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Abstract 5 

Rye breads, especially those with a chewy texture and sour flavor, have shown several health 6 

benefits but their consumption is lower among younger consumers than older. This study explores 7 

liking of commercial rye bread in younger and older consumers in relation to socio-demographics, 8 

childhood bread-eating habits and food choice motives. Further, sensory attributes are explored in 9 

relation to the consumers’ concepts of a rye bread and healthiness in bread.  10 

     Nine commercial rye breads, previously profiled by descriptive sensory analysis were tasted by 11 

225 younger (18-44 years) and 173 older (45-80 years) consumers. Internal preference mappings 12 

by principal component regression for each age group showed low liking for rye bread with a 13 

chewy texture and sour flavor in the younger consumer group. Based on the preference mappings, 14 

the age groups were separately clustered. Associations between clusters and background variables 15 

were studied using discriminant partial least squares regression. Liking of rye bread with a chewy 16 

texture and sour flavor in the younger consumer group was associated with e.g., more education, 17 

females, childhood bread consumption and the food choice motive health. In the older consumer 18 

group, it was related to e.g., more education and childhood bread consumption. Partial least squares 19 

regression 1 showed that the combination of sensory attributes such as a light color and soft texture 20 

led to the perception of bread being less healthy and not a rye bread, and a dark brown color, chewy 21 

texture, sour and bitter flavor to the perception of a healthier bread and rye bread. 22 
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1 Background 29 

Bread made from rye has been shown in previous research to possess several health benefits and is 30 

often included in descriptions of healthy diets (Olsen et al., 2011; Adamsson et al., 2012). Both 31 

whole-grain and sifted rye bread with and without sourdough have, for example, shown beneficial 32 

effects on blood glucose levels and insulin regulation (Leinonen, Liukkonen, Poutanen, Uusitupa, 33 

& Mykkänen, 1999; Rosén et al., 2009). This is especially valuable in relation to the prevention 34 

and maintenance of non-communicable, chronic diseases such as diabetes (Augustin et al., 2015). 35 

However, for the bread to have health benefits, it also needs to be available, acceptable and eaten 36 

by consumers. In the EU there is no food standard for rye bread and it is not known what type of 37 

bread consumers may look for when choosing a rye bread. In a previous study, commercial rye 38 

breads in Sweden were shown to contain between 15 and 100% rye flour (Sandvik, Marklinder, 39 

Nydahl, Næs, & Kihlberg, 2016). Half of the samples indicated to produce beneficial effects on 40 

blood glucose levels and insulin regulation by the in vitro measurement fluidity index. These breads 41 

were mainly characterized by a chewy, drier texture and a sour flavor.  42 

    Bread is a staple in the Swedish diet. In a national dietary food survey, 98% of participants 43 

reported having eaten bread (Sandvik, Kihlberg, Lindroos, Marklinder & Nydahl, 2014). Due to 44 

the lack of a definition of rye bread and the high prevalence of mixed rye-wheat breads, it is 45 

challenging to determine how much rye bread is consumed in Sweden. However, there are data on 46 

rye flour. The average per capita consumption of rye flour in 2015 was 9 kg per person and year, 47 

and this figure has steadily been decreasing, from 15 kg per person and year in 1960 (BOA, 2016). 48 

Most of the rye is incorporated in varied amounts into either dry crisp or soft bread. Soft rye bread 49 

is in focus in the present study. Bread types with a high rye content have been shown to be more 50 

frequently consumed by older (45-80 years) rather than younger (18-44 years) consumers (Sandvik 51 

et al., 2014). Rye bread is often made with whole grain and, in addition to age, a lower consumption 52 

of whole-grain bread has also been associated with lower educational levels, children in the 53 

household and country of birth (Sandvik et al., 2014). Respondents born in a Nordic country other 54 

than Sweden were more likely to have higher consumption of whole-grain bread. An age-related 55 

difference has also been seen for the total intake of whole grain in several countries, where lower 56 

intake has been observed in younger age groups (Lang & Jebb, 2003). It is uncertain whether these 57 

age differences can be explained by changes in attitudes or motives during the course of life, or by 58 

a cohort effect whereby consumers born during a given period share experiences, memories and 59 
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preferences (Lang, Thane, Bolton-Smith, & Jebb, 2003). Perceived quality is one important factor 60 

in food choice decisions and insights into the quality perceptions of rye bread of younger and older 61 

consumers could contribute to an understanding of previously identified consumption patterns 62 

(Grunert, 2006). The consumer's quality perception of bread is mainly determined by the 63 

dimensions taste and health and these dimensions are the focus here (Dewettinck et al., 2008). The 64 

present paper has a two-fold scope and addresses i) liking of commercial rye bread among younger 65 

and older Swedish consumers in relation to sensory attributes and selected consumer background 66 

variables and ii) the association between sensory attributes and consumers’ perceptions of a rye 67 

bread and a healthy bread. 68 

     Only a few previous studies have focused on consumer liking of rye bread (Heiniö, Urala, 69 

Vainionpää, Poutanen, & Tuorila, 1997; Pohjanheimo, Paasovaara, Luomala, & Sandell, 2010) and 70 

none of these have explored the preferences of younger and older consumers. The majority of 71 

sensory preferences in humans are learned through repeated exposure to particular sensory events 72 

and their associated consequences (de Graaf, 2006). Food preferences have been described as being 73 

learned unconsciously and unintentionally, and preferences established in childhood have been 74 

shown to be important in predicting preferences later in life (Köster, 2009). The cultural and 75 

socioeconomic environment is viewed as playing a primary role in creating the opportunities and 76 

contexts for particular sensory experiences (Mela, 2001). The learning occurs throughout life and 77 

two forms of learning in adulthood have been described: sensory learning through, for example, 78 

exposure, and more conscious cognitive learning through, for example, advice, labeling and risk 79 

perception. The high robustness of preferences formed in childhood together with continuous 80 

lifelong learning would suggest that both a cohort effect (based on, for example, bread types 81 

available during childhood) and changes in attitudes and motives during the course of life could be 82 

associated with different preference patterns for rye bread. Hence, the association between liking 83 

and socio-demographics, childhood bread-eating habits and food choice motives are explored in 84 

the present study. The Food Choice Questionnaire (FCQ) is used to measure the perceived 85 

importance of nine motives for food selection in everyday food choices (Steptoe, Pollard, & 86 

Wardle, 1995).  87 

     Prior to purchase, consumers infer quality expectations of a product from different cues 88 

(Grunert, 2005). It has been argued that the communicated impressions used in marketing need to 89 

be upheld throughout consumption and that the physical product should therefore be regarded not 90 
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only as a source of sensory pleasure, but also as an information source (Grunert, 2015). A food 91 

name such as rye bread or perceived healthiness can be described as concepts which are evaluated 92 

by a mental checklist of components that the food, according to the consumer, should possess. 93 

These can be divided into propositional components, such as factual knowledge of how much rye 94 

a rye bread should contain, but also sensory components, which means an immediate recall of the 95 

look, taste, smell and texture of rye bread that the consumer has previously encountered (Smith, 96 

Møgelvang-Hansen, & Hyldig, 2010). Consumer perceptions of propositional and some sensory 97 

components of three food names have previously been studied from a labeling fairness perspective 98 

(Smith et al., 2013). In the present study, a further step has been taken by exploring how sensory 99 

profiles of Swedish commercial rye breads are related to the consumers’ concepts of a rye bread 100 

and healthiness in bread. 101 

     The aim of this study is to compare liking of commercial rye bread among younger and older 102 

Swedish consumers in relation to socio-demographics, childhood bread-eating habits and food 103 

choice motives, and to describe consumers’ sensory perceptions of a rye bread and healthiness in 104 

bread.  105 

2 Materials and methods  106 

2.1 Overall study design 107 

Nine commercial rye breads for which sensory profiles have previously been described (Sandvik 108 

et al., 2016) were included in a consumer test. Participants indicated liking and degree of agreement 109 

with the statements: “I would gladly eat this bread often”, “This bread seems healthy” and “This 110 

is, in my opinion, a rye bread” for each sample. Sensory profiles of the samples and liking ratings 111 

were combined by internal preference mapping using principal component regression (PCR). This 112 

was performed separately for younger (18-44 years) and older (45-80 years) consumers and the 113 

consumers were then clustered. Associations between clusters and consumer background variables 114 

(food choice motives, childhood bread-eating habits and socio-demographics) were explored by 115 

discriminant partial least squares regression (DA-PLS). The association between the sensory 116 

profiles of the samples and degree of agreement with the statements “This bread seems healthy” 117 

and “This is, in my opinion, a rye bread” were separately explored by partial least squares 118 

regression 1 (PLS-1). 119 
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2.2 Rye bread sample selection and preparation 120 

Sensory and health-related attributes of commercial bread selected to represent a wide variety of 121 

rye bread on the Swedish market were, in a previous study, characterized by general descriptive 122 

analysis (24 samples, 11 panelists, 15 attributes), chemical acidity and fluidity index (Sandvik et 123 

al., 2016). Fluidity index is an in vitro measure for predicting the quality of the blood glucose and 124 

insulin responses to bread (Östman, Rossi, Larsson, Brighenti, & Björck, 2006). For the present 125 

study, principal component analysis of the sensory data were used to visually select a representative 126 

subset of nine bread samples to be included in the consumer test, as similarly used by Helgesen 127 

and Næs (1995). The selected samples and their labels were: sample A3, in the present study 128 

labeled as sour whole grain (WG) rye roll, B2: pumpernickel, B4: coarse sour rye bread, C2: sifted 129 

flat bread, C4: sifted syrup loaf, D1: wheat-rye malt loaf, E2: WG rye syrup roll, E3: wheat-rye 130 

toast bread (i.e. bread for toasting) and F2: sour sifted rye bread. The ingredients and sensory 131 

characteristics of the nine samples included in the present study are shown in Table 1 and Table 2. 132 

The composition of the included samples varied in for example, rye content (23-100%), whole 133 

grain content (0-100%), total sugars (1-10 g/100 g), pH (4.5-6.6) and Fluidity index (50-97) 134 

(Sandvik et al., 2016). Four samples in particular (sour WG rye roll, pumpernickel, coarse sour rye 135 

bread and sour sifted rye bread) displayed a lower fluidity index which indicates more beneficial 136 

effects on blood glucose and insulin levels, and these breads were mainly characterized by a chewy 137 

texture and/or sour flavor (Sandvik et al., 2016).  138 

     For the present study, data were collected on three consecutive days in a Swedish city with a 139 

population density of approximately 200,000 inhabitants. The samples were purchased the day they 140 

were delivered to the local supermarkets and stored at –18 degrees Celsius for a maximum of seven 141 

days. Prior to each testing day, the breads were thawed at room temperature in plastic bags on bread 142 

racks for eight hours. At separate workstations, the samples were cut into bite-sized rectangular 143 

pieces (approximately 2.5 x 5.5 cm) including both the crumb and the crust, and were then carefully 144 

wrapped in aluminum foil, concealing their appearance. The samples were labeled with randomly 145 

assigned 3-digit codes and placed in two transparent plastic boxes with a sealed lid. The serving 146 

order was randomized by computer and the samples in each box corresponded to the serving order 147 

of a specific questionnaire.  148 
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2.3 Consumer test procedure 149 

Four test locations were set up, three at shopping malls in the town center and one at a mall in the 150 

outer part of town in order to obtain a wide socio-demographic spread of responding consumers. 151 

Consumers between 18-80 years, without any bread-related allergies, who volunteered to 152 

participate in the taste test were included in the study. All participants received verbal and written 153 

information about the study. Informed consent was obtained orally, and the participants were 154 

clearly informed that they could withdraw from the study at any time. Because the study did not 155 

include any biological material or sensitive information, approval from the ethical board was not 156 

considered necessary, in accordance with the Act on the Ethical Review of Research Involving 157 

Humans (2003).      158 

     Firstly, the consumers indicated overall liking for each bread sample on a nine-point balanced 159 

hedonic scale from “extremely dislike” (1) to “extremely like” (9). Secondly, the consumers were 160 

asked to indicate degree of agreement from “totally disagree” (1) to “totally agree” (9) with three 161 

statements: “I would gladly eat this bread often”, “This bread seems healthy” and “This is, in my 162 

opinion, a rye bread”. The serving order was clearly displayed in the questionnaire and consumers 163 

were asked to carefully ensure that the 3-digit number on the sample matched the number on the 164 

questionnaire. Water was available for the consumers to rinse their palate.  165 

     Two additional questions were asked concerning how much rye flour/whole grain the 166 

consumers expected a bread labeled “rye bread” or “whole-grain bread” to contain. “How much 167 

rye/whole-grain flour should bread labeled as rye bread/whole-grain bread contain, in your 168 

opinion?”. An unstructured 10 cm line scale was used with 0% “no”, 50% “half” and 100% “only 169 

rye/whole-grain flour” as anchors. The option “no opinion” was also available. 170 

     Background questions included gender, year of birth, number of children <18 years in the 171 

household, educational level, as well as country of birth and parents’ country of birth to study 172 

possible influences from other cultures. The consumers were also asked how many slices of bread 173 

they ate on average per day and to indicate the type of bread they mostly ate, both when they were 174 

growing up and today (multiple choice). Six options were available: 1) white bread such as pan 175 

bread or rolls, 2) white sweet loaf such as traditional sifted rye loaf with syrup, 3) medium dark 176 

bread with soft texture, 4) dark compact coarse bread, 5) dark compact coarse sour bread and 6) 177 

dry crispbread.  178 
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      The FCQ (Steptoe et al., 1995) was included to further characterize the consumers. The FCQ 179 

has not, to our knowledge, been used previously in Sweden, but has been shown to be a suitable 180 

tool for exploring food choice motives across different European populations (Markovina et al., 181 

2015). This instrument consists of 36 statements designed to assess the reported importance of nine 182 

factors on food choice (convenience, ethical concern, familiarity, health, mood, natural content, 183 

price, sensory appeal, body weight). The statements were carefully translated to Swedish and the 184 

subjects were asked to evaluate and rate the statement “It is important that the food I eat on a typical 185 

day is…” for each of the 36 items from “totally disagree” to “totally agree” (Appendix 1). As an 186 

example, three items are included in the factor natural content and these are i) contains no 187 

additives, ii) contains natural ingredients and iii) contains no artificial ingredients. The ratings of 188 

these items for the statements above are subsequently combined into one measurement of 189 

importance of natural content in food choice. As in previous research, a seven-point scale was used 190 

instead of the originally proposed four-point scale to improve discrimination (Pohjanheimo et al., 191 

2010; Carrillo, Varela, Salvador, & Fiszman, 2011). Wrapped candy was offered at the end of the 192 

survey as a token of appreciation. The whole session took on average 20 minutes. 193 

2.4 Statistical analyses  194 

Firstly, three-way Analysis of Variance (ANOVA) was used to study the overall effect of age on 195 

liking. A model with fixed effects for age group and sample (and their interactions) plus a random 196 

consumer effect nested within age group was used. The age groups compared (18-44 years and 45-197 

80 years) were mainly chosen based on the bread consumption structures seen among different age 198 

groups in Sandvik et al., 2014. The broader age-span also ensured that the groups were large enough 199 

to perform clustering and to study the characteristics of each specific cluster.  200 

     Mean ratings for liking and agreement with the statements “This bread seems healthy” and 201 

“This is, in my opinion, a rye bread” were compared for the younger (18-44 years) and older (45-202 

80 years) consumers and between samples using one-way ANOVA and Fisher’s least significant 203 

difference. These analyses were also subsequently used to compare mean liking between identified 204 

clusters. Pearson correlation was used to study the correlations between the statements “I would 205 

gladly eat this bread often” and “This bread seems healthy” and the liking ratings. Chi-square test 206 

was used to compare the bread types most often consumed in the younger and the older consumer 207 

group, and one-way ANOVA was used for reported differences in number of slices consumed per 208 

day.  209 
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      The mean scores for each of the nine factors in the FCQ were computed for each consumer by 210 

averaging the ratings of the items which, according to Steptoe et al. (1995), belong to a specific 211 

factor. Subsequently, one-way ANOVA was used to study possible significant differences between 212 

the two age groups with regard to the importance of each of the nine specific food choice motives. 213 

The reliability of the FCQ was analyzed in line with Pohjanheimo et al. (2010) by Factor analysis 214 

(Maximum likelihood with Varimax rotation) with the aim being to combine the 36 items into nine 215 

factors according to the original theory of Steptoe et al. (1995) (convenience, ethical concern, 216 

familiarity, health, mood, natural content, price, sensory appeal, weight control). The internal 217 

reliability of each of the nine factors was tested using Cronbach’s alpha and Item-total correlation.  218 

      To explore preference patterns among younger and older consumers and to identify consumer 219 

clusters, the sensory profiles of the samples and the liking ratings were combined by internal 220 

preference mapping using PCR. This was performed separately for each age group. Clusters were 221 

visually identified in each age group based on the correlation loadings and score plots (Endrizzi, 222 

Menichelli, Johansen, Olsen, & Næs, 2011). In visual clustering, consumers who lie close to each 223 

other are defined as belonging to the same segment. Useful segments are obtained by drawing the 224 

boundaries between the segments such that the segments are about equal in size, with respect to 225 

either number of consumers in each group or the size of the region (Næs, Brockhoff & Tomic, 226 

2010). Visual segmentation has been shown to be useful when the grouping is less clear because 227 

automatic segmentation procedures may produce different groups depending on the method chosen 228 

(Endrizzi, Gasperi, Rødbotten, & Næs, 2014). DA-PLS was applied to characterize the identified 229 

consumer clusters. Cluster membership was used as dependent variables coded as dummy variables 230 

and the consumer characteristics were used as explanatory variables and included socio-231 

demographic factors (age, gender, education, children in household, born/parent born outside 232 

Sweden), bread type most often eaten when growing up, and food choice motives. 233 

     Two PLS-1 analyses were used to explore how sensory impressions influence the consumers’ 234 

perception that bread is healthy and is perceived as a rye bread by studying the association between 235 

the samples sensory profiles and the mean responses to the statements “This bread seems healthy” 236 

and “This is, in my opinion, a rye bread”. 237 

      IBM SPSS Statistics version 22, Unscrambler version 10.3 (Camo Software) and SAS 9.4 (SAS 238 

institute Inc.) were used to perform the statistical analyses and the level of significance was set at 239 

P<0.05. 240 
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3 Results 241 

3.1 Consumer characteristics  242 

A total of 398 consumers participated in the test, with 225 being classified as younger (18-44 years) 243 

and 173 as older (45-80 years). The mean age of the younger consumers was 28 years (SD 7) and 244 

of the older 63 years (SD 10). Socio-demographics, bread consumption habits and food choice 245 

motives of the younger and the older consumers are shown in Table 3. Among the younger 246 

consumers, 34% were born or had at least one parent who was born outside Sweden; this 247 

corresponded to 26% among the older consumers. Among the consumers who were born or had a 248 

parent who was born outside Sweden, more of the older consumers had a background in countries 249 

with strong rye bread cultures such as Finland, Denmark, Poland and Germany (43% of the older 250 

and 27% of the younger). Besides these countries, mainly other European, Middle Eastern and 251 

South American countries were represented. Younger consumers reported eating significantly 252 

fewer slices of bread per day, on average 2.0 (SD 1.5) while the older consumers reported 2.9 (SD 253 

1.8) (P=<0.001). Significantly more of the younger consumers had eaten mainly white bread when 254 

growing up and more of the older reported to have eaten mainly dry crispbread. Differences 255 

between the age groups were also found in the types of bread reported to be eaten most often today 256 

(Table 3).  257 

     In line with the original theory of Steptoe et al. (1995), the factor analysis of answers from the 258 

36 statements in the FCQ identified nine factors with eigenvalues above 1, which was set as the 259 

criteria. The reliability test showed that the internal consistency of the nine food choice factors 260 

ranged from Cronbach’s alpha 0.69 to 0.83. The item-total correlation varied between 0.38-0.72, 261 

with a mean of 0.57. These results are found in detail in Appendix 1. The FCQ showed that, on 262 

average, both the younger and older consumer groups rated sensory appeal as most important in 263 

relation to food eaten on a typical day. Next in importance were natural content, health and price 264 

for the younger consumers and natural content, ethical concern and health for the older. 265 

Familiarity was on average the least important motive. Younger consumers generally scored most 266 

of the factors lower than the older and the differences were significant in relation to the importance 267 

of ethical concern, health, natural content, sensory appeal and weight control (Table 3). 268 
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3.2 Rye bread liking among younger and older consumers 269 

The three-way ANOVA showed a highly significant interaction for liking between age groups and 270 

samples (P=<0.001), supporting the age segmentation (data not shown). The mean liking ratings 271 

on the nine-point hedonic scale ranged from 4.0 to 7.1 in the younger consumer group and from 272 

4.7 to 6.0 in the older consumer group (Table 4). Significant differences regarding liking were 273 

found between the age groups for six of the nine samples (sour WG rye roll, pumpernickel, coarse 274 

sour rye bread, sifted flat bread, sifted syrup loaf and wheat-rye toast bread). For example, the 275 

sifted syrup loaf displayed the lowest liking among older consumers (mean liking: 4.7), but was 276 

one of the most liked among the younger consumers (mean liking: 6.7). The opposite was seen for 277 

the samples with the highest content of whole grain rye and sourdough (sour WG rye roll, 278 

pumpernickel, coarse sour rye bread). The liking ratings corresponded well with answers to the 279 

statement “I would gladly eat this bread often” (Pearson correlation 0.84 for younger and 0.86 for 280 

the older consumers group, data not shown).  281 

3.3 Internal preference mapping and visual clustering  282 

The two internal preference mappings display different preference patterns for the two age groups. 283 

Figures 1a and 1b show the correlation loadings plot for the younger compared to the older 284 

consumers. Younger consumers generally showed a preference towards samples on the right on 285 

the correlation loadings plot. Samples in this area (sifted flat bread and sifted syrup loaf) display a 286 

high cohesiveness of mass, deformability and sweetness. The older consumers showed a more 287 

disparate picture in their liking with a tendency for liking breads that display a higher chewing 288 

resistance, higher moisture (saliva) absorption, and more rye and sour flavors (sour WG rye roll 289 

and coarse sour rye bread). The sour sifted rye bread, showed a tendency, especially among the 290 

older consumers, to be placed separately from the other samples in the preference map in an area 291 

with few consumers (Figure 1b). 292 

      When clustering the consumers, the first principal component in the two separate preference 293 

mappings was interpreted according to which products they represented and each age group was 294 

visually classified into three adequately sized clusters with similar preference patterns. The mean 295 

liking of the samples differed significantly between the clusters except for the sour sifted rye bread 296 

among the younger and the WG rye syrup roll among the older (Table 5). The “soft-white clusters” 297 

(36% of the younger and 26% of the older consumers) displayed a high liking for samples with a 298 

low rye content (sifted flat bread and sifted syrup loaf) and a lower liking for samples with a high 299 
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content of whole-grain rye (sour WG rye roll, pumpernickel and coarse sour rye bread). The “dark-300 

chewy clusters” (19% of the younger and 35% of the older consumers) displayed what could be 301 

described as an opposite direction of liking from the “soft-white cluster”. The “intermediate 302 

cluster” (45% of the younger and 40% of the older consumers) displayed intermediate liking for 303 

the samples with a high content of whole-grain rye, a higher liking than the “dark-chewy clusters” 304 

for e.g. the wheat-rye toast bread, the sifted flat bread and the sifted syrup loaf (Table 5).  305 

3.4 Clusters in relation to consumer background variables 306 

The DA-PLS was performed to study possible associations between the identified consumer 307 

clusters and consumer background variables. The explained variance was relatively low, but the 308 

loadings plot nonetheless provides graphical representations of the data (Figure 2a and b). When 309 

comparing the three clusters, differences in relation to background variables were mainly observed 310 

between the “soft-white” and the “dark-chewy” clusters in the younger consumer group. In the 311 

older consumer group, it was instead the “soft-white cluster” that differed from the “intermediate” 312 

and “dark-chewy” clusters (Figures 2a and 2b). The first factor in the model was mainly important 313 

in describing differences between the clusters in both age groups. 314 

      Among the younger consumers, the clusters differed according to gender, with male consumers 315 

more often in the “soft-white cluster” and females in the “dark-chewy cluster”. A higher 316 

educational level (>3 years of post-secondary education) was associated with the “dark-chewy 317 

cluster” as well as with eating less white bread, such as pan bread or rolls, and white sweet loaf 318 

such as traditional sifted rye loaf when growing up. Regarding the food choice motives explored 319 

using the FCQ, the factors familiarity and convenience were more important for the “soft-white 320 

cluster”, while health, ethical concern, natural content and mood were less important. For the 321 

“dark-chewy cluster”, health, ethical concern and natural content were instead more important and 322 

convenience and familiarity less important (Figure 2a).  323 

      Among the older consumers, the pattern was not as clear and fewer background variables 324 

differed significantly between the clusters (Figure 2b). The analysis mainly showed that the “soft-325 

white cluster” was associated with a lower educational level. Consumers in this group perceived 326 

natural content as less important, and were less often born or had a parent(s) that was born outside 327 

Sweden. This group had also consumed less dark coarse bread when growing up.    328 
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3.5 The influence of sensory impressions on the perceptions that bread is “healthy” and is a 329 

“rye bread” 330 

The samples with the highest content of whole-grain rye (sour WG rye roll, pumpernickel and 331 

coarse sour rye bread), were perceived by both age groups as healthiest while the samples with the 332 

lowest rye content, the sifted flat bread and the sifted syrup loaf, were perceived as least healthy 333 

(Table 4). ANOVA classified the samples into four groups with significantly different perceived 334 

healthiness (Table 4). The age groups only disagreed on the healthiness of the wheat-rye malt loaf 335 

which older consumers perceived as significantly less healthy than the younger. Healthiness 336 

perceptions did not correlate with willingness to eat among younger consumers, yet significantly 337 

correlated among the older (Pearson correlation 0.56, data not shown). The PLS-1 was performed 338 

on all consumers together, the first factor explained 68% of the variance of X (sensory properties), 339 

and 94% of the variance in Y (perceived healthiness) (data not shown). The uncertainty test showed 340 

that the sensory attributes that positively correlated with perceived healthiness in the bread samples 341 

were: brown color, sour and malty odor, sour and bitter flavor, and rye and roasted aftertaste. With 342 

regard to texture: compressibility, chewing resistance, moisture (saliva) absorption and 343 

heterogeneity were positively correlated with perceived healthiness. Deformability, cohesiveness 344 

of mass and sweet taste were negatively correlated with the perception of healthiness in bread. 345 

      The PLS-1, relating the sensory profiles to the expectation of a “rye bread” in the whole sample 346 

of consumers, showed a similar pattern as for perceived healthiness of bread, with the exception 347 

for sweetness, which was not a significant factor. The first factor explained 68% of the variance in 348 

X (sensory properties) and 91% of the variance in Y (rye bread perception), data not shown. There 349 

is no standardized definition of a rye bread in Sweden and the present study showed that consumers 350 

mainly perceived the samples with the highest content of whole grain rye, as rye breads (sour WG 351 

rye roll, pumpernickel and coarse sour rye bread) and the sifted flat bread and sifted syrup loaf the 352 

least like rye breads (Table 4). Younger and older consumers disagreed on the wheat-rye toast 353 

bread and the sour sifted rye bread. Older consumers perceived these samples more often as rye 354 

breads than the younger consumers. The question “How much rye flour should bread contain to be 355 

labeled as a rye bread, in your opinion?” was answered similarly by both age groups.  The mean 356 

answer for younger consumers was 71% (SD 19%) and older consumers 72% (SD 18%). In both 357 

age groups, six percent answered “no opinion”. To the question “How much whole grain should 358 

bread contain to be labeled as a whole-grain bread, in your opinion?” the mean answer for 359 
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younger consumers was 72% (SD 18%) and older consumers 73% (SD 18%). In both age groups, 360 

seven percent answered “no opinion”. 361 

4 Discussion  362 

4.1 Rye bread liking in relation to sensory attributes and health-related aspects 363 

Significant differences were seen for liking of the sampled rye breads amongst all the consumers 364 

as a group. However, different liking patterns were identified comparing a younger and an older 365 

consumer group, indicating that sensory liking is a possible explanatory factor for the differences 366 

previously seen between the age groups for rye and whole-grain bread consumption (Sandvik et 367 

al., 2014). Although sourdough whole-grain rye bread was perceived as the healthiest in both age 368 

groups, consumers generally do not compromise on taste (Verbeke, 2006; Siró, Kápolna, Kápolna, 369 

& Lugasi, 2008). The younger group (18-44 years) displayed a higher liking for breads with a soft 370 

texture and a sweet flavor. This is in line with research on wheat bread where a low chewing 371 

resistance was the most liked by younger consumers (<30 years) (Kihlberg & Risvik, 2007). Older 372 

consumers showed a higher liking for different types of rye breads with a tendency towards more 373 

whole-grain-rich rye bread, similar to consumers in the study by Pohjanheimo et al. (2010) who 374 

were classified as having traditional values. The samples that were better liked by the younger 375 

group had instead a lower rye content, less or no whole grain, more added sugar and no sourdough. 376 

Although none of the samples scored extremely low on liking, the least liked samples among the 377 

younger consumers (sour WG rye roll, pumpernickel, coarse sour rye bread and sour sifted rye 378 

bread) were unfortunately those that have been indicated to have more beneficial effects on blood 379 

glucose and insulin levels (Sandvik et al., 2016). Texture-related attributes were central drivers of 380 

liking in the rye breads; texture has also previously been shown to be important for consumers’ 381 

sensory perceptions of bread (Hersleth, Berggren, Westad, & Martens, 2005). The most dominant 382 

taste in whole grain has been described to be the bitter note (Heiniö et al., 2016). The flavor 383 

attributes that were most important for liking in the present study of commercial rye breads were, 384 

however, not bitter flavor, but rye flavor, sour flavor, saltiness and sweetness. Younger consumers 385 

showed a particular liking for sweet breads, such as the sifted flat bread, sifted syrup loaf, wheat-386 

rye malt loaf and WG rye syrup roll, which all contain 8-10% sugar. The quite unique Swedish 387 

tradition of adding syrup or sugar to bread is said to have its roots in the flour shortage during 388 

World War I when the authorities decided that bakeries should increase the energy value in bread 389 
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by adding beet sugar (Notaker, 2009). Sourdough fermentation is often used in rye bread baking to 390 

improve the texture and has been related to health benefits such as well-regulated postprandial 391 

blood glucose. However, it also contributes to a sour taste in the bread (Poutanen, Flander & Katina, 392 

2009). Sour taste was negatively related to liking in the younger consumer group, a result in 393 

contrast to a study with sour rye bread among Finnish consumers where different levels of acidity 394 

not were associated with liking (Heiniö et al., 1997). The result emphasizes the importance of 395 

optimizing the sourdough fermentation process for producing bread with moderate acidity and 396 

balanced sensory profiles (Heiniö et al., 2016). One common method to increase the volume and 397 

soften the texture of rye bread is to add wheat gluten; this was found in half of the samples in a 398 

previous study characterizing commercial rye bread (Sandvik et al., 2016). All of the most-liked 399 

rye bread samples among the younger consumers contained added gluten (Table 1). The addition 400 

of gluten to rye bread has, however, been shown to remove the beneficial effect of the rye bread 401 

on the insulin response (Nordlund, Katina, Mykkänen, & Poutanen, 2016). An alternative could be 402 

to use endospermic rye flour, which contributes a less coarse texture and has also been shown to 403 

have beneficial effects on postprandial insulin levels (Heiniö, Liukkonen, Katina, Myllymäki, & 404 

Poutanen, 2003; Rosén et al., 2009). Bread with a high content of endospermic rye is, however, 405 

uncommon on the market. The sour sifted rye bread contained 51% sifted rye flour but there were 406 

small differences in liking between the clusters for this bread, perhaps due to consumers being less 407 

familiar with this bread type. This sample was also one of the least liked among the older 408 

consumers. The mean liking ratings in the older consumer group could not be related as clearly to 409 

the health attributes of the samples as in the younger group. Both whole-grain sourdough rye 410 

samples as well as samples with less whole grain and rye and a softer texture were among the most 411 

as well as the least liked. The WG rye syrup roll showed relatively high liking among both age 412 

groups. It contained 63% rye and 68% whole grain, but also had a high total sugar content and a 413 

relatively high FI, which would indicate a faster blood glucose response. The sensory profile of 414 

this bread could, however, be used as a starting point for developing healthy rye bread with high 415 

liking in a broad consumer group.  416 

4.2 Rye bread liking among younger and older consumers in relation to childhood bread 417 

eating, food choice motives and socio-demographic factors 418 

Childhood bread-eating habits, food choice motives and socio-demographic factors were related to 419 

the clusters in both the younger and the older consumers, and the patterns were similar. There was 420 
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a significant difference in several of the bread types consumed in childhood between the younger 421 

and older consumers (Table 3) and there were also differences in the clusters (Figure 2). Exposure 422 

at a younger age is related to liking in adulthood (Cooke, 2007) and in a national dietary survey of 423 

Swedish children it was reported that the type of bread most commonly consumed was classified 424 

as white bread (Enghardt Barbieri, Pearson, & Becker, 2006). The results from the present study 425 

would therefore suggest that the liking of whole-grain-rich rye bread with a tough texture and sour 426 

flavor may further decrease in future generations. Being born or having a parent who was born 427 

outside Sweden would also indicate other cultural influences from an early age. This factor was 428 

negatively associated with the “white-soft cluster” among the older consumers but not among the 429 

younger. More of the older consumers and less of the younger had, however, a connection to 430 

countries with strong rye bread cultures, such as Finland, Denmark, Poland and Germany, 431 

something that would also suggest a higher exposure earlier in life. These two factors would 432 

indicate a cohort explanation for the different consumption patterns seen for age groups.  433 

     A change in food choice motives during the course of life could also have an effect on liking. 434 

A higher consumption of healthy food (fish) among older age groups was shown to be mediated 435 

by an increased interest in health in this group (Olsen, 2003). The importance of health has been 436 

shown by using the FCQ to be related to preference for yoghurt with a sourer flavor (Pohjanheimo 437 

& Sandell, 2009). Therefore, the importance of the food choice motive health would be expected 438 

to be associated with a liking for rye bread with a higher chewing resistance and more intense sour 439 

flavor, characteristics of samples that were also perceived as most healthy. This was the case for 440 

the younger consumers (together with the factors ethical concern and natural content). Among 441 

younger consumers, an attitude change could possibly render an increased liking of rye bread with 442 

potential health benefits. For the older consumers, the pattern was similar but not as clear. One 443 

explanation could be that the clusters did not differ as much for liking as in the younger consumers 444 

(Table 5). In the present study, the range within age groups was broad, but did enable insights into 445 

differences in liking between these age groups as well as into the association between liking and 446 

consumer background variables. More and narrower age groups were included in the 447 

characterization of the different clusters. Although these were not significant, the result indicated 448 

a pattern in which older consumers, also within specific age groups, were more likely to be 449 

classified into the “dark-chewy clusters” and the youngest closest to the “white-soft cluster” 450 

(Figure 2).   451 
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     Interestingly, gender was only significant among the younger consumers, where females were 452 

associated with the dark-chewy cluster and close to the food choice motive health. It has previously 453 

been shown that females perceive health as more important in food choice than men (Wardle et al., 454 

2004). Educational level differentiated both the younger and older clusters and a lower educational 455 

level has earlier been associated with a lower intake of whole-grain bread (Kyrø et al., 2011; 456 

Sandvik et al., 2014). Arvola et al. (2007) compared perceptions of refined grain and whole-grain 457 

products in Finland, the UK and Italy. In their study, consumers did not perceive the price to differ 458 

between the two product groups. The association between a lower education level and the food 459 

choice motive familiarity is in line with earlier research, and although the price may not differ 460 

between more or less whole-grain-rich bread types, one suggested explanation is that this group 461 

cannot financially afford to take chances with food selection by buying unfamiliar products 462 

(Steptoe & Wardle, 1999). The association between convenience and the white-soft cluster 463 

corresponds with previous research showing a higher consumption of white bread being related to 464 

fast-food bread consumption and eating bread on the go (Sandvik et al., 2014). Encouraging 465 

product development of fast food bread that is whole-grain-rich could therefore be one way to 466 

increase consumption. Enabling the consumption of different bread types, for example, in 467 

preschool and with the free school meal provided in Sweden and other countries, could be another 468 

way to increase the exposure in childhood among all socio-demographic groups and thereby 469 

broaden the liking.  470 

4.3 Perceived sensory components of healthy bread and rye bread 471 

The consumers’ healthiness ratings of breads based on only intrinsic characteristics of the products 472 

could be described as fairly accurate, since the samples with more whole grain, rye, fiber and less 473 

sugar were rated as healthier. This is in spite of the lack of any information on the packaging, which 474 

is generally available to the consumer. Bread texture and flavor attributes, such as sourness, have 475 

previously shown potential for use as intrinsic quality cues for more well-regulated blood glucose 476 

levels and insulin responses from rye bread on the Swedish market (Sandvik et al., 2016). Although 477 

bread cannot usually be tasted before purchase, a description of the sensory profile on the 478 

packaging could aid the consumer to create health-related quality expectations of the product. The 479 

sour sifted rye bread does not contain whole grain but sifted rye flour and has been indicated as 480 

having beneficial effects on blood glucose and insulin levels (Sandvik et al., 2016). However, the 481 

color and texture (light and soft) is not in line with consumers’ concepts of healthiness in rye bread, 482 
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leading to lower perceived healthiness. Results from the present study further show that, with 483 

regard to sensory properties, it would be challenging to optimize both the liking and perceived 484 

healthiness of bread, especially among younger consumers, since these have shown different 485 

directions.   486 

     The concept Rye bread is used in both research and dietary recommendations, but in Sweden 487 

there is no definition of rye bread, for example how much rye it should contain. In general, the 488 

samples with the darkest color and the chewiest texture were perceived as rye breads by the 489 

consumer (sour WG rye roll, pumpernickel, coarse sour rye bread). Brown color, sour and malty 490 

odors, sour and bitter flavors, and rye and roasted aftertaste were positively associated with rye 491 

bread. This is similar to Finnish consumers who related higher ash content and acidity to a typical 492 

rye bread (Heiniö et al., 1997). Information on food packaging, such as the product name, should 493 

not be misleading (EU-regulation No 1169/2011) and with regards to propositional components of 494 

a rye bread, both younger and older consumers expected bread labeled “rye bread” to contain on 495 

average at least 70% rye flour, which is more than in several commercial rye breads in Sweden 496 

(Sandvik et al., 2016). Similarly, the expected amount of whole grain in whole-grain bread was 497 

around 70%. A sectoral agreement in Sweden recommends a minimum content of 50% whole-498 

grain flour (Sveriges bagare och konditorer, 2014) but information from the present study could be 499 

used in the development of a potential standard for rye breads in Sweden. It has been suggested 500 

that the design of the physical product is regarded not only as a source of sensory pleasure, but also 501 

as an information source (Grunert, 2015). The present study demonstrates how consumers’ 502 

expectations of a food can be studied using sensory methodology by mapping consumer 503 

perceptions of concepts such as healthiness and names of foods in relation to sensory properties. 504 

 505 

The FCQ is a widely used questionnaire that has shown good reliability (Markovina et al., 2015), 506 

and in line with the original scale, a nine-factor solution was identified in the present study.  507 

Cronbach’s alpha is a reliability coefficient that assesses the consistency of a scale, and a value 508 

between 0.6-0.7 is deemed to be the lower limit of acceptability (Hair, 2010). The factor weight 509 

control in the present study showed the lowest Cronbach’s alpa, at 0.69. Another reliability 510 

measurement, item-total correlation, indicates that the item is measuring the same construct as is 511 

measured by the other items in the same subscale. Item-total correlations <0.4 for some items in 512 

the FCQ have been seen in other studies and have been described as low. In the present study, two 513 
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items out of the 36 had an item-total correlation of 0.38, while the number of items have previously 514 

been as high as nine (Fotopoulos, Krystallis, Vassallo & Pagiaslis, 2009). It has been suggested 515 

that this may be explained by different FCQ items possibly having different connotations in 516 

different cultures or by an evolution possibly having occurred in the meaning attributed to food 517 

characteristics since the development of the questionnaire (Eertmans, Victoir, Notelaers, Vansant, 518 

& Van den Bergh, 2006; Pohjanheimo et al., 2010). It should be emphasized that the consumers in 519 

the present study not were selected by randomized sampling, but did however represent a wide 520 

range of consumers in relation to socio-demographic factors. The type of bread generally consumed 521 

whilst growing up was also self-reported and represented the consumers own recalled experiences. 522 

Bread is often eaten with spreads and fillings, but the samples in this study were tasted alone since 523 

consumers may like different fillings. This and other situational and contextual factors 524 

characterized by a less natural eating situation in the specific test may also have affected the liking 525 

(King, Meiselman, Hottenstein, Work, & Cronk, 2007). The samples were frozen, which may have 526 

affected their sensory properties. This procedure, however, ensured that the samples were equally 527 

fresh for each testing day and the same procedure was used in the descriptive analysis (Sandvik et 528 

al., 2016).  529 

5  Conclusion 530 

Both the younger and older group of consumers correctly identified the healthier rye breads from 531 

tasting the samples. Younger consumers, however, generally displayed higher liking for breads 532 

with a soft, juicy texture (low moisture absorption) and sweet flavor, samples that were also 533 

perceived as least healthy and not as rye breads. This was especially associated with being male, 534 

eating mainly white bread or sweet loaf bread in childhood, and finding convenience and familiarity 535 

important in food choice. A higher educational level, being female and expressing the importance 536 

of health, ethical concern and natural content when choosing food were especially associated with 537 

a preference for healthier rye bread with a high chewing resistance and a sour flavor among younger 538 

consumers. The older consumers generally displayed a somewhat higher liking for bread rich in 539 

whole-grain rye. A higher liking for soft-white bread in the older group, was related to a lower 540 

educational level, being born in and having parents born in Sweden, a lower consumption of dark 541 

chewy bread in childhood and was negatively associated with importance of natural content in 542 

food choice. The combination of sensory attributes such as a light color and soft texture led to the 543 
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perception of bread being less healthy and not a rye bread, and the opposite applied for healthier 544 

bread and rye bread i.e. a dark brown color, tough texture, sour and bitter flavor. 545 
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Table 1. Ingredients according to ingredients list and proportion of rye, whole grain and total sugar 701 

for the nine rye bread samples included in the consumer test. 702 

 Sample1 Ingredients % rye2 % WG3 

Total 

sugars 

Sour WG rye roll (A3) Whole-grain rye flour, whole-grain rye 

sourdough, wheat flour, water, salt, yeast 

(roll). 

83 91 2 

Pumpernickel (B2) Whole-grain rye (partly as sourdough), 

water, salt (slice). 
100 99 3 

Coarse sour rye bread (B4) Fine whole-grain rye flour, coarse whole-

grain rye flour, water, sourdough (crushed 

whole-grain rye, water), dark barley malt 

extract, sea salt, barley flakes, yeast (slice). 

100 100 1 

Sifted flat bread (C2) Wheat flour, water, sifted rye flour, syrup, 

sugar, wheat gluten, rapeseed oil, fiber 

from sugar beet, salt, yeast, potato starch, 

emulsifier, ammonium carbonate, fructose, 

sourdough culture, flour treatment agents, 

enzyme (slice). 

23 0 8 

Sifted syrup loaf (C4) Flour (wheat, sifted rye), water, syrup, 

yeast, scalded rye, vegetable fat, wheat 

sourdough powder, salt, wheat gluten 

(slice). 

35 0 10 

Wheat-rye malt loaf (D1) Wheat flour, water, whole-grain rye, 

syrup, sifted rye, cut whole-grain rye, 

wheat gluten, rye sourdough, barley wort, 

rye brewing malt, wheat germs, yeast, 

rapeseed oil, salt, pre-fermented wheat 

flour, wheat bran (slice).  

47 25 9 

WG rye syrup roll (E2) Water, whole-grain rye flour, wheat flour, 

syrup, whole-grain rye sourdough, yeast, 

whole-grain wheat, rapeseed oil, salt, wheat 

gluten (roll). 

62 68 10 

Wheat-rye toast bread (E3) Flour (wheat, whole-grain wheat, whole-

grain rye, water, rye kernels (8,5%), wheat 

gluten, syrup, rye fiber, vegetable fat, yeast, 

flaxseed (2%), vinegar, salt, barley malt, 

wheat sourdough powder, vegetable 

emulsifier, strewed with rolled rye (slice). 

40 25 5 

Sour sifted rye bread (F2) Rye flour, wheat flour, sourdough (rye 

flour, water), water, salt, yeast (slice). 
51 0 2 

1 In brackets, sample code from Sandvik et al., 2014.  703 
2 Proportion of rye in relation to the total cereal content.  704 
3 Percentage of whole grain (WG) in dry weight.   705 
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Table 2. Definitions of sensory attributes and mean ratings for nine bread samples used in the 706 

consumer test evaluated by descriptive analysis in a previous study (trained assessors: n=11, 707 

samples assessed in duplicates, scale: 0 = little, 10 = much) (Sandvik et al., 2016).  708 

Attributes (Abbreviations) Definitions 

Sour 

WG 

rye 

roll 

Pumper

-nickel  

Coarse 

sour rye 

bread  

Sifted 

flat 

bread  

Sifted 

syrup 

loaf  

Wheat

-rye 

malt 

loaf  

WG 

rye 

syrup 

roll  

Wheat

-rye 

toast 

bread 

Sour 

sifted 

rye 

bread 

Appearance          

     Brown color bread crumb (C-Brown) 

Degree of brown color in the bread crumb. 

Little: light beige (NCS S 1515Y) – Much: 

dark brown (NCS 7020-Y50R) 

5.4d 9.5f 8.7e 0.1a 0.3a 8.1e 3.6c 3.8c 2.0b 

Odor          

     Sour (O-Sour) Degree of sour odor typical 

for sourdough1 

8.3e 6.7d 8.7e 0.4a 0.3a 4.4c 2.6b 2.5b 7.7de 

     Malty (O-Malt) Degree of malty odor1  3.2d 8.2f 4.9e 0.1a 0.4ab 8.5f 1.5bc 2.2cd 0.5ab 

Flavor          

     Sweet (F-Sweet): Degree of sweet taste1  0.4a 4.7c 0.7a 7.8e 9.6f 6.2d 6.8de 2.6b 0.3a 

     Salt (F-Salt): Degree of salty taste1 7.2e 3.6bc 4.4cd 2.6ab 1.6a 1.6ab 3.8bc 2.6ab 5.5d 

     Sour (F-Sour): Degree of sour taste1 7.9e 7.4e 9.3f 0.2a 0.2ab 4.2d 1.2b 2.4c 8.0e 

     Bitter (F-Bitter): Degree of bitter taste1 6.6de 5.7cd 5.3c 0.5a 2.0b 7.9e 2.1b 5.1c 2.9b 

     Rye (F-Rye): Degree of aftertaste typical 

for rye kernels soaked overnight and boiled 

for 1h1 

7.0ef 5.7de 7.2f 1.2a 1.2a 2.8b 4.9cd 3.9bc 7.1ef 

     Roasted cereals (F-Roast):  Degree of 

aftertaste typical for oven roasted whole rye 

kernels roasted sufficient to cause burnt 

notes1 

5.8d 4.5c 3.2b 0.0a 0.6a 6.0d 0.5a 4.1bc 0.3a 

Texture, by finger           

     Compressibility (T-Comp): Degree of 

resistance when pressed between fingers. 

Little: the bread yields totally between 

fingers – Much: the bread does not yield at 

all between the fingers 

7.0d 9.8e 9.2e 0.8a 0.3a 2.3b 5.9c 0.8a 3.1b 

     Deformability (T-Def): Degree of 

deformation from pressure with one finger in 

the center of the bread. Little: not at all 

deformable – Much: highly deformable 

2.6b 0.1a 0.9a 5.1d 8.8f 7.7e 3.3bc 7.1e 4.0c 

Texture, mouthfeel          

     Chewiness (T-Chewy): Effort and time 

needed to chew. Little: little effort and time – 

Much: a lot of effort and time 

6.7g 4.3ef 4.9f 1.8b 0.5a 2.5bc 3.0cd 4.0def 3.5cde 

     Moisture absorption (T-Moist-abs): 

Measures the amount of saliva absorbed by 

the sample when chewing. Little: almost no 

6.3c 8.4d 7.5d 0.9a 0.5a 2.4b 5.4c 2.9b 2.4b 



27 

1 Little: not at all perceivable - Much: very clearly perceivable.  709 

a-g Different superscript letters on a row indicate significant differences between samples 710 

(Sandvik et al., 2016).   711 

WG: Whole grain 712 

  713 

saliva is absorbed – Much: a lot of saliva is 

absorbed 

     Heterogeneity (T-hetero): Amount of 

components bran and whole/pieces of 

kernels. Little: no perceivable bran or kernels 

– Much: many clearly perceivable 

bran/kernels 

4.0c 7.7e 9.8f 0.3a 0.0a 2.7b 2.5b 6.0d 0.8a 

     Cohesiveness of mass (T-cohes): The 

degree to which the bread forms a coherent 

bolus during mastication. Little: falls apart in 

separate pieces – Much: quickly forms a 

coherent bolus 

3.4b 1.2a 0.9a 8.0e 9.8f 7.9e 4.8c 6.7d 7.3de 
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Table 3. Younger (n=225) and older (n=173) and all consumers characterized by socio-714 

demographics, bread consumption habits and food choice motives  715 

  18-44 years1 45-80 years1  All  

 

 % % % 

Socio-demographics 
    Females  56  67 61 

     Males  44  34 39 

     >1 child <18 years in household 22 20 21 

     > 3yrs post-secondary education 54 59 56 

     At least one parent born outside Sweden  34 26 30 

Bread type eaten most often while growing up2    

     White bread such as pan bread or roll 36a 21b 29 

     White sweet soft loaf such as traditional sifted   

          rye loaf with syrup 29 31 30 

     Medium dark bread with soft texture 41 35 38 

     Dark compact coarse bread 12 10 12 

     Dark and compact coarse sour bread 4a 10b 7 

     Dry crispbread 31a 50b 39 

Bread type eaten most often today2    

     White bread such as pan bread or roll 19a 9b 14 

     White sweet soft loaf such as traditional sifted   

          rye loaf with syrup 11a 1b 7 

     Medium dark bread with soft texture 46 36 42 

     Dark compact coarse bread 26 34 29 

     Dark and compact coarse sour bread 16a 30b 22 

     Dry crispbread 38a 64b 49 

 

 

 

Mean (SD) Mean (SD) Mean (SD) 

Food choice motives3 

     Sensory appeal 5.8 (0.9)a 6.1 (0.9)b 5.9 (0.9) 

     Natural content 5.1 (1.5)a 5.9 (1.3)b 5.4 (1.4) 

     Health 5.1 (1.0)a 5.5 (1.0)b 5.3 (1.0) 

     Ethical concern 4.6 (1.6)a 5.7 (1.3)b 5.1 (1.5) 

     Price 5.0 (1.4) 5.0 (1.3) 5.0 (1.3) 

     Mood 4.9 (1.0) 4.9 (1.2) 5.0 (1.3) 

     Convenience 4.8 (1.3) 5.0 (1.1) 4.9 (1.2) 

     Weight control 4.0 (1.4) a 4.7 (1.3)b 4.3 (1.3) 

     Familiarity 3.5 (1.5) 3.4 (1.5) 3.5 (1.4) 
1 Mean age of the younger consumers were 28 (SD 7) years and of the older 63 (SD 10) years. 716 

2 Multiple choice questions.  717 

3 Mean values for a total of 36 statements from the Food Choice Questionnaire read “It is 718 

important to me that the food I eat on a typical day...” Answered on a scale from: Totally disagree 719 

(1) – Totally agree (7) (Steptoe et al., 1995). 720 

a-b Different superscript letters in a row indicate significant difference between age groups 721 

(P=<0.05). Chi-square test used for bread type and One-way ANOVA for food choice motives. 722 
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Table 4. Mean ratings of liking and degree of agreement with two statements for nine rye bread 723 

samples in younger (n=225) and older (n=173) consumers. 724 

 

Sour 

WG 

rye 

roll 
Pumper-

nickel  

Coarse 

sour 

rye 

bread  

Sifted 

flat 

bread  

Sifted 

syrup 

loaf  

Wheat-

rye 

malt 

loaf  

WG 

rye 

syrup 

roll  

Wheat-

rye 

toast 

bread 

Sour 

sifted 

rye 

bread 

Liking1          

 

All 5.3bc 4.5a 5.1b 6.4e 5.8d 5.7cd 6.0de 6.0de 5.0ab 

 

18-44 years 

 

5.0b 

 

4.0a 

 

4.5ab 

 

7.1e 

 

6.7de 

 

5.8c 

 

6.1cd 

 

6.4cd 

 

5.1b 

45-80 years 5.7cd 5.2abc 5.8cd 5.5bcd 4.7a 5.5bcd 6.0d 5.5bcd 4.8ab 

P-value2 .005 <.001 <.001 <.001 <.001 .224 .553 <.001 .339 

 

This bread seems healthy3 
        

 

All 7.3d 7.2d 7.4d 3.3a 3.1a 5.2b 6.0c 5.3b 5.1b 

 

18-44 years 

 

7.4d 

 

7.4d 

 

7.5d 

 

3.2a 

 

3.1a 

 

5.4b 

 

6.1c 

 

5.3b 

 

5.1b 

45-80 years 7.2d 7.0d 7.3d 3.4a 3.1a 4.9b 5.9c 5.2b 5.1b 

P-value2 .198 .082 .241 .222 .809 .019 .591 .389 .782 

 

This is, in my opinion, a rye bread3 
       

 

All 7.1d 7.0d 7.1d 3.1a 2.6a 4.9b 6.0c 4.9b 4.7b 

 

18-44 years 

 

7.2d 

 

7.1d 

 

7.3d 

 

2.9a 

 

2.5a 

 

4.8b 

 

5.8c 

 

4.6b 

 

4.4b 

45-80 years 7.0c 7.0c 6.8c 3.3a 2.8a 5.1b 6.3c 5.3b 5.1b 

P-value2 .337 .502 .072 .201 .241 .279 .050 .008 .003 
1 Liking was indicated on a scale from dislike extremely (1) to like extremely (9). 725 

2 P-value <.05 indicates significant difference between age groups for a specific bread sample 726 

measured with one-way ANOVA.  727 

3 Degree of agreement with the statements from: Totally disagree (1) to: Totally agree (9). 728 

a-d Different superscript letters in a row indicate a significant differences between samples for a 729 

specific age group measured with Fisher’s least significant difference, P-value <.05 730 

 731 

 732 

 733 
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Table 5. Mean ratings of liking for nine rye bread samples in identified liking clusters among 734 

younger (n=225) and older (n=172) consumers1. 735 

 n 

 

Sour 

WG 

rye roll 

 

 

Pumper-

nickel  

Coarse 

sour 

rye 

bread  

 

Sifted 

flat 

bread  

 

Sifted 

syrup 

loaf  

Wheat-

rye 

malt 

loaf  

WG 

rye 

syrup 

roll  

Wheat-

rye 

toast 

bread 

Sour 

sifted 

rye 

bread 

18-44 years           
White-soft  81 3.4a 2.1a 2.4a 7.9a 7.6a 5.9 5.5a 6.8a 5.0 

Intermediate  102 5.3b 4.4b 5.1b 7.3b 6.8b 6.0 6.4b 6.5a 5.1 

Dark-chewy  42 7.2c 6.9c 7.0c 5.3c 4.5c 5.2 6.4b 5.3b 5.1 

P-value2  <.001 <.001 <.001 <.001 <.001 .116 .003 <.001 .851 

           

45-80 years           
White-soft  44 3.4a 3.1a 3.5a 6.9a 6.4a 6.4a 5.9 6.1a 4.3a 

Intermediate  68 5.8b 4.8b 5.8b 5.8b 4.9b 5.7a 6.3 5.6ab 4.6a 

Dark-chewy  60 7.1c 7.1c 7.5c 4.2c 3.3c 4.6b 5.7 4.8b 5.5b 

P-value2  <.001 <.001 <.001 <.001 <.001 <.001 .331 <.001 .011 
1 Liking was indicated on a scale from dislike extremely (1) to like extremely (9). One respondent 736 

in the older group was excluded due to displaying no variance in liking between samples. 737 

2 P-value <.05 and superscript letters indicates significant difference between clusters in age 738 

group for a specific bread sample measured with one-way ANOVA and Fisher’s least significant 739 

difference. 740 

 741 

 742 

 743 

 744 
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Figure 1a. Correlation loading and scores plot for younger group, 18-44 years, n=225 based on internal

preference mapping by principal component regression of nine rye bread samples. Each dot represents a

consumer. The two vertical dotted lines assign cluster limit based on visual inspection of the correlation

loadings plot. C:Color, T:Texture, O:Odor, F:Flavor.
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Figure 1b. Correlation loading and scores plot for older group, 45-80 years, n=172 based on internal

preference mapping by principal component regression of nine commercial rye bread samples. Each dot

represents a consumer. The two vertical dotted lines assign cluster limit based on visual inspection of the

correlation loadings plot. C:Color, T:Texture, O:Odor, F:Flavor. One consumer in the older group was

excluded due to displaying no variance in liking between samples.
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