. positive correlation for the amount of light particles was also found for the degree of 
crackelation.  
 
The roasted nutty flavour had an n.s. strong negative correlation to the type of cookie. The rye flavour was 
positive and significantly correlated to the cookie sample type. The rye flavour also n.s. negatively 
correlated to the aroma of browned butter and grey colour and positively correlated to a golden colour. The 
oat aroma did not significantly correlate to any variables, but a strong positive correlation was found to the 
amount of light particles. The sweetness intensity in the cookie was significantly positively correlated to a 
grey colour and negatively to a golden colour, meaning that a greyer cookie is likely to be perceived as 
sweeter than a golden cookie. Strong n.s. correlations were found between sweetness and rye aroma and 
oats aroma. The flavour of salt was significant negative correlated to the rye aroma and positively to the 
amount of light particles. The flavour of butter was significantly positively correlated with grey colour and 
negatively with a golden colour; it also positively correlated to an increased perception of sweetness. Strong 
n.s. correlations are also found between butter flavour, oat aroma, and rye flavour. The degree of 
milling/grinding had a significant strong positive correlation with a rye aroma and negative with the amount 
of light particles and salt, which means that a less coarse cookie is likely to have a more intense rye aroma 
and a lesser amount of light particles. 
 

5.5.2. Correlations for the hedonic test  
The liking for cereal aroma had a significant negative correlation with the intensity of oiliness, which means 
that the liking for cereal aroma is likely to decrease with an increased oiliness in the cookies. In addition, 
the liking for the overall aroma in the cookies also had an n.s. negative correlation to the oiliness of the 
cookies but a significant positive correlation to the liking of the cereal aroma, meaning that a high liking for 
the cereal aroma is related to a higher overall liking.  
 
The liking for the colour of the cookies had several correlations to other variables. The liking for colour 
positively correlated n.s. to the intensity of rye aroma. The liking for colour had a significant negative 
correlation to a grey colour and positively to a golden colour, meaning that a golden-coloured cookie was 
related to a higher liking. The colour liking had a significant negative correlation to the amount of light 
particles in the cookies, meaning that a high degree of light particles negatively affects the liking for colour. 
The colour had a significant positive correlation to the flavour of rye. The colour n.s. correlated negatively 
to the flavour of oats, sweetness, and butter. Lastly, the liking for colour correlated significantly negatively 
with the intensity of salt in the cookies. For the liking of the overall appearance of the cookies, there were 
both significant correlations and n.s. The overall appearance had a significant negative correlation to the 
amount of light particles and salt. The variable also had a significant positive correlation with a rye flavour 
and the liking for colour. With n.s. the liking for overall appearance negatively correlated with a greyer 
colour, the degree of crackelation, and a butter flavour, and positively with a golden colour. 
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The liking for roasted nutty flavours had a significant negative correlation to the intensity of oiliness in the 
cookies and a positive correlation to the liking for cereal aroma and overall aroma. The liking for cereal 
flavour in the cookies had strong correlations. However, n.s., it negatively correlated with the intensity of 
oiliness in the cookies and positively to the liking for cereal aroma, overall aroma, and the roasted nutty 
flavour. For liking of overall flavour, there were significant negative correlations to the oiliness of the 
sample and positive with the liking for cereal aroma, overall aroma, a roasted nutty flavour, and the cereal 
flavour. There was also a positive n.s. correlation with the intensity of syrup aroma.  
 
For the texture liking, there were significant negative correlations with the degree of crackelation, the 
amount of light particles, and salt. There were also significant positive correlations between colour and 
overall appearance, which means that the appearance of the cookies is related to the texture. Some n.s. 
positive correlations were found between rye aroma and the flavour of rye. For the overall liking of the 
cookies, there were significant positive correlations between roasted nutty flavour and the liking for cereal 
flavour, showing that the overall liking of a cookie is likely to increase if there are distinctive nutty and 
liked cereal flavours. Correlations that were n.s. were found, where overall liking positively correlated with 
overall flavour and negatively with the intensity of oiliness in the cookie. 
 

5.5.3. Correlations for terroir  
For the variables representing the environmental and cultivation parameters and geographical location, 
collectively terroir, there were both strong n.s. correlations and significant ones. For the proportion of silt, 
there were significant negative correlations between the degree of crackelation and the liking of colour. 
There were also significant positive correlations to the intensity of oiliness in the cookies. Negative n.s. 
correlations were found with a golden appearance, liking of cereal aroma, overall aroma, overall appearance, 
and cereal flavour. Positive n.s. correlations were found between salt and the liking for overall flavour.  
 
For sand, there were also strong n.s. correlations and significant correlations with the different variables. 
Sand had a significant negative correlation with salt and silt. Other n.s. but strong negative correlations were 
found with the degree of light particles and the intensity of oiliness in the cookies. Positive n.s. strong 
correlations were found for the intensity of syrup aroma, browned butter, the liking of the cereal aroma, 
colour, cereal flavour, and texture. For the clay proportion,  significant correlations were not detected. 
However, n.s. strong correlations were. The proportion of clay had a ns.s negative correlation with the 
intensity of rye aroma, oats aroma, the degree of milling/grinding, and the liking for the cookies' texture. 
Positive n.s. correlations were found with the different samples, the intensity of light particles and rye 
flavour.  
 
For the proportion of land types surrounding the farm, starting with the proportion of arable land, there were 
both significant and n.s. strong correlations. The proportion of arable land had a significant negative 
correlation with the proportion of sand, liking for colour, and a positive with the proportion of silt. Strong 
positive n.s. correlations were found with salt intensity and oiliness. Strong n.s. negative correlations, on 
the other hand, were found with the intensity of browned butter, degree of crackelation, liking for cereal 
aroma, overall aroma, overall appearance, cereal flavour, and overall flavour.  
 
For the proportion of forest, there were both significant and n.s. strong correlations. The forest proportion 
was significantly negatively correlated with the intensity of oat flavour and the proportion of arable land. 
The forest proportion significantly correlated positively with the liking for colour and the proportion of 
sand. Strong n.s. positive correlations were found with the liking of cereal aroma, cereal flavour, and overall 
flavour. Negative n.s. correlations were with the intensity of salt, the oiliness, and the proportion of silt.  
 
For the variable proportion of other land types, there were significant positive correlations with the degree 
of crackelation in the cookies and sand and negative with the proportion of silt and proportion of arable 
land. Positive n.s. correlations were found with the intensity of browned butter aroma, golden colour, the 
liking for cereal aroma, cereal flavour, and the liking for colour. Negative n.s. correlations were with the 
cookies' intensity of salt and oiliness.  
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The geographical locations measured with latitude (X) and longitude (Y) also strongly correlated with other 
variables. The position of the farm on the longitude (Y) correlated significantly positive with the proportion 
of clay. Strong positive n.s. correlations were with the type of cookie/sample, the intensity of light particles 
and the flavour of rye. Strong n.s. negative correlations were with the intensity of rye aroma, roasted nutty 
flavour, and the degree of milling/grinding. The farms' position on the latitude (X) showed a significant 
negative correlation with the liking for the texture of the cookies and, in addition, the intensity of browned 
butter aroma. Significant positive correlations were found with the intensity of light particles in the cookies. 
Positive n.s. correlations were found with the type of cookie/sample, the salt intensity, the proportion of 
clay and the position of the farm on the longitude. Negative n.s. correlations were found with the intensity 
of rye aroma, syrup aroma and the intensity of degree of milling/grinding. 
 

6. Discussion 
The overall aim of the study was to investigate the influence of geographical location, environmental and 
cultivation parameters, collectively terroir, and the addition of ingredients on consumers' perception and 
acceptance of sensory qualities in cookies prepared with the landrace cereal swidden rye. The aim was to 
do so by fulfilling three separate aims; to develop a descriptive vocabulary to communicate swidden ryes 
sensory qualities in a cookie to future consumers; to investigate consumers' acceptance and liking of cookies 
from swidden rye, which can help understand future consumers' expectations; and lastly, to understand how 
terroir, relate to sensory perceptions of swidden rye cookies.  
 
Sensory descriptions have been formulated based on the generated descriptive vocabulary of the swidden 
rye cookies using the results from the QDA®, where different sensory profiles could be detected between 
the different cookies. The cookies produced with swidden rye could be described slightly different. 
However, common descriptors were a browned butter aroma, a colour that ranged between golden and grey, 
roasted nutty and rye flavours, with a coarser or oily texture. The profiles and descriptive vocabulary have 
been further strengthened with the information gained from the consumer focus group. Doing so has ensured 
that the descriptions used by the analytical panel also were words used by regular consumers. Therefore, 
the descriptions may be used to communicate the swidden rye cookie's sensory qualities to future 
consumers. All cookies included in the study received a mean liking score for all assessed sensory attributes 
on the positive side of the hedonic liking scale, indicating that all samples of the swidden rye cookies were 
accepted and liked by consumers. However, there were significant differences in the liking for some 
attributes and some cookies were liked more by consumers for specific attributes. The cookies produced by 
swidden rye differed to some degree from the reference sample of conventional rye. However, most often, 
they were more liked by the consumers. Indicating that the cookies produced with swidden rye with the 
addition of butter and sugar could meet future consumers' expectations of rye cookies and were, in some 
cases, even preferred to the conventional rye cookie. In addition, the added value of using a landrace cereal 
could aid in meeting additional consumer demands for local production, organic, and healthy products. 
Given the different sensory profiles and differences in consumer liking of the samples, the results indicate 
a sensory difference between the cookies. The bivariate correlation revealed relationships between 
parameters included in the concept of terroir and the sensory perceptions of swidden rye cookies, which 
could relate to and provide insights into the sensory differences. Strong correlations were found between 
soil texture, the farms' geographical locations, and the surrounding landscape with appearance, aroma, 
flavour, and texture attributes. To some degree, this indicates an influence of terroir on sensory perceptions 
and attributes. 
 

6.1. A descriptive vocabulary for swidden ryes sensory qualities in 
a cookie  

The result of the QDA® generated a sensory vocabulary that was used to develop sensory descriptions for 
the cookies. Being able to describe a product by its sensory attributes can be beneficial when introducing 
products to consumers (Lawless & Heymann, 2010; Delarue et al., 2015). Doing so helps form expectations 
(Ibid.). The focus group discussions showed this as the participants could start detecting new sensory 
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attributes when someone else described them—indicating the importance of accurate sensory descriptions 
when introducing new products to consumers for setting expectations. The meaning of words was also 
important for the focus group, where the words used to describe the cookies created different expectations. 
The cookies produced with swidden rye could be described slightly differently. However, common 
descriptors were a browned butter aroma, a colour that ranged between golden and grey, roasted nutty and 
rye flavours, with a coarser or oily texture. The words used in these descriptions were based on the words 
used by the analytical panel. Some have argued that the language used by an analytical panel sometimes 
does not represent or suit words and descriptors that consumers use (Delarue et al., 2014). The results from 
the focus group showed that the words used by the analytical panel and the consumer focus group matched 
and that the words used were often the same. Indicating that the descriptive vocabulary and sensory 
descriptions developed from the QDA®, even if developed by an analytical panel, could be valid to use to 
communicate swidden sensory qualities in cookies to future consumers. The different sensory profiles 
developed also provide knowledge about how swidden rye from different farms is perceived in cookies. The 
knowledge gained about the sensory characteristics of swidden rye can help fill the gaps pointed out by 
Leino (2017) about a lost knowledge of landraces' sensory characteristics. Especially for rye, the knowledge 
about its sensory characteristics has been more prominent historically (Leino, 2017), where the result of this 
study provides regained knowledge.  
 
It is important to understand consumer preferences for food products, and they need to be perceived as tasty 
(van Bussel el a., 2019). Having descriptive words that are perceived as positive in the sensory descriptions 
of swidden rye cookies could be beneficial. The developed descriptions from the most intense attributes in 
each cookie contained several of the words perceived as positive descriptors by the focus group, such as 
nutty and roasted. However, samples F1, T, and D2 were also characterised by the texture attribute oiliness, 
which was perceived as a negative attribute by the consumer focus group. Looking at the hedonic test, those 
samples were considered liked and significantly more liked for their texture than the conventional sample. 
However, the liking for texture was still negatively related to oiliness. Although described as oily, perceived 
as a negative attribute, the swidden rye cookies were still liked by consumers for their texture.  
 
The QDA® indicated that some sensory attributes were less intensive than others, particularly the flavour 
attributes oats, sweetness, and butter. The hedonic liking test indicated the same pattern; however, here, it 
was the liking of flavour attributes that did not significantly differ between the cookies. It could possibly be 
explained by the fact that the flavour attributes were more subtle, as described by Kissing Kucek et al. 
(2017), who showed that differences in flavour attributes of landrace wheat were more subtle than texture 
characteristics. They could also see that texture attributes showed more prominent differences depending 
on preparation techniques (Ibid.). Their findings and results from this study further suggest that flavour 
attributes in landrace cereals might be more subtle and that texture attributes are more intense. However, 
the flavour attributes rye, and roasted nutty were perceived as more intense and were also words used by 
the consumer focus group. Indicating that rather some flavour attributes may be subtler and not all, at least 
in the landrace cereal swidden rye. The cookies' preparation could possibly also impact this (Kissing Kucek 
et al. (2017). For example, the degree of milling was perceived as significantly different between the 
samples in the QDA®, which the preparation technique could explain. All samples were milled to the same 
degree, but the flour was not sifted, and wholemeal was used, which could to some extent explain the 
perceived differences in the texture attribute degree of milling. The effect of milling has been investigated 
on conventional rye, where it has been shown to affect colour and appearance (Heinio et al., 2003). In this 
study, it rather affected the texture, but the amount of light particles for appearance can be linked to the 
effect of milling in accordance with Heinio et al. (2003). The preparation technique might not fully explain 
the differences found for flavour intensities in this study but might somewhat have affected the perceived 
appearance and texture of the cookies.  
 
The focus group further highlighted the importance of texture and its more prominent differences, which 
showed that the consumers often used texture attributes to describe appearance—indicating that texture and 
appearance were easier to describe than flavour for consumers. This could be explained by prior research 
showing that describing flavours is more challenging than describing colours (Lawless & Heymann, 2010). 
Flavour perceptions are, to some extent, more affected by our sensory perceptivity and previous experiences 
(Ibid.), which the focus group also showed. In all, the vocabulary used to develop the descriptions for each 
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of the cookies is related to both flavour, appearance, texture, and aroma, which could aid consumers in their 
perceptions of the cookies and can be used to communicate swidden rye to future consumers.  
 
Knowing what sensory attributes characterise swidden rye can be beneficial for understanding other areas 
of application for swidden rye. Kaur et al. (2021) have already suggested some areas. The knowledge gained 
from this study can further guide these applications, connecting to the work by Westling et al. (2019), who 
showed that landraces have gastronomical potential and argued that understanding specific attributes is 
important for developing both recipes and finding areas of utilisation. Sensory attributes were one barrier 
to increasing the consumption of landrace cereals detected by Shah et al. (2021). Even if more consumers 
are aware of landrace cereals (Wendin et al., 2021), communicating their sensory characteristics could be 
important to increase awareness and consumption further. To overcome the barrier pointed out by Shah et 
al. (2021) and increase the consumption of landrace cereals, knowledge about the sensory attributes of 
swidden rye is essential. Communicating the sensory descriptions developed in this study to consumers 
could address the barrier and possibly increase consumers' awareness and consumption of swidden rye 
further. 
 

6.2. Consumers' acceptance and liking of swidden rye cookies  
Changing diets or ingredients in our diets, especially diversifying what we eat, is one way of dealing with 
several environmental issues connected to food production (Gordon et al., 2017; FAO, 2018b; Poore & 
Nemecek, 2018; Willet et al., 2019; Cissé et al., 2022). One way of doing so for consumers is to increase 
the consumption of landrace cereals which positively contributes to increased biodiversity, sustainability, 
and resilience in food production (Scherr & McNeely, 2008, Boukind et al., 2018; Westling et al., 2019; 
Johansson et al., 2021; Zamaratskaia et al., 2021). However, further research to identify specific landrace 
cereals that meet consumer preferences and demands has been called for (Longin & Würschum, 2016). The 
hedonic liking test showed that all cookies included in the study received a mean liking score on the positive 
side of the hedonic scale. Therefore, Swidden rye could, at least for the application in cookies, be considered 
a landrace cereal that meets consumer preferences. 
 
The conventional sample included as a reference in the sensory analyses received a mean liking score on 
the positive side of the scale in the hedonic liking test. However, for appearance and texture, it received the 
lowest liking and samples produced with swidden rye were significantly more liked by the consumers. 
Further, indicating that cookies produced with swidden rye are acceptable and liked by consumers and, for 
some attributes, preferred over conventional rye. For the liking of appearance, correlations showed that a 
higher liking for the appearance correlated to golden colour and that decreased liking for the appearance 
was related to a grey colour of the cookies. The more liked golden appearance generally characterised the 
samples produced with swidden rye except for sample F1. The amount of light particles was related to a 
decreased liking for appearance, which can be connected to the issues discussed earlier with the preparation 
technique. The conventional sample had the highest intensity of light particles, showing that consumers 
might have preferred the samples of swidden rye over the conventional sample for appearance based on the 
colour and the amount of light particles. Our eyes, and thereby appearance, is a more dominant sense 
(Lawless & Heymann, 2010) and could have influenced the overall perception of the cookies that received 
a lower liking for appearances such as sample KON and F1. The focus group results also strengthen this as 
the interplay of attributes and personal preference showed that appearance was important for setting sensory 
expectations and creating cravings. The higher liking for swidden ryes appearance could indicate that the 
cookies could be functional for meeting consumers' expectations, especially since they were also liked for 
their aroma, texture, and flavour. 
 
The results from this study are in line with previous studies on landrace cereals, sensory perceptions, and 
liking showing that consumers like landrace cereals. For example, the review by Zamaratskaia et al. (2021) 
concluded that landrace cereals could be used to create tasty products. In addition, studies of landrace cereals 
application in bread have also shown that they provide liked and acceptable products by consumers (Coda 
et al., 2010; Serban et al., 2021). However, the preparation technique has been shown to affect sensory 
attributes (Kissing Kecek et al., 2017). The result from this study showed that using swidden rye in cookies 
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with the addition of the ingredients butter and sugar provided liked products from a consumer perspective 
and that this preparation technique was useful in creating tasty products based on swidden rye.  
 
Studies on landraces of ryes sensory characteristics and consumer liking have been lacking, but some studies 
have been conducted on conventional rye. Studies on conventional rye and sensory aspects have shown a 
bitter flavour in the rye (Heinio et al., 2008; Heinio et al., 2016). Bitterness is often associated with a 
decreased liking when it is present in products that are not supposed to be bitter (Lawless & Heymann, 
2010), for example, cookies. Neither the results from the analytical panel nor the focus group used bitterness 
to describe the cookies in this study. The high liking from the consumers regarding flavour also indicates 
that the bitterness found in conventional rye by Heinio et al. (2008; 2016) is at least not as prominent in 
swidden rye cookies, which could explain the liking. In previous research, intensive flavour attributes have 
shown to decrease consumers liking of products (Cardello, 1994). Given the general high liking of the 
different cookies and some of the less intensive flavour attributes of the cookies shown in the analytical test, 
they could be argued to suit consumer preferences regarding less intensive flavour attributes too. In addition, 
the flavour attributes nutty, rye, oats, sweetness, salt, and butter were not related directly to either a higher 
or decreased liking for the flavours found in the cookies.  
 
Consumers increasingly demand sustainable, locally produced, and healthy products (Garnett et al., 2015; 
Asiolo et al., 2014; Petrescu et al., 2019; Aschemann-Witzel et al., 2019; Poore & Nemecek, 2019). 
However, most prominently, consumers demand tasty products (Asiolo et al., 2014; Garnett et al., 2015; 
Aschemann-Witzel et al., 2019; van Bussel et al., 2019). The cookies produced with swidden rye meet these 
demands. Both landrace cereals and ryes' benefits meet the demands of sustainability, health, and local 
produce, but from the results in this study, they also meet the demands of tasty products. Indicated by the 
liking of the cookies in the hedonic liking test, which was further strengthened by the focus group, who also 
showed a liking for the cookies and pointed out that they tasted healthy. In addition, the swidden rye cookies 
are also characterised by sensory attributes that were desired and perceived as positive by the focus group. 
Therefore, it could be argued that swidden rye is a landrace cereal that meets consumer preferences and 
future demands. The knowledge gained about consumers' liking of swidden rye cookies helps address the 
need to identify landrace cereals that meet consumer demands argued by Longin & Würschum (2016). 
 

6.3. The relationship of terroir and sensory perceptions of swidden 
rye cookies  

The results indicated that there were relationships between the different variables included in the terroir 
concept and the perceived sensory attributes of the cookies. The soil texture at the different farms influenced 
some sensory attributes, following the terroir concept that soil and land type influences sensory attributes 
(Castello, 2021; Leedo et al., 2021). As an example, the proportion of silt in the field was related to the 
intensities of appearance, where the degree of crackelation and colour were perceived to be less intense at 
farms with a higher proportion of silt. The proportion of sand related to both liking and intensities in sensory 
attributes. Here, the results were not significant but rather showed trends where a higher clay proportion 
was related to increased aromas and liking for aroma and colour, cereal flavours, and texture. The clay 
proportion showed trends with non-significant relationships, where a higher proportion of clay related to 
decreased intensities of cereal aromas and liking for the cookies' texture but also an increased intensity of 
rye flavour.  
 
The landscape surrounding the farm is related to sensory perceptions, which is in line with previous research 
showing that differences in landscapes are important to consider in terroir and that they can influence 
sensory attributes (Jones et al., 2004; Nunez et al., 2011; Leedo et al., 2021). A higher proportion of arable 
land was related to a decreased liking for the colour in the cookies. Trends also indicated relationships with 
a decrease in the liking for cereals aroma, overall aroma, appearance, and flavour. Indicating that a higher 
proportion of arable land surrounding the field might relate to a decreased consumer liking for several 
attributes. A higher proportion of forest was related to a decreased intensity of oat flavour and an increased 
liking for appearance. Trends also related to an increased cereal aroma and liking for the cereal flavour and 
overall flavour, but also a decreased oiliness. Indicating that a higher proportion of forest relates to a higher 
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liking and decreases in the more negative attribute of oiliness. A higher proportion of other types of land 
surrounding the field, including water and infrastructure, was related to an increased crackelation in the 
cookies. Trends also related to an increase in a browned butter aroma, a golden colour, and the liking of 
cereal aroma, flavour, and colour but also a decreased oiliness. Indicating that a higher proportion of other 
land types than forest and arable land relates to positive attributes and decreases in the negative attribute 
oiliness. The farm's geographical location showed relationships to the soil textures and the proportions of 
land types. Relationships were found for increases and decreases in intensities of different attributes. 
However, the geographical location on the latitude was only related to a decrease in the liking for texture. 
Otherwise, differences in the consumers' liking were not related to the farm's geographical location. 
Showing that soil texture and land types are more related to differences in consumer liking and that the 
geographical location is less so. However, all parameters representing terroir had relations to the perceived 
intensities of sensory attributes. The findings align with previous studies that have also shown that 
environmental conditions and agricultural practices related to terroir affect sensory characteristics in 
landrace cereals (Miranda et al., 2011; Hidalgo & Brandolini, 2016; Boukid et al., 2018).  
 
Studies on genetic diversity in rye landraces have shown a cluster of genetic resemblance in Fennoscandia, 
with Finnmarken in Sweden creating a distinct cluster of its own (Persson & Von Bothmer, 2002; Hagenblad 
et al., 2016; Leion, 2017; Larsson et al., 2019). The genetic resemblance in these studies might explain why 
the sensory characteristics for flavour are more subtle, as discussed earlier. However, the differences that 
have been found in flavour, texture, aroma, and appearance in this study indicate that the samples are 
different. Given that the current scientific knowledge tells us that there is a high genetic resemblance in 
landraces of rye (Ibid.), and no support for the fact that swidden rye is genetically different to other landraces 
of rye (Larsson et al., 2019), one might need to look for other parameters that explain the variation in the 
sensory perceptions found in this study. However, it has also been pointed out that future methods for 
determining the genetic diversity might be more powerful and precise, possibly showing a broader genetic 
difference than the methods currently employed (Leino, 2017). However, given the current knowledge, an 
alternative is that the sensory differences found in this study stem from the rich intraspecies diversity that 
characterises rye and swidden rye landraces (Leino, 2017). Otherwise, one could also hypothesise that the 
differences found are mainly related to terroir. Looking at the result in this study and earlier studies on 
terroir's influence on sensory characteristics (Miranda et al., 2011; Hidalgo & Brandolini, 2016; Boukid et 
al., 2018; Leedo et al., 2021) would support this. Strenghtened by the fact that relationships between terroir 
and sensory attributes were found in this and previous studies.  
 
Terroir as a concept can be used for marketing strategies and for creating products with local ties (Jacobsen, 
2010; Capitello et al., 2021). Since the analysis indicated that there were differences for the samples relating 
to terroir, one way of marketing swidden rye could be through terroir, as the concept of terroir encompasses 
other dimensions apart from production location and sensory qualities (Charters et al., 2017; Capitello et 
al., 2021; Castello, 2021;). It can also be used to communicate the rich history of swidden rye in the Nordic 
region and highlight ryes' historical importance (Katina et al., 2007; Ragaee & Abdel-Aal, 2006; Kaur et 
al., 2021). Doing so would be in line with suggested ways forward for the preservation of landraces proposed 
by Leino (2017). Given that the analysis indicated relationships between terroir and certain sensory 
attributes doing so could be argued for. Especially since it has been shown that terroir increases consumers' 
perception of good quality (Leedon et al., 2021). However, it is essential to bear in mind that the analysis 
of this study only speaks of relationships of terroir and not causation, meaning that there could be other 
variables causing the perceived differences in sensory attributes, intensities, and liking. For example, other 
studies have shown that sensory attributes in landrace cereals have been affected by harvest year and weather 
impacts (Korczyk-Szabó & Lacko-Bartošová, 2013). However, those variables could be included in terroir 
even if those specific parameters were not included in this study.  
 
Another aspect of the concept of terroir and advantage from a marketing perspective is that it can be used 
as a story-telling practice (Charters et al., 2017; Capitello et al., 2021; Castello, 2021). Consumers are 
demanding sustainable, healthy, tasty, local, and environmentally conscious food products, which can be 
met by landrace cereals (Scherr & McNeely, 2008; Longin & Würschum, 2016; Boukid et al., 2018; 
Johansson et al., 2021; Zamaratskaia et al., 2021). The result from this study confirms that cookies produced 
with swidden rye can be considered tasty. Using the story-telling aspect of terroir can be a way to 
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communicate these different aspects to consumers. Highlighting the sensory profiles and the liking by 
consumers found in this study, using terroir, one could meet one of the most important consumer demands; 
sensory experiences, including taste, texture, aroma, and appearance (Asioli et al., 2014; Garnett, 2015; 
Aschemann-Witzel et al., 2019). A product that meets and communicates several consumer preferences and 
demands can be presented by further building on story-telling through terroir with the historical aspects and 
the environmental and health benefits of swidden rye. Building on the findings by Hemmerling et al. (2013) 
that organic labels increase taste perceptions, doing so could even heighten the sensory experience of 
swidden rye products. In addition, this could benefit producers and farmers and could, in the long run, 
contribute to an already increasing consumer awareness of landrace cereals (Wendin et al., 2020) and 
thereby increase demand. Providing farmers with incentives to increase their product and thereby increase 
food production sustainability. 
 

6.4. Limitations  
The results and conclusions drawn from the study must be seen in light of the study's limitations. Some 
methodological limitations concern the number of participants in the QDA®, where recommendations are 
to include 8-12 participants (Stone & Sidel, 2004; Lawless & Heymann, 2010). In this study, the analytical 
panel consisted of five participants due to COVID restrictions. The validity of the results could possibly 
have been greater if more panellists had been part of the analytical panel (Lawless & Heymann, 2010). 
However, the participating panellists were trained and experienced in sensory evaluations and were also 
used to performing QDA® on cereals, providing further validity to the results. The study followed other 
guiding principles for conducting a QDA®. For example, including three replicates and a reference sample 
in the QDA® help increase the validity of the results (Ibid.). In addition, given that QDA® is a prominent 
and well-established method showing validity in the results when conducted in different settings (Ibid.), the 
results should still be considered valid. Another approach could have been taken where the QDA® could 
have been replaced with the method Check-all-that-apply (CATA). CATA has been developed as an 
alternative to QDA® and is a faster method for generating descriptive vocabularies based on consumers' 
experiences (Alexi et al., 2018). When conducting a CATA, consumers need to be presented with a 
predetermined set of descriptive words to choose between and the number of consumers participating in the 
test needs to be adequate to draw conclusions and detect significant differences (Delarue et al., 2014; Alexi 
et al., 2018). Given that a descriptive vocabulary for swidden rye has not been found in previous literature, 
presenting consumers with predetermined descriptors could have been challenging and might have risked 
that some attributes were not detected. Consumers are generally less suitable for developing descriptive 
vocabularies since they are less analytical than a trained panel (Lawless & Heymann, 2010; Ares et al., 
2014). In addition, the more advanced and prominent method for developing descriptive vocabularies is 
QDA®, and it was therefore still considered the better choice.  
 
Concerning the focus group, it could have been interesting to pose questions regarding the consumers' 
attitudes and preferences toward landrace cereals. That could have provided information about specific 
consumer expectations when that knowledge was presented. It could have provided more profound 
knowledge and more insights into the aim of understanding future consumer preferences and expectations 
with regards to swidden rye. An option could have been to include a second focus group session where 
attitudes and preferences of landrace cereals could have been investigated further. Given the time constraints 
of the thesis project, this was not feasible but should be investigated in future research.  
 
Concerning terroir and the environmental and cultivation parameters that were included in the study, other 
means of understanding the surrounding environment on and at the different farms could have been 
employed. The initial plan was to use soil samples collected at each of the farms, which would have provided 
more detailed information about nutrients in the soil, pH, and the soil texture, which in studies on wine and 
terroir have shown correlations between pH or calcium and certain sensory attributes (van Leeuwen, 2022). 
However, the soil samples collected were delayed at the laboratory and could not be included. To 
circumstance this and still be able to fulfil the study aims, GIS data was used instead. From the GIS data, 
adequate information was still collected to be able to address the aim of how parameters included in the 
concept of terroir relate to sensory aspects. GIS data was considered a valid option since it has been used in 
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other studies to understand terroir (Jones et al., 2004; Nunez et al., 2011) and still provided knowledge about 
the soil texture and about the landscape surrounding the farms. However, further studies should include 
other terroir aspects such as nutrient content and weather parameters.  
 
Another limitation regards the sample material. The material used in the study was collected at each of the 
five farms, and the farmers provided information about what type of rye it was. All farmers have reported 
that it was swidden rye. However, there is currently no clear evidence that swidden rye is genetically 
different from other Swedish rye landraces (Leino, 2017; Larsson et al., 2019). There could be an issue here 
that conclusions cannot be drawn about swidden rye per se, but that the results rather speak of landraces of 
rye from different geographical locations in Sweden. To conclude that swidden rye is perceived differently 
depending on terroir, one needs to perform a genetic analysis on the raw material used in this study, which 
has not been done. However, relying on the farmers' reported answers, the study has investigated swidden 
rye even if, genetically speaking, there is no proof for swidden rye being different from other landraces of 
rye.  
 
A simplified triangulation approach has been used in the data analysis. Triangulation can be used to 
strengthen the validity of the results (Creswell & Creswell Bàez, 2021). Triangulation aims to look at the 
different data sources to see how the different results either strengthen or disconfirm the findings (Ibid.). 
The material from the focus group and the thematic analysis have been compared and further understood by 
looking at the QDA® and hedonic liking results. The information from all three methods has been weighted 
together. The themes from the thematic analysis have been validated by this simplified triangulation 
approach, where the different methods have shown similar results. The focus group has provided a deepened 
understanding of the results from the quantitative methods and has provided means to validate the results 
from the quantitative methods. Performing a more detailed and complete triangulation of the analysis could 
possibly have provided a stronger validity for the findings. 
 

7. Conclusions 
The study showed that different sensory profiles could be detected for the different cookies, and a 
descriptive vocabulary and sensory profiles have been developed to describe the swidden rye cookies. The 
vocabulary has been developed from the QDA® and strengthened with the insights gained from the focus 
group. The cookies produced with swidden rye could be described slightly different. However, common 
descriptors were a browned butter aroma, a colour that ranged between golden and grey, roasted nutty and 
rye flavours, with a coarser or oily texture. The result from this study shows that using swidden rye in 
cookies with the addition of butter and sugar provides liked products from a consumer perspective. 
Consumers considered all cookies liked and acceptable for appearance, aroma, flavour, texture, and overall 
liking. In addition, it could also be indicated that cookies produced with swidden rye could meet future 
consumers' expectations and were liked more for appearance, flavour, texture, and overall liking than the 
cookie produced with conventional rye. The study also revealed that there were relationships between terroir 
and the sensory perceptions of swidden rye cookies. Relationships were found for increases and decreases 
in the intensities of different sensory attributes. However, the geographical location on the latitude was only 
related to a decrease in the liking for texture. Otherwise, differences in the consumers' liking were not related 
to the farm's geographical location. Showing that soil texture and land types are more related to differences 
in consumer liking and that the geographical location was less so. However, all parameters representing 
terroir were related to perceived intensities of the sensory attributes. The knowledge gained can be applied 
in the efforts to increase the production and consumption of landrace cereals. One suggested way of doing 
so would be to build on the concept of terroir as a story-telling practise to create unique products of swidden 
rye with local and historical connections. That possibly could increase consumers' awareness and demand 
for landrace cereals, given that they meet several consumer demands and preferences for food products. In 
the long run, this could contribute to more sustainable and resilient food production. Including landrace 
cereals in our diets would also contribute to diverse and healthy diets and a more biodiversity-rich and 
healthy food production. The result from this study provides regained knowledge about landrace cereals, 
especially swidden rye, and its sensory potential, where historically knowledge has been lost. 
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7.1. Further research suggestions 
This study has provided regained knowledge regarding swidden rye. However, more research is needed, 
and the result from this study reveals some further suggestions. The results regarding the sensory 
characteristics of swidden rye can contribute to further research on different applications for swidden rye in 
commercial products. As Kaur et al. (2021) suggested, some applications could be in beverages apart from 
bakery products. Further research should be aimed at investigating different applications for swidden rye, 
which could be done by building on the work of Westling et al. (2019). Building on the findings from 
Hemmerling et al. (2013), showing that labels indicating organic production methods can enhance taste 
perceptions. It is worth noting that no information that the cookies were produced with organic landrace rye 
was communicated to any participants in this study. It could be possible that providing that information 
before the tasting could have influenced the sensory perceptions of the cookies produced with swidden rye, 
especially compared to the cookie produced with conventional rye. It would therefore be interesting to 
conduct further consumer studies, using story-telling practices such as terroir to see how such information 
might affect consumers' perception of swidden rye. Another suggestion would be to further investigate 
terroir parameters to determine better what variables affect sensory perceptions. This could be done by 
analysing soil samples, including more parameters regarding the landscape, as well as different weather 
parameters using different means of analysis to not only look for correlation but rather causation. Another 
interesting aspect would be to understand better the effect of ingredients, which could be done by comparing 
a simpler porridge of swidden rye with different products to investigate what and how certain ingredients 
affect sensory perceptions.   
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Appendix A 
Landrace cereals as a nutritional source  
The nutritional content in modern cereals has significantly decreased compared to landrace cereals (Murphy 
& Jones, 2006; Newton, 2010). Some decreases have been found for copper, iron, manganese, phosphorous, 
selenium, and for zinc (Murpy & Jones, 2006). Landraces does apart from their agronomically significant 
attributes also show potential when it comes to nutritional values (Newton, 2010; Boukid et al., 2018; 
Zamaratskaia et al., 2021)). Lower yielding genotypes such as landraces have shown significantly higher 
levels of iron and zinc (Monasterio & Graham, 2000). Landraces have in addition to this also been showed 
to be a source for antioxidants, phenolics, carotenoids and tococols (Newton, 2010). The genes present in 
landraces that increase the levels of above-mentioned nutrients have also been suggested as a purely genetic 
source that could be used in plant-breeding to enhance the nutritional values of modern cultivars (Ibid.). For 
Nordic landrace cereals studies on their nutritional value have shown that they provide a high nutrient 
density (Johansson et al., 2021). Shifting towards landrace cereals in daily diets could provide the daily 
recommendations and requirements of zinc, magnesium, copper, and iron (Ibid.). Even if the nutritional 
content of landrace cereals is dependent on genotypes, environmental and geographical conditions also play 
an important role and affects their nutritional value (Ibid.). Johansson et al. (2021) highlighted that shifting 
towards landrace cereals, apart from their nutritional benefits and role for achieving healthy diets, also 
contributes to strengthened sustainability. In addition, Johansson et al (2021) argues that more studies are 
needed on the nutritional value of Nordic landrace cereals, including rye, since few have been conducted. 
In their study only one landrace of rye is included, and further research is needed (Ibid.). However, landraces 
of Rye have been found to serve as a good source for macromolecules, that is, starch, fibre, and proteins 
(Kaur, et al., 2021). Which in turn has sparked an interest in the research community and for industries to 
find new ways of using rye in commercial products to enhance their health benefits (Ibid.). Some suggested 
applications for rye have been for bakery products, edible films, and for the beverage industry (Ibid.).  
 
Restoring, preserving, and increasing biodiversity  
One of the disadvantages with the shift towards modern cereal varieties was the loss of biodiversity. The 
loss of cultivated biodiversity resulting from the shift towards modern cereal varieties also meant a loss of 
knowledge and adaption (Leino, 2017; Newton, 2010). During history a lot of material has unfortunately 
been lost but recent efforts have been aimed at conserving as much material as possible (Leino, 2017;). 
Initiatives such as Allkorn in Sweden has played an important part where farmers work together to increase 
landrace cultivation. Seeds are shared trough Allkorn with the purpose to increase on-farm conservation. A 
withstanding issue is that most landrace plant material has been conserved ex-situ, that is, not on farms but 
in gene banks and other reserves (Leino, 2017). On-farm conservation strategies, that is in-situ, are 
beneficial since the genetic material can adapt to changing weather, climatic conditions, and a natural 
adaptation to changing circumstances can occur (Newton, 2010). Ex-situ conservation strategies, stagnates 
this adaption (Ibid.). Meaning that the material has not gotten to adapt to a changing climate, resulting in a 
plant or material that if conserved in-situ could have adapted thanks to its broad genetic variation but is no 
longer able to survive in new and possibly changed conditions (Ibid.). Conservation in-situ is therefore of 
importance given the current trends in climate change.  
 
An important aspect to consider when comparing modern cereal varieties and landraces is the intraspecies 
diversity. Compared to modern varieties that are homogenous, landraces possess a rich intraspecies diversity 
(Leino, 2017). Especially rye that is wind pollinating has a constant flow of genetic material and is therefore 
better able to adapt to new environmental conditions and agricultural practices (Ibid.). Therefore, Leino 
(2017) suggests that different types of landrace rye could be of importance in a future food production that 
will need to adapt to more efficient and sustainable practices. Findings have shown that the plant material 
of landrace rye currently stored ex-situ do not equate to the historically variating material (Larsson et al., 
2019). Rye was the most important and most cultivated cereal crop in Sweden up until the early1900s 
(Leino, 2017). Since then, it has been replaced mainly by wheat (Ibid.) and other modern varieties of rye 
and genetic diversity and resources have been lost.  
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Appendix B  
Botanical classifications of rye (Secale cereale) 
Cereals can be divided into several different botanical classes depending on their morphology and 
characteristics (Stephen R. Gliessman, 2015). Rye is classified as a minor cereal belonging to the subgroup 
of monocotyledons or monocots, which means that it forms a single strand or leave and does not form two 
leaves as the subgroup dicotyledons which some other cereals belong to (Fig. 14) (Boukid et al., 2018). 
Further, Rye belongs to the order of Poales and the family Poaceae (Ibid.). The family of Poaceae is usually 
referred to as grasses and more than 10 000 different species belong to this family and they are the most 
commonly cultivated species in agricultural systems worldwide (The International Brachypodium Initiative, 
2010; Boukid et al., 2018). In a last categorisation rye belongs to the tribe of Triticeae under its common 
name rye (Boukid et al., 2018). In the genus of Secale, where other types wild or weedy variants of rye are 
found, Secale cereale is the only cultivated crop (Zohary & Hopf, 2000). 
 

 
Figure 14. Botanical categorisation of Rye (Secale cereale) according to subclass, order, family, tribe, and common 
name. Figure adapted from (Boukid et al., 2018).  
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Appendix C 
Sample development  
From the study conducted by Bridonneau & Chauveteau (2021) two recipes increased the overall flavour of 
cereals. One where the amount of flour had been increased and second where the amount of butter had been 
increased and sugar decreased (Bridonneau & Chauveteau, 2021). Therefore, these two recipes together 
with the standard recipe were chosen as a starting point for the recipe development of this study (Table 9). 
Three additional variations of the recipes were also added. One where both designs that increased the overall 
flavour of cereals, increasing both flour and butter while decreasing sugar, were applied (Sample 4). For 
Sample 2b and 3b the same recipe as in Sample 2 and 3 were used but the milling degree of the flour was 
decreased creating a more coarsely grinded flour. All samples were prepared with swidden Rye from 2020. 
During the trials the baking procedure was written down and the same procedure was used for all samples.  
 
Table 9. Table for cookie recipe development. The different trials are numbered according to sample and ingredients 
are reported in grams. Changes in percent are indicated with red for a decrease, green for increase, and yellow for no 
change from the original recipe.  

 
The flour was milled using Bileux 2000 stone mill to the desired particle size for each sample (fine or 
middle). Flour, sugar, and room tempered butter were measured corresponding to each recipe using a kitchen 
scale (±1g). Sugar and butter were mixed using a Bjørn Teddy Varimixer (M0058301Z) for two minutes at 
second speed, and then for additionally three minutes at third speed. Thereafter the flour was added, and all 
ingredients mixed at second speed for four minutes. After four minutes all the edges of the mixture bowl 
were scraped using a dough scraper to help with the homogenisation of the dough and prevent the formation 
of butter clumps. The dough was then mixed for another 4 minutes at the second speed. The dough was then 
scraped from the mixing bowl and shaped into a cylindrical shape and placed in four-degree Celsius fridge 
for two hours. After two hours the dough was cut into thin slices using a kitchen knife. The thickness of the 
slices was between 1,5-0,7 cm to evaluate and find the right size for the cookies (Table x). The first samples 
were experimental trials (sample 1-4) and the last samples were based on previous sensory analyses of 
cookies (sample 5-8) (Arifin et al., 2010; Davidov-Pardo et al., 2012; Devisetti et al., 2015). All the recipes 
and different production procedures were evaluated, and comments were written down to facilitate the 
selection process.  
 
After evaluation of the pretrials the production process, recipe, size, shape, and oven settings that preformed 
the best and most consistent results were combined to the final recipe. Recipe two and trial eight for size, 
shape, and oven settings was used for the sample preparations. 
 

Sample Sugar (g) Butter (g) Flour (g) Weight (g) 
Grinding 

degree 
1  

(Original) 75 75 165 315 Fine 

2 25 125 165 315 Fine 

Change in % from original -67% 40% 0%     

3 75 125 265 465 Fine 

Change in % from original 0% 40% 38%     

4 50 150 265 465 Fine 

Change in % from original -50% 50% 38%     

2b 25 125 165 315 Middle 

Change in % from original -67% 40% 0%     

3b 75 125 265 465 Middle 

Change in % from original 0% 40% 38%     
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Table 10. Table for cookie recipe development, trials for oven settings, size, and shape. With references to articles 
utilizing the same oven settings, size, or shape and comments.  

 

Sample Gram (g) Recipe Oven 
settings 

Size (cm) Shape & 
Reference 

Comments 

1 18g 3b 175°C:  
14 min  

3,5*4*1,4 Rectangle Too big 

2 12g 2 175°C:  
11min 

2,5*3*1,2 Rectangle 
with cut 
edges 

Good size, 
not the right 

shape 
3 12g 2b 175°C:  

8 min 
4*3,2*0,7 Thin oval Good shape 

and thinness 
4 12g 3b 175°C:  

11 min 
2,5*2,5*1,5 Cube with cut 

edges 
Strange with 
a cube, did 

not feel like a 
cookie  

5 
 

15-17g 
 

2 180°C: 
12 min  

(In Arfini 15 
min) 

4,5 *0,7 
(In Arfini 

4*2) 

Circle  
 (Arfini, 
2010) 

Somewhat 
big, good 

shape  

6 25-24g 
 
 

2 180°C: 
8 min  

5*1 Circle 
(Davidov 

2012) 

Too big and 
undercooked 

7 12-14g 
 

2 200°C: 
10 min  

4*0,7 
(In Devisetti, 

3,5*0,7) 

Circle 
(Devisetti,20

15) 

Good size 
and shape, 

burnt  
8 11-13g 

 
2 180°C: 

8 min 
 (Davidov, 

2012) 

4*0,7 
(In Devisetti, 

2015, 
3,5*0,7) 

Circle 
(Devisetti,20

15) 

Good  
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Appendix D 
Descriptive vocabularies developed during the QDA®  
 
Table 11. Descriptive words generated from the first tasting and discussion round for the QDA®.  

Appearance Aroma Flavour Texture 
Grey/Brown 
Light brown 
Beige 
Golden/Gold 
Round 
Crackelation 
Compact 
Smooth 
Light  
Dry  
Spotty 
Sandy 
 

Browned butter 
Honey 
Light syrup 
Rye 
Whole grains  
Cereals 
Bread 
Stable 
Dark syrup 
Butter  
Nutty 
Caramel 
Vanilla 
Roasted 
Sweet 
Salt  
Newly baked 
Bicarbonate/Baking 
powder -something that 
sticks out  
Hay  

Butter  
Rye  
Oats 
Sweetness  
Nutty 
Syrup 
Honey (liquid) 
Roasted  
Vanilla 
Freshly ground cereals 
Bread or flower 
Sweetness 
Salt  
 
 

Brittle  
Crispness  
Coarse-grained 
Mealy  
Fine-grained  
Grainy  
Rough/coarse  
Buttery 
Smooth  
Oily  
Melting  
Firm  
Porous  
 

 
Table 12. List of descriptive words remaining after consensus discussions during the first day of training for the 
QDA®. 

Appearance Aroma Flavour Texture 
Grey (little-much)  
Golden 
Crackelation (little-
much)  
Light particles 

Rye 
Cereals 
Syrup 
Browned butter 
Vanilla  

Sweetness 
Salt 
Butter 
Rye 
Oats  
Roasted  

Oiliness (little-much) 
Degree of 
milling/grinding (fine-
coarse) 
Firmness 

 
Table 13. Final list of descriptive words for the QDA®. The words are presented in the order they were assessed, 
firstly by aroma, followed by appearance, flavour, and lastly texture.  

Aroma Appearance Flavour Texture 
Rye 
Oats 
Syrup 
Browned butter 
 

Grey  
Golden 
Crackelation (amount)  
Light particles (degree) 
 

Roasted (nutty) 
Rye 
Oats 
Sweetness 
Salt 
Butter  

Degree of 
milling/grinding (Coarse-
fine)  
Oiliness (greasy feeling) 
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Appendix E 
Descriptive words used by the focus group and their indicated liking for the different cookies  
 
Table 14. Showing the attributes used to describe the different cookies during the focus group for appearance, aroma, 
flavour, and texture. They are not presented in any particular order and the words in italics are names of Swedish 
products used to describe the cookies. All attributes have been translated from Swedish to English by the author.  

Sample Appearance Aroma Flavour Texture 
KON Golden-brown, grey, 

uneven colour, 
different colour in the 
edges, flat, melted, 
porous, caramel, 
spotty, dry, nutty, 
grainy, chunks, brittle, 
wholes  

Intensive caramel, 
butter, nutty, 
crispbread (rye), 
ryebread, crispbread 
rågrut, cereals, flour, 
oats, minerals-stones 

Roasted oats, nuts 
(hazel), caramel, 
sweet, buttery, rye, 
crispbread rågrut, 
wheat 

Porous, brittle, grainy, 
airy, crunchy, hard 
bits, hard surface,  

E Grey, crackelated, 
unbaked, compact, 
round, firm, hard 

Vomit, old porridge, 
oats, cereals, roasted, 
caramel, mild aroma 

Corneflakes, oats, rye, 
roasted, barley 

Oiliness, crumbly, dry, 
soft, compact, brittle, 
smooth,  

T Golden, brown, pale, 
hard, smooth, compact, 
thickness, dry, grainy, 
different particles, 
crackelated, classic 
cookie 

Caramel, intensive 
butter, nutty, 
fermented milk 
product filmjölk, 
cereals, rye, oats, 
roasted 

Cereals, sourdough 
bread, buttery, mild, 
roasted oats, oily, 
almonds, long 
aftertaste, sweet 

Soft, brittle, crumbly, 
porous, smooth, 
grainy, sandy 

G Golden, glossy, baked, 
crumbly, round, pretty, 
uneven edges, grainy, 
spotty, different light 
particles, brittle 

Butter, salt, caramel, 
browned butter, 
roasted, browned, oats, 
mild/soft aroma 

Butter, sweetness, 
good, salt, crispbread 
rågrut, oat cereals 
havrefras, metal, 
caramel, browned 
butter 

Crymbly, brittle, crisp, 
porous, grainy, sandy, 
moist/juicy, light, 
chewy 

D2 Mat, grey-brown, 
round, nice, thickness, 
crumbly, compact, 
smooth, less light 
particles, crackelated 

Buttery, nutty, straw, 
sour, cereals, hazelnut, 
caramel, roasted, 
vanilla, mild aroma  

Oats, vapid, mild, 
nutty, crispbread, salt, 
sweet, muesli, cereals, 
rye, pale, buttery 

Margarine, fatty, 
buttery-oiliness, 
tender/brittle, smooth, 
crumbly, compact, 
heavy 

F1 Grey, grainy, 
crackelated, spotty, 
oval, porous, crumbly 

Porridge, cereals, sour, 
oats, macadamia nut, 
mild, mild butter  

Browned butter, oats, 
cereals, caramel, salt 

Oiliness, crumbly, 
grainy, brittle, sandy, 
crisp, porous, just 
about right chewing 
resistance 

 
Table 15. Showing the ranking for each cookie by the six participants in the focus group. 1= most liked – 6-least liked. 

Ranking KON  E  T  G  D2 F1 
1 - Most liked  1  2  3 
2  4   1 1  
3 1 2 1 2   
4 1 1 1 1 1 2 
5  2 2 1 1  
6 – Least liked    2  3 1 
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