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The purpose of this study was to develop and evaluate finger food components as part of a complete meal for
older adults with major motoric eating difficulties. Overall, the evaluation of sensory characteristics as well as
texture analysis forms a valuable basis for further development of a meal that can be eaten without cutlery,
comprising flatbread, beef rolls and brown sauce. The nutritionally enriched flatbreads were generally perceived
as neutral in odour and flavour, while higher concentrations of protein and fat influenced the texture negatively.
Although bread was not commonly eaten with a meal, the consumer evaluation stressed the importance of
texture of flatbreads intended for wrapping. Differences between meat cuts were not pronounced; however, beef
rolls made from inner thigh were perceived as more tender and crumblier than beef rolls made from outer thigh.
Moreover, the odour and flavour intensity were thought to be higher in beef rolls braised in rolls due to the
caramelised surface. However, tenderness was considered the most important parameter for beef rolls whereas
crumbliness and dryness in tender meat can be compensated for by serving the meat with sauce. In fact, sauce
was found to play an important role in a well-accepted meal. The addition of sweet, sour, or bitter tastes to brown
sauces, to investigate the effect of basic tastes, reduced the perceived intensity of the original flavour profile of
the brown sauces. Finally, combinations of the developed meal components could be investigated further to
create attractive finger food meals for those unable to eat with knife and fork.

1. Introduction
Older adults with motoric eating difficulties suffer from impairments
like tremors, rigidity, pain and weakness in hands and fingers that may
influence their autonomy during food intake and thereby have a nega
tive impact on nutritional status (Jacobsson et al., 2000; Westergren
et al., 2001, 2016). Finger foods, specifically prepared for eating with
the fingers, and easy to grip and transport from plate to mouth, may be
beneficial for this group (Forsberg et al., 2022a). Several studies have
shown that finger foods have a positive influence on food intake pri
marily among persons with dementia (Soltesz and Dayton, 1995; Clus
key and Kim, 2001; Pouyet et al., 2014; Murphy et al., 2017). However,
the practice implications of the finger food concept, in terms of recipes
and products, is sparsely represented in the literature.
This study aims to develop a complete finger food meal that can be

served for lunch and dinner. For the meal to be successfully accepted in
the target group, several aspects, including composition, functionality,
sensory and nutritional factors, should be considered. Concerning
composition and functionality, the foods should be tailored with regard
to, manoeuvrability, texture and serving temperature. Forsberg et al.
(2022a) found that low viscosity sauces, multiple layers and toppings
should be avoided. Food items that require one to three bites were
considered optimal for manoeuvrability and to prevent messy eating.
Bread to wrap and scoop up food with was seen as a strategy to increase
the acceptability of finger foods (Forsberg et al., 2022a). Finger foods
should further be served at temperatures allowing them to be handled
without burning the fingers.
The study by Forsberg et al. (2022b) showed that food flavour and
texture were important parameters to consider in the development of
finger foods. This included enhancing the food flavour by combining
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diverse flavours, high flavour intensity and a balanced blend of the basic
tastes for lunch and dinner. Fine, soft, and smooth textures that require
moderate chewing and is safe to swallow were primarily advocated by
persons with major eating difficulties (Forsberg et al., 2022b).
Lastly, finger foods must meet nutritional requirements. Since pre
vious studies have shown that major motoric eating difficulties were
common among persons with progressed Parkinson’s disease (Forsberg
et al., 2022a), consideration of protein and energy intakes, and pre
vention of constipation should be integral to the development of finger
foods (Gątarek and Kałużna-Czaplińska, 2021). Protein-enriched foods
have been stressed due to their role in contributing to quality of life and
independent living in older populations (van der Zanden et al., 2014).
Enriching the diet with dietary fibre can reduce constipation, improve
wellbeing and reduce laxative use (Sturzel and Elmadfa, 2008). Based on
this, incorporating protein and fibres were considered important targets
in the development of a complete finger food meal. Further, such a
complete meal should comprise traditional flavours and components,
meat, potatoes, vegetables and gravy. Through creative design scientific
and practical knowledge can be combined in order to obtain a deeper
understanding of the needs and preferences in regard to the sensory
characteristics of an appropriate finger food meal.
The overall aim of this study was to develop and evaluate finger food
components as part of a complete meal for older adults with motoric
eating difficulties. The specific objectives were to evaluate the sensory
quality and the end-user acceptability of the three selected finger food
components; flatbreads, beef rolls and brown sauces.

Table 1
Flatbread base recipe.
Ingredients:

Manufacturer:

Amount (g):

Wheat flour
Graham flour
Sugar
Salt
Ammonium carbonate
Fresh yeast
Milk (3%)
Butter and rapeseed oil
Total weight

Kungsörnen, Sweden
Kungsörnen, Sweden
Dansukker, Denmark
Falksalt, Sverige
Santa Maria, Sweden
Kronjäst, Sweden
Skånemejerier, Sweden
Arla, Sweden

132.3
29.5
7.75
1.80
0.6
1.05
108
11.25
292.25

5.2% fat and 43% carbohydrate.
After mixing, the dough was left to rest for 1 h before it was rolled out
as thinly as possible (3–4 mm) and baked in a non-stick pan until both
sides were browned (induction heat 5–6). After the flatbreads were
baked, they were brushed on both sides with water and wrapped in a
towel.
The flatbread base recipe was used in the development of 20 samples
of protein and fat enriched flatbreads (see Table 2, Fig. 1). The aim was
to enrich the flatbreads with 10% and 15% protein and 11.25 g and
33.75 g fat. Various amounts of protein powder were added to the
flatbread base recipe (Table 2). The protein used was soy protein isolate
(SPI) containing 84.1% protein (Star Nutrition, Sweden) and whey
protein concentrate (WPC) containing 71.9% protein (SmartSupps,
United Kingdom). Whey and soy proteins are commonly used in many
ingredient applications for their functional and nutritional benefits
(Madenci and Bilgiçli, 2014; Russell et al., 2006). Both types of protein

2. Material and methods
2.1. Research design

Table 2
Design parameters, the total protein and fat content of the fortified flatbreads.

This study is inspired by creative design (Naes and Nyvold, 2004),
comprising three stages of development: 1) Experimental cooking, 2)
Sensory evaluation and 3) End-user acceptability. The technique combines
well-established experimental design with creativity and food knowl
edge; the experimental design ensures that the concept is properly
spanned, focusing the design on the attributes rather than ingredients
and process conditions (Naes and Nyvold, 2004).

Flatbreads

Total protein powder added
(g)

Low Protein (10%) Low Fat
100% SPI
29.22
75% SPI 25%
29.22
WPC
50% SPI 50%
29.22
WPC
25% SPI 75%
29.22
WPC
100% WPC
29.22
High Protein (15%) High Fat
100% SPI
47.21
75% SPI 25%
47.21
WPC
50% SPI 50%
47.21
WPC
25% SPI 75%
47.21
WPC
100% WPC
47.21
Low Protein (10%) High Fat
100% SPI
31.47
75% SPI 25%
31.47
WPC
50% SPI 50%
31.47
WPC
25% SPI 75%
31.47
WPC
100% WPC
31.47
High protein (15%) Low Fat
100% SPI
43.84
75% SPI 25%
43.84
WPC
50% SPI 50%
43.84
WPC
25% SPI 75%
43.84
WPC
100% WPC
43.84

2.2. Experimental cooking
The development was focused on a complete hot meal that can be
served for lunch or dinner. According to preferences of Swedish con
sumers, a complete hot meal comprises a main component e.g., meat,
fish and vegetables, staples e.g., potatoes, rice, pasta, bread and trim
mings like gravy and condiments (Forsberg et al., 2022b; Mäkelä et al.,
2001). A previous study by Forsberg et al. (2022a) showed that this type
of dishes was especially challenging to transform into well accepted
finger foods. Based on this, three components with promising functional
and nutritional properties were selected: flatbreads, beef rolls and
brown sauce.
Bread was considered appropriate to add to any dish to increase
acceptance of eating with the fingers (Forsberg et al., 2022a). In addi
tion, flatbreads can be fortified with proteins and fat and used to wrap
and scoop up food with. Beef rolls comply with cultural preferences and
can be stuffed with energy rich and flavourful ingredients such as cheese
and vegetables. Red meat is potent in terms of stimulating muscle pro
tein synthesis among older adults (Gorissen and Witard, 2018). Brown
sauces can be fortified with prebiotics and energy, and the flavour
profile is easily enhanced. Thus, the experimental cooking trials were
then planned and conducted for each component respectively.
2.2.1. Flatbreads
Several flatbread recipes were baked and tested, and the recipe
resulting in desired characteristics was chosen as the base recipe for the
experimental design (Table 1). This base recipe contained 6.3% protein,

SPI = soy protein isolate.
WPC= Whey protein concentrate.
2

WPC (g)

SPI (g)

Fat (g)

0
7.31

29.22
21.91

11.25
11.25

14.61

14.61

11.25

21.91

7.31

11.25

29.22

0

11.25

0
11.80

47.21
35.41

33.75
33.75

23.60

21.92

33.75

23.60

11.80

33.75

47.21

0

33.75

0
7.87

31.47
23.60

33.75
33.75

15.73

15.73

33.75

23.60

7.87

33.75

31.47

0

33.75

0
10.96

43.84
32.88

11.25
11.25

21.92

21.92

11.25

32.88

10.96

11.25

473.84

0

11.25
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Fig. 1. Flatbreads baked according to the design. Upper row from left to right: shows the low protein flatbreads (10%) comprising soy 100%, soy 75%/whey 25%, soy
50%/whey 50%, soy 25%/whey 75%, whey 100%. Lower row from left to right: shows the high protein flatbreads (15%) comprising soy 100%, soy 75%/whey 25%,
soy 50%/whey 50%, soy 25%/whey 75%, whey 100%.

contain high amounts of essential amino acids that complement those
present in cereals and are therefore of interest for adding nutritional
value to bread. In order to increase the overall energy content, the
flatbread base recipe contained 11.25 g of fat, corresponding to the low
fat samples. To obtain high fat samples comprising 33.75 g of fat, 22.5 g
of fat was added to the flatbread base recipe.
The fat was a mixture (80%) of butter (8%) and rapeseed oil (67%)
(Arla, Sweden).
After baking, the flatbreads were stored in a freezer at − 20 ◦ C and
thawed at room temperature for 5 h prior to sensory evaluation.

were, inner and outer thigh (m. semimembranosus and m. biceps femoris)
of beef (breeder in Southern Sweden). When deciding which meat cuts
to work with, inner and outer thigh were chosen as both are commonly
used for beef rolls, are affordable and have good qualities for braising.
Further this type of meat cut representing a more pronounced flavour
and somewhat coarser texture are well accepted and suitable for beef
rolls.
The beef rolls in the first design were made of 500-g and braised in
whole pieces (BWP) (Table 3, Fig. 2) (inner and outer thigh from the
same animal) that were browned in rapeseed oil (Martin&Servera,
Sweden) and then braised in beef broth (Bong, Sweden) in a convection
oven at 100 ◦ C for 2 and 3 h respectively. The meat was then chilled
before being sliced, rolled up and pinned with a toothpick. The beef in
the second design was partially thawed and sliced raw, rolled up and
pinned with a toothpick to be braised in rolls (BIR) (Table 3, Fig. 2). The
rolls were browned in rapeseed oil and braised in beef broth at 100 ◦ C in
a convection oven until reaching an inner core temperature of 70 ◦ C and
90 ◦ C respectively.
All beef roll samples were prepared the day before the sensory
evaluation and stored in the fridge overnight. The samples were heated
to 60 ◦ C, 15 min before the sensory evaluation.

2.2.2. Beef rolls
Several cooking trials were conducted to assess the effects on beef
rolls of meat cut, cooking techniques, cooking and core temperatures.
Based on the trials, two experimental designs were developed, with a
total of 16 beef roll samples (8 + 8) (Table 3). The meat cuts selected
Table 3
The design parameters for the beef rolls.
Design 1

Design
2

Meat cut

Cooking time (h])

Slice thickness
(mm)

m. biceps femoris
m. biceps femoris
m. biceps femoris
m. biceps femoris
m.
semimembranosus
m.
semimembranosus
m.
semimembranosus
m.
semimembranosus

2
2
3
3
2

2
5
2
5
2

2

5

3

2

3

5

Meat cut

Inner core temperature
(◦ C)

Slice thickness
(mm)

m. biceps femoris
m. biceps femoris
m. biceps femoris
m. biceps femoris
m.
semimembranosus
m.
semimembranosus
m.
semimembranosus
m.
semimembranosus

70
70
90
90
70

2
5
2
5
2

70

5

90

2

90

5

2.2.3. Brown sauces
A mayonnaise base with crème fraiche and enriched with betaglucans and inulin was used in the development of brown sauces
(Table 4). Beta glucans and oligosaccharides such as galactose, fructose,
lactulose and inulin are fermentable compounds that act as substrate for
the intrinsic probiotic microflora and encourage their growth in the
intestine (prebiotics) (Hamilton-Miller, 2004) affecting intestinal peri
stalsis favourably. The inulin was mixed with heated water to 50 ◦ C and
the beta-glucans were mixed with water heated to 90 ◦ C before being
added to the mayonnaise base. Thereafter, a brown sauce was developed
by adding beef and red wine broth, and caramel colouring to the
mayonnaise base (Table 4, Fig. 3). Using this brown sauce, 10 flavoured
samples were made by adding ingredients to obtain the basic tastes:
sweet, umami, salty, sour and bitter, in high and low concentrations
(Table 4). The sauce samples were prepared the day before and stored in
the fridge until 15 min before the sensory evaluation.
2.3. Sensory evaluation
Sensory profiles of the finger food components were established
using consensus profiling (ISO, 2016) by using intensity scale from 0 to
100 cm, where the extreme samples were used as anchor points. An
3
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Fig. 2. Beef rolls baked according to the design, 1) braised in a whole piece and sliced and rolled afterwards (left) and 2) sliced and rolled raw and braised in
rolls (right).
Table 4
The recipe and ingredients of the mayonnaise sauce base, the brown sauce and
the sauces flavoured with the basic tastes in high and low concentrations (the
design parameters used for the brown sauces).
Ingredients

One batch mayonnaise sauce base
Manufacturer

Amount (g)

Beta-glucans

Källbergs, Sweden
–
Grey Poupon, France
Zeta, Sweden
Martin&Severa, Sweden
Falk, Sweden
Cosucra Groupe Warcoing s.a,
Belgium
Lyckeby, Sweden

Crème fraiche

Skånemejerier, Sweden

45
50
45
22.5
500
1.5
30 g mixed with 30 g
water 50 ◦ C
6 g mixed with 24 g of
water 90 ◦ C
250 g

Brown sauces:
Ingredients

One batch of brown sauce

Mayonnaise sauce
base
Beef and red wine
broth
Caramel colour

–

One batch

Bong, Sweden

60

Druvan, Sweden

5

Flavoured brown
sauces:
Basic tastes:

Recipes for 100 g sauce
Ingredients and
manufacturer

Amount (g)

Sweet high

Apple juice concentrate (ICA,
Sweden)
Acacia honey (ICA, Sweden)
Apple juice concentrate (ICA,
Sweden)
Mushroom broth (Bong,
Sweden)
Mushroom broth (Bong
Sweden)
Salted capers fluid (Paradiso,
Spain)
Salted capers fluid (Paradiso,
Spain)
Fresh lime juice (ICA, Sweden)
Fresh lime juice (ICA, Sweden)
Rosemary extract (Kalsec,
USA)
Rosemary extract (Kalsec,
USA)

15
5

Whole egg powder
Water
Dijon mustard
Vinegar
Rapeseed oil
Salt
Inulin

Sweet low
Umami high
Umami low
Salty high
Salty low
Sour high
Sour low
Bitter high
Bitter low

Amount (g)

Fig. 3. The original brown sauce used in the study. (For interpretation of the
references to colour in this figure legend, the reader is referred to the Web
version of this article.)

analytical sensory panel of 5–6 assessors with a minimum experience of
two years was selected and trained according to the ISO standard
8586–2:2008 (ISO, 2012). The assessors participated voluntarily and
written informed consent was obtained.
The evaluation was conducted over 2–3 days, depending on the
product, and each session lasted 3 h. The first day included generation of
attributes (appearance, odour, flavour and texture) to describe the
products. The generation of attributes and training were conducted
using samples that represented extremes for flatbreads and beef rolls,
while the focus for the sauces was on attributes related to flavour and
texture and started with assessing the original sauce. The panellists
discussed the attributes and selected which should be included in the
evaluation, defined them, and trained in how to use the intensity scale.
The second and third days of the evaluation involved assessing
approximately 10 samples a day. Water and neutral wafers were used to
cleanse the palate and neutralise the senses.

15
10
7
20
10
17
7.5
2

2.3.1. Flatbreads
Thirteen descriptors were selected for the sensory evaluation of
flatbreads (Table 5).

1

2.3.2. Beef rolls
Ten descriptors were selected for the sensory evaluation of beef rolls
4
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Wycombe, UK). The flatbread samples were placed on the bottom plate
with the treated side up. The plate had a 15.8 mm hole, and a 7.9 mm
cylindrical probe penetrated the samples and the hole at 10 mm/min.
For every flatbread sample, 8 to 10 replicates were analysed.

Table 5
Attributes and definitions selected for the sensory evaluation of flatbreads.
Sensory
modalities

Attributes

Definitions

Appearance

Brown areas

Appearance
Appearance
Odour
Odour
Odour
Flavour
Taste
Flavour
Texture
Texture
Texture
Texture

Sticky
Compact
Wheat flour
Pancake
Roasted
Pancake
Sweetness
Wheat flour
Springy
Dry
Compact
Gritty

Effect of Maillard reaction on the bread
surface
Unbaked or damp core
Airy or compact cut surface
Cooked or wet wheat flour
Cold pancake
Effect of Maillard reaction on aroma
Cold pancake
Basic taste sweet
Cooked or wet wheat flour
Flexibility
Stale bread
Mouthfeel: density while chewing
Mouthfeel: grittiness

2.4.2. Beef rolls
To analyse meat texture, Shear force measurements were conducted
using 1 mm Shear Blades for a cutting-shear test and a texture analyser
equipped with a 5000-g load cell (Brookfield AMETEK CTX, Middleboro,
MA, USA). The test speed was set at 3.5 mm/s, the compressive defor
mation at 15.5 mm, and 173.47 N was used as the trigger force for the
measurements. All the beef roll samples were cut into a standardized
diameter of 1 cm (the core of the beef rolls), and the samples were
analysed in 10 replicates.
2.4.3. Brown sauces
The viscosity was measured using a DV2T viscometer (Brookfield
AMETEK, Middleboro, MA, USA); 16 ml of the sauces were put into a
container and analysed using a SC4-25/13R spindle for 30 s at 50 rpm.
The measurements were made in triplicate and the % torque value was
over 10 for all the samples.

Table 6
Attributes and definitions selected for the sensory evaluation of beef rolls.
Sensory
modalities

Attributes

Definitions

Odour
Odour
Appearance
Appearance

Odour of cooked beef
Odour of fried beef
Visibility of muscle structure
Amounts of visible collagen and fat

Flavour
Taste
Taste

Cooked beef
Fried beef
Fibre
Collagen and
fat
Metallic
Sourness
Umami

Texture
Texture
Texture

Juicy
Tenderness
Crumbly

2.5. End-user acceptability
Focus group interviews were managed online in order to evaluate the
finger food components from the end-user’s viewpoint and to build an
understanding of demands for further refinement. The focus group in
terviews were conducted in two smaller groups with three participants
in each group, since it is known that large group sizes may be difficult to
manage in an online environment and the interaction and depth of the
discussion can be negatively influenced (Kite and Phongsavan, 2017).
Smaller groups may also create a more intimate atmosphere when dis
cussing sensitive subjects with hard-to-reach participants (Kite and
Phongsavan, 2017). The recruitment was conducted by the Scanian
Parkinson coalition. An information letter was sent out describing the
study and the terms for participation and written consent and contact
details were obtained according to an advisory statement from the
Swedish Ethical Review Authority (Dnr: 2019–01691). Six persons were
able to participate, five of the participants were spouses of older adults
with Parkinson’s disease, while one was diagnosed with Parkinson’s
disease. The participants were all female, between 64 and 80 years old,
and all held leading positions in two Parkinson coalitions. A PowerPoint
presentation with pictures of the developed finger food components and
questions were presented and the participants discussed the applica
bility, benefits and weaknesses of the components and their sensory
properties in relation to the needs of persons with motoric eating diffi
culties. The focus groups were transcribed simultaneously and lasted
approximately 1.5 h.

Iron flavour
Basic taste sour
Basic taste monosodium glutamate (MSG)/
umami
The amount of juices retained in the meat
Softness and easiness chewing
Mouthfeel: small fragments released during
chewing

(Table 6).
2.3.3. Brown sauces
Nine descriptors were selected for the sensory evaluation of brown
sauces (Table 7).
2.4. Texture analysis
2.4.1. Flatbreads
To assess the elasticity of the flatbreads, they were analysed in 3
different ways: 1) untreated, 2) treated in oil and 3) treated in water. The
samples that were treated were put upside-down in 5 mm of water or
rapeseed oil for 15 min before the texture analysis. The flatbread texture
was analysed with a puncture test using an Instron universal testing
machine model 5542 with a 500 N load cell (Instron Ltd., High

2.6. Data analysis

Table 7
Attributes and definitions selected for the sensory evaluation of the brown
sauces.
Sensory
modalities

Attributes

Definitions

Taste
Taste
Taste
Taste
Taste
Flavour

Salty
Sweet
Umami
Bitter
Sour
Soy sauce

Flavour

Beef
bouillon
Fatty
Melting

Basic taste salty
Basic taste sweet
Basic taste umami
Basic taste bitter
Basic taste sour
Soy sauce overall, not specifically Chinese, or
Japanese
Bouillon, no specific brand

Texture
Texture

Data from the consensus profiling was compiled in spider plots. The
texture data were analysed by calculating mean values and standard
deviations. One-way analysis of variance (ANOVA) was then conducted
to compare variability between the samples. A post hoc test, Tukey’s
HSD test was used with a significance level of 5%.
A classical transcript analysis with a sorting/clustering approach
described by Lawless and Heymann (2010) was chosen for this study. It
is a straightforward method abridged from the method described by
Krueger and Casey (2009). The transcript notes and summaries were
read several times before the main particulars concerning preferences in
relation to the needs of persons with motoric eating difficulties were
extracted from notes. Thereafter, descriptions of the key findings were
created.

Fatty or oily mouthfeel
Mouthfeel, how easily the sauce dissolves

5
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3. Results

except together with soups or salads. However, for those struggling to
eat with cutlery, bread was considered a good tool for finger eating.
Flexibility is important as the bread has to be easy to wrap, fold or roll.
The flatbreads should also be able to withstand pressure as those with
motor symptoms and tremor hold on to a sandwich, wrap or roll tightly
and spasmodically. If the texture is too soft, dry, or crumbly the bread
will break and create a mess. Dry and hard bread can also be difficult to
chew and swallow for those with swallowing difficulties, it may irritate
their throats and result in coughing or choking. Flavourwise, a neutral
flatbread is preferred since the bread should combine easily with several
types of dishes and flavours. A pancake-flavoured flatbread was
considered optimal for desserts and snacks, and a wheat-flavoured
flatbread for lunch and dinner.

3.1. Flatbreads
3.1.1. Sensory evaluation
Overall, a higher percentage of WPC resulted in springier texture
than a higher percentage of SPI. In general, a higher fat content resulted
in a sticky and unbaked core. Flatbreads with higher protein content
(15%) comprising 100% SPI resulted in a more compact and gritty
texture, however the addition of fat reduced this effect. The flatbreads
were neutral in odour and flavour (Fig. 4).
3.1.2. Texture analysis
Generally, flatbreads with a high protein content (15%) and/or a
high fat content (33.75 g) resulted in higher compression load values
than flatbreads with low protein content (10%) and low fat contents
(11.25 g) (Table 8). Comparing the different treatments of the flat
breads, flatbreads treated in water generally withstood lower compres
sion loads better than untreated (Fig. 5). Flatbreads with high fat content
were least affected by the water and there was no clear effect on the
compression load of flatbreads treated in oil (Fig. 6).

3.2. Beef rolls
3.2.1. Sensory evaluation
Overall, beef rolls BWP were perceived to have a high odour intensity
of cooked beef while beef rolls BIR had a high odour intensity of fried
beef. Higher core temperature and longer cooking time resulted in more
tender beef rolls and beef rolls made of thicker slices resulted in juicer
beef rolls. Beef rolls made of inner thigh were perceived as crumblier
than beef rolls made from outer thigh. The muscle fibres were also
perceived as more visible in beef rolls BIR than in beef rolls made of

3.1.3. End-user acceptability
Bread was not considered a natural component of a complete meal

Fig. 4. Sensory profile for flatbreads baked with high (15%) and low (10%) protein content, and high (33.75 g) and low (11.25 g) fat content. A¼ appearance, O¼
odour, T = taste, F¼ flavour, TX¼ texture. Samples: Dark blue: Soy 100% Grey: Soy 50% and Whey 50% Orange: Soy 75% and Whey 25% Yellow: Soy 25% and
Whey 75% Light blue: Whey 200%. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
6

S. Forsberg et al.

International Journal of Gastronomy and Food Science 28 (2022) 100516

3.3.2. Texture analysis
All sauces, except for bitter high, had a lower viscosity than the
original sauce. Moreover, the mean values of the viscosity showed that
sauces with low concentrations of the basic tastes had lower viscosity
than those with high concentrations, except for umami high, which had
a higher viscosity than umami low (Table 10).

Table 8
The results of texture measurements of the flat breads presented as mean values
and standard deviation [Newton].
Low Fat Low Protein (10%)
100% soy
75% soy 25% whey
50% soy 50% whey
25% soy 75% whey
100% whey
Low Fat High Protein (15%)
100% soy
75% soy 25% whey
50% soy 50% whey
25% soy 75% whey
100% whey
High Fat Low Protein (10%)
100% soy
75% soy 25% whey
50% soy 50% whey
25% soy 75% whey
100% whey
High Fat High Protein (15%)
100% soy
75% soy 25% whey
50% soy 50% whey
25% soy 75% whey
100% whey

Untreated

Flatbreads
Oil

Water

3.45 ± 1.28
3.00 ± 0.36
3.46 ± 0.61
2.07 ± 0.81
3,91 ± 1.05

3.92 ±
3.09 ±
3.25 ±
2.21 ±
2.51 ±

1.39
0.43
0.60
0.67
1.31

2.01
1.89
0.72
0.63
1.09

± 0.74
± 0.38
± 0.36
± 0.36
± 0.21

5.41 ± 0.42
4.87 ± 0.46
4.93 ± 1.73
3.24 ± 1.24
3.18 ± 0.27

4.78 ±
3.03 ±
2.87 ±
3.66 ±
2.70 ±

2.60
0.34
0.62
0.72
1.00

3.66
2.66
2.59
0.93
0.82

± 1.36
± 0.19
± 1.40
± 0.26
± 0.12

3.09 ± 1.66
4.40 ± 2.35
3.98 ± 2.14
4.09 ± 0.94
1.89 ± 0.61

3.15 ±
4.61 ±
3.38 ±
3.49 ±
1.53 ±

1.13
1.74
1.26
1.36
0.74

2.79
3.70
2.14
2.93
0.80

± 1.02
± 1.97
± 0.81
± 1.08
± 0.35

4.56 ± 1.65
4.45 ± 2.37
4.29 ± 0.46
3.30 ± 1.66
4.71 ± 0.99

3.26 ±
5.59 ±
3.84 ±
2.76 ±
5.10 ±

1.74
2.09
1.49
0.95
2.00

2.58
3.52
3.46
1.37
3.02

± 0.38
± 1.33
± 0.36
± 0.21
± 0.83

3.3.3. End-user acceptability
According to the spouses, sauce was considered the most important
component in a meal. Sauce contributes a large amount of flavour to
other meal components and at the same time lubricates the food. A
perfect brown sauce was described as well balanced, which was
accomplished by the small addition of sweetness and acidity from
lingonberries or pickled cucumbers to a savoury sauce based on juices
from the meat. Furthermore, high viscosity was considered important
for finger food sauces for the sauce to stick to the meat while dipping,
but also to avoid spilling. The sauce was also important since it adds
juiciness to the meal and binds small particles together, facilitating
chewing and swallowing without choking. However, the viscosity of the
sauces should not be too high as this may not be optimal for moistening
the food in the mouth.
4. Discussion
4.1. Result discussion
4.1.1. Flatbreads
The specific objective was to evaluate the sensory quality and the
end-user acceptability of flatbreads enriched with soy protein isolate
(SPI), whey protein concentrate (WPC) and fat. As with all foods, flavour
plays a large role in product acceptance and protein enrichment affects
sensory properties of foods, resulting in decreased flavour intensity and
altered food texture (Höglund et al., 2018). Both whey and soy proteins
have been described as giving rise to sweet, aromatic, cardboard, and
brothy flavours. Whey proteins were further characterized by metallic
and soapy flavours, and soy proteins by adding sensory attributes such
as cereal, malty, flour paste, and roasted (Russell et al., 2006). Sabanis
and Tzia (2009) found that taste scores decreased when increasing the
level of substitution of non-wheat flours, and soy flour supplemented
bread was rated poorest in taste. Höglund et al. (2017) reported
off-flavours in muffins enriched with whey protein. However, the pre
sent study did not observe any off-flavours. In fact, all flatbreads were
generally neutral in flavour, which was a characteristic that was
preferred by the focus group participants since the breads should be used
with different dishes and flavours.
However, this study showed that protein and fat have a profound
effect on the texture of flatbreads. Flatbreads with a high amount of
protein and fat demanded more force to puncture, which may indicate
that flatbreads high in protein and fat better withstand pressure. This is a
positive characteristic since the flatbreads are intended to wrap other
meal components. Flatbreads with high fat content were least affected
by water, which may be due to polarity, and make the flatbreads with
stand moisture better. However, overall flatbreads with a high fat con
tent were not optimal due to the unbaked core.
It was further shown that the type of protein used for enrichment
influenced the texture considerably. A high amount of SPI in flatbreads
resulted in a compact and gritty texture. Although the addition of fat
decreased the grittiness, a high amount of fat together with soy protein
resulted in a sticky and unbaked texture. This is in line with Song et al.
(2018) who showed that SPI enrichment increased the stickiness and
compactness in rye bread. Several studies have also found that soy flour
results in more compact texture (Sabanis and Tzia, 2009; Wendin et al.,
2017; Tang and Liu, 2017). Moreover, Sabanis and Tzia (2009) found
that as the substitution of soy flour increased, the crust and crumb
texture also became harder. In contrast, a high amount of WPC resulted
in flatbreads with a springier texture, which may be more ideal for

BWP. Overall, beef rolls BIR were perceived to have a higher flavour
intensity of umami (Fig. 6).
3.2.2. Texture analysis
The average maximum shear force was generally higher in beef rolls
BWP and beef rolls BIR 5 mm. Beef roll samples made from outer thigh 5
mm (BWP and BIR) could not be assessed as penetration required more
shear force than the maximum load cell (Table 9).
3.2.3. End-user acceptability
According to the spouses, whole meat, and especially beef, was
generally avoided as the texture is perceived as tough, chewy and
stringy, and not well suited to the target group. Juiciness in meat was
seen as a positive property as it made it easier to chew and swallow but
overall, tenderness was deemed most important. For beef rolls to be
optimal they need to be soft and tender without falling apart when
holding and dipping in sauce. Slice thickness was not important if the
beef rolls were tender. Crumbliness and dryness in tender meat can be a
negative property for those with swallowing difficulties. However, both
juiciness and crumbliness can be compensated for by serving sauce with
the meat. Due to the caramelised surface, odour and flavour intensities
were thought to be higher in beef rolls BIR than beef rolls BWP.
3.3. Brown sauces
3.3.1. Sensory evaluation
The original brown sauce was perceived as having a high intensity of
flavours, such as beef bouillon, soy sauce and umami. The addition of
sweet, sour and bitter tastes reduced the perceived intensity of the
original flavour profile of the brown sauce, and sour and sweet tastes
markedly overruled the flavour profile. The addition of saltiness to the
sauce affected the flavour profile somewhat, since the sauce lost some of
its complexity related to the flavour profile. However, the addition of
umami maintained the flavour profile and also increased the intensity of
the flavour profile (Fig. 7). The mouthfeel of sauces with low viscosity
was perceived as spreading and melting more rapidly in the mouth than
sauces with high viscosity.
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Fig. 5. A¼ The modulus is shown for the different compositions of flatbreads. A higher value indicates a stiffer bread. B= The ratio of the modulus of the oil treated
bread and the untreated bread. C¼ The ratio of the modulus of the water treated bread and the untreated bread. B and C values under 1.00 shows that the bread is
easier to penetrate after the treatment and values over 1.00 shows that the bread is harder to penetrate after treatment.

folding and wrapping. Increased elasticity in ryebreads enriched with
whey protein hydrolysate (WPH) and whey protein isolate (WPI) was
previously observed by Song et al. (2018). They also found that WPH
and WPI increased the hardness, dryness, and crumbliness in ryebread,
however this was not seen for WPC in flatbreads. Similar effects were
also observed in the preparation phase. A high percentage of SPI resulted

in dry and brittle doughs that were difficult to roll out as thinly as the
other doughs. A high composition of WPC resulted in a batter that was
too moist to roll out and lift over to the pan without baking paper and a
spatula.
Based on the findings related to texture in this study, a combination
of SPI and WPC may be the optimum for further development of a finger
8
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Fig. 6. Sensory profile of beef rolls made from m. biceps femoris (O) and m. semimembranosus (I). A¼ appearance, O¼ odour, T = taste, F¼ flavour, TX¼ texture.
The beef rolls were either braised as whole meat pieces (BWP) and sliced and rolled or braised in rolls (BIR). The whole meat (BWP) was braised for 2 and 3 h
respectively and sliced into 2 mm and 5 mm and rolled. The braised rolls (BIR) were sliced in 2 mm and 5 mm before being braised to an inner temperature of 70 and
90 Celsius respectively. BWP samples: Blue: 2 h and 2 mm, Grey: 3 h and 2 mm, Orange: 2 h and 5 mm, yellow: 3 h and 5 mm. BIR samples: Blue: 70 Celsius and
2 mm, Grey: 70 Celsius and 5 mm, Orange: 90 Celsius and 2 mm, yellow: 90 Celsius and 5 mm. (For interpretation of the references to colour in this figure legend,
the reader is referred to the Web version of this article.)

food flatbread. Song et al. (2018) found promising results with blends of
WPI, WPH and SPI in equal amounts. Moreover, a combination of SPI
and WPC is a nutritionally favourable combination. Both soy and whey
contain all essential amino acids, but the composition of amino acids
varies, and a blend of soy and whey may therefore be beneficial.

measurements. Tender <37.31 N, intermediate 37.49–44.54 N and
tough meat. > 44.98N. According to that classification, the meat in this
study would be classified as intermediately tender, highlighting a need
for further development to suit the intended end user.
The sensory evaluation also indicated that the odour of beef rolls was
influenced by the amount of meat surface exposed during cooking. Beef
rolls BWP were characterized by a cooked (boiled) beef odour while the
odour of beef rolls BIR was described as fried beef. In the study by Klosse
et al. (2004) beef poached in a strong beef stock was considered less
palatable than pan-fried beef and also lacked odour sensations from the
caramelised surface (Maillard). Among older adults, Honnens de Lich
tenberg Broge et al., (2021) found a pattern of decline in intensity
perception of odours such as fried meat with increasing age. Browning of
the surface may therefore be important to increase both the odour and
flavour release from the meat. Based on visual assessment by the
spouses, beef rolls BIR were also perceived to have a more intense
flavour and odour due to the caramelised surface. This study suggests
that browning of the beef rolls may act as a visual stimulus for odour and
flavour. Moreover, appearance may compensate for sensory loss (Gott
fried, 2010), therefore in choosing familiar foods, in this case beef rolls,

4.1.2. Beef rolls
The specific objective was to evaluate the sensory quality and the
end-user acceptability of beef rolls made from two types of meat cuts and
cooking techniques. Tenderness is an important parameter to consider in
the development of beef rolls for the target population (end-user). The
sensory evaluation indicated that beef rolls made from inner thigh,
sliced thinly (2 mm) and cooked for 3 h or to an inner core temperature
of 90 ◦ C were most tender. In addition, thicker slices of beef rolls (5 mm)
made from outer thigh tended to demand more shear force to cut
through than beef rolls made from inner thigh, which may be because
outer thigh is a coarse textured muscle compared to inner thigh. Inner
thigh may therefore be the optimal choice meat cut for beef rolls. In a
study of Sullivan and Calkins (2011), beef muscles were grouped into
three tenderness groups based on instrumental tenderness
9
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(Weenen et al., 2003). Acidity may therefore have a positive effect,
increasing saliva production which in turn makes it easier to lubricate
and swallow foods. Bozorgi et al. (2020) found that sourness and
carbonation can manipulate the signal for secretory events and swal
lowing. However, acidity should be carefully added to avoid compro
mising the intensity of the flavour profile of the sauce.

Table 9
The results of texture measurements of the beef rolls presented as mean
values and standard deviation in Newton [N].
Beef rolls braised in whole pieces
Outer thigh
2 h 2 mm
2 h 5 mm
3 h 2 mm
3 h 5 mm
Inner thigh
2 h 2 mm
2 h 5 mm
3 h 2 mm
3 h 5 mm
Beef rolls braised in rolls
Outer thigh
70 ◦ C/2 mm
90 ◦ C/2 mm
70 ◦ C/5 mm
90 ◦ C/5 mm
Inner thigh
70 ◦ C/2 mm
90 ◦ C/2 mm
70 ◦ C/5 mm
90 ◦ C/5 mm

Peak mean (N)
36.8 ± 5.0
*
26.6 ± 4.3
31.3 ± 7.3
44.8
43.0
30.5
41.4

4.2. Methodological considerations
In consensus profiling the sensory evaluation is applied by a trained
panel and the sensory ratings are made in consensus rather than inde
pendently in duplicate or triplicate (Meilgaard, 2006). The low credi
bility of the method is related to the small number of panellists, and lack
of consistency and reproducibility (Meilgaard, 2006). Although there is
no testing of statistical significance across the products with this
method, it is a rapid way to obtain insights that can guide the product
development. This limitation also exits in other rapid sensory methods
in product development. In this study the sensory results together with
textural measurements and the end-user evaluation all pointed in the
same direction and offered important insights for the selection and
further development of the components, all in line with the creative
design setup. In addition, the lack of consistency and reproducibility can
be overcome by training and including the opinions of all panellists
(Meilgaard, 2006).
In product development, consumer testing is the most important tool
for obtaining information about how consumers rate products (Naes and
Nyvold 2004). Conducting hedonic tests with the actual end-user under
standardized circumstances would have been preferred, however,
recruiting enough participants for hedonic tests may not be possible
since the end-users often are physically restricted due to their disease.
Moreover, due to Covid-19 pandemic health restrictions, consumer
testing could not be conducted in a standardized manner. To gain
end-user feedback the best option was therefore to conduct online focus
groups. This allowed us to gain insights for further refinements and se
lection of components for the final evaluation.
Since recruitment of the target group has been difficult previously
under normal circumstances (Forsberg et al., 2022a; 2022b), spouses
were welcomed to participate. Spouses who have nursed their partners
at home for several years have vital knowledge and experience of
acceptability and demands in relation to food and meals. Indeed, there
was a risk that some important insights and demands could be missed,
however the spouses who participated in the study were in leading po
sitions in the Parkinson’s coalition where they had regularly witnessed
the struggles of the target group.

± 2.9
± 10.0
± 5.4
± 4.6

38.1 ± 7.2
31.0 ± 3.4
*
40.7 ± 7.5
30.6
36.9
42.7
30.5

± 5.3
± 6.1
± 4.8
± 6.3

* = Unable to measure the beef rolls as it required more than a 5000 g cell
load to cut through the meat.

a traditional dish may restore odour perception despite olfactory decline
(Honnens de Lichtenberg Broge et al. (2021). Moreover, Klosse et al.
(2004) found that beef poached tender lacked texture from the roasted
crust. The caramelised surface of BIR may therefore also have a positive
influence on the texture.
4.1.3. Brown sauces
The specific objective was to evaluate the sensory quality and the
end-user acceptability of prebiotic mayonnaise-based brown sauces
flavoured with high and low concentrations of basic tastes. The results
from the sensory evaluation showed that brown sauces with high taste
intensity of umami, and to some extent salty, resulted in a flavourful
sauce by enhancing the flavour profile. Moreover, acidity, sweetness and
bitterness overruled the flavours, decreasing the flavour profile mark
edly. This is in line with the findings of Klosse et al. (2004), indicating
that the presence of umami together with a good balance in flavour
components was important for the palatability of foods. This may be
especially important for the development of finger foods since Honnes
de Lichtenberg Broge et al., (2021) recently found a decline in intensity
perception of savoury odours, such as fried meat, mushroom, and onion,
in older adults. Additionally, intensity perception of savoury odours
seems to diminish earlier than that of other food flavours (Honnes de
Lichtenberg Broge et al., 2021). The recent study by Thomas, Boobyer,
Borgonha, van den Heuvel and Appleton (2021) also showed that older
adults used sauce to enhance the food flavour of meals. To obtain a
flavourful sauce with a high intensity of umami it is therefore important
to be cautious when adding acidity, sweetness and bitterness.
According to the spouses, sauce also contributes juiciness to a meal,
which is especially important for those with chewing and swallowing
difficulties. High viscosity sauces may be more optimal for finger foods
as they remain on the food when dipped in the sauce. However, the
panellists perceived that sauces with higher viscosity had a slower
melting point than sauces with lower viscosity, which may affect
lubrication during mastication. This is in line with Weenen et al. (2003)
who found that sauces of high viscosity, such as mayonnaise, were slow
melting compared to sauces with low viscosity. Melting was described,
as the gradual process of spreading, becoming thinner in the mouth with
dilution by saliva (Weenen et al., 2003). Moreover, mayonnaise was
described as “mouth-watering and prickling”, two attributes that were
highly correlated, indicating an effect of the relatively high acidity

5. Conclusions
Flatbreads enriched with 10% protein, comprising 50% whey and
50% soy protein, and 11,25 g fat had a favourable texture, optimal for
wrapping. Tenderness is an important parameter to consider in the
development of beef rolls for the target population. Beef rolls made from
inner thigh, sliced thinly (2 mm) and cooked for 3 h or to an inner core
temperature of 90 ◦ C may therefore be the most optimal option. More
over, beef rolls braised in rolls (BIR) is recommended over beef rolls
braised in in a whole piece (BWP) as odour and flavour intensity were
evaluated higher due to the caramelised surface. Sauce was considered
important for the end-users as it increased the flavour and lubricated the
food. However, since the addition of sweet, sour or bitter tastes reduced
the perceived intensity of the original flavour profile of the brown sauce,
these should be added and balanced carefully. Finally, combinations of
the developed meal components could be investigated further to create
attractive finger food meals for those unable to eat with knife and fork.
Implications for gastronomy
Gastronomy can be defined as including the science of food and
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Fig. 7. Sensory profile for prebiotic beef sauces, control and sauces flavoured with the basic tastes, both low and high concentrates. T = taste, F = flavour, and TX
= texture.

meals, craftmanship and art. It is holistic and interdisciplinary and in
cludes the acts of preparing meals and eating as well as cultural, nutri
tional, and sensory aspects. This paper describes the development of
finger foods as part of a complete meal for older adults with motoric
eating difficulties, contributing knowledge to the subject area of
gastronomy and food and meal science. The development builds on
functional, nutritional, and sensorial demands, and the results add in
sights that can bridge cultural barriers and culinary rules and improve
the meal situation for the target population.
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Höglund, E., Ekman, S., Stuhr-Olsson, G., Lundgren, C., Albinsson, B., Signäs, M.,
Karlsson, C., Rothenberg, E., Wendin, K., 2018. A meal concept designed for older
adults -Small, enriched meals including dessert. Food Nutr. Res. 62, 1572. https://
doi.org/10.29219/fnr.v62.1572.
Honnens de Lichtenberg Broge, E., Wendin, K., Rasmussen, M.A., Bredie, L.P.W., 2021.
Changes in perception and liking for everyday food odours among older adults. Food
Qual. Prefer. 93, 104254. https://doi.org/10.1016/j.foodqual.2021.104254.
International organisation for standardisation [ISO], 2012. 8586-2:2008 Standard
Sensory Analysis -General Guidance for the Selection, Training and Monitoring of
Assessors -Part 2: Expert Sensory Assessors.
International organisation for standardisation [ISO], 2016. 13299:2016 Sensory Analysis
-Methodology- General Guidance for Establishing a Sensory Profile.
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Results from the viscosity measurements for sauce sam
ples in mean values and standard deviation in mPas.
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Salty high
Salty low
Sour high
Sour low

5049 ±
4384 ±
3734 ±
5174 ±
4976 ±
1254 ±
1610 ±
1055 ±
1904 ±
1805 ±
2652 ±

159
164
91
141
61
65
120
63
146
116
181
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