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Abstract: The food experience is multisensory and multisensory external stimuli may affect food
choice and emotions. The objective of this study was to evaluate the effect of a multisensory eating
environment on food choice, intake and the emotional states of the subjects in a salad lunch buffet
setting. A total of 30 female subjects consumed a salad lunch twice in the multisensory laboratory.
The two test conditions (control and multisensory condition with environmental stimuli) were
randomized and the visits were scheduled one week apart. Subjects selected and ate a meal from a
salad buffet including 14 food items and the intake of each item was weighed. They answered an
online questionnaire about the meal and their emotional states (20 different emotion terms) after
the lunch. There was no significant difference in the food consumption between the control and
multisensory conditions. The subjects were very satisfied with their lunch for both study visits
but the pleasantness of the eating environment was rated higher under the multisensory condition.
In emotional terms, the subjects selected the term “happy” significantly more frequently under
the multisensory condition compared with the control. In conclusion, the multisensory eating
environment in this study was not related to food intake but may be associated with positive emotions.
The effect of the eating environment on food choice and experience deserves further study with a
larger study population in a real lunch restaurant setting.
Keywords: lunch buffet; vegetables; food intake; multisensory; emotion terms

1. Introduction
The workday lunch is an important part of Finnish food culture [1] and lunchtime salad buffets
are common at restaurants and worksite canteens in Finland. Lunch is typically eaten around noon in
Finland and on workdays the lunch break is half an hour. Healthy lunch choices, especially consumption
of vegetables may promote public health [2] and, when replacing less sustainably produced food items
in diet, also sustainable food system. Recently, different nudging techniques have been used to increase
vegetable intake [3]. Lunch breaks spent in pleasant environments may be associated with positive
emotions and further with wellbeing and recovery from stress [4]. Customers value peaceful eating
environments but they may have different expectations for interior colors, background music and
desired emotional sensations in relation to the restaurant menus [5].
Food perception is multisensory, integrating taste, smell, vision, touch and hearing. Food items
have various internal sensory attributes. For example, the perception of vegetable quality combines
many sensory characteristics [6,7]. External sensory stimuli, such as visual or sound, in the eating
environment may modulate the multisensory experience [8]. The eating context, for example at home,
a lunch restaurant or snack bar, may provide various external stimuli affecting food choices and
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perception. Traditionally, sensory evaluations have been performed in standard sensory laboratory
conditions. Recently, different multisensory, immersive or virtual reality applications have been tested
in consumer research [9]. Most previous studies involved the evaluation of single foods or beverages in
virtual or multisensory conditions such as cookies [10], coffee [11], beer [12] or non-alcoholic beer [13].
Zandstra et al. reported a consumer study of tomato soup comparing tasting sessions in three different
contexts: in a laboratory, an immersive simulated café and a real café [14]. A virtual reality eating
environment was used in consumer studies evaluating snack products and emotions [15] as well as
chocolate products and emotions [16]. To our knowledge, food consumption at a salad buffet in a
multisensory environment has not been studied previously.
The emotions elicited by different food products have also been a research focus recently but the
entire eating situation has seldom been evaluated using emotional terms. Various methods have been
used to evaluate emotions evoked by food experiences including questionnaires with emotion, mood or
wellness terms [17,18]. Recently, new types of methods such as a language-independent graphical
tool with emoji have been developed for the assessment of food-elicited emotions [19]. Emotion
questionnaires have been used in addition to sensory tests to identify the differences between tested
products and even to predict food choice [20,21]. Different eating environments have been associated
with different emotions [22] and thus may be related to the consumer’s experience of the meal.
The main aim of the present study was to evaluate the effect of a multisensory eating environment
on food intake, especially vegetable and fruit intake, in a salad lunch buffet setting. A further aim was
to compare subjects’ reported emotional states under control and multisensory conditions.
2. Methods
2.1. Subjects
The subjects had previously participated in extensive sensory tests [23] and further taste testing in
a multisensory laboratory. Invitations to participate in this study part were sent to 62 female subjects.
Two sets of data were collected in this study: food consumption and emotions as well as eye-tracking
data, which were used to record the lunch sessions in this study and are reported in more detail in
another article (submitted manuscript). Celiacs and pregnant or breastfeeding women were excluded
and subjects with smell hypersensitivity were not recommended to participate. Due to eye-tracking
data collection, normal vision was required (below −1.0 diopter). Wearing contact lenses was allowed
but wearing glasses was not permitted during food selection and eating. Wearing reading glasses was
allowed when answering the online questionnaire. Food allergies and intolerances of the subjects were
enquired about before the study visit and just before the meal. A total of 32 subjects attended the first
visit but one did not attend for the second and one subject was excluded due to noncompliance with
the study protocol (having lunch elsewhere and taking only a small portion of salad). Thus, 30 subjects
attended the required two sessions and provided complete data for analysis. The study protocol
was approved by the Ethical Committee of the University of Turku and all subjects provided written
informed consent. The lunch was free for the subjects and no other compensation for participation
was offered.
2.2. Buffet Foods
The lunch buffet included 14 different food items. The foods, their preparation and serving sizes
are described in Table 1. Food items were ordinary foods generally included in lunch salad buffets in
Finland. Food was selected based on visual appearance with mainly color pairs (red, green, orange,
black, white, beige) so that they formed a colorful buffet. Foods also had different dominant taste
qualities (salty, sweet, sour, bitter). Fresh vegetables and fruits were the main options. Two different
lactose-free cheeses, chickpeas and peanuts were provided as protein sources. Pasta with two different
sauces (pesto or aioli mayonnaise) was served to supply energy (carbohydrate and fat) for the lunch.

Foods 2020, 9, 1349

3 of 11

Table 1. Foods served and serving size.
Food Color

Foods

Type, Preparation

Serving Size (g)

Black

Kalamata olive
Black grape
Broccoli
Ice lettuce
Cherry tomato
Red bell pepper
Chickpeas
Salted peanuts
Orange
Cantaloupe melon
Mozzarella cheese
Feta-type cheese

canned, strained
rinsed
frozen, defrosted
rinsed, ripped to pieces
rinsed
rinsed, chopped
canned, rinsed, strained

150
240
180
100
240
200
240
140
250
200
240
210

Green
Red
Beige
Orange
White
Pasta

Pesto pasta
Aioli pasta

peeled, cut
peeled, cut
cut into slices
cubes, strained
cooked pasta, cooled,
mixed with pesto sauce 1:7
cooked pasta, cooled,
mixed with aioli
mayonnaise 1:7

205
205

Food items were delivered weekly by the same local supermarket and the quality of the vegetables
and fruit was carefully monitored daily. The food was prepared fresh daily in the kitchen of the sensory
laboratory just before the session for each participant. After finishing the preparation, the serving
trolley was kept in the cold storage room at +8 ◦ C. The weights of the served and consumed amount
of the foods were measured with a scale (Mettler Toledo PB3002-S, Mettler Toledo International Inc.,
Columbus, OH, USA), to 1 g accuracy. The foods were served in square-shaped 15 × 15 cm glass bowls.
The bowls were placed on the serving trolley on three different levels (Figure 1). The order of the
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Figure 1. Serving trolley with the buffet foods.
Figure 1. Serving trolley with the buffet foods.

The serving sizes were selected based on similar volume appearance in the bowls and so that
2.3. Multisensory Laboratory Conditions
the subjects felt that they could take enough. Serving tools were ordinary tablespoons, except using a
salad Multisensory
server for lettuce.
The plates
were
white porcelain
with sounds
a diameter
of 22
cm. In
addition
to the
conditions
with
different
landscapes,
and
odors
were
pilot-tested
beforehand. Of the pilot-tested options, the forest landscape with birdsong and orange scent were
selected for the multisensory condition and the other condition was a plain control. These two
different conditions (control vs. multisensory) were randomized between the first and second study
visit for each subject. Thus, all participants attended in both conditions but in a randomized order.
The multisensory laboratory equipment included an odor diffuser (Pump unit BB-200, @aroma
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salad buffet, rye and oat bread as well as margarine were served. Olive oil with a lemon flavor and
French dressing were also offered. Water was served as a drink with the meal and coffee or tea with
biscuits were offered after the meal.
2.3. Multisensory Laboratory Conditions
Multisensory conditions with different landscapes, sounds and odors were pilot-tested beforehand.
Of the pilot-tested options, the forest landscape with birdsong and orange scent were selected for the
multisensory condition and the other condition was a plain control. These two different conditions
(control vs. multisensory) were randomized between the first and second study visit for each subject.
Thus, all participants attended in both conditions but in a randomized order.
The multisensory laboratory equipment included an odor diffuser (Pump unit BB-200, @aroma
GmbH, Berlin, Germany) and controlled illumination (five bulbs on the wall and three bulbs in a
floor lamp, Hue, Philips, Amsterdam, Netherlands). The audio-visual multimedia system included
an 80-inch Apple-tv (Apple Inc., Cupertino, CA, USA) and an audio system with two speakers
(Genelec Oy, Iisalmi, Finland). In the control condition, the neutral room lighting system was used.
In addition, there was no sound, no scent and no visual landscape on the screen. In the multisensory
condition, there was a landscape of a pine forest and lake during summertime and bright lighting,
matching the color tones of the landscape on the screen (Figure 2). The soundscape was birdsong in a
Finnish summertime forest with various species of bird (recorded in Kortesjärvi in June). Orange scent
(Orange Oil Sweet Brazil Pera, @aroma GmbH, Berlin, Germany) was diffused to the room with an
odor diffuser for 30 s before a subject entered the room and then for 5 s in 3 min intervals until the
Foods 2020,
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Figure 2. Lunch under a multisensory condition.
Figure 2. Lunch under a multisensory condition.

2.4. Questionnaire
2.4. Questionnaire
Subjects also answered an online questionnaire (Webropol Oy, Helsinki, Finland) on an iPad
Subjects
also answered
an online
questionnaire
Helsinki,
Finland)
onthey
an iPad
(Apple
Inc., Cupertino,
CA, USA).
Before
the lunch, the(Webropol
questions Oy,
asked
about how
hungry
felt
(Apple
Inc.,
Cupertino,
CA,
USA).
Before
the
lunch,
the
questions
asked
about
how
hungry
they
felt
(four options from not at all to very hungry) and the time (hours and minutes) since their previous
(four After
options
all to very
hungry)
andfull
thethey
time
(hours
minutes)
previous
meal.
thefrom
meal,not
theatquestions
included
how
felt
(four and
options,
not atsince
all to their
very full)
and
meal.
After
the
meal,
the
questions
included
how
full
they
felt
(four
options,
not
at
all
to
very
full)
if they were satisfied with the salad meal (four options, not at all satisfied to very satisfied). The liking
and if they were satisfied with the salad meal (four options, not at all satisfied to very satisfied). The
liking of the test environment in the multisensory room was also evaluated (9-point scale). The
emotion terms were selected and modified from emotion questionnaires [24,25]. The term selection
was pretested with Finnish consumers in a previous study setting focusing on ambient odors in the
multisensory room. Altogether, 19 emotion terms, both positive and negative, as well as an open
question option (something else) were presented and the subjects could choose as many options as
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of the test environment in the multisensory room was also evaluated (9-point scale). The emotion terms
were selected and modified from emotion questionnaires [24,25]. The term selection was pretested
with Finnish consumers in a previous study setting focusing on ambient odors in the multisensory
room. Altogether, 19 emotion terms, both positive and negative, as well as an open question option
(something else) were presented and the subjects could choose as many options as they liked (check all
that apply) based on how they felt at that moment. After the second study session, a few background
questions (education, weight, height, how often they have salad for lunch) were asked.
2.5. Procedure
The test sessions were organized at the multisensory laboratory of the Functional Foods Forum
(University of Turku, Finland) at usual lunch times in Finland. Subjects were asked to attend two
study sessions at the same time of day (either at 10:45 a.m. or 12:30 p.m.) at least one week apart.
The sessions lasted approximately 30–45 min. Session conditions (control vs. multisensory) in the
multisensory room occurred in randomized order. Subjects were also instructed to have the same kind
of breakfast on both study days and they were asked to avoid the use of scented cosmetic products
before visits.
Subjects were first asked to view the trolley for 20 s while the researcher stood next to her.
Next, the researcher left the room and closed the door and the subject collected a meal from the
buffet. The subjects were instructed to take as much as they wanted and have all the foods at once.
The researcher then removed the trolley from the room. Subjects were seated alone in the multisensory
room, ate their meal at their own pace and knocked on the door when they had finished eating.
After the meal they were served coffee or tea with biscuits. Subjects answered the online questionnaire
while having coffee or tea.
The test session was recorded with a head-mounted eye-tracker (Tobii Pro Glasses 2, Tobii AB,
Danderyd, Sweden). The subject wore the wireless eye-tracking glasses and gaze data were sent to
a laptop in another room in live video format. This allowed the researcher to monitor the session
behind a closed door and no other video cameras were needed. The subject knew that she was being
monitored and that she herself was not visible on the video since it only recorded her first-person
view of the laboratory. The eye-tracker was removed when the subject began to answer the online
questionnaire. For this study, the eye-tracking recording was used for monitoring the session and
calculating the time spent on eating the self-selected salad. The eating time was measured from the
time the participant sat down to eat until she knocked on the door and let the researcher know she
had finished. The detailed description of the eye-tracking methodology and analyses are reported in
another article; this paper focuses on the food intake and emotional measures.
2.6. Statistics
The basic results of the intake of foods are presented as means (SD). The same subject attended
under both conditions and the intakes in control vs. multisensory conditions were compared using
the Wilcoxon signed-rank non-parametric test for repeated measurements. For paired nominal data,
McNemar’s test was applied. The statistical software used was IBM SPSS Statistics 26 (IBM Corporation,
Armonk, NY, USA).
3. Results
The mean age of the participants (n = 30) was 53 years (SD 14 years) and their mean BMI was
26.8 kg/m2 (SD 6.9). The educational background was high; 50% had a university education and
30% had a university education with an applied sciences degree. Half of the subjects (50%) reported
having salad for lunch one to three times per week and 27% one to three times per month. There was
no difference in the time since the previous meal for the two study visits: control of 3.9 (SD 2.1) vs.
multisensory of 4.0 (SD 2.8) hours. The state of hunger did not differ significantly either as 77% in the
control and 73% in the multisensory condition felt very or fairly hungry before the lunch.
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The number of food items taken altogether from the salad bowls varied; the range was 7 to
14, mean 11 (SD 1.5) but we found no significant differences between the control and multisensory
conditions. The mean (SD) weights of foods and the total portion weight in the control and multisensory
conditions are presented in Table 2. The sum variables of the food groups (vegetables, fruit, cheese
and pasta) were calculated and analyzed but the intakes of these groups did not differ between the
two conditions. Because the total weight of the portions differed between subjects, proportions (%)
of the foods in the total portion weight were calculated. However, no significant differences in these
variables were observed between study conditions.
Table 2. Foods consumed (mean, SD grams) at different conditions (control vs. multisensory).
Food Intake
Control (g)
Mean (SD)

Food
Kalamata olive
Black grape
Broccoli
Ice lettuce
Cherry tomato
Red bell pepper
Chickpeas
Salted peanuts
Foods 2020, 9, xOrange
FOR PEER REVIEW
Cantaloupe melon
Mozzarella cheese
Feta-type cheese
Feta-type cheese
Pesto pasta Pesto pasta
Aioli pasta Aioli pasta
Total weight of the portion

Total weight of the portion

14 (13)
25 (18)
32 (21)
22 (13)
38 (24)
20 (17)
17 (24)
7 (8)
38 (30)
43 (25)
36 (22)
30
30 (20)
34 (27)
34
14 (17)
14
372 (98)

(20)
(27)
(17)
372 (98)

Food Intake Multisensory (g)
Mean (SD)
14 (14)
29 (16)
31 (22)
21 (14)
35 (22)
19 (17)
15 (19)
7 (7)
33 (27)
38 (19)
32 (22)
(18) 28 (18)
(29) 35 (29)
(25) 16 (25)
354 (100)

7 of 12

28
35
16
354 (100)

The multisensory condition included a forest landscape on screen, birdsong and orange scent. p-values all
The multisensory
condition
included
non-significant
(Wilcoxon
signed-rank
test). a forest landscape on screen, birdsong and orange scent. p-

values all non-significant (Wilcoxon signed-rank test).

The eating time did not differ significantly between the two conditions
conditions (control
(control 12.8
12.8 min
min vs.
vs.
multisensory
proportions of responses
responses were exactly
multisensory 13.0
13.0 min). Considering fullness after the meal, the proportions
the same
very
fullfull
and
50%
fairly
full.full.
Contentment
withwith
the
same for
forboth
bothconditions:
conditions:47%
47%reported
reportedfeeling
feeling
very
and
50%
fairly
Contentment
salad
waswas
also also
goodgood
for both
conditions.
In the
condition,
83% were
very satisfied
with
the salad
for both
conditions.
Inmultisensory
the multisensory
condition,
83% were
very satisfied
the
compared
with 77%
thein
control
condition
(non-significant
difference).
LikingLiking
ratingsratings
of the
withsalad
the salad
compared
within
77%
the control
condition
(non-significant
difference).
testing
environment
differed
(Figure(Figure
3). Overall,
the multisensory
condition
was significantly
more
of the testing
environment
differed
3). Overall,
the multisensory
condition
was significantly
pleasant
than the
control
(p < 0.001).
more pleasant
than
the control
(p < 0.001).

Figure
Liking of
of the
the test
test environment.
environment.
Figure 3.
3. Liking

The selected emotion terms under the control and multisensory conditions are presented in
Figure 4. Most of the selected terms were positive for both conditions. Over two-thirds of the
participants felt healthy in both test environments. No one stated that they felt stressed, cold or tired
in either condition. Respondents chose the term “happy” more often in the multisensory condition
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The selected emotion terms under the control and multisensory conditions are presented in
Figure 4. Most of the selected terms were positive for both conditions. Over two-thirds of the
participants felt healthy in both test environments. No one stated that they felt stressed, cold or tired
in either condition. Respondents chose the term “happy” more often in the multisensory condition
(n = 13) compared with the control (n = 5); p = 0.02, McNemar’s test. The subjects also tended to select
Foods
2020, “relaxed”
9, x FOR PEER
the
terms
(p REVIEW
= 0.09) and “strong” (p = 0.07) more often for the multisensory condition. 8 of 12

Figure
Figure4.4.Selection
Selectionof
ofthe
theemotion
emotionterms
terms(n)
(n)in
indifferent
differentconditions.
conditions.

4. Discussion
4. Discussion
In the present study, no general effect of the multisensory environment on food choice or intake at
In the present study, no general effect of the multisensory environment on food choice or intake
a salad lunch buffet was observed. Therefore, changing individual food preferences and consumption
at a salad lunch buffet was observed. Therefore, changing individual food preferences and
patterns simply with external multisensory stimuli appears to be challenging. The selected foods,
consumption patterns simply with external multisensory stimuli appears to be challenging. The
portion sizes and eating times were surprisingly similar for the same person under both conditions.
selected foods, portion sizes and eating times were surprisingly similar for the same person under
This finding may reflect the overall stability of individual eating habits or a more situated tendency
both conditions. This finding may reflect the overall stability of individual eating habits or a more
to repeat their first-time choices in the second session with exactly the same offerings. However,
situated tendency to repeat their first-time choices in the second session with exactly the same
the multisensory condition was evaluated as very pleasant by the participants and positive emotional
offerings. However, the multisensory condition was evaluated as very pleasant by the participants
effects were reported based on the selection of emotion terms. In general, the feedback from participants
and positive emotional effects were reported based on the selection of emotion terms. In general, the
regarding the whole experiment was positive; they valued the free, fresh and appealing buffet service
feedback from participants regarding the whole experiment was positive; they valued the free, fresh
and most were very satisfied with their meal.
and appealing buffet service and most were very satisfied with their meal.
Comparison with previous studies is challenging as we are not aware of studies using the same
Comparison with previous studies is challenging as we are not aware of studies using the same
type of real-life but controlled lunch buffet settings in multisensory conditions. Previous studies used
type of real-life but controlled lunch buffet settings in multisensory conditions. Previous studies used
different study protocols, populations, buffet food selection and sensory primers. The buffet setting
different study protocols, populations, buffet food selection and sensory primers. The buffet setting
studies evaluated, for example, food choices of normal weight and overweight subjects [26]. Buffet
studies evaluated, for example, food choices of normal weight and overweight subjects [26]. Buffet
meal intakes by different bitter taste sensitivity groups [27] or taste receptor genotype groups [28] were
meal intakes by different bitter taste sensitivity groups [27] or taste receptor genotype groups [28]
compared. In a multisensory study setting in Italy [29], consumers evaluated tomatoes and wild rocket
were compared. In a multisensory study setting in Italy [29], consumers evaluated tomatoes and wild
in an immersive environment using countryside landscapes and sounds as well as natural herbs as
rocket in an immersive environment using countryside landscapes and sounds as well as natural
olfactory cues. The liking scores were reported to be higher in the immersive environment compared
herbs as olfactory cues. The liking scores were reported to be higher in the immersive environment
with the traditional sensory laboratory setting [29]. In a self-service buffet setting, a priming experiment
compared with the traditional sensory laboratory setting [29]. In a self-service buffet setting, a
consisted of creating a leafy environment with green plants and an odor of herbs. The priming condition
priming experiment consisted of creating a leafy environment with green plants and an odor of herbs.
reduced the total energy intake [30]. Most previous studies have evaluated single foods or beverages
The priming condition reduced the total energy intake [30]. Most previous studies have evaluated
single foods or beverages in immersive conditions whereas this study provides new information
about food consumption at a salad buffet in a multisensory environment.
Priming with food odor has been hypothesized to affect food selection but the results are
controversial. Exposure to a fruity odor (pear) was found to increase the likelihood of selecting a
fruity dessert [31]. Mors et al. [32] reported that priming with a bread or cucumber odor did not affect
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in immersive conditions whereas this study provides new information about food consumption at a
salad buffet in a multisensory environment.
Priming with food odor has been hypothesized to affect food selection but the results are
controversial. Exposure to a fruity odor (pear) was found to increase the likelihood of selecting a
fruity dessert [31]. Mors et al. [32] reported that priming with a bread or cucumber odor did not affect
lunch choices but odor condition was associated with a self-reported positive mood. In the present
study, exposure to the orange odor did not increase the selection or consumption of orange in the salad
buffet; the trend seemed to be slightly the opposite. The auditory contribution to food perception was
reviewed by Spence et al. [33]. Most previous studies have focused on the effect of music genre on the
perception of a single flavor or food [34] but what kind of background sounds are most appropriate for
lunch room conditions is not known. Different nature sounds, including birdsong, have been related to
stress recovery and restorative benefits although restorative perceptions may vary between different
bird species [35].
The buffet food selection in the present study was colorful and consumers were previously
reported to value visually attractive and colorful salads [36]. External visual stimuli including colors of
the food package, plates or cups may be associated with food perception [37]. Individuals differ in their
associations of the color of liquid samples with taste qualities, pleasantness or healthiness [38]. In the
present study, the tablecloth on the serving trolley was white while the color hue of the lighting and
the color of the landscape were greenish in the multisensory condition. The color of the lighting may
also have affected the color perception of food items offered in the salad buffet. Schifferstein et al. [39]
reported that colored backgrounds affected the perceived attractiveness of vegetables but optimal
background colors differed substantially for various vegetables. According to Hasenbeck et al. [40],
yellow lighting increased the willingness to eat bell peppers. Because our buffet included food
items with various colors, evaluating which colors of lighting would most effectively increase the
attractiveness of vegetables and fruit was difficult. Complex landscape scenes present various colors
and the effects of various pictures or scenes may be difficult to interpret. Investigating the effects of
single sensory stimuli provides important information but in the multisensory context several aspects
are combined. Real-life studies in restaurant settings also combine many sensory stimuli both in
the food and in the environment. Therefore, the multisensory approach on consumer behavior and
experience are challenging research topics.
Comparing study results focusing on emotions is difficult as the emotion terms vary and the
results may be specific to the study population, study setting and the tested products. Few studies have
related emotions specifically to the eating or meal situation [41,42]. In this study, the subjects selected
the terms related to the whole meal situation and we do not know if their emotions were more related
to the food eaten or the multisensory eating environment. We did not ask for opinions separately
about different components (odor, lighting and sound) in the multisensory room. The reactions may
be individual and some people may report unpleasant emotions associated with musical or pictorial
stimuli [43]. Some consumers report adverse effects such as headaches related to fragrances [44]; thus,
room odors should be used with caution. More research is needed on what kinds of sensory stimuli,
as well as their combinations in different eating environments and with different consumer groups,
can support pleasant eating experiences. Emotion questionnaires rely on self-reported subjective
ratings of emotions and other measures would also be useful in food research settings. The review by
Kaneko et al. [18] recommended combining various instruments, including physiological, behavioral
and cognitive measures, for evaluating emotions evoked by food experiences.
The strength of this study was that real intake with real foods was studied and not just food
pictures or fake food models [45,46]. In comparison with self-estimated portions of food intake in many
nutrition studies, here the food intake was accurately weighed [47]. The same subjects attended two
visits in a randomized order. Recording the sessions with a head-mounted eye-tracker overcame the
need to set up external video cameras in the laboratory and we think this made the session monitoring
feel less intrusive for the subjects. The possible limitation may be the short exposure time to the

Foods 2020, 9, 1349

9 of 11

multisensory environment while taking the food. However, we wanted to create a situation resembling
the normal food selection phase in a lunch restaurant setting and not to have the subjects wait before
selecting the food. The subjects were seated alone whereas in real restaurants there may be many
other external stimuli present and other customers. Only women were included in this study and
men may have different preferences for lunch buffet foods as well as greater energy needs, requiring
larger portions. The number of subjects was rather small but comparable with other buffet setting
studies [26]. Only one subject was attending at a time and the preparation, serving and weighing of
various fresh food items was rather laborious and time consuming. In future, real lunch restaurant
buffets with a larger study population including both sexes could be studied.
In conclusion, the multisensory room conditions in this study did not change the food intake of
the subjects. Fresh, colorful and a varied vegetable selection at lunch is appealing and could promote
the consumption of vegetables and sustainable eating habits. In addition to fresh vegetables and
fruit, salad buffets usually include other components and thus the overall nutrient composition and
healthiness of the lunch depends on individual consumer choices. A pleasant and relaxing ambience
may elicit positive feelings and thus enhance meal satisfaction and wellbeing [48]. The promotion of
positive eating situations among various consumer groups deserves further study.
Author Contributions: Conceptualization, U.H., S.P., M.P. and M.S.; methodology, U.H., S.P. and M.P.;
investigation, U.H., S.P. and S.M.; writing—original draft preparation U.H.; writing—review & editing, S.P., S.M.,
M.P. and M.S.; supervision M.S.; project administration M.S.; funding acquisition M.S. All authors have read and
agreed to the published version of the manuscript.
Funding: This research was funded by the Academy of Finland, grant number 309408 and 318894.
Acknowledgments: Nora Logren is acknowledged for working as research assistant, Ilkka Heiskanen for allowing
us to use the birdsong soundtrack from his personal soundscape recordings and the carpenter services of University
of Turku for making the serving trolley. All the study subjects are also thanked for their participation. This study
is part of the University of Turku strategic research profile on Biodiversity and sustainability.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.
2.

3.

4.
5.

6.

7.
8.
9.

Roos, E.; Sarlio-Lähteenkorva, S.; Lallukka, T. Having lunch at a staff canteen is associated with recommended
food habits. Public Health Nutr. 2004, 7, 53–61. [CrossRef] [PubMed]
Thorsen, A.V.; Lassen, A.D.; Tetens, I.; Hels, O.; Mikkelsen, B.E. Long-term sustainability of a worksite
canteen intervention of serving more fruit and vegetables. Public Health Nutr. 2010, 13, 1647–1652. [CrossRef]
[PubMed]
Broers, V.J.V.; De Breucker, C.; Van den Broucke, S.; Luminet, O. A systematic review and meta-analysis of
the effectiveness of nudging to increase fruit and vegetable choice. Eur. J. Public Health 2017, 27, 912–920.
[CrossRef] [PubMed]
Bellini, D.; Hartig, T.; Bonaiuto, M. Social support in the company canteen: A restorative resource buffering
the relationship between job demands and fatigue. Work 2019, 63, 375–387. [CrossRef] [PubMed]
Kontukoski, M.; Paakki, M.; Thureson, J.; Uimonen, H.; Hopia, A. Imagined salad and steak restaurants:
Consumers’ colour, music and emotion associations with different dishes. Int. J. Gastron. Food Sci. 2016, 4,
1–11. [CrossRef]
Barrett, D.M.; Beaulieu, J.C.; Shewfelt, R. Color, flavor, texture, and nutritional quality of fresh-cut fruits and
vegetables: Desirable levels, instrumental and sensory measurement, and the effects of processing. Crit. Rev.
Food Sci. Nutr. 2010, 50, 369–389. [CrossRef]
Van Stokkom, V.L.; Blok, A.E.; van Kooten, O.; de Graaf, C.; Stieger, M. The role of smell, taste, flavour and
texture cues in the identification of vegetables. Appetite 2018, 121, 69–76. [CrossRef]
Spence, C. Multisensory flavor perception. Cell 2015, 161, 24–35. [CrossRef]
Stelick, A.; Dando, R. Thinking outside the booth—The eating environment, context and ecological validity
in sensory and consumer research. Curr. Opin. Food Sci. 2018, 21, 26–31. [CrossRef]

Foods 2020, 9, 1349

10.

11.

12.

13.
14.

15.
16.

17.
18.
19.
20.
21.
22.

23.
24.
25.

26.
27.

28.
29.
30.

10 of 11

Hathaway, D.; Simons, C.T. The impact of multiple immersion levels on data quality and panelist engagement
for the evaluation of cookies under a preparation-based scenario. Food Qual. Prefer. 2017, 57, 114–125.
[CrossRef]
Bangcuyo, R.G.; Smith, K.J.; Zumach, J.L.; Pierce, A.M.; Guttman, G.A.; Simons, C.T. The use of immersive
technologies to improve consumer testing: The role of ecological validity, context and engagement in
evaluating coffee. Food Qual. Prefer. 2015, 41, 84–95. [CrossRef]
Worch, T.; Sinesio, F.; Moneta, E.; Abba, S.; Dreyfuss, L.; McEwan, J.A.; Porcherot-Lassallette, C. Influence of
different test conditions on the emotional responses elicited by beers. Food Qual. Prefer. 2020, 83, 103895.
[CrossRef]
Delarue, J.; Brasset, A.-C.; Jarrot, F.; Abiven, F. Taking control of product testing context thanks to multi-sensory
immersive room. A case study on alcohol-free beer. Food Qual. Prefer. 2019, 75, 78–86. [CrossRef]
Zandstra, E.H.; Kaneko, D.; Dijksterhuis, G.B.; Vennik, E.; De Wijk, R.A. Implementing immersive technologies
in consumer testing: Liking and Just-About-Right ratings in a laboratory, immersive simulated café and real
café. Food Qual. Prefer. 2020, 84, 103934. [CrossRef]
Pennanen, K.; Närväinen, J.; Vanhatalo, S.; Raisamo, R.; Sozer, N. Effect of virtual eating environment on
consumers’ evaluations of healthy and unhealthy snacks. Food Qual. Prefer. 2020, 82, 103871. [CrossRef]
Kong, Y.; Sharma, C.; Kanala, N.; Thakur, M.; Li, L.; Xu, D.; Harrison, R.; Torrico, D.D. Virtual reality and
immersive environments on sensory perception of chocolate products: A preliminary study. Foods 2020,
9, 515. [CrossRef]
Lagast, S.; Gellynck, X.; Schouteten, J.J.; De Herdt, V.; De Steur, H. Consumers’ emotions elicited by food:
A systematic review of explicit and implicit methods. Trends. Food. Sci. Technol. 2017, 69, 172–189. [CrossRef]
Kaneko, D.; Toet, A.; Brouwer, A.M.; Kallen, V.; van Erp, J.B.F. Methods for evaluating emotions evoked by
food experiences: A literature review. Front. Psychol. 2018, 9, 911. [CrossRef]
Toet, A.; Kaneko, D.; Ushiama, S.; Hoving, S.; de Kruijf, I.; Brouwer, A.; Kallen, V.; van Erp, J.B.F. EmojiGrid:
A 2D pictorial scale for the assessment of food elicited emotions. Front. Psychol. 2018, 9, 2396. [CrossRef]
Dalenberg, J.R.; Gutjar, S.; ter Horst, G.J.; de Graaf, K.; Renken, R.J.; Jager, G. Evoked emotions predict food
choice. PLoS ONE 2014, 9, e115388. [CrossRef] [PubMed]
Gutjar, S.; de Graaf, C.; Kooijman, V.; de Wijk, R.A.; Nys, A.; ter Horst, G.J.; Jager, G. The role of emotions in
food choice and liking. Food Res. Int. 2015, 76, 216–223. [CrossRef]
Xu, Y.; Hamid, N.; Shepherd, D.; Kantono, K.; Spence, C. Changes in flavour, emotion, and electrophysiological
measurements when consuming chocolate ice cream in different eating environments. Food Qual. Prefer.
2019, 77, 191–205. [CrossRef]
Puputti, S.; Aisala, H.; Hoppu, U.; Sandell, M. Multidimensional measurement of individual differences in
taste perception. Food Qual. Prefer. 2018, 65, 10–17. [CrossRef]
King, S.C.; Meiselman, H.L. Development of a method to measure consumer emotions associated with foods.
Food Qual. Prefer. 2010, 21, 168–177. [CrossRef]
King, S.C.; Snow, J.; Meiselman, H.L.; Sainsbury, J.; Carr, B.T.; McCafferty, D.; Serranao, D.; Gillette, M.;
Millard, L.; Li, Q. Development of a questionnaire to measure consumer wellness associated with foods:
The WellSense profile. Food Qual. Prefer. 2015, 39, 82–94. [CrossRef]
Wang, E.; Cakmak, Y.O.; Peng, M. Eating with eyes—Comparing eye movements and food choices between
overweight and lean individuals in a real-life buffet setting. Appetite 2018, 125, 152–159. [CrossRef]
Shafaie, Y.; Koelliker, Y.; Hoffman, D.J.; Tepper, B.J. Energy intake and diet selection during buffet consumption
in women classified by the 6-n-propylthiouracil bitter taste phenotype. Am. J. Clin. Nutr. 2013, 98, 1583–1591.
[CrossRef]
Han, P.; Keast, R.; Roura, E. TAS1R1 and TAS1R3 polymorphisms relate to energy and protein-rich food
choices from a buffet meal respectively. Nutrients 2018, 10, 1906. [CrossRef]
Sinesio, F.; Saba, A.; Peparaio, M.; Saggia Civitelli, E.; Paoletti, F.; Moneta, E. Capturing consumer perception
of vegetable freshness in a simulated real-life taste situation. Food Res. Int. 2018, 105, 764–771. [CrossRef]
Friis, R.; Skov, L.R.; Olsen, A.; Appleton, K.M.; Saulais, L.; Dinnella, C.; Hartwell, H.; Depezay, L.;
Monteleone, E.; Giboreau, A.; et al. Comparison of three nudge interventions (priming, default option,
and perceived variety) to promote vegetable consumption in a self-service buffet setting. PLoS ONE 2017,
12, e0176028. [CrossRef]

Foods 2020, 9, 1349

31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

41.
42.
43.
44.
45.
46.
47.

48.

11 of 11

Gaillet-Torrent, M.; Sulmont-Rossé, C.; Issanchou, S.; Chabanet, C.; Chambaron, S. Impact of a non-attentively
perceived odour on subsequent food choices. Appetite 2014, 76, 17–22. [CrossRef] [PubMed]
Mors, M.R.; Polet, I.A.; Vingerhoeds, M.H.; Perez-Cueto, F.J.A.; de Wijk, R.A. Can food choice be influenced
with priming with food odours? Food Qual. Prefer. 2018, 66, 148–152. [CrossRef]
Spence, C.; Reinoso-Carvalho, F.; Velasco, C.; Wang, Q.J. Extrinsic auditory contributions to food perception
& consumer behaviour: An interdisciplinary review. Multisens. Res. 2019, 32, 275–318. [CrossRef] [PubMed]
Fiegel, A.; Meullenet, J.F.; Harrington, R.J.; Humble, R.; Seo, H.S. Background music genre can modulate
flavor pleasantness and overall impression of food stimuli. Appetite 2014, 76, 144–152. [CrossRef]
Ratcliffe, E.; Gatersleben, B.; Sowden, P.T. Bird sounds and their contributions to perceived attention
restoration and stress recovery. J. Environ. Psychol. 2013, 36, 221–228. [CrossRef]
Paakki, M.; Sandell, M.; Hopia, A. Visual attractiveness depends on colorfulness and color contrasts in mixed
salads. Food Qual. Prefer. 2019, 76, 81–90. [CrossRef]
Spence, C. Background color & its impact on food perception & behavior. Food Qual. Prefer. 2018, 68, 156–166.
[CrossRef]
Hoppu, U.; Puputti, S.; Aisala, H.; Laaksonen, O.; Sandell, M. Individual differences in the perception of
color solutions. Foods 2018, 7, 154. [CrossRef]
Schifferstein, H.N.J.; Howell, B.F.; Pont, S.C. Colored backgrounds affect the attractiveness of fresh produce
but not it’s perceived color. Food Qual. Prefer. 2017, 56, 173–180. [CrossRef]
Hasenbeck, A.; Cho, S.; Meullenet, J.F.; Tokar, T.; Yang, F.; Huddleston, E.A.; Seo, H.S. Color and illuminance
level of lighting can modulate willingness to eat bell peppers. J. Sci. Food Agric. 2014, 94, 2049–2056.
[CrossRef]
Edwards, J.S.A.; Hartwell, H.J.; Brown, L. The relationship between emotions, food consumption and meal
acceptability when eating out of the home. Food Qual. Prefer. 2013, 30, 22–32. [CrossRef]
Piqueras-Fiszman, B.; Jaeger, S.R. Emotions associated to mealtimes: Memorable meals and typical evening
meals. Food Res. Int. 2015, 76, 243–252. [CrossRef]
Maksimainen, J.; Wikgren, J.; Eerola, T.; Saarikallio, S. The effect of memory in inducing pleasant emotions
with musical and pictorial stimuli. Sci. Rep. 2018, 8, 17638. [CrossRef] [PubMed]
Steinemann, A. Health and societal effects from exposure to fragranced consumer products. Prev. Med. Rep.
2016, 5, 45–47. [CrossRef] [PubMed]
Bucher, T.; Keller, C. The web-buffet–development and validation of an online tool to measure food choice.
Public Health Nutr. 2015, 18, 1950–1959. [CrossRef]
König, L.M.; Renner, B. Boosting healthy food choices by meal colour variety: Results from two experiments
and a just-in-time Ecological Momentary Intervention. BMC Public Health 2019, 19, 975. [CrossRef]
Nørnberg, T.R.; Houlby, L.; Jørgensen, L.N.; He, C.; Pérez-Cueto, F.J. Do we know how much we put on the
plate? Assessment of the accuracy of self-estimated versus weighed vegetables and whole grain portions
using an Intelligent Buffet at the FoodScape Lab. Appetite 2014, 81, 162–167. [CrossRef]
Haugaard, P.; Stancu, C.M.; Brockhoff, P.B.; Thorsdottir, I.; Lähteenmäki, L. Determinants of meal satisfaction
in a workplace environment. Appetite 2016, 105, 195–203. [CrossRef]
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

