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Background
Scientific research has shown that whole grain, rye flour, whole rye kernels and sour dough
are bread ingredients beneficial for health. In combination with the position of bread as a
staple food, this makes it a potential tool in public health work. But, new healthy ingredients
could influence taste and texture, in ways consumers may not accept. For successful
development of healthy foods, sensory properties of the new ingredients, and their effect on
consumer acceptance, must be considered. For this purpose sensory science is very useful.
Aim
The aim was to provide sensory profiles and information about consumers’ acceptance of nine
breads: three commercial Swedish rye breads (sliced sandwich rolls), as well as two new
versions of each of them, modified by addition of whole rye kernels. Secondarily, bread intake
and importance of the health aspect in bread choice among consumers was evaluated.
Method
The rye breads chosen; Rågkusar, Aktiv råg and Rund & god were modified by addition of
whole rye kernels on two levels. A sensory panel (n=13) was selected (according to ISOstandards) and trained in sensory profiling during seven sessions, each 2 or 3 h long. The
panel then evaluated the intensity of eleven sensory attributes of the nine breads, on a linear,
unipolar scale (0-10), in two replicates. Also, a consumer test (n=448) was conducted, using a
questionnaire containing a nine grade degree of liking scale for each bread, as well as a
question on bread intake and one on importance of the health factor when choosing bread.
Results
Rågkusar, Aktiv råg and Rund & god were significantly different regarding most sensory
attributes. Rågkusar were high in roasted cereal odor, sour odor, compactness, hardness,
sourness, saltiness, bitterness and rye flavor, but low in juiciness, syrup odor and sweetness.
Aktiv Råg and Rund & god were both higher in syrup odor, juicier and sweeter, but lower in
roasted cereal odor, sour odor, compactness, hardness, sourness, saltiness, bitterness and rye
flavor. The sensory profiles were unaffected by addition of whole rye kernels, with the
exception of hardness, which was lower in Aktiv Råg and Rund & god with the higher amount
of kernels, then in their originals (p<0,05). Mean consumer acceptance (liking) of the nine
breads were between 5,29 and 6,46. Aktiv råg and Rund & god were better liked than
Rågkusar (p<0,05), but addition of rye kernels did not affect mean liking scores (p>0,05).
Bread intake was on average three slices/pieces per day, and a 95 % of the consumers fully or
partly agreed on that it is important to them that the bread they usually eat is healthy.
Conclusion
Results show that by addition of whole rye kernels in the amounts investigated, the nutritional
value of rye bread can be improved, without affecting most sensory properties or undermining
consumer acceptance. Regarding that health factors seem important in choice of bread to most
consumers, this is useful information not only for public health, but also for bread industry.
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Sammanfattning på svenska
UPPSALA UNIVERSITET - Institutionen för Kostvetenskap
Masteruppsats, 30 hp, 2013
Titel: Sensoriska profiler och konsumentacceptans för rågbröd – effekten av tillsats av hela
rågkärnor
Författare: Malin Örthagen
Bakgrund
Forskning visar att fullkorn, råg, hela rågkärnor och surdeg är brödingredienser fördelaktiga
ur hälsosynpunkt. Detta, i kombination med positionen bröd har som baslivsmedel, gör det till
ett potentiellt folkhälsoverktyg. Hälsosamma ingrediensmodifieringar kan dock innebära
förändringar av smak och textur, något som konsumenterna kanske inte accepterar.
Framgångsrik produktutveckling av hälsosamma livsmedel kräver därför god kännedom om
hur hälsosamma komponenter påverkar livsmedlet sensoriskt, och vad detta har för effekt på
konsumenternas gillande. För sådana ändamål är sensorisk analys mycket användbart.
Syfte
Denna studies syfte var att ta fram sensoriska profiler och information om
konsumentacceptans för nio bröd; tre kommersiella portionsrågbröd, respektive två nya
versioner av dessa vardera, modifierade genom tillägg av hela rågkärnor. Sekundärt var syftet
att undersöka brödintag och vikten av hälsoaspekten vid brödval hos konsumenterna.
Metod
Portionsrågbröden Rågkusar, Aktiv råg och Rund & god modifierades genom tillägg av hela
rågkärnor i två olika nivåer. En sensorisk panel (n=13) togs fram (enligt ISO-standard) och
tränades i profilbedömning under sju tillfällen a' 2-3 h. Därefter bedömde panelen de nio
brödens intensitet av elva sensoriska egenskaper, på en linjär, unipolär skala (0-10), i två
replikat. Dessutom utfördes ett konsumenttest (n=448), där bröden med hjälp av en enkät
utvärderades på en niogradig gillande-skala. Enkäten innehöll även en fråga vardera om
brödintag och vikten av hälsoaspekten vid brödval.
Resultat
Rågkusar, Aktiv Råg och Rund & god var signifikant skilda gällande de flesta sensoriska
egenskaper. Rågkusar hade hög intensitet av kompakthet, lukt av rostade cerealier, syrlig lukt,
syrlighet, sälta, beska och rågsmak, men var låga i saftighet, sirapslukt och sötma. Detta
medan Aktiv råg och Rund & god båda var saftigare, sötare, högre i sirapslukt, lägre i syrlig
lukt och lukt av rostade cerealier, kompakthet, hårdhet, syrlighet, sälta, beska och rågsmak.
De sensoriska egenskaperna påverkades inte av rågkärnorna, med undantag för hårdhet, som
var lägre i Aktiv råg och Rund & god med den högre mängden kärnor, än i respektive
orginalbröd (p<0,05). Medelvärden för brödens gillande var mellan 5,29 och 6,46, och Aktiv
råg och Rund & god var mer omtyckta än Rågkusar (p<0,05). Rågkärnorna hade ingen
inverkan på gillandet (p>0,05). Konsumenterna åt i snitt tre skivor/bitar bröd per dag, och 95
% av dem höll helt eller delvis med om att det var viktigt att brödet de oftast äter är nyttigt.
Slutsats
Genom tillägg av hela rågkärnor i de undersökta mängderna, kan näringsinnehållet i rågbröd
förbättras utan större påverkan på sensoriska egenskaper eller underminering av
konsumentacceptansen. Då konsumenter tycker att det är viktigt med hälsosamt bröd, är
denna information användbar inte bara folkhälsomässigt, utan även för brödindustrin.
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1. Introduction
One of the more severe public health problems today is the rapidly increasing prevalence of
the metabolic syndrome [1, 2]. The syndrome is a cluster of connected risk factors, together
dramatically increasing the risk of cardiovascular disease and diabetes type 2 [3]. The risk
factors included are abdominal obesity, hypertension, dyslipidemia, and insulin resistance, the
latter often considered being the root of the problem [4]. Diet is a crucial factor in both
treatment and prevention. General caloric restriction (to achieve weight loss) as well as
benefits of certain food patterns is stressed. Diets high in whole grain have been shown to be
preventive, whereas typical western diets, high in refined grains, have the opposite effect [3,
5].
In Sweden, like in most other countries, bread is a major food group, consumed as a natural
part of the diet by the absolute majority (98 %) of the people [6]. The average bread intake
among Swedes is 87 g per day, corresponding to 11 % of the total energy intake [6]. It is by
far the biggest source of whole grain and dietary fiber, providing 51 % of the whole grain
intake of Swedish consumers [6]. Apart from this, it is also a considerable source of many
vital nutrients, such as iron, magnesium, phosphorus, zinc and protein [6]. Whole grain, rye,
whole rye kernels and sourdough are examples of bread components proven to be particularly
healthy [5, 7-16]. The combination of the widespread consumption, its dominant position as a
staple food in almost all food cultures, and its potential nutritional value, makes bread a very
interesting food from a public health perspective.
Avoidance of carbohydrates as a health strategy has been extensively debated in Swedish
media the last years, a trend that may result in unjustified exclusion of healthy carbohydrate
sources. Ambiguous and often poorly substantiated media claims, in combination with the
very wide commercial bread selection, make it difficult for consumers trying to make healthy
food choices. A fundamental assumption for that is awareness of healthy food factors (such as
whole grain and rye), but also ability to identify those factors in food products [17, 18]. For
this purpose nutritional labeling, such as the Keyhole [19] has been developed. Nevertheless,
information and awareness is not enough to change food habits. Far more important seems
availability of healthy options that still meet consumers’ expectations on taste [20, 21]. New
healthy ingredients or processes lead to new sensory properties, which consumers may not
accept, regardless health aspects [20]. Hence, the comprehensive research on health effects of
for instance whole grain, rye and whole rye kernels, will not reach its potential public health
impact, unless the taste factor is taken into account. Producing nutritiously perfect breads that
no one wants to eat is as meaningless for public health, as it is a no-do for the bread industry.
Successful product development of healthy foods calls for communication between industry,
science and consumers. How would recipe changes for nutritional improvement affect the
sensory qualities of the bread? Can healthy recipe changes be made, without undermining
consumer acceptance? Can good taste and health benefits be optimized simultaneously? For
food industry and new food product development, sensory science is a very useful tool for
answering these kinds of questions, communicating consumer reactions to the industry as a
link between product and consumer [22]. Sensory science includes consumer acceptance and
preference research, as well as objective sensory description of products [23, 24]. There are
no scientific sensory evaluations of Swedish breads, and neither are there any thorough
studies on consumer liking of Swedish breads. This type of data would supply useful
information in the work towards broader consumer acceptance, and increased sales, of healthy
breads in a public health purpose.
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2. Aim
The aim of this study was to provide sensory profiles and information about consumers’
acceptance of nine bread samples: three commercial Swedish rye breads (sliced sandwich
rolls) and two new version of each of them, modified by addition of whole rye kernels on two
different levels. Furthermore, a secondary purpose was to evaluate bread intake and
importance of the health factor on bread choice among consumers.

3. Background
This study has been conducted in cooperation with Fazer Bageri AB, as a pilot study within an
ongoing PhD-project at the Department of Food, Nutrition and Dietetics, Uppsala University.
Sensory panel members’ payment and necessities for sensory training and evaluation was paid
for by means of this project. Fazer Bageri AB Lidköping stood for baking and transportation
of all breads used in the study.

3.1 Potential of bread in public health
The commercial bread selection and diversity is very wide. Any ordinary grocery store offers
a broad selection of everything from white wheat bread, to whole grain wheat bread of
different kinds, to sifted or whole grain rye breads, with or without seeds, cereal kernels,
added fibers, syrup, sourdough etc. For consumers trying to make healthy food choices, the
decision gets even more complicated considering the mixed and often poorly substantiated
media messages about bread, carbohydrates and health.
Nevertheless, the broad consumption base of bread, being a staple food in almost every food
culture, in combination with its potential nutritional value makes it interesting in a public
health perspective. Below, some of the health factors of bread are reviewed.
Whole grain and health
Cereal grains consist of three botanical layers; the endosperm, the germ and the bran [25].
There is no official definition of the term whole grain, but the following formulation is more
or less universal:
“Whole grains or foods made from them contain all the essential parts and naturallyoccurring nutrients of the entire grain seed. If the grain has been processed (e.g., cracked,
crushed, rolled, extruded, and/or cooked), the food product should deliver approximately the
same rich balance of nutrients that are found in the original grain seed. This definition means
that 100% of the original kernel – all of the bran, germ, and endosperm – must be present to
qualify as a whole grain” [26]
This is synonymous with the definition used by the EU-project Healthgrain and the Swedish
Food Administration (Livsmedelsverket) [8, 27]. The American definition includes so called
pseudo-grains, like quinoa, amaranth and buckwheat, which have been omitted in Europe
[24]. The inner part, the endosperm, mainly contains starch, whereas most of the dietary fiber
7

is located in the outer parts; the bran and germ [25]. Many other components favorable for
health, such as minerals, vitamins and antioxidants, are typically found in the bran and germ
too (26). Unfortunately, most grains are consumed in refined form, meaning the outer and
inner parts of the grain have been separated to create whiter flour with certain desirable taste
and baking qualities [28]. Consequently, considerable amounts of the valuable nutritious
components of cereals are lost [18, 28].
Whole grain foods and their impact on health have been vastly researched for many decades.
Results are not entirely consistent, most studies are prospective cohorts rather than
experimental trials, and lack of a common definition make comparisons between different
studies complicated [8, 26]. Despite these considerations, the longitudinal relationship
between high whole grain intake and several health benefits is convincing, especially when it
comes to prevention of diabetes type 2, cardiovascular disease, some cancers and overweight
[5, 7, 8].
A recently published meta-analysis of 45 prospective cohorts and 21 randomized controlled
trials confirms that a diet high in whole grain (48-80 g/day) lowers the risk of diabetes type 2
and cardiovascular disease by more than 20 % respectively [9]. Fasting blood glucose and
total LDL-cholesterol were in the same article proven to be significantly lower after whole
grain interventions than to that of control groups. Also, high whole grain intake induced
significantly less weight gain over time, than lower intake [9]. The mechanisms behind these
desirable effects are not fully understood, but most probable, it is a combination effect of
dietary fibers, food structure, minerals, antioxidants, bioactive compounds and other factors
[28].
The whole grain intake guideline of The Swedish Food Administration (Livsmedelsverket) is
70 g per day for women and 90 g per day for men [27].
Whole grain, phytate and mineral availability
Even though mineral content of whole grain is generally high, the bioavailability of these
minerals is being questioned [29, 30]. Whole grain contains considerable amounts of phytate,
an indigestible molecule which chemically attracts minerals and trace elements, countering
their absorption [29]. If phytate content is reduced, by enhancement of the enzyme activity of
phytase, mineral absorption can be improved. Phytase action depends on acidity, temperature,
choice of flour, type of yeast etc., factors that can be influenced in the baking process [31]. pH
has been suggested to be the most important parameter [31]. This claim is supported by a
more recent study, in which lactic acid fermentation of rye flour resulted in total reduction of
phytate content within 24 hours. pH optimum for phytate reduction was shown to be around
5,5 [32].
Rye and health
Rye is often consumed in whole grain form, and contains more dietary fiber than any other
cereal [33]. The rye dietary fiber mainly consists of arabinoxylans and β-glucans [33], both
known for their favorable effects on blood glucose profiles and postprandial insulin levels
[34, 35]. In several experimental studies, whole grain rye has been shown to induce favorable
responses in one or both these parameters, compared to wheat [10-13]. Furthermore, rye
seems to have beneficial effects on insulin response and blood glucose profile even when
refined, suggesting that there is something to the rye itself, regardless of whole grain [12, 13].
8

Rye products (whole grain as well as sifted) also prolong satiety and induce lower energy
intake at a subsequent meal compared to wheat counterparts [13-15]. In summary, rye seems
superior to wheat in terms of both blood glucose metabolism and weight management,
desirable properties since they are crucial factors in prevention and treatment of insulin
resistance and diabetes type 2 [36].
Whole rye kernels and health
According to Smith et al (2003), the smaller the cereal particles, the higher the blood glucose
and insulin responses get in general [18]. Also, the position of the starch, encapsulated in the
kernel, partly protects it from digestive enzymes [37] and leads to slower and lower digestion
and absorption - beneficial conditions for blood glucose control [37]. Starch that, for this
reason or others avoids absorption is called resistant starch [37], and considered dietary fiber
according to the latest EU definition [38].
Accordingly, whole rye kernels have recently been shown to induce lower postprandial blood
glucose and insulin responses than milled rye and wheat products [12]. Out of all rye products
tested in the satiety studies mentioned above, whole rye kernels were most effective in
prolonging satiety [13-15], suggested to be an effect of food structure [15]. Still, rye kernels
were more satiating than wheat kernels, again signifying that there is something specific to
rye in particular, that cannot solely be explained by whole grain [15].
Sourdough and health
Baking with rye implies certain challenges. Rye flour does not generate gluten, which is a key
factor for the porosity and overall texture of wheat bread [16]. There are several strategies to
get around this problem, out of which sourdough fermentation is the most commonly used
[16]. According to Corsetti et al. (2000), usage of sourdough has vital effects on the
palatability of rye bread, improving flavor and texture. Other important benefits of the acidity
include inhibition of microbial growth, contributing to longer shelf life of the bread [39], as
well as improved bioavailability of minerals, as discussed above [32]. Furthermore, the
sourness has been shown to favor blood glucose and insulin metabolism. Low pH breads have
positive effects on insulin metabolism in both healthy individuals [12, 40] and patients with
insulin resistance [41]. The benefits seem to last beyond the postprandial phase. A breakfast
containing sourdough bread induces a favorable blood glucose response after lunch, compared
to non-sourdough breakfasts [42]. Suggested explanations to these effects are retarded starch
digestibility caused by the low pH [43, 44], lowered levels of simple sugars due to the
fermentation process [41] and delayed gastric emptying [40]. Sourdough is very valuable for
texture, microbial and health improvements of rye bread [44].

3.2 Consumption of whole grain and rye
Regardless the obvious health benefits of whole grain, recommended levels [27] are far from
reached on a population level. According to the latest major survey on dietary intake in
Sweden, Riksmaten 2010-2011, the average whole grain intake is about half the amount
recommended by the Swedish Food Administration (Livsmedelsverket) [6], and just over a
fourth of the population reaches recommended levels [45]. As bad as this might seem, the
situation is far worse in for instance the UK, where 30 % of the population do not consume
9

any whole grain at all [46]. Several possible reasons to the gap between recommendations and
reality have been suggested, including low or no awareness of the benefits, difficulties for
consumers to identify whole grain foods [16, 17, 46], and that recommendations and health
benefits do not appear relevant to the individuals [47].
The most popular types of bread in Sweden are breads with 5-9 % dietary fiber content,
followed by refined wheat bread [6]. The contribution of whole grain rye bread to the total
bread consumption is small, and the most popular form of rye bread is a sweetened loaf made
of a mix of sifted rye and refined wheat [48].
In the EU, rye consumption is approximately six kg/person/year [49]. This makes it the
second largest cereal for human use after wheat, of which fifteen times as much is consumed.
Poland has the highest intake (35 kg/person/year), followed by the Baltic and Nordic
countries [49]. Swedes eat approximately twelve kg/person/year, more than the average EUcitizen, but less than in the surrounding countries Denmark, Finland and the Baltic’s [49].

3.3 Sensory properties and consumer acceptance of whole grain and rye
There are no scientific research on sensory qualities of Swedish rye breads and their consumer
acceptance. Most of the available research is Finnish and considering the differences between
Finnish and Swedish bread cultures, the results are probably not directly applicable on
Swedish consumers. Development of Finnish bread culture has since medieval times followed
the patterns of Eastern Europe, today dominated by sourdough whole grain rye breads,
whereas bread culture in Sweden became characterized by sweeter and softer breads, with
sifted rye and yeast [50].
Sourness – Expected but not necessarily liked
Using an experimental baking design, Heiniö et al. (1997) looked at how different ingredient
and process factors affected sensory properties of sour rye breads, and how this was related to
consumers’ liking and expectations on “typical” rye bread [51]. High ash content (i.e. mineral
content, as a measure of whole grain) and high acidity were clearly correlated with consumer
expectations of rye bread. In terms of consumer acceptance, results were less clear, and could
not be explained by individual content variables. Acceptance and expectations did not
correlate, indicating that even if consumers expected rye bread to be sour and high in whole
grain, these factors were not necessarily liked [51].
Saltiness - Less important in sour breads?
Saltiness is considered an important factor for a bread to be accepted by consumers. However,
according Heiniö et al. (1997) salty flavor was not required for a bread to meet the
expectations, and nor did it significantly enhance liking [51]. The influence of salt content on
liking, was weakest when acidity was high, suggesting that acidity enhances salty flavors
and/or make them less important for liking [51]. Similar relationship between acidity and salt
has been shown in previous research [52]. This effect of sourdough can be added to the list of
other health promoting qualities it possesses, given the relationship between high sodium
intake and hypertonia [53, 54]. Salt intake of Swedish consumers is twice the recommended
level, and bread is the second largest source [6].
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Bitterness - A limiting factor for liking?
Bitter flavors are not easily accepted or appreciated by humans, most likely because it through
evolution has worked as a warning signal for toxicity, protecting us from eating harmful
things [23]. Whole grain is associated with bitter flavors, especially prominent in whole grain
rye [55]. A study on consumer acceptance of refined wheat bread versus whole grain wheat
bread showed that consumers prefer the refined version. The article discusses bitterness as the
limiting factor for liking of whole grain, and that acceptance probably could be improved by
modifying certain ingredient and processing factors [56]. Back in 1987 Helleman et al. too
stated that rye consumption would increase if the typical rye-like flavor could be made milder.
Preferably, without losing the health benefits of rye and weakening the bioactivity [57]. The
strong and bitter flavors of rye can be derived from the outer parts of the grain, in the bran
fraction. The endosperm on the other hand, has a mild and wheat-like flavor, demonstrating
that different milling procedures are a way to affect the flavor of rye products [55]. This
information is very interesting considering that sifted rye seems to possess the same beneficial
properties on blood glucose and insulin metabolism, as whole grain rye [12, 13].

3.4 Reducing the gap: How to affect food habits
Changing food habits is complicated, given the complex combination of factors that
determines them. Nutritious aspects compete with for instance strong habits and attitudes, as
well as sensory perception and preferences. Shepherd (1985) developed a model for some of
the factors included, arranged into three groups; the food, the person and economic and social
factors (Figure 1) [58].

Figure 1. Factors involved in food choices, model by Shepherd 1985 [58].
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Nutritional labeling in public health work; The Keyhole
Using nutritional labeling is one way of communicating healthy food options to consumers.
The Keyhole is a Swedish symbol developed for this purpose. It highlights healthier options
of a certain type of food, with emphasis on fat, fat quality, salt, sugar, dietary fiber and whole
grain content [19]. The criteria are based on the Nordic Nutrition Recommendations [59],
with some account taken to the food industry to avoid undermining of product development.
Conditions differ between different food groups, depending on relevance [19]. Criteria for
bread regard fat, simple sugars, sodium, dietary fiber and whole grain, and are presented in
Appendix 1 [19].
Effects of nutritional labeling
The Keyhole is well established in Sweden. A majority of the Swedes are familiar with its
purpose, trust in it and regularly use some of the over 2500 products marked with it [60].
These statistics indicate that the symbol plays an important role in consumer awareness in
Sweden, and that labeling is an effective way to communicate health information.
Additionally, Swedish research on bread specifically, has shown that information about health
benefits, in interaction with other factors, can lead to enhanced acceptance [61]. Still,
information is clearly not enough to change eating habits, and the impact of nutrition labeling
on public health is being questioned [21]. A recently published review article on the topic
concludes that in experimental design, consumers are generally able to interpret, understand
and use symbols to choose healthier alternatives of a given set of products. But studies on the
effect of nutritional labeling on endpoints like dietary intake or body weight are lacking [21].
Taste – very important in food choices
When it comes to actual purchase situations, factors like price and taste seem to be far more
important than nutrition information [21]. Most consumers are unwilling to compromise with
taste, even for obvious health benefits [20, 21]. Even though choosing food involves a
complex combination of factors, taste and sensory aspects are considered very important [58].
Regarding bread specifically, it was shown to be most important factor for liking of bread
[61]. Because of this, experts agree on that apart from providing information about health
benefits, increased availability and variety of good-tasting and healthy foods is an important
step in public health work [20, 62].

New food product development in public health work
In theory, the solid knowledge on benefits of for instance whole grain, rye, sourdough and
whole rye kernels enables food producers to develop nutritiously optimized breads. In
practice, these health factors are associated with strong, bitter and sour flavors which
undermines consumer acceptance. This is a major dilemma; given the great importance of
taste in choosing food [20, 21, 58]. In product development science, the concept of consumerorientation is a known consumption for success [63]. This, in contrast to product-orientation,
means always to focus on the potential consumers and their needs and wishes, not blindly
trying to create the “optimal” product [63]. To make better use of the knowledge on healthy
bread factors, greater understanding of the sensory properties and consumers’ preferences is
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necessary. Sensory science can provide that kind of information, facilitating a consumeroriented approach.

3.5 Sensory science in food product development
All through the history of mankind human senses have, more or less consciously, been used to
evaluate the sensory, nutritional and microbial quality of food. However, sensory science is a
relatively new field. It was not until the 1960’s that systematic sensory testing really emerged.
In this process, the University of California at Davis, and specifically the book Principles of
Sensory Evaluation of Food (Amerine, Pangborn and Roessler 1965), played a major role
[23]. Since then, the field has grown to become an established scientific discipline, used in
product development, quality control and research of for instance foods, cosmetics and cars
[23]. Stone and Sidel (1993) define sensory evaluation according to Institute of Food
Technologists Sensory Evaluation Division as:
“a scientific method to evoke, measure, analyze, and interpret those responses to products as
perceived through the senses of sight, smell, touch, taste and hearing” [64]
Sensory evaluation of food mainly involves the first four, defined in Table 1.
Table 1. Sensory attribute groups for descriptive sensory evaluation of food, as named and defined by Meilgaard
(2007) [23].
Sense
Sensory
attribute group

Definition and
examples

Sight

Smell

Touch

Taste

Appearance

Odor (or aroma)

Texture (or
consistency)

Flavor

All sensory
stimuli detected
by sight, like
color, size,
shape etc.

Sensory stimuli
inhaled through
the nasal passage
and detected by
the olfactory
system

- Reaction to
mechanical stress by
the kinesthetic sense
in the muscles, like
hardness, viscosity
etc.
- Tactile feel
properties, like
graininess, moistness
etc.

- The basic tastes sweet,
sour, salt, bitter and
umami
- Aromatics (olfactory
perceptions caused by
volatile substances
released in the mouth)
- Chemical feeling
factors, like spice heat,
metallic flavor etc.

The human senses as a scientific tool
The use of human senses as the main instrument could be looked upon with skepticism from a
traditional nature science point of view, based on the classical philosophical question of what
is to be considered knowledge [22]. Can we trust our senses? This position is defended by
sensory scientists with the argument that sensory quality, by definition, means perception of a
13

something by humans [22]. There are technological instrument that can measure sensory
stimuli more precise than human senses, but in this context, they would be indirect and less
relevant [22]. When eating, we experience a foods attributes as a combination effect of
thousands of chemical compounds at the same time. Instruments, like the electronic nose or
mouth, can only measure one at a time, weakening validity [65]. The power of sensory
science in new food product development is that it evaluates foods as they are meant to be
consumed; by the human senses [22].

Sensory methods
Affective tests – consumer test
Sensory evaluation is methodologically divided into two main types of tests. Affective tests
(also called subjective) measure acceptance or preference among consumers [23, 24]. This can
be done either in a sensory laboratory, in a public area (like a grocery store) or in consumers’
homes. There are advantages and disadvantages with all three locations, but generally,
consumer tests should be conducted in a natural consumer environment. Preference methods
reveal which one of a given set of products that is preferred by customers, whereas acceptance
tests measures the quantified liking of the products, on a scale [24]. Consumer tests can work
as a communication path between food industry and their possible consumers, in developing
new products [23].
Analytical tests – sensory profiling
Tests in this group on the other hand, are used when the purpose is to objectively describe the
sensory qualities of products, such as appearance, odor, texture and flavor (descriptive
analysis), or to find out if there are observable sensory differences between products
(difference testing) [23, 24]. These tests are performed in a sensory laboratory, by a sensory
panel selected with regards to sensory skills. For descriptive analysis, the panel should also be
trained in sensory evaluation [23, 24]. One type of descriptive analysis is sensory profiling,
which produces a sensory profile of a product, with information about its sensory attributes
and their intensities. For instance it can be used to objectively measure effects of ingredient
modifications on sensory properties [23]. Ultimately, by statistical means this information can
be combined with affective data, in order to get a picture of which sensory attributes, and in
which intensities, that are associated with consumer acceptance [24].
Sensory science – linking product and consumer together
The field is interdisciplinary, in terms of its’ role as a link between biological materials
(foods) and sensory perception (people). It thereby deals with natural science and technology
on one hand, and cognitive psychology and behavior science on the other [22]. Its
interdisciplinary approach allows it to take the whole chain into account, linking for instance
the physical sugar content, to the sensory perception of sweetness, to consumer behavior and
attitudes towards sweetness and sugar. It is a problem oriented science, dealing with “real
world problems”, using “real world methods”, in their “real world context” [22]. Martens
(1999) created a figure to illustrate this continuum, as she calls it (Figure 2).
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Figure 2. The product-person continuum of sensory science, created by Martens (1999) [22].

The key factor for a successful food product is sensory acceptance, i.e. food that look, smell,
feels and taste good [20, 62]. Pleasure is a very strong driving force in human life, for food
choice not least, causing us to choose the food that gives the most pleasurable experience
[66]. Product development of healthy foods, driven by the industry, scientists and consumers
together creates conditions for optimizing taste, sales and public health simultaneously. While
health factors of bread are comprehensively explored, research on sensory qualities and
consumer acceptance of Swedish breads is lacking – a gap in the chain that needs to be filled.

4. Materials and methods
Three commercial rye breads (sliced sandwich rolls) and two new versions of each one of
these, modified by addition of whole rye kernels on two different levels, were evaluated by
sensory profiling and consumer acceptance test.

4.1 Literature search
The literature search process began by using the database of Uppsala University library, and
continued automatically, one article leading to another. The very comprehensive research
available on for instance whole grain and the metabolic syndrome resulted in use of mainly
review articles and meta-analysis, whereas information about less researched areas, like
sensory evaluation of rye breads, were taken from original articles. Generally, research
concerning Sweden, the Nordic countries and Europe, were prioritized. Newer articles were
chosen over older ones on the same subject. For sensory method research, acknowledged
books on the subject sensory evaluation of food provided sufficient information [23, 24]. A
more general book on research methods was also used [67].
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4.2 The breads
Choice of breads
Three different breads, Rågkusar, Aktiv råg and Rund & god, produced by Fazer Bageri AB
for the Swedish market, were chosen. The main criterion was that they should be rye breads.
Other reasons for choosing those particular three were shape (similar shape was prioritized to
minimize risk of stimulus bias, see Method discussion), rye content (a variety was sought) and
practical reasons (they could all be produced in the same bakery). All three are sliced
sandwich rolls.
Nutritional content
The ingredients and nutritional content of the breads are presented in Appendix 1 (information
collected from the Fazer Bageri AB home page [68], and the contact baker). Rågkusar and
Aktiv råg are sourdough breads. Acidity in the dough of Rågkusar is pH 4,5-5,0, measured by
total titratable acidity (TTA) [69] in the bakery. Acidity of the other two breads has not been
measured. Rågkusar meets the criteria for the Keyhole, whereas Aktiv råg lacks in whole
grain and Rund & god contains too much sugar.

Recipe modifications
Two new versions of each commercial bread were produced, by addition of two different
levels of whole rye kernels (Table 2). Rye kernels were chosen in relation to the information
from the literature search, from a public health point of view considering the risk factors of
the metabolic syndrome. They would increase both the whole grain and rye content, at the
same time contributing with the positive factors of the kernels themselves.
The kernels were prepared by scalding (one part rye to four parts 88 °C water, by weight). To
each of the three original recipes of 100 kg dough, five respectively ten kg kernels - dry
weight (i.e. before scalding) - were added, see Table 2. Nothing in the original recipe was
changed or reduced when kernels were added. Scalding water used was subtracted from the
original recipe, meaning water content in all versions is equal (but in percentage, the modified
versions consequently contain less water than the original recipes).
Table 2. Names and explanations of the nine breads in the study (three commercial breads (O) and two new
versions each of these (L1 and L2).
O
Original bread (commercial)

L1
Modified bread, level 1
5 kg whole rye kernels (dry
weight) were added to each
original recipe of 100 kg dough

L2
Modified bread level 2
10 kg whole rye kernels (dry
weight) were added to each
original recipe of 100 kg dough

Rågkusar O

Rågkusar L1

Rågkusar L2

Aktiv råg O

Aktiv råg L1

Aktiv råg L2

Rund & god O

Rund & god L1

Rund & god L2
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Bread baking
All breads for consumer test and sensory profiling were produced in the same bakery (Fazer
Bageri AB, Lidköping, Sweden). The modified versions were baked April 8th 2013,
immediately frozen, transported frozen, and kept frozen until the morning of the day they
were going to be used. The original versions were baked three days later, and frozen one day
after baking. Estimated shelf-life for the breads (unless frozen) were ten days for Rågkusar
and Rund & god, and seven days for Aktiv råg. All bread rolls of the same kind were made out
of the same batch of dough.

4.3 Sensory profiling and appearance evaluation
Sensory profiling is an analytical sensory method used to objectively evaluate sensory
properties of products, using a selected and trained sensory panel [23, 24].

Selection of the panel
The sensory panel assessors were recruited according to general guidelines [70]. An invitation
poster to a sensory screening (Appendix 2) was developed by a PhD-student and put up on
electronic notice-boards in grocery stores (ICA) in the town of Uppsala and in university
localities of Uppsala University (Uppsala Biomedical Center, Pollaksbacken, Carolina
Rediviva library, Ekonomikum, Blåsen hus, Uppsala science Park, English Park Campus,
Studenthälsan). Interested candidates registered by email.
With help from the PhD-student, the author screened the candidates (5-7 at a time, a total of
30) for sensory skills and ability to communicate and describe sensory stimuli [70]. The
screenings were held in the sensory laboratory of the Department of Food, Nutrition and
Dietetics, Uppsala University, which is equipped with sensory booths according to standards
[71]. Screening procedures (in the order they were conducted) are described below.

Basic information form
All candidates completed a form with basic information like occupation, contact information,
food aversions, diet, allergies and tobacco habits. The form also contained a question about
why they wanted to participate, which was later used to estimate motivation and interest.
Form is to be found in Appendix 3.

Basic taste test
Basic taste solutions (Table 3) were prepared and poured (10 ml of each) into medicine cups
marked with three digit numbers [72]. Cups were placed in randomized order on trays, one for
each candidate, and served to them in the sensory evaluation booths. They were instructed to
identify four of the basic tastes (sweet, salt, bitter and sour) in the four first cups, marked with
an R for reference. After that the rest of the cups (ten) were to be matched to the references.
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Candidates were given instructions on rinsing the palate with water in between samples, and
expectorating the samples in a container provided. The test was conducted in two replicates,
one in the beginning of the screening session and one at the end (approximately 1,5 h in
between). The replicates had different serving orders. For the reply form and written
instructions given, go to Appendix 4.
Table 3. Solutions of citric acid, NaCl, caffeine and saccharose in water (intensity in %), for panelist screening
basic taste test.
Citric acid

NaCl

Kaffein

Saccharose

Reference

0,03

0,2

0,03

1

Intensity 1

0,03

0,2

0,03

1

Intensity 2

0,015

0,1

0,015

0,5

Odor test
Approximately one hour before each screening session, twelve different odor samples were
prepared by placing the products specified in Table 4, on top of cotton in three digit numbered
200 ml paper cups. The cups were then covered with aluminum foil, which was pieced with
eight small holes right before test start. The participants were served treys with four samples
at a time, and asked to identify the odor on a form (Appendix 5).

Table 4. Content of odor test samples for panelist screening.
Product

Amount

Product

Amount

Cucumber (fresh, shredded)

3g

Tea (Yellow label)

content of ½ tea bag

Orange (fresh, sliced)

4g

Curry (yellow, ground)

0,4 g

Basil (fresh, chopped)

0,5 g

Cinnamon (ground)

0,4 g

Leek (fresh, chopped)

2,5 g

Cumin (ground)

0,4 g

Soap (liquid)

1 push

Cocoa (ground)

0,7 g

Vanilla sugar

0,7 g

Yeast (fresh, mashed)

3g
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Descriptive ability test
Apart from good sensory skills, descriptive panelists also need to possess the ability to
describe their sensory perceptions in words [23, 24, 70]. To test this, candidates were given a
piece of bread (Danish rye bread, ICA Basic) and asked to write down descriptors in terms of
appearance, odor, texture and flavor. Information about the nature of a good descriptive word
(objective, easy to understand, not complex or slang) [23] was given verbally and in writing
(Appendix 6).

Color vision test
The short version (pictures 1, 2, 6, 8, 12 and 15) of the Ishihara test for detection of color
blindness [73] was conducted for each participant. According to instructions, pictures were
shown to the candidates from a with 75 cm distance, in bright daylight. The short version can
according to the author be used in large scale examinations [73].

Training the panel
After screening, 13 candidates (eleven women and four men) were chosen to the panel, on
basis of their test results, descriptive ability, interest, motivation and availability for training
[70]. According to the methodology, a sensory panel should preferably consist of at least ten
assessors [23, 70]. Training was based on the concept of consensus training, in which the
panel itself makes most decisions, supported by the panel leader. This has been shown to be
preferable to the so-called ballot-method, in which panelists are trained by being told [24].
During the whole training period, breads were presented decoded, marked with random three
digit codes [72], according to guidelines [71]. Breads to be used were defrosted 24 h prior to
each session, on bread grids (separate for each bread kind). One to two hours prior to each
session, samples were, still carefully kept apart, wrapped in plastic foil or one liter plastic
bags.
Panelists were instructed not to smoke or bring smell of smoke, perfumes or other strong
odors to sessions, not to consume eat or drink coffee or tea for at least two hours before each
session, and to be especially careful with onions, hot spices, and garlic on session days [23].
Training consisted of seven sessions of 2-3 h each (schedule is presented in Appendix 7).
Each session was planned, prepared and performed by the author of this paper, in the role as
panel leader. Apart from this, the work included packing and marking of bread, updating the
list of descriptors and definitions, preparing references, keeping protocol of each session etc.
The training period consisted of two parts; first generating and defining the descriptive words
to be assessed, and then working on calibration of the panel [24].

Generating the descriptors
Descriptive analysis requires very specific and defined language, and assurance that all panel
members have the same idea of each descriptive word [24]. Before the first training session,
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the panel leader conducted a list of descriptors previously used to evaluate bread [74-76], as
suggestions and inspiration for the panel. During the first and second session, after being
briefly introduced to sensory science and descriptive analysis, panelists were presented three
different rye breads. Through brainstorming a total of 40 descriptors were suggested by the
panel members. After discussion and prioritizing, these were reduced to eleven. Definitions
for each descriptor were established, as well as definitions for the intensity scale anchors
“little” and “much”. The panel also decided on assessment order and instructions regarding
each descriptor. To help identify and define descriptors, references such as fresh yeast,
sourdough, boiled rye kernels, boiled rye flakes, roasted rye kernels, rye flour, bread syrup
and bakery malt were presented to the panelists by the panel leader.
Descriptors, definitions and instructions are presented in Table 5, in the intended evaluation
order. Order of descriptor groups (odor, texture and flavor) is based on the order they appear
to the senses [23], whereas order within each group was decided by the panel. Appearance
attributes were excluded from the training sessions, instead being evaluated according to the
procedure presented below (under “Evaluation of appearance attributes”).

Calibration training
In sessions three to seven, the panel was trained in detecting and assessing the chosen
descriptors in the nine different breads, on a continuous and unipolar intensity scale from
“little” to “much” (0-10) (Table 5). Initially, this was done by use of references and
discussion. Thereafter verbal group assessments were performed, before the panelists got to
practice in the sensory booths and conduct individual practice assessments in the sensory
analysis software Fizz (VER 2,47 B, Biosystémes, Couteron, Frankrike). References were
available during all sessions, in case panelists wished to be reminded. The list of descriptors
and definitions were somewhat modified during the training period, a natural part of the
process [23].

Extra training
High training attendance is important [23]. An extra session was held for panelists (two
individuals) who had missed two sessions, whereas one missed session was accepted.
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Table 5. Sensory descriptors and definitions, assessment instructions and scale definitions generated by the
sensory panel (n = 13) and used in the sensory profiling (for appearance attributes go to)
Descriptor

Definition

Instruction

Scale

Compactness

Degree of rigidity when
pressed between the
fingers

Little: The bread yields
totally between the
fingers
Much: The bread hardly
yields at all between the
fingers

Syrup odor

Degree of syrup odor,
refers to Brödsirap, Dan
Sukker

Assessed on whole closed
role, by pressing it
between three fingers on
the upper part and the
thumb on the bottom part,
in the center of the
sample
Assessed on the inside of
the bottom part, in the
center of the sample

Roasted cereals odor

Degree of odor of whole
rye kernels roasted
sufficient to cause burnt
notes

Assessed on the inside of
the bottom part, in the
center of the sample

Little: Not noticeable
Much: Clearly noticeable

Sour odor

Degree of sour odor, as in
sourdough

Assessed on the inside of
the bottom part, in the
center of the sample

Little: Hardly noticeable
Much: Clearly noticeable

Hardness

Degree of force required
to bite through the
sample with front teeth

Assessed in the sample
center, top and bottom
part simultaneously

Little: Low force
Much: High force

Juciness

Degree to which the
chewed sample holds
together

Assessed in the sample
center, top and bottom
part simultaneously, in
the end of mastication

Little: Falls apart into
independent pieces
Much: Forms a
homogeneous mass

Sweetness

Degree of perceived
sweetness, refers to the
basic taste sweet

Little: Hardly noticeable
Much: Clearly noticeable

Saltiness

Degree of perceived
saltiness, refers to the
basic taste salt

Assessed in the sample
center, top and bottom
part simultaneously, in
the beginning of
mastication
Assessed in the sample
center, top and bottom
part simultaneously,
during mastication

Bitterness

Degree of perceived
bitterness, refers to the
basic taste bitter

Assessed in the sample
center, top and bottom
part simultaneously,
during mastication

Little: Hardly noticeable
Much: Clearly noticeable

Sourness

Degree of perceived
sourness, refers to the
basic taste sour

Assessed in the sample
center, top and bottom
part simultaneously, at
the end of mastication

Little: Hardly noticeable
Much: Clearly noticeable

Rye flavor

Degree of flavor typical
for whole grain rye flour
mixed with boiling water
1:3

Assessed in the sample
center, top and bottom
part simultaneously, at
the end of mastication

Little: Hardly noticeable
Much: Clearly noticeable

Little: Not noticeable
Much: Clearly noticeable

Little: Hardly noticeable
Much: Clearly noticeable
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Assessment of the sensory profiling
Using the selected and trained sensory panel, sensory profiling of the nine breads was
performed, according to standardized criteria [71]. Preparation of the analysis, including
programming of the test in the Fizz software (VER 2,47 B, Biosystémes, Couteron,
Frankrike), was conducted by the author. Assessment was held at the same location as the
training; the sensory laboratory of the Department of Food, Nutrition and Dietetics, Uppsala
University. Each descriptor for each bread was assessed in the Fizz software, on a continuous
and unipolar linear intensity scale ranging from “little” to “much” (0-10), with two replicates.

Sample preparation and presentation
Breads for assessment were baked in the same bakery and on the same day as breads used for
training. Storing and transport procedures were the same. The 13 panelists had a sensory
booth each, and the booths were equipped with a trey with two samples of each kind (whole
rolls for Rågkusar and Aktiv råg and halves for Rund & god because of diameter differences,
see Table 7). Samples were folded in see-through plastic bags marked with random three digit
numbers [72]. One of each sample was used for assessing compactness (by finger pressure)
and odor descriptors (Table 5), and the other one the descriptors evaluated by mouth;
hardness, juiciness and flavor assessment. The second bread roll was cut into two halves
(quarters for Rund & god), since they were supposed to be assessed in the sample centre
(Table 5). Samples were served in randomized and balanced order, to minimize the risk of
bias associated with a certain serving order [23, 24].

Instructions
Assessors were provided with a copy of Table 5, to be reminded of definitions and
instructions. They also received oral instructions on rinsing the palate (three times before
assessment start, and once in between each sample) and to follow the given serving order, not
altering between samples. Also, to prevent sensory fatigue [24], they were instructed not to
swallow any bread or rinsing water, and provided with cups for expectoration.

Evaluation of appearance attributes
Apart from color analysis and geometrical measures (described below), the breads were
photographed (Figure 4-6).

Color analysis
Color was defined by using the NCS Navigator color map [77]. In the system, color,
brightness and chromaticness can be combined into 1950 different standard combinations
chosen to represent the color space. A physical version of the color map, collected from a
color store, was used. Color was evaluated for bread crumb only. Crust color was left aside
since it varied considerably between breads of the same kind. The panel leader presented two
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NCS color code suggestions per original recipe bread to the sensory panel, and a consensus
decision was taken on which color code that best represented each of them. The modified
versions did not differ from their originals in color.

Geometrical measures
The author measured height and diameter of five breads of each recipe using a ruler, and
calculated means for each one.

4.4 Consumer test
Consumer testing is a way to find out to what extent a product is liked, if some product is
better liked than others, or which one of a given set of products that is preferred by
consumers. The biggest difference between sensory science consumer tests and marketing
research is that samples in consumer tests are decoded, whereas marketing research is often
performed with branded products [24].
A consumer acceptance test (n = 448) was prepared and conducted by the author of this paper,
together with two students writing a bachelor thesis, and a PhD student. The two bachelor
students were responsible for the questionnaire design and planning of schedule and locations.
The whole group contributed equally to sample preparations and test performance.

Test location and inclusion criteria
The test was a central location test (conducted in an area where potential purchasers are likely
to be found) [23], and participants were included by convenience sampling [67]. The only
inclusion criteria were 18-85 years of age and ability to understand the instructions in either
Swedish or English. It was carried out between 18-20th of April 2013 in one university locality
(Uppsala Biomedical Center), one supermarket (Ica Maxi Stenhagen), one retirement home
(Borgerskapens hus) and two shopping malls (S:t Per and Svava), in the town of Uppsala. The
number of participants recruited each day, was approximately the same (around 150).

Questionnaire
A four-pages-questionnaire (two sheets) was developed (Appendix 8), containing a scale for
each of the nine breads. The scale used was a check-box category scale [24], with nine
choices ranging from “dislike strongly” to “neither like nor dislike” to “like strongly”. It is
called a degree of liking scale and is commonly used in consumer testing [24]. Under each
scale a line for comments was put, allowing the consumers to provide more detailed
information if desired. An open question about bread consumption (number of slices/pieces
per day) was included, as well as a statement reading “It is important to me that the bread I
usually eat is healthy”, to which the consumers could choose “Totally agree”, “Partly agree”
or “Disagree”. The questionnaire also contained questions about sex, age, and educational
level (Appendix 8). Each questionnaire was given a questionnaire number from 1 to 450, and
a specific serving order randomized in the Fizz software.
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Sample preparation and presentation
Baking, transporting, storing and defrosting procedures were the same for all breads used in
the consumer test, as well as in the descriptive analysis. Estimated numbers of samples to be
used were prepared in the morning of each test day, directly before the test.
Sample preparations were very structured, to prevent mix-ups and maintaining good hygiene.
Rågkusar and Aktiv råg were cut in four, and Rund & god in eight (in order to get equally
sized samples, considering the difference in diameter, Table 7). Each person worked with one
bread type at a time, immediately wrapping the cut pieces into plastic foil and marking them
with random three digit codes (one for each bread kind). In between wrapping and packing,
samples were kept in separate baskets market with the respective code. Two plastic boxes for
each questionnaire were then marked with the questionnaire number, and packed with bread
samples in the serving order corresponding to that questionnaire. Use of two small boxes
instead of one bigger was chosen to prevent mix up of the samples and to not to scare of
participants by presenting a large box with nine samples at the same time. Four samples were
placed in the first box, and the remaining five in the other one. During the test, consumers
were given the first box together with the corresponding questionnaire, to finish before box
number two was served.

4.5 Statistical methods
A significance level of 5 % was used for all statistical analysis. Results from the sensory
profiling were processed in Fizz Calculations, with descriptive statistics, analysis of variance
(one-way repeated measures ANOVA) and pair wise comparison (LSD), conventional
analysis for descriptive analysis [23, 24]. Figures were created in Excel.
Statistics from the consumer test were collected in Excel by the bachelor students and
processed in SPSS (IBM SPSS Statistics 21) by the author. Apart from descriptive statistics,
ANOVA (one way repeated measures) and pair wise comparison (Bonferroni) [24, 78], were
performed to find out if breads differed significantly in liking scores. A t-test was used to
compare bread intake between men and women.

4.6 Ethical considerations
Working with human beings as study subjects, makes research ethics even more essential.
Research ethics are based on The Nuremberg code of ethics in medical research and The
declaration of Helsinki [24]. To ensure that scientists follow ethical principles, all research
that involves collecting of personal data, biological material and/or some kind of physical
intervention should be approved by the Central Ethical Review Board [79], using a certain
application form. Research on bachelor or master level are exceptions to the law of ethical
approval, but should still fulfill the general principles of research ethics [67]:
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Information - All individuals who in one way or the other are involved in the study
should be well-informed about research objective, what is expected of them, any
possible risks of participation etc. Information should be given both orally and in
written form, see Appendix 9.
Consent - For participants, such as the panelists in the sensory panel, written and oral
consent to participation should be given, as well as information on that participation is
voluntary and can be canceled at any time without further explanation. For written
information and consent form for sensory panelists, see Appendix 9.
Confidentiality- Anonymity of the participants must be ensured. Data on participants
should be stored with confidentiality to prevent unauthorized access.
Utilization - The information gathered from the participants may not be used for any
other purpose, but the current study.
Other things that must be considered are risks and costs in relation to the expected usefulness
of the research results. The researchers are responsible for ensuring that risks to the subjects
do not outweigh the personal benefits, or the potential value of the study results to society
[24]. In sensory analysis of foods, this includes not exposing panelists to potentially toxic or
otherwise harmful samples. Examples could be new ingredients, of which body effects are
unexplored, inadequate hygiene routines, or quality testing for microbiologically questionable
samples when evaluating shelf life [22]. What has been done regarding research ethics in the
present study is presented in the Method discussion.

4.7 Validity and reliability
Validity and reliability are two major measures of research quality. The validity of a study is
its ability to measure what it is supposed to measure, and has to do with choice of methods
and sample in relation to the aim of the study [67]. Reliability is about the accuracy and
precision of the measures and if they are preformed correctly [67]. In sensory analysis validity
and reliability are achieved by optimization of four factors [23]. What has been done in the
present study to improve validity and reliability is presented in the Method discussion.
First of all there has to be a precise definition of the problem. What is to be measured?
If this is clear, the chance of choosing the most valid method is optimized.
The test design should leave minimal room for bias, by using the chosen methods
correctly and precisely.
The test subjects used must be carefully selected and trained to optimize
reproducibility.
The interpretation should be based on the correct statistical models, and all
conclusions drawn should be clearly warranted by the results.
There are also certain considerations regarding reliability in relation to the use of humans as
scientific tools. Using the human senses is the most valid way to measure sensory response,
since it evaluates foods as they are meant to be consumed [22]. Then again, this means that
reliability needs to be carefully considered. Inevitable, human subjects are variable in their
assessments, especially over time, making the risk of bias impendent [23]. The scientist can
reduce this risk by being aware of bias risks, following guidelines, repeating measurements
(replicates), involving enough subjects to strengthen statistics, giving clear and unambiguous
instructions and using definitions [23].
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5. Results
5.1 Sensory profiling and appearance evaluation
Sensory profiling
The three bread groups (Rågkusar, Aktiv råg and Rund & god) displayed diverse sensory
profiles, (Figure 3 and Table 6). Rågkusar were high in roasted cereal odor, sour odor,
compactness, hardness, sourness, saltiness, bitterness and rye flavor, but low in juiciness,
syrup odor and sweetness. Aktiv Råg and Rund & god were both higher in syrup odor, juicier
and sweeter, but lower in roasted cereal odor, sour odor, compactness, hardness, sourness,
saltiness, bitterness and rye flavor (Figure 3). Even though Aktiv råg and Rund & god were
more similar to each other than to Rågkusar, the differences between them were still big
enough to be significant regarding most descriptors (Table 6). Figure 3 illustrates the sensory
profiles, whereas mean scores and significant differences are presented in Table 6.
Regarding taste descriptors, addition of whole rye kernels did not have any significant effects
(Table 6). However, hardness (degree of force required to bite through the sample with front
teeth, Table 5) was affected, in that Aktiv råg L2 and Rund & god L2 displayed significantly
lower hardness than their originals. Even though not significant, this relationship can be
discerned for Rågkusar too (Table 6). Rund & god L1 was evaluated to be more compact, less
juicy, and lower in sour odor, than the other two Rund & god versions (Table 6).

Figure 3. Sensory profiles of the nine breads described with eleven descriptors. Intensity scale 0-10, n = 13, two
replicates. (T) = texture, (O) = odor, (F) = flavor. For explanations of bread names O, L1 and L2, see Table 2.
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Table 6. Results of the sensory profiling in means (sd), n = 13, two replicates. (T) = texture, (O) = odor, (F) =
flavor. Breads containing the same letters (a, b, c, d) in one attribute row are not significantly different from
each other regarding that attribute (p>0,05). For explanations of bread names O, L1 and L2, see Table 2.

Compactness (T)
Syrup (O)
Roasted
cereals (O)
Sour (O)
Hardness
(T)
Juicyness
(T)
Sweetness
(F)
Saltiness
(F)
Bitterness
(F)
Sourness
(F)
Rye flavor
(F)

O
9,70 a
(0,43)
0,43 d
(0,65)
9,37 a
(0,67)
9,40 a
(0,48)
9,56 a
(0,49)
0,35 d
(0,44)
0,26 c
(0,32)
8,15 a
(2,40)
7,69 a
(2,37)
9,46 a
(0,43)
8,88 a
(1,20)

Rågkusar
L1
9,73 a
(0,27)
0,82 d
(1,92)
9,59 a
(0,46)
9,32 a
(0,46)
9,50 a
(0,39)
0,68 d
(0,57)
0,33 c
(0,40)
7,96 a
(1,95)
7,70 a
(1,98)
9,42 a
(0,68)
8,70 a
(1,47)

L2
9,69 a
(0,29)
0,42 d
(0,48)
9,50 a
(0,69)
9,26 a
(0,83)
9,25 a
(0,51)
0,62 d
(0,51)
0,19 c
(0,23)
8,09 a
(2,06)
8,10 a
(1,72)
9,41 a
(0,81)
8,83 a
(1,05)

O
0,63 d
(0,70)
6,17 c
(2,22)
2,57 c
(2,13)
2,60 c
(1,73)
1,01 c
(1,45)
9,44 a
(0,78)
5,39 b
(1,73)
2,72 b
(1,49)
3,69 b
(2,14)
2,85 b
(1,72)
3,68 b
(2,07)

Aktiv råg
L1
L2
0,33 d
0,64 d
(0,43)
(1,88)
7,13 bc
6,53 bc
(2,12)
(2,12)
2,24 c
2,88 c
(1,76)
(2,14)
2,44 c
2,91 c
(1,79)
(1,74)
0,49 cd
0,35 d
(0,54)
(0,40)
9,55 a
9,45 a
(0,43)
(0,76)
6,11 b
5,41 b
(1,55)
(1,56)
2,55 b
3,02 b
(1,45)
(1,67)
3,76 b
4,15 b
(2,32)
(2,18)
2,86 b
3,21 b
(1,86)
(1,81)
3,51 b
3,61 b
(1,79)
(2,06)

O
3,35 c
(1,83)
8,50 a
(2,31)
2,23 bc
(2,22)
1,24 b
(1,18)
1,73 b
(1,68)
7,53 b
(1,61)
8,87 a
(1,88)
2,32 b
(2,48)
1,66 c
(1,92)
1,35 c
(1,20)
2,76 bc
(2,02)

Rund & god
L1
5,32 b
(1,68)
7,27 b
(1,94)
3,48 b
(2,40)
1,65 b
(1,16)
2,20 b
(1,36)
5,56 c
(1,83)
8,52 a
(1,60)
2,72 b
(2,48)
1,93 c
(1,63)
1,44 c
(1,22)
3,16 bc
(1,58)

L2
3,30 c
(1,98)
8,51 a
(1,78)
2,43 bc
(2,15)
1,37 b
(1,32)
0,80 cd
(1,22)
7,30 b
(1,70)
9,03 a
(1,82)
2,33 b
(2,49)
1,05 c
(0,95)
1,13 c
(1,30)
2,45 c
(1,57)

Appearance attributes
Color codes from the NCS-system [77], as well as height and diameter are presented in Table
7. Rye kernels in Rågkusar seem to have increased height, but had the opposite effect on Aktiv
råg and Rund & god. Photographs of the breads are presented in Figure 4-6.
Table 7. Geometrical measures (means of n = 5) and color (NCS-code) of the breads. For explanations of bread
names O, L1 and L2, see Table 2.

O

Rågkusar
L1

L2

O

Aktiv råg
L1

L2

O

Rund & god
L1

L2

Height (cm)

1,8

1,9

2,1

3,2

3,2

3,0

2,5

2,4

2,2

Diameter (cm)

10,0

10,6

10,7

10,0

10,3

10,4

14,0

13,9

14,6

Color (NCS-code)

S5040-Y30R

S3030-Y40R

S4040-Y30R
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Figure 4. Rågkusar O to the left, Rågkusar L1 in the centre and Rågkusar L2 to the right. For explanations of
bread names O, L1 and L2, see Table 2.

Figure 5. Aktiv råg O to the left, Aktiv råg L1 in the centre and Aktiv råg L2 to the right. For explanations of
bread names O, L1 and L2, see Table 2.
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Figure 6. Rund & god O to the left, Rund & god L1 in the centre and Rund & god L2 to the right. For
explanations of bread names O, L1 and L2, see Table 2.

5.2 Consumer test
The participants
448 consumers participated in the acceptance test. Their background information (sex, age
and educational level) is presented in Tables 7-9. In general, it was a highly educated group of
more women than men.
Table 7. Sex distribution of the consumer test participants (n = 448).
Sex

Women

Men

Total (out of 448)

Frequency

252

176

428

%

59

41

100

Table 8. Age distribution of the consumer test participants (n = 448).
Age group

18-30

31-44

45-60

61-80

Frequency

137

74

118

113

Total (out of
448)
442

%

31

17

27

26

100
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Table 9. Educational level of the consumer test participants (n = 448).
Educational
level

Elementary
school
(9 years)

Secondary
school
(gymnasium or
equivalent)

Post-secondary
(university, college
or other) < 3 years

Post-secondary
(university, college
or other) 3 years
or more

Total
(out of
448)

Frequency

29

112

68

224

433

%

7

26

16

52

100

Bread acceptance (liking scores)
Mean scores for consumer acceptance were relatively similar between the nine breads,
ranging from 5,29 (Rågkusar L1) to 6,46 (Rund & god L2), see Table 10. All nine means are
placed on the upper side of the 1-9 scale, meaning they were rather liked than disliked.
Rågkusar received more wide-spread scores, represented by the higher standard deviations
(Table 10).
Rågkusar (all versions) were significantly less liked than Aktiv råg and Rund & god (p<0,05).
The two latter groups did not differ significantly in liking (p>0,05), see Figure 7. Addition of
rye kernels did not significantly affect liking in any of the three bread groups (Figure 7).

Table 10. Means (sd) for consumer liking scores of the nine breads (n = 448). For explanations of bread names
O, L1 and L2, see Table 2.
Rågkusar

Mean
(sd)
Amount
of scores

Aktiv råg

Rund & god

O

L1

L2

O

L1

L2

O

L1

L2

5,47
(2,25)

5,29
(2,40)

5,44
(2,35)

6,20
(1,95)

6,17
(1,93)

6,25
(1,96)

6,44
(1,89)

6,37
(1,85)

6,46
(1,91)

441

436

440

439

444

436

439

444

441
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Figure 7. Means of liking scores for the nine breads. Amount of scores: 436-444 out of 448. Columns with the
same letter (a, b) are not significantly different from each other regarding liking (p>0,05). For explanations of
bread names O, L1 and L2, see Table 2.

Bread intake and health claim
The mean bread intake was 3,0 (sd 1,9) pieces/slices per day (422 out of 448 consumers
answered that question) . Men consumed significantly more bread than women, 3,3 vs. 2,9
pieces or slices (p=0,034).
95 % of the consumers totally or partly agreed on the statement "It is important to me that the
bread I usually eat is healthy” (Figure 8).

Drop-out
Since the sample was not selected in advance, there is no external drop-out to be considered.
The internal drop-out consists of consumers who refrained from answering one or more
questions. Depending on question it was between 0,9 and 5,8 %. All results have been
presented together with number on consumers answering that particular question, to be related
to 448, the total number of questionnaires collected.
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Figure 8. The consumers’ reactions to the statement "It is important to me that the bread I usually eat is healthy”
Consumers answering this question: 436 out of 448.

6. Discussion
6.1 Main results
Most of the sensory properties assessed were unaffected by addition of whole rye kernels to
the recipes. Neither did the recipe modification affect consumer acceptance of the breads. The
nine breads received relatively similar mean liking scores (from 5,29 to 6,46). Rågkusar (high
in compactness, hardness, roasted cereal and sour odor, sourness, saltiness, bitterness and rye
flavor and low in juiciness, syrup odor and sweetness) were significantly less liked than Aktiv
Råg and Rund & god (both juicier, sweeter, lower in roasted cereal and sour, but higher in
syrup odor, lower in compactness, hardness and sour, salty, bitter and rye flavors).
Mean bread intake was three slices/pieces per day, and 95 % of the consumers totally or partly
agreed on that that it is important to them that the bread they usually eat is healthy.
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6.2 Result discussion
According to Shepherds’ model (Figure 1) [58], what we choose to eat is based on three main
factors:
The food itself and its way of by nutrient content regulate hunger.
The person and his/her sensory perception of the food in combination with personality,
previous experiences, mood etc.
Economic and social factors, such as price, brand and attitudes towards for instance
health factors [58].
Whole rye kernels possess the ability to prolong satiety [13-15], a winning concept according
to this model. They also add nutritional value to the product [7-12], attracting consumers who
find health and nutrition important (a vast majority shown by the present study). Since
consumer acceptance and most sensory properties were unaffected by the recipe modifications
(Table 6, Figure 7), the sensory part of the person factor should not be a problem in this case
either. Accordingly, the rye kernel addition created good conditions for all three main factors
of the model [58]. Still, there is the problem of how to communicate the health factors to the
consumers.
Even though taste is a very strong driving force in food purchases [20, 21, 58], knowledge of
health factors can also contribute to the decision [21, 61]. Addition of whole rye kernels can
contribute to fulfilling the criteria of nutritional labeling symbols, a way of communicating
the health benefits to the consumers. Product development of better tasting healthy breads,
highlighted by a well-known nutritional labeling symbol like the Keyhole [19], seems like a
strategic combination for increased intake of healthy breads.
Out of the three original breads in this study, only Rågkusar fulfilled all the Keyhole criteria
(see Appendix 1). In Rund & god, sugar content was the limiting. Aktiv råg lacks in whole
grain, something that whole rye kernels could correct if added in sufficient amount. These
kinds of calculations have not been conducted in the present study.

Descriptive analysis
Recipe addition of whole rye kernels did not affect the sensory properties assessed, with the
exception hardness, which was reduced in Aktiv råg L2 and Rund & god L2 compared to their
originals (Table 6). The same tendency was seen for Rågkusar too (but not enough to be
significant). Contradictory as it may sound, this relationship was observed all the way through
panel training. The definition of hardness (degree of force required to bite through the sample
with front teeth) may have contributed to this. Maybe the presence of kernels made the bread
fall apart easier, facilitating the first bite. If the definition would have been for instance
“mastication resistance by the molars” the kernels would possibly have had the contrary
effect.
Compactness and hardness was most intense in Rågkusar, also assessed less juicy than the
other breads (Table 6). The most probable explanation to this is its lower wheat content
(Appendix 1), given the texture properties of rye compared to wheat [16, 39].
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Rågkusar was significantly more intense in bitterness and rye flavor than Aktiv råg and Rund
& god. This may be an effect of the higher content of both rye and whole grain (Appendix 1),
components previously shown to possess those properties [55-57]. Nevertheless, whole rye
kernel addition did not increase bitterness (or any other flavor attributes) in the present study
(Table 6). Maybe whole kernels are not perceived as bitter as whole grain rye flour (evaluated
in references 55-57), or the added amount was too small to influence flavor. A third option
could be that the panelists were unable to detect the differences. Standard deviations were
relatively high regarding bitterness (Table 6), indicating that the latter option could possibly
be part of the explanation.
Rågkusar was also evaluated to be considerably more salty than the other two (Table 6), an
interesting result considering that they actually contain less salt/100 g (0,7 g compared to 1 g
for Aktiv råg and Rund & god, Appendix 1). They were also significantly more sour (Table 6),
which according to Heiniö et al. 1997 and Helleman et al. 1992, could explain the high
saltiness scores. They found that saltiness was enhanced by acidity and that sourness lead to
less need of salt to meet consumer acceptance [51, 52]. This information should really be
taken into account in the bakery industry. The consumer acceptance argument of maintained
high salt levels may not be as substantial when it comes to sourdough breads, and the public
health benefits of reduced salt levels in bread would be considerable, bread being the second
largest source of salt in Sweden [6].
Sourness and sour odor was lowest in the Rund & god breads, most probably a direct
reflection of the absence of sourdough (Appendix 1). Rund & god were also higher in syrup
odor and sweetness, reflecting the higher content of simple sugars (Table 6 and Appendix 1).
The fact that Rund & god L1 differed in some attributes compared to the other two Rund &
god versions (Table 6) may not be an actual effect of the whole kernels. If so, the L2 version
should reasonably have been affected in the same way (or even more). Rund & god L1 was
evaluated to be more compact, less juicy and have less sour odor than O and L2 (Table 6). The
texture differences could theoretically be an effect of longer or more intense baking, despite
attempts to standardize the baking procedure. Another thing that strengthens that suspicion is
the observation of darker crust color compared to Rund & god O and L2, which can be
discerned in Figure 6.

Appearance attributes
Height was increased by kernels in Rågkusar, but has the opposite effect for Aktiv råg and
Rund & god. The “rougher” texture of Rågkusar (harder, more compact and less juicy, Table
6) may help to keep the height up, whereas the softer and juicier texture of the other two could
not manage as well.
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Consumer test
Bread liking scores
All three versions of Rågkusar were less liked than the rest of the breads (Figure 7). It has
previously been concluded that whole grain rye is associated with strong and bitter flavors
that consumers generally do not like [55-57], and that reduction of these could enhance
acceptance [57]. Furthermore, even though consumers expect a rye bread to be sour, sourness
was not necessarily liked. The lower liking of Rågkusar may have its explanation in the
explicit bitter, sour and rye flavors demonstrated by the descriptive analysis (Table 6).
Adding of whole rye kernels did not have negative impact on liking (Figure 7). Accordingly,
whole rye kernels could be added to the recipes without risking loosing costumers.
The consumer test result correlates with the result from the descriptive analysis; the sensory
properties of the breads were generally unaffected (Table 6). Consumers, just like sensory
panelists, could not feel the difference.

Bread intake
The mean bread intake of three slices/pieces per day is more than the two slices that were
reported in the Swedish dietary survey Riksmaten 2010-2011 [81]. Riksmaten applied
structured random sampling [6], whereas the sampling technique in this study is likely to have
led to participation of consumers who like bread to larger extent than those who do not.
Higher bread intake among men than women was reported in this study as well as in
Riksmaten, probably reflecting nothing but the generally higher energy intake of men [6].
Regarding the bread intake interpretation, it should be taken into account that one male in the
highest age group stated intake of 21 slices/pieces per day. Because of the somewhat unlikely
amount, the consumer was asked to confirm it when returning the questionnaire, and did so.
Therefore it was included in the analysis.
Three slices of bread per day could mean considerable amounts of whole grain, depending on
choice of bread. A bread with 55 % whole grain (dry matter basis) would contribute with as
much as 60 g whole grain [27], in relation to the 70 g (for women) and 90 g (for men)
recommended by the Swedish Food Administration (Livsmedelsverket) [27]. A whole grain
intake of 48-80 g/day (levels that hence could be obtained by three bread slices) lowered
LDL-cholesterol and fasting glucose, inhibited weight gain over time, and reduced risk of
both cardiovascular disease and diabetes type 2 in a meta-analysis from 2012 [9]. This
confirms the great public health potential of bread and emphasizes the importance of further
research on how to make healthy breads more palatable to consumers.
Furthermore, a striking majority (95 %) fully or partly agreed on the statement "It is important
to me that the bread I usually eat is healthy”. Combined with the fact that original and
modified breads were equally liked, this is a clear signal to producers: Nutritional
improvements of bread is not only a matter of public health, but also a chance for increased
sales, as long as sensory attributes and consumer acceptance are monitored and taken into
account during the product development process.
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6.3 Method discussion
The breads
Before added to the dough the rye kernels were prepared by scalding. Apart from the
softening of them, this also improves mineral absorption [31]. In combination with the low
pH in the Rågkusar dough (4,5-5,0), it creates optimal conditions for phytate reduction and
mineral absorption [32].
Baking, transportation and storing circumstances were standardized. Because of a
misunderstanding, the original breads were not frozen until after transportation
(approximately 24 h after baking), whereas the modified versions were frozen right after
baking and kept frozen through transportation (as intended).

Sensory evaluation in general
Expectation error is the phenomena of finding what you expect to find, regardless if it is really
there or not [23]. For instance, if assessors know that the samples are diverse in sweetness,
they will look for that and maybe unconsciously exaggerate that difference. This has been
prevented by decoding the samples, and by not giving away too much information about them
prior to descriptive analysis assessment and consumer test.
Stimulus error occurs when irrelevant sensory stimuli, such as packaging appearance,
unconsciously affects the response of the assessors [23]. This effect has been shown to be
very distinct in for instance assessing of wine. The same wine is rated differently if served
from screw-capped bottles than cork-closured; an obvious stimulus error associated with the
knowledge of the general price differences between wines in the two types of bottles [23].
Stimulus errors are prevented by using a preparation area separated from assessors, decoded
samples and by removing as much potentially distracting stimuli as possible [23]. Samples in
this study were prepared separated from panelists and consumers, presented decoded,
wrapped in plastic, on a neutral colored tray (sensory profiling) or in a see-through plastic box
(consumer test), without obvious distractions.
Logical error is when sensory attributes automatically are associated, to the extent that one of
them unconsciously determines the other. Dark bread may for instance be associated with
lower sweetness or higher bitterness.

Sensory profiling
Screening, training and the final evaluation were conducted according to given standards [70,
71]. Training time (15 hours) was, of time limitations and economic reasons, to short
according to general recommendations (40-100 hours) [23]. Hours needed depend on the
experience level of the panelists, suggesting that more time would have been needed in this
case. It also depends on the product and its complexity, number of samples and number of
descriptors [23]. A recently published protocol for sensory evaluation of bread specifically,
used 64 training hours [74]. On the other hand, Stone & Sidel (1993) proposed that ten hours
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of training could be enough [64]. More time would probably have led to better calibration of
the panel (lower standard deviations).
When generating the descriptors, the panel at first produced a list of 40 descriptors considered
relevant to evaluate. Through discussion and prioritizing, this list was reduced to include only
eleven of them. This cut in descriptors was methodologically necessary and motivated to
prevent sensory adaption [23], a decrease in sensory sensitivity which may occur by extensive
exposure to a stimulus (or similar ones). The risk of this bias can be prevented by keeping the
number of samples and descriptors as low as possible [23]. In a review on descriptive sensory
analysis of bread [75] the articles included used between seven and 38 descriptors. In the
present study, the relatively large number of samples, in combination with the somewhat
limited training time, led to the dramatic reduction of descriptors. The eleven descriptors
included were well chosen, according to the criteria below. When interpreting the result one
must keep in mind that it fully depends in the choice of descriptors, and that the rye kernels
may have affected descriptors not investigated.
There are a couple of recommendations about the nature of good descriptors [24]. Words
should be discriminate, meaning they should enable detection of differences between the
samples. Synonyms and words overlapping each other should be avoided. Preferably they
should also somehow relate to consumer acceptance, since the goal often is to use a sensory
profile in combination with consumer data [24]. If possible they should relate to instrumental
or physical measurements, like ingredients. They should be unambiguous and precisely
defined and all panelists must be well aware of the intended definition and its meaning. It is
also important that people outside the panel (like producers etc.) can understand and relate to
them [24]. The descriptors and definitions chosen by the panel in this study (Table 5) fulfill
these criteria.
The use of two bread samples of each kind during the sensory profiling was chosen because
the descriptor hardness (assessed by finger pressure, see Table 5) required a whole, unsliced
sample. Flavor and the two other texture attributes were supposed to be assessed from a bite
in the centre of the sample, requiring a sliced one.
Drop-outs from a sensory panel are problematic. Sensory panelists are very hard to replace,
considering the training needed for assessment. Keeping panelists’ motivation up is crucial to
minimize the risk [24]. Payment is highly motivating, but too much of it may also lead to low
motivation level – a panel of people who want money, rather than people interested [24].
Motivation is improved if panelists feel appreciated and useful [24]. During training in the
present study, a sensory competition with a symbolic price was arranged, as well as a panel
dinner. Also, panelists received encouraging gifts and each session was rounded off with
coffee and a snack, everything to keep the motivation and interest up.

Appearance attributes
Descriptive analysis can, and often does, include appearance descriptors, like color [23, 24].
In this study, color was excluded from the descriptive analysis to prioritize odor, texture and
flavor attributes. Instead appearance attributes were described by geometrical measures taken
by the author, color codes decided by the panel in consensus (Table 7), and illustrative photos
(Figures 4-6). This procedure is not conventional, but was found to be the most suitable
solution to keep the number of descriptors in the sensory profiling on a reasonable level.
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Color was evaluated on the inside of the breads only (Table 7). The reason to this was that
there were clear variations in crust color among breads of the same kind (probably due to
different positions in the oven). The NCS color codes chosen are based on a physical version
of the color map, because colors on the homepage [77] differed depending on computer
screen. Color codes were chosen through consensus decision since there were only one
physical color map available.
It should be emphasized that all appearance attribute evaluations (measures, color codes and
photographs) are mainly for illustrative purposes, considering that they are based on five
respectively one bread only.

Consumer test
Ability to draw reliable conclusions of a consumer test requires at least 100 participants [72].
The total sample size of this study, 448, exceeds that by far.
The degree of liking scale used in the acceptance test (Appendix 8) is the most commonly
used scale for the purpose [24]. It is thoroughly validated, but has been criticized because it
makes it easy for consumers not to take stand, by choosing the middle boxes “neither like nor
dislike” [24]. On the other hand this may also be a real reaction. Advantages of the scale used
are that it is simple and easy for consumers to understand, and provides simpler data
processing compared to the main alternative, a linear scale [23]. Linear scaling requires
measuring of each score, by ruler or electronically, complicating the work [23]. But it is less
limiting for the consumers and results in more detailed data (decimals if desired). In
descriptive analysis it is the standard scale [23].
Bread samples in this study were served plain, without butter or anything else to put on. This
was a thoughtful decision, based on not letting anything disturb the taste of the breads.
Otherwise the butter would have been an unknown factor in the analysis. Consumers have
different preferences for butters/margarines, and a low or high score could as well have been
an effect of that rather than the bread itself.
The consumer test conducted was a central location test [23]. Two shopping malls and a
supermarket, as well as university locality and a retirement home, was chosen in order to get a
varied sample of participants. Alternatives would have been a laboratory test or home use test
[23]. The laboratory setting allows more control over samples, possible biases and
distractions. Light can be modified to prevent logical and stimulus errors, and distractions like
noise are minimized [23]. But it would have been practically impossible to include 448
consumers in a laboratory test. Also, a laboratory is a very unnatural place for food
consumption, and the clinical environment may affect the evaluation [23]. In that respect,
home use tests have obvious advantages. The product is then tested as it is normally
consumed, strengthening relevance [23]. The consumer gets a chance to try it out during a
longer period, not entirely having to depend on the first impression [23], an important factor,
considering the significance for the industry of repeated sales [23]. Disadvantages of home
use tests include that they are time consuming and involves uncontrolled factors which leads
to interpretation challenges. Above all, it can of practical reasons include fewer consumers
and a maximum of three samples (larger sample numbers disturb the natural situation sought)
making it an impossible alternative for this particular study [23].
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The internal drop-out should reasonably have affected all breads similarly, given the
randomized serving order. A more crucial factor of discussion, given the unstructured
sampling technique, is the probability that a certain kind of people choose to participate, while
others declined. For instance, it is very likely that people who like bread participated to larger
extent than people who do not like bread. People interested in research and/or health, were
probably also more likely to participate. On top of this, Uppsala is a town with a strong
academic tradition. This is important in the interpretation considering that food habits,
preferences and interest in healthy foods are strongly correlated with socioeconomic
parameters like education level and income [81]. Structured random sample is of practical
reasons not feasible in consumer tests.
The questionnaires provided information enabling all kinds of statistical analysis (like
educational level in relation to bread liking etc.). Also, consumers’ comments about the breads
were collected. In the present study, only parts of the information collected was used, but a
more detailed analysis of the consumer test is performed in the bachelor thesis mentioned
before [82].

Statistical analysis
The statistical analyses used are all parametric, an issue of discussion considering the more or
less non-parametric nature of some of the data [24]. The fact that the degree of liking scale is
a category scale is not seen upon as a problem in sensory science. It is standard procedure to
assign the categories values from one to nine and use them as parametric values, enabling
parametric statistical testing [24]. The procedure is defended by the often large sample sizes
of consumer tests [24]. Choices of statistical analysis were based on established standards,
recommended in acknowledged methodology books on sensory science [23, 24].
Type I error means to find differences that actually do not exist. In significance-testing, the
chosen significance level is the accepted risk of committing that kind of error [24]. Usually,
like in this study, a significance level of 5 % is used, meaning that significant differences or
correlations have a 5 % risk of being false [24]. Lowering the significance level lowers the
risk of Type I error, but instead increases the risk of the contrary Type II error - failing to find
differences or correlations that actually do exist. Hence, obtaining a p-value <0,05 is not a
guarantee for a true difference, but a difference “true enough” according to the risk of error
accepted [83].

Ethical considerations
The four general principles of ethics presented in the Method part [67] have been fulfilled.
Participants received oral and written information about research objective, expectations on
them as participants etc. The members of the sensory panel gave written and oral consent to
participation, and were well-aware of that participation was voluntary and could be canceled
without further explanation. No sensitive information about the participants was collected.
Names and contact information of panelists were stored electronically, requiring password for
access. Since the consumer test was performed in cooperation with two other students, the
data will be used in two papers. They are both part of the same pilot study. The expected
usefulness of the study for public health and bread industry has been explained previously.
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There were no obvious risks involved. All ingredients in the breads are known to be harmless,
and all breads were stored frozen to eliminate the risk of mold or microbial growth. Hygiene
has been highly valued in sample preparation. Sensory studies in general, do not pose any
risks higher than the risks of daily life [24].

Validity and reliability
Validity and reliability are evaluated by the four factors presented in the background [23]. To
enhance choosing the right method (thereby providing good conditions for validity), there
should be a clear definition of the problem and aim [23]. The aim is considered clear, and the
methods chosen suit it well.
To strengthen reliability, one should use the chosen methods in the correct way and work
accurately and precise [23]. Guidelines and recommendations have been followed to
minimize the risk of bias in everything from test design to details like storing, defrosting,
packing and marking of samples, all of it conducted in a structured way, using different
shelves, cutting boards, boxes etc., all marked with sample number. Detailed and
unambiguous instructions and definitions for the descriptive analyses, as well as instructions
for the consumer test, were given both orally and in written form, to reduce the risk of
misunderstandings.
To achieve high reproducibility, selection and training of panelists should follow certain
criteria [23]. The members of the sensory panel were screened for sensory skills and chosen
on basis of test results and motivation, as recommended [70]. They were also trained and
calibrated in accordance to methodology [24], but the time used for training was too short
according to most sources, which probably lead to lower reproducibility. Repeated measures
(two replicates) were applied, as recommended (23, 24, 71).
The results should be processed with the correct statistic tools and all interpretation and
conclusions should be justified by the results [23]. Choice of statistical methods has been
discussed earlier. Assumptions for these have been checked and followed, number of
participants in the consumer test is more than enough to draw statistical conclusions, and
conclusions are statistically warranted. A few times, tendencies or presumptions are presented.
If so, lack of statistical significance is always clarified.
Altogether, validity and reliability have been considered through the whole process,
strengthening the quality of the study.
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7. Conclusion
The three bread groups (Rågkusar, Aktiv råg and Rund & god) displayed diverse sensory
profiles, even though Aktiv råg and Rågkusar were more similar to each other than to
Rågkusar. Most sensory properties were unaffected by addition of whole rye kernels in the
amounts investigated. Neither did the rye kernels affect consumer acceptance, but Rågkusar
was less accepted than Aktiv råg and Rund & god. Bread intake was on average three
slices/pieces per day, and health was an important factor to a majority of the consumers when
choosing bread. Accordingly, addition of whole rye kernels in the investigated amounts, the
nutritional value of rye bread (in terms of whole grain, rye and whole rye kernels) can be
improved without affecting most sensory properties or undermining consumer acceptance.
Considering that bread is a highly consumed food, and that health factors are important to
most consumers when choosing bread, this is valuable information not only for future public
health work of preventing the metabolic syndrome and its components, but also for bread
industry.

Future research…
Regarding the positive results of the present study, further research on addition of rye kernels
in higher proportions seems like a natural proceeding. For instance, can rye kernels help to
fulfill the whole grain criteria of the Keyhole, still without harming consumer acceptance?
Also, consumer acceptance studies on reduced sugar in Rund & god would be interesting
content (from 9,5 to <5 g/100 g, in accordance to the Keyhole, see Appendix 1). Data from
consumer tests and descriptive analysis (like sensory profiling) can be statistically combined,
using a method called PCA [24]. The purpose of such an analysis is to get information about
which sensory attributes, and in what intensity, that is associated with high consumer
acceptance [24], very useful information in food product development.
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Appendix 1
Ingredient and nutritional content of the original breads

Rågkusar
Ingredients
(descending
order)

Rye content
Whole grain
content
Energy/100 g

Aktiv råg

Rund & god

Whole grain rye flour,
water, sourdough of
whole grain rye flour,
whole grain wheat
flour, rye fiber (Fazer
Rye Fibre ®), salt,
yeast
83 % of the grain part

Flour (wheat flour, whole grain Water, whole grain
rye flour), water, rye fiber
rye flour, wheat
(Fazer Rye Fibre ®), sourdough flour, syrup, yeast,
of whole grain rye flour, wheat canola oil, potato
gluten, syrup, yeast, canola oil, flakes, salt, rye
oat fiber, salt, malt, thickeners fiber, wheat gluten
(guar gum)
26 % of the grain part
53 % of the grain
part
100 % on a dry matter
9 % on a dry matter basis
46 % on a dry
basis
matter basis
1100 kJ/260 kcal
900 kJ/220 kcal
980 kJ/230 kcal

Criteria of the
Keyhole
-

≥ 25 % on a dry
matter basis
-

Protein/100 g

7g

9g

7,3 g

-

Carbohydrates/
100 g
- of which
simple sugars
Fat/100 g

53 g

37 g

42,5 g

-

2g

3,5 g

9,5 g

≤5g

2,4 g

4g

3g

≤7g

0,5 g

0,4 g

0,3 g

-

11,5 g

8g

8g

≥5g

0,3 g (0,7 g salt)

0,4 g (1 g salt)

0,4 g (1 g salt)

≤ 0,5 g

- of which
saturated
Dietary
fiber/100 g
Sodium/100 g
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Appendix 2
Invitation poster to sensory screening
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Appendix 3
Basic information form for sensory screening
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Namn
E-postadress
Telefonnummer

Huvudsaklig sysselsättning
Arbetande
Student
Doktorand
Träffarna kommer att ske på BMC under våren samt i september. Vi ses ungefär två timmar
per gång, utspritt under flera veckor. För att få ersättningen behöver du vara med under
båda perioderna.Har du möjlighet att komma till BMC för träffar både under våren och i
september?
Ja
Nej

Eventuella kommentarer

Vi kommer att vara flexibla och försöka hitta tider som passar så många som möjligt varje
gång!
Är det några av tiderna nedan som du redan nu vet skulle passa dig bättre?
Förmiddag Eftermiddag

Kväll

Måndag
Tisdag
Onsdag
Torsdag
Fredag

Eventuella kommentarer

Appendix 3
Basic information form for sensory screening

Med tanke på att smak- och luktsinnet är det "verktyg" som används vid bedömningarna så
är det viktigt att du:
51

- inte röker eller snusar regelbundet
- inte har tugg- eller sväljsvårigheter
- inte äter medicin som påverkar ditt smak- och luktsinne
Jag tycker att mitt smaksinne är:
Exceptionellt bra

Mycket bra

bra

Ganska bra

Inte särskilt bra

Håller du under regelbundna perioder diet?
Nej

Ja, ange när

Vilken typ av mat äter du?
Jag undviker att äta bröd eller kolhydrater
Jag är en allätare, blandkost
Jag äter vegetarisk
Jag äter lakto-ovo vegetariskt
Jag äter veganskt
Annat

Har du några allergier?

Har du några mataversioner, alltså mat som du inte alls kan tänka dig att äta på grund av
att du inte tycker om smaken?
Nej
Ja, ange vad:

Till sist, skriv gärna en mening om varför du vill vara med i panelen

Appendix 4
Basic taste test reply form, sensory screening
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Namn_______________________________

Smaksinne (del 1)– läs instruktionerna noga
Gör såhär:
1

Skölj munnen med vatten innan du smakar på det första provet.

2

Smaka på referensproverna ett i taget från vänster till höger. Svälj inte, utan spotta ut.
Skölj munnen med vatten efter varje prov. Ta tid på dig, du får inte gå tillbaka och
smaka igen.

3

Ange nedan vilken smak du känner för vartdera provet.

4

Smaka sedan på proven märkta med 3-siffriga nummer ett i taget. Börja till vänster i
översta raden, spotta ut provet och skölj munnen efter varje prov. Matcha dem till
referensproven genom att ange numret nedan (referenserna har olika många
matchande prover).

Referens

Vilken
smak är
det?

Ange vilka 3-siffrigt kodade
prover som matchar med
respektive referens

R 689
R 523
R 923
R 587
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Appendix 4
Basic taste test reply form, sensory screening

Namn_______________________________

Smaksinne (del 2) – läs instruktionerna noga
Gör såhär:
1

Skölj munnen med vatten innan du smakar på det första provet.

2

Smaka på referensproverna ett i taget från vänster till höger. Svälj inte, utan spotta ut.
Skölj munnen med vatten efter varje prov. Ta tid på dig, men du får inte gå tillbaka
och smaka igen.

3

Ange nedan vilken smak du känner för vartdera provet.

4

Smaka sedan på proven märkta med 3-siffriga nummer ett i taget. Börja till vänster i
översta raden, spotta ut provet och skölj munnen efter varje prov. Matcha dem till
referensproven genom att ange numret nedan (referenserna har olika många
matchande prover).

Referens

Vilken
smak är
det?

Ange vilka 3-siffrigt kodade
prover som matchar med
respektive referens

R 534
R 409
R 427
R 200
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Appendix 5
Odor test reply form, sensory screening

Namn_______________________________
Luktsinne – Läs instruktionerna noga
Gör såhär:
1

Försök hålla muggen rakt utan att vicka på den.

2

Håll muggen under näsan och dra in lukten i näsan, med små korta sniffningar, vad
känner du?

3

Skriv vad du luktar på samma rad som koden som är angiven på muggen.

4

Full poäng för rätt svar. Kommer du inte på namnet, beskriv istället vad du känner
eller tänker på.

Kod

Ange vad det luktar

228
561
689
049
649
285
441
640
128
988
501
449
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Appendix 6
Descriptive ability test, sensory screening

Namn_______________________________
Beskrivande analys–Läs instruktionerna noga
Gör såhär:
Börja med att endast titta provet. Beskriv hur det ser ut med enkla och konkreta
ord undvik värderingar såsom gott, hembakat etc.
1

2

Lukta sen på provet. Beskriv dess lukt.

3

Ta en tugga av provet, tugga på det och beskriv sedan dess konsistens.

4

Smaka på provet igen. Vad smakar du? Beskriv!

Beskrivande ord
Utseende

Lukt

Konsistens

Smak
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Appendix 7
Sensory training schedule

Schema sensorisk träning
Alla pass kommer att vara i sal B1:429a på BMC, samma sal där uttagningen var.
Välkomna!

Ons 20/3 kl 15.15-18 (OBS 3 h): Introduktion och Träning 1
Information om sensorisk analys och rågbröd. Genomgång av schema och samtycke
till deltagande. Presentation av bröden och föreslagna attributord. Brainstorming av
attributord.

Ons 10/4 kl 16.15-18: Träning 2
Genomgång av attributorden med referenser. Diskussion av definitioner för orden,
samt “lite” och “mycket” på respektive skala.
Tor 11/4 kl 17.15-19 Träning 3
Fastställande av attributorden, referenser och definitioner. Träning med skala.

Mån 15/4 kl 17.15-19: Träning 4
Träning med skala. Testbedömning.

Tis 16/4 kl 17.15-19: Träning 5
Träning med skala. Testbedömning.

Ons 17/4 kl 16.15-18 Träning 6
Träning med skala. Testbedömning.

Tis 23/4 kl 17.15-19: Träning 7
Träning med skala. Testbedömning.

Ons 24/4 kl 17.15-19: Bedömning!
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Appendix 8
Consumer test questionnaire

Nr:

Provsmakning av bröd
1. Varje brödprov än märkt med en tresiffrig kod. Var uppmärksam på att
provets kodnummer överensstämmer med skalans kodnummer och
provsmaka i den ordning som står angiven på enkäten.

2. Smaka på brödet. Ta en tugga av både över och underdel tillsammans.

3. Vad tyckte du? Ange graden av gillande på skalan.

4. Om du tyckte att något var särskilt positivt eller negativt med provet så
kan du kort beskriva det under skalan.

OBS!
BRÖDEN KAN INNEHÅLLA HELA KÄRNOR, TUGGA FÖRSIKTIGT
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Appendix 8
Consumer test questionnaire

LÅDA 1
PROVBRÖD ________

Tycker mycket
illa om

Varken gillar
eller ogillar

Tycker mycket
bra om

Positivt______________________________________________________________
Negativt_____________________________________________________________

PROVBRÖD________

Tycker mycket
illa om

Varken gillar
eller ogillar

Tycker mycket
bra om

Positivt______________________________________________________________
Negativt_____________________________________________________________

PROVBRÖD________

Tycker mycket
illa om

Varken gillar
eller ogillar

Tycker mycket
bra om

Positivt______________________________________________________________
Negativt_____________________________________________________________

PROVBRÖD ________

Tycker mycket
illa om

Varken gillar
eller ogillar

Tycker mycket
bra om

Positivt______________________________________________________________
Negativt_____________________________________________________________

Nu har du smakat på de första proverna! Hämta ut låda 2 med nya prover och bedöm dem på samma
sätt som du gjort här ovan.

59

Appendix 8
Consumer test questionnaire

LÅDA 2
PROVBRÖD ________

Tycker mycket
illa om

Varken gillar
eller ogillar

Tycker mycket
bra om

Positivt______________________________________________________________
Negativt_____________________________________________________________

PROVBRÖD ________

Tycker mycket
illa om

Varken gillar
eller ogillar

Tycker mycket
bra om

Positivt______________________________________________________________
Negativt_____________________________________________________________

PROVBRÖD ________

Tycker mycket
illa om

Varken gillar
eller ogillar

Tycker mycket
bra om

Positivt______________________________________________________________
Negativt_____________________________________________________________

PROVBRÖD ________

Tycker mycket
illa om

Varken gillar
eller ogillar

Tycker mycket
bra om

Positivt______________________________________________________________
Negativt_____________________________________________________________
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PROVBRÖD ________

Tycker mycket
illa om

Varken gillar
eller ogillar

Tycker mycket
bra om

Positivt______________________________________________________________
Negativt_____________________________________________________________

Om dig som svarat:
Kön:____________
Ålder:
□18-30år

□31-44år

□45-60år

□61-80år

Vilken är din högst fullföljda utbildning?
□Grundskola (max 9 år) □Gymnasieutbildning eller motsvarande□Eftergymnasial utbildning mindre
än 3år □Eftergymnasial utbildning 3 år eller mer

Hur många skivor/bitar (gäller både hårt och mjukt bröd) äter du i snitt per dag?
_________________skivor/bitar

Svar på följande påstående genom att bocka i ett passande alternativ:
”Det är viktigt för mig att brödet jag oftast äter är hälsosamt”
□instämmer inte alls□instämmer delvis□instämmer fullständigt

STORT TACK FÖR DIN MEDVERKAN!
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Participant information and written consent
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