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Preface to ”Consumer Preference and Acceptance of
Food Products”
Acceptance and preference of the sensory properties of foods are among the most important
criteria determining food choice. Sensory perception and our response to food products and ﬁnally
food choice itself are affected by a myriad of intrinsic as well as extrinsic factors. The pressing
question is, how do these factors speciﬁcally affect our acceptance and preference for foods,
both in and of themselves, and in combination in various contexts, both fundamental and applied?
In addition, which factors overall play the largest role in how we perceive and behave towards food
in daily life? Finally, how can these factors be utilized to affect our preferences and ﬁnal acceptance
of real food and food products from industrial production and beyond for healthier eating? A closer
look at trends in research showcasing the inﬂuence that these factors and our senses have on our
perception and affective response to food products and our food choices is timely. Thus, in this
Special Issue collection “Consumer Preference and Acceptance of Food Products”, we bring together
articles which encompass the wide scope of multidisciplinary research in the space related to the
determination of key factors involved linked to fundamental interactions, cross-modal effects in
different contexts and eating scenarios, as well as studies that utilize unique study design approaches
and methodologies.
Derek V. Byrne
Editor
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Current Trends in Multidisciplinary Approaches to
Understanding Consumer Preference and Acceptance
of Food Products
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Abstract: Acceptance and preference of the sensory properties of foods are among the most
important criteria determining food choice. Sensory perception and our response to food products
and ﬁnally food choice itself are aﬀected by a myriad of intrinsic as well as extrinsic factors.
The pressing question is, how do these factors speciﬁcally aﬀect our acceptance and preference for
foods, both in and of themselves, and in combination in various contexts, both fundamental and
applied? In addition, which factors overall play the largest role in how we perceive and behave
towards food in daily life? Finally, how can these factors be utilized to aﬀect our preferences and
ﬁnal acceptance of real food and food products from industrial production and beyond for healthier
eating? A closer look at trends in research showcasing the inﬂuence that these factors and our
senses have on our perception and aﬀective response to food products and our food choices is timely.
Thus, in this Special Issue collection “Consumer Preferences and Acceptance of Food Products”,
we bring together articles which encompass the wide scope of multidisciplinary research in the space
related to the determination of key factors involved linked to fundamental interactions, cross-modal
eﬀects in diﬀerent contexts and eating scenarios, as well as studies that utilize unique study design
approaches and methodologies.
Keywords: food preference; consumer; sensory perception; food choice; multidisciplinary

1. Introduction
The application of the human senses in studying consumer preferences and acceptance of food
products has become increasingly multi- and cross-disciplinary in recent years. Moreover, sensory and
consumer science is now more widely applicable than ever to a multitude of food and eating scenarios,
including both intrinsic (to the food itself) and extrinsic (non-food cues) factors that inﬂuence food
choice and eating behavior [1].
Acceptance and preference of the sensory properties of foods have been and are still among the
most important criteria determining food choice [2–6]. There is much empirical research showcasing
the eﬀect that our senses have on our perception, aﬀective response to food products and our food
choices [7–9]. This eﬀect of the senses is of course also aﬀected by both the aforementioned intrinsic
food product factors as well as extrinsic factors in a multitude of manners, both independently and in
synergy [1].
The pressing question is how do these factors speciﬁcally aﬀect our acceptance and preference
for foods, both in and of themselves and in combination in various contexts, both fundamental and
applied. In addition, there is the question of which of these factors overall play the largest role in
how we perceive and behave towards food in daily life. Finally, there is the question of how intrinsic
and extrinsic factors can be utilized to aﬀect our preferences and ﬁnal acceptance of real food and
food products from industrial production and beyond for healthier eating. A closer look at trends in
Foods 2020, 9, 1380; doi:10.3390/foods9101380

1

www.mdpi.com/journal/foods

Foods 2020, 9, 1380

research showcasing the inﬂuence that external and internal inﬂuences and our senses have on our
perception and aﬀective response to food products and our food choices is therefore timely.
Thus, in this Special Issue collection “Consumer Preferences and Acceptance of Food Products”
we bring together articles which encompass the wide scope of multidisciplinary research and
perspectives in the space related to the determination of key factors involved. The articles included can
be considered to cover stakeholders in the perception chain, from ‘the Senses’ regarding fundamental
interactions [10–12], on to ‘Physiological responses’ [13,14], ‘Food choice’ itself, [15,16] and on to studies
looking at ‘Purchasing decision processes’ [17,18], and ﬁnally to key factors in relation to behaviors
in the ‘Market itself’ [19]. Moreover, we include an in-depth review of extrinsic vs. intrinsic factors
themselves in a sweetness in beverage context which brings a unique perspective to beverage design
for the future [1].
2. A Synopsis of Special Issues Research
2.1. The Senses
Thus, regarding ‘the Senses’, Bertelsen et al. (2020) examined the area of individual
diﬀerences in sweetness ratings and cross-modal aroma-taste interactions.
The authors
indicated that aroma–taste interactions, which are believed to occur due to previous
co-exposure (concurrent presence of aroma and taste), are suggested as a strategy to aid
However, co-exposures might be inﬂuenced by
sugar reduction in food and beverages.
individual diﬀerences. The authors therefore hypothesized that aroma–taste interactions vary
across individuals [10]. Moreover, Bertelsen et al. (2020) investigated how individual diﬀerences
(gender, age, and sweet liker status) inﬂuenced the eﬀect of aroma on sweetness intensity among
young adults. Consumers were clustered according to their sweet liker status based on their liking for
the samples [10]. Although sweet taste ratings were found to vary with the sweet liker status, aroma
enhanced the sweetness ratings similarly across clusters. As a result, Bertelsen et al. (2020) suggested
that these results call for more targeted product development in order to aid sugar reduction.
In addition, in relation to ‘the Senses’, Klotz et al. (2020) looked at the inﬂuence of the brewing
temperature on the taste of espresso coﬀee. The context presented by the authors was that very hot
(>65 ◦ C) beverages such as espresso have been evaluated by the International Agency for Research on
Cancer (IARC) as ‘likely’ carcinogenic to humans. For this reason, research into lowering beverage
temperature without compromising its quality or taste is important. In two sensory trials using a
triangle test methodology, brewing temperatures of 80 ◦ C vs. 128 ◦ C and 80 ◦ C vs. 93 ◦ C were compared.
Most tasters were clearly unable to distinguish between 80 and 93 ◦ C. The authors proposed that the
results indicate that the possibility of decreasing the potential health hazards of very hot beverages
exists by simply lower brewing temperatures to levels where tasters do not detect a diﬀerence [11].
In another included publication looking at the senses, Włodarska et al. (2020) speciﬁcally studied
the visual system and factors inﬂuencing consumers’ perceptions of food, in this case with apple
juice using sensory and visual attention methods. At its core, the authors’ aim was to evaluate
the inﬂuence of intrinsic product characteristics and extrinsic packaging-related factors on the food
quality perception [12]. The results show that brand and package information have a large impact
on consumers’ sensory perceptions and generate high sensory expectations. An innovative visual
attention tracking technique was used in online experiments to identify packages and label areas on
individual packages, which attracted consumer attention. During an online shelf test, consumers
mostly focused on not from concentrate juices from local producers, which were perceived as more
natural, healthy, and expensive than juices reconstituted from concentrate. When individual labels
were analyzed, consumers predominantly focused on nutritional data, brand name, and information
about the type of product [12]. Włodarska et al. (2020) concluded that the present results conﬁrm a
large impact of information and visual stimuli related to packaging on product perception.
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2.2. Physiological Responses
Relating to ‘Physiological responses’ and the senses, Szczygiel et al. (2020) looked at the eﬀect of
sleep curtailment on hedonic responses to liquid and solid food. The authors’ premise was that it is
currently unclear whether changes in sweet taste perception of model systems after sleep curtailment
extended to complex food matrices. Therefore, the primary objective of this study was to use a novel
solid oat-based food (crisps) and an oat-based beverage stimulus sweetened with sucralose to assess
changes in taste perception after sleep curtailment using a single-channel electroencephalograph [13].
Szczygiel et al. (2020) contended that overall, sweeter versions of the oat products were liked more
after sleep curtailment. While the eﬀect of sleep curtailment on sweet liking did not diﬀer between
sweet liking classiﬁcation categories, sleep curtailment resulted in decreased texture liking in the
solid oat crisps for sweet non-likers but not in the oat beverage. The authors concluded that these
ﬁndings illustrate the varied eﬀects of sleep on hedonic response in complex food matrices and possible
mechanisms by which insuﬃcient sleep can lead to sensory-moderated increases in energy intake [13].
In addition, Duerlund et al. (2020) uniquely looked at dynamic changes in post-ingestive
sensations after the consumption of a breakfast meal high in protein or carbohydrate. The authors
presented how post-ingestive sensations can provide a more comprehensive picture of the eating
experience than mere satiety measurements. This study aimed to quantify the dynamics of diﬀerent
post-ingestive sensations after food intake and study the eﬀect of protein and carbohydrate on
hedonic and post-ingestive responses [14]. Subjects were served a breakfast meal high in protein
(HighPRO) or high in carbohydrate (HighCHO). The results show a signiﬁcant main eﬀect of time for
all post-ingestive sensations. HighCHO induced higher hedonic responses compared to HighPRO,
as well as higher ratings for post-ingestive sensations such as satisfaction, food joy, overall wellbeing
and fullness. HighPRO, on the other hand, induced higher ratings for sweet desire post intake.
Duerlund et al. (2020) overall proposed that the development of sensations after a meal might be
important for consumers’ following food choices and for extra calorie intake.
2.3. Food Choice
On to Food choice itself, Ohlhausen and Langen (2020) investigated how a combination of nudges
decreases sustainable food choices out-of-home, utilizing food decoy eﬀects (DE) and descriptive
name labels (DNL). The authors reported the results from three consecutive studies focusing on the
comparison of the eﬀectiveness of diﬀerent nudges and their combinations to increase sustainable food
choices out of the home. The nudges compared are the use of descriptive name labels for the most
sustainable dish of a choice set (menu) and the decoy eﬀect, created by adding a less attractive decoy
dish to a more attractive target dish with the goal of increasing the choice frequency of the target dish.
The authors concluded that a combination of DNLs and the DE is not recommended for fostering
sustainable food choices. Pure DNLs were more eﬃcient in increasing the choice frequency of the
more sustainable meal, whereas the decoy eﬀect resulted in decreased choice frequencies. Also of note,
regional and sustainable DNLs were favored by consumers [15].
Also in relation to food choice, Yeh et al. (2020) looked at the role of trust in explaining food
choice where the authors combine a discrete choice experiment (DCE) and attribute best–worst scaling
(BWS). The analysis was based on a sample of 459 Taiwanese consumers and focuses on red sweet
peppers. The results of the DCE latent class analysis for the product attributes show that four segments
may be distinguished [16]. Yeh et al. (2020) concluded that linking the DCE with the attitudinal
dimensions reveals that consumers’ attitude and trust signiﬁcantly explain class membership and,
therefore, consumers’ preferences for diﬀerent credence attributes.
2.4. Purchasing Behavior
Within the purchasing intention area, Park et al. (2020) investigated factors inﬂuencing purchasing
of low-sodium and low-sugar products. The authors’ basis for this study was linked to the fact that

3

Foods 2020, 9, 1380

sodium and sugar intake in South Korea exceeds recommended levels and as a result the government
and food industry have been attempting to reduce the amount of sodium and sugar in food products,
as in many other countries. For this study, two online survey-based experiments were conducted:
one using soy sauce to represent a sodium-based product and the other using yogurt to represent a
sugar-based product [17]. The signiﬁcant variables that inﬂuenced the purchase intention for both
were the consumers’ previous low-sodium/low-sugar product choices and their propensity for food
neophobia. Moreover, the lower the consumer s unhealthy = tasty intuition (UTI), the higher the
purchase intention for the low-sodium soy sauce, but UTI did not act as a signiﬁcant variable for
the low-sugar yogurt. Park et al. (2020) concluded that the results demonstrate that government
interventions for low-sodium products and low-sugar products should be diﬀerentiated to have impact.
Moreover, regarding purchasing decisions, Massaglia et al. (2020) looked at consumer preference
heterogeneity evaluation in fruit and vegetable purchasing decisions. This study assesses consumer
preferences during fruit and vegetable (FV) sales, considering the sociodemographic variables of
individuals together with their choice of point of purchase. A choice experiment was conducted
in two metropolitan areas in Northwest Italy. The relative importance assigned by consumers
to 12 fruit and vegetable product attributes, including both intrinsic and extrinsic quality cues,
was assessed by using the best–worst scaling (BWS) methodology [18]. The BWS results show that
“origin”, “seasonality”, and “freshness” were the most preferred attributes that Italian consumers
took into account for purchases, while no importance was given to “organic certiﬁcation”, “variety”,
or “brand”. Massaglia et al. (2020) concluded that their research demonstrates that age, average annual
income, and families with children are all discriminating factors that inﬂuence consumer preference
and behavior, in addition to aﬀecting which point of purchase where the consumer prefers to acquire
FV products.
2.5. Market Factors
Melovic et al. (2020) provided an overview and an analysis of market factors inﬂuencing
consumers’ preferences and acceptance of organic food products, presenting key recommendations
for the optimization of what is a developing market in Italy. Considering the beneﬁts of the organic
production system, it is recognized as one of the main drivers of future economic development [19].
However, the imbalance between demand and supply at the local market level represents one of the
serious obstacles that prevents its future growth. Therefore, this article examined the key factors
related to the main elements of the oﬀer that have the strongest impact on consumer preferences
and acceptance of organic food products. Furthermore, this article provided insight into some of the
sensory properties of the oﬀer that are important to consumers [19]. Finally, Melovic et al. (2020)
gave recommendations for the optimization of the oﬀerings on the organic food market based on
the analysis of the inﬂuence of each of the elements (product, price, distribution, and promotion) on
consumer acceptance of organic products and making purchasing decisions.
Finally, this Special Issue collection includes a comprehensive review by Wang et al. (2020),
bringing together a comprehensive body of research on the role of intrinsic and extrinsic sensory
factors, focused on sweetness perception of food and beverages. The authors showed that when it
comes to eating and drinking per se, multiple factors from diverse sensory modalities have been
shown to inﬂuence multisensory ﬂavor perception and liking [1]. These factors have previously been
strictly divided into either those that are intrinsic to the food itself (e.g., food colour, aroma, texture),
or those that are extrinsic to it (e.g., related to the packaging, receptacle or external environment).
Wang et al. (2020) demonstrated that given the obvious public health need for speciﬁcally sugar
reduction, their review aimed to compare the relative inﬂuences of product-intrinsic and
product-extrinsic factors on the perception of sweetness. The authors also took a cognitive neuroscience
perspective and evaluated how diﬀerences may occur in the way that food-intrinsic and extrinsic
information become integrated with sweetness perception [1]. Based on recent neuroscientiﬁc evidence,
the authors proposed a new framework of multisensory ﬂavor integration focusing not on the
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food-intrinsic/extrinsic divide, but rather on whether the sensory information is perceived to originate
from within or outside the body. In conclusion, Wang et al. (2020) provided recommendations to those
in the food industry and proposed directions for future research relating to the need for longer-term
studies and understanding of individual diﬀerences.
3. Conclusions
Overall, the works included in this Special Issue collection are diverse, and cover a wide range
of studies from fundamental to real world applicability re consumer preference and acceptance.
A theming of the studies has been utilized to emphasize the diverse and critical nature of the inclusion
of the human senses in consumer and acceptance applications across the food stakeholder chain.
Of note is that many of the studies utilize unique multidisciplinary study design approaches and
methodologies and involve synergy in disciplines. An overall conclusion with respect to this anthology
is that the human senses, consumer acceptance and preferences are core to future food design regarding
understanding numerous fundamental and applicable settings involving human perception in the
food space.
Funding: This research was funded by Innovation Fund Denmark, grant number 6150-00037B.
Acknowledgments: The authors thank Food Quality Perception & Society Team and iSENSE Lab at the Department
of Food Science at Aarhus University, Denmark
Conﬂicts of Interest: The authors declare no conﬂict of interest.
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Abstract: When it comes to eating and drinking, multiple factors from diverse sensory modalities
have been shown to inﬂuence multisensory ﬂavour perception and liking. These factors have
heretofore been strictly divided into either those that are intrinsic to the food itself (e.g., food colour,
aroma, texture), or those that are extrinsic to it (e.g., related to the packaging, receptacle or external
environment). Given the obvious public health need for sugar reduction, the present review aims to
compare the relative inﬂuences of product-intrinsic and product-extrinsic factors on the perception
of sweetness. Evidence of intrinsic and extrinsic sensory inﬂuences on sweetness are reviewed.
Thereafter, we take a cognitive neuroscience perspective and evaluate how diﬀerences may occur in
the way that food-intrinsic and extrinsic information become integrated with sweetness perception.
Based on recent neuroscientiﬁc evidence, we propose a new framework of multisensory ﬂavour
integration focusing not on the food-intrinsic/extrinsic divide, but rather on whether the sensory
information is perceived to originate from within or outside the body. This framework leads to
a discussion on the combinability of intrinsic and extrinsic inﬂuences, where we refer to some existing
examples and address potential theoretical limitations. To conclude, we provide recommendations to
those in the food industry and propose directions for future research relating to the need for long-term
studies and understanding of individual diﬀerences.
Keywords: sugar reduction; multisensory integration; intrinsic factors; extrinsic factors;
sweetness perception

1. Introduction
Eating and drinking are amongst the most multisensory of the experiences that we have.
When people think about the consumption of food and drink, the senses of taste and smell usually
come to mind ﬁrst. However, a growing body of research conducted over the last decade or two
has increasingly demonstrated that all of our senses play a role in inﬂuencing ﬂavour perception
(see References [1–3] for reviews). For instance, recalling the experience of eating an apple will usually
evoke not just taste and smell, but also its colour, weight, shape, its ﬁrmness, crunchiness, juiciness
and even the sound of chewing and perhaps its provenance (e.g., supermarket, organic, local, or the
tree in the backyard).
A large body of research now supports the view that both food-intrinsic sensory factors (e.g., product
colour, aroma, texture, viscosity, etc.) as well as food-extrinsic factors (e.g., visual, olfactory, and tactile
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properties of product packaging or servingware, background music, ambient lighting, temperature and
aroma, etc.) play a role in determining whether we accept and how we perceive food and beverages
(e.g., for intrinsic factors [2,4,5] and for extrinsic factors [6–12]). What is less clear, however, is how
these diﬀerent factors interact and the relative importance of intrinsic and extrinsic factors to our
perception of, not to mention our behaviour towards, food and drink.
In this review, we focus on how intrinsic and extrinsic factors can enhance the perception of
sweetness in foods and beverages and address the question of how (and if) they can be combined in
order to deliver an enhanced perception of sweetness. The decision to target the perception of sweetness
is informed by the growing public health concern over excessive sugar consumption. The consumption
of sweet foods has been argued to be one of the major contributors to the current obesity epidemic,
with more than 3 million deaths globally each year [13–16]. Moreover, sugar reduction is of critical
concern to major food and beverage companies such as PepsiCo, Givaudan, and Arla, who have been
engaging in a number of major initiatives in order to reduce added sugars and develop naturally
resourced sweeteners [17–19]. Therefore, a multisensory, psychological model of sweetness perception
is especially important when it comes to the design of sugar-reduced/replaced foods and beverages.
Hutchings et al. [20] recently outlined four general strategies for sugar reduction. Sugar substitution,
altering food structure (e.g., heterogeneously distributing sucrose, modifying tastant release, or reducing
particle size), gradual long-term sugar reduction, and using the principles of multisensory integration.
However, Hutchings et al. [20] do not address the role of product-extrinsic factors in sweetness
perception. Therefore, in the current review, we endeavour to assess the complex interplay between
various diﬀerent sensory factors surrounding the multisensory eating experience, with a cognitive
neuroscience view of how the senses combine to shape taste perception (Note that the scope of the
current review is limited to the inﬂuence of sensory cues on sweetness enhancement. Various cognitive
factors, such as, for instance, any information provided by packaging, can also inﬂuence consumer
ﬂavour perception and acceptance of sugar-reduced foods [21]; however, such cognitive eﬀects fall
beyond the scope of the present article. Similarly, sugar substitution schemes with non-caloric
sweeteners are also outside of the scope of the present review [22]).
2. Food-Intrinsic versus Food-Extrinsic Inﬂuences on Sweetness Perception
In the following section, we will target each sensory modality in turn and review the literature on
the intrinsic and/or extrinsic cues regarding their inﬂuence on sweetness perception. Table 1 provides
a representative summary of studies demonstrating sweetness enhancement eﬀects from the inﬂuence
of diﬀerent sensory modalities.
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Sight

Sight

Sight

Sight

Sight

Clydesdale et al. (1992)
[30]

Fairhurst et al. (2015) [31]

Frank et al. (1989) [32]

Hidaka and Shimoda
(2014) [33]

Hearing

Wang and Spence,
(2016) [25]

Hearing

Hearing

Reinoso Carvalho et al.
(2017) [24]

Carvalho and Spence
(2019) [29]

Hearing

Reinoso Carvalho et al.
(2016) [9]

Wang et al. (2019) [28]

Hearing

Reinoso Carvalho et al.
(2016) [9]

Hearing

Hearing

Höchenberger et al.
(2018) [23]

Wang and Spence,
(2017) [27]

Hearing

Höchenberger et al.
(2018) [23]

Hearing

Hearing

Crisinel et al. (2012) [7]

Wang and Spence
(2017) [26]

Sense

Study
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Intrinsic

Intrinsic

Both

Intrinsic

Extrinsic

Extrinsic

Extrinsic

Extrinsic

Extrinsic

Extrinsic

Extrinsic

Extrinsic

Extrinsic

Extrinsic

Extrinsic

Intrinsic
or
Extrinsic

Pink solution

No colouring

No colour

Angular plate and
angular food
presentation

Round plate and
round food
presentation
Red colouring

Less red colouring

White coﬀee cup

Bitter soundtrack

Sour soundtrack

More red colouring

Pink coﬀee cup

Sweet soundtrack

Sweet soundtrack

Dissonant soundtrack

Dissonant soundtrack

Consonant
soundtrack

Staccato soundtrack

Consonant
soundtrack

Sour soundtrack

Bitter soundtrack

Bitter soundtrack

Bitter soundtrack

Bitter soundtrack

Control/Comparison
Stimuli

Legato soundtrack

Sweet soundtrack

Sweet soundtrack

Sweet soundtrack

Sweet soundtrack

Sweet soundtrack

Sweet Enhancing
Stimuli

Sucrose solution 4% and
6%

Sucrose solution

Beetroot salad

Dry beverage base and
sugar solution

Espresso

Apple elderﬂower juice

Oﬀ-dry white wine

Fruit juice
(apple, orange, grapefruit)

Fruit juice
(apple, orange, grapefruit)

Dark chocolate

Belgian beer

Belgian beer

Toﬀee

Toﬀee

Cinder toﬀee

Taste Stimuli

No eﬀect
40%

Rating sweetness

17%

14%

30%

8%

19%

17%

19%

11%

20%

20%

No signiﬁcant
diﬀerence

10 cm visual analogue
scale (VAS)
less–sweeter

0–10 rating sweetness

1–7 rating sweetness

0–10 rating
(sweetness)

1–9 rating sweetness

0–10 rating sweetness

0–10 rating
(sour–sweet)

1–10 rating
(sour–sweet)

1–7 rating sweetness

1–7 rating sweetness

1–7 rating sweetness

0–100 rating
(sweet, bitter, salt, sour)

8%

15%

1–9 rating
(bitter–sweet)
0–100 rating
(bitter–sweet)

% Diﬀerence

Scale

Table 1. A representative selection of studies demonstrating sweetness enhancement via food-intrinsic and extrinsic sensory cues.
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Sight

Sight

Sight

Smell

Stewart and Goss (2013)
[40]

Wang and Spence
(2017) [26]

Wang et al. (2017) [41]

Dalton et al. (2000) [42]

Sight

Pangborn et al. (1963)
[38]

Sight

Sight

Pangborn and Hansen
(1963) [37]

Piqueras–Fiszman et al.
(2012) [8]

Sight

Maga (1974) [36]

Sight

Sight

Lavin and Lawless
(1998) [35]

Pangborn (1960) [39]

Sight

Lavin and Lawless
(1998) [35]

Sight

Sight

Johnson and Clydesdale
(1982) [34]

Pangborn (1960) [39]

Sense

Study

Darker red solution

Angular shape

No odour

Benzaldehyde odour
(cherry almond
aroma)

Image of sad child

Black plate

Saccharin solution

Dark chocolate

Fruit juice
(apple, orange, grapefruit)

Cheesecake

Strawberry mousse

Pear nectar

Green, yellow,
uncoloured solutions
Black plate

Sucrose solution

White wine

Green, yellow,
uncoloured solutions

Yellow, brown, light
red, dark red colouring

Green, yellow,
uncoloured solutions
Pear nectar

Sucrose solution

Green, yellow,
uncoloured solutions

Threshold test

30%
29% increase in
benzaldehyde
threshold in benz
+ saccharin
condition

20%
1–9 rating expected
sweetness

28%

15%

No eﬀect

No eﬀect

Rose sweetest

No eﬀect

No eﬀect

8%

10%

2–10%

% Diﬀerence

0–10 rating
(sour–sweet)

10 cm sweetness scale

10 cm sweetness scale

2-AFC which one
sweeter

2-AFC (alternative
forced choice) which
one sweeter

Rating sweetness

Rating sweetness

Recognition threshold

1–9 category scale
sweetness

Fruit beverage +
aspartame to 9% sucrose
level

Darker green solution

Round shape

Image of happy child

White plate

White plate

Red colouring

Red colouring

Pink colouring

Red solution

Red colouring

1–9 category scale
sweetness

Lighter red solution

Fruit beverage +
aspartame to 9% sucrose
level

Scale
Magnitude estimation
sweetness

Lighter red reference
solution

Darker red coloured
solution

Taste Stimuli
Sucrose solutions
2.7–5.3%

Control/Comparison
Stimuli

Sweet Enhancing
Stimuli

Lighter green solution

Extrinsic
(Orthonasal)

Intrinsic

Extrinsic

Extrinsic

Extrinsic

Intrinsic

Intrinsic

Intrinsic

Intrinsic

Intrinsic

Intrinsic

Intrinsic

Intrinsic

Intrinsic
or
Extrinsic

Table 1. Cont.
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Smell

Smell

Smell

Smell

Smell

Touch

Touch

Touch

Touch

Study

Delwiche and
Heﬀelﬁnger (2005) [43]

Frank and Byram (1988)
[44]

Frank et al., 1989 [32]

Schiﬀerstein and Verlegh
(1996) [45]

Wang et al. (2019) [28]

Biggs et al. (2016) [46]

van Rompay et al.
(2016) [47]

Wang and Spence
(2018) [48]

Wang and Spence
(2018) [48]

Sweet Enhancing
Stimuli

Strawberry odour

Intrinsic
(Retronasal)
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Extrinsic

Extrinsic

Extrinsic

Extrinsic

Intrinsic

Velvet swatch

Velvet swatch

Rounded cup surface
pattern

Rough plate

Pomegranate aroma

Strawberry odour,
Intrinsic
(Retronasal)
lemon odour

Strawberry odour

Intrinsic
(Retronasal)

Intrinsic
Pineapple odour, high
(Retronasal)
concentration

Intrinsic
or
Extrinsic

Sandpaper swatch

Sandpaper swatch

Angular cup surface
pattern

Smooth plate

No added aroma

No odour

No odour

No odour

Pineapple odour,
lower concentration

Control/Comparison
Stimuli

Table 1. Cont.

Fortiﬁed red dessert wine
(110 g/L)

Oﬀ-dry white wine (10
g/L)

Hot coﬀee and chocolate

Biscuits

Apple elderﬂower juice

Sucrose solution

Sucrose solution

Sweetened whipped
cream

Aspartame/acesulfame
potassium solution

Taste Stimuli

1–7 rating sweetness

1–9 rating sweetness

14%

13%

20%

How did the biscuits
taste?

1–7 rating sweetness

5%
Biscuits in smooth
plate 3 times more
likely to be rated
as sweet
compared to those
in rough plate

25%

~18% at 0.3 M, 7%
at 0.5 M
concentration

13% at 0.6 M and
1.2 M; 40% at 0.25
M

Additive
taste-odour

% Diﬀerence

1–9 rating sweetness

150 mm sweetness
scale

0–20 rating sweetness

0–20 rating sweetness

2-AFC threshold
detection

Scale
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2.1. Vision
2.1.1. Colour
A growing body of scientiﬁc research shows that people systematically associate diﬀerent colours
of foods and beverages (regardless of whether they are found in the food itself or in the food
presentation/packaging), with speciﬁc basic tastes (see References [49–51] for reviews). In one early
study, O’Mahony [52] reported that North American participants consistently matched the colour red
to sweet taste, yellow to sour tastes, and white to salty tastes. The impact of particular colours on the
perception of speciﬁc tastes has been repeatedly demonstrated over the years. Speciﬁcally, in terms of
sweetness, red-coloured drinks have been found to enhance sweetness detection [34], expectations of
sweetness [53], and perceived intensity [30,33,35,39,50]. However, in terms of the sensitivity to sweet
taste, Maga [36] did not observe any eﬀect of the colour red on taste detection thresholds. Rather,
this colour was found to decrease bitter taste sensitivity (see Reference [49] for a review).
What is perhaps more surprising, is the role of extrinsic colour cues—that are not themselves part
of the product itself—on perceived taste. So, for instance, Harrar et al. [54] reported that salty popcorn
was perceived as slightly, but signiﬁcantly, sweeter when served in a red or blue bowl, as compared
to when presented in a white bowl. Meanwhile, in another study, a pinkish-red strawberry mousse
was rated as tasting roughly 15% sweeter when served on a white plate than when served on a black
plate [8,55]. Harrar and Spence [56] replicated these results using black versus white spoons with
diﬀerent coloured yoghurts. Furthermore, they posited that the contrast between the colour of the
cutlery and the colour of the food may help to explain diﬀerences in consumer liking and perceived
value of the food [57], even if the eﬀect on sweetness was based on the colour of the cutlery alone.
Additionally, it may be the combination of colours that especially signal sweetness; Woods et al [58]
examined how single colours compared to colour combinations were rated in terms of sweetness,
and found that the combination of pink and white was rated signiﬁcantly sweeter than white and pink
represented individually as single colours.
When it comes to beverages, hot chocolate was rated as slightly sweeter when served in a dark
cream coloured cup as compared to orange, red, or white cups [59]. Elsewhere, it has been demonstrated
that the same café latte tasted less sweet in a transparent glass cup with a white sleeve as compared
to cups having a blue sleeve or no sleeve at all [60]. Furthermore, the same espresso coﬀee is both
expected to be sweeter in a pink cup compared to a white one and, in fact, does taste sweeter too [29]
(also see Reference [61] for a review of the literature on background colour).
2.1.2. Food Shape
Needless to say, shape is not solely a visual attribute but also related to touch, as discussed
below. People associate round shapes with sweetness, whereas angular shapes tend to be associated
with sourness, saltiness, and bitterness instead [62–65]. This association has been observed in
food shapes [41,66]. That is, food shape can inﬂuence expectations. For instance, Wang et al. [41]
demonstrated that people expected round-shaped chocolates to taste sweeter and less bitter than
angular-shaped chocolates. Alternatively, it is also possible that food with a round shapes feel smoother
and creamier in the mouth, and creaminess may be associated with sweetness [24].
Now, beyond the association with abstract shapes and taste, there is also a more semantic
association. In a recent study, Spence, Corujo, and Youssef [67] demonstrated that a candy-ﬂoss
like shape/texture was strongly associated with sweetness in both British and Spanish participants.
Like food shape, food-extrinsic shape can also evoke taste similar associations when it comes to
plate shape [31,57] (though see Reference [8]) and even packaging shape [68] and typeface/font [69]
(see Reference [11] for a review of the typeface of taste).
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2.2. Audition
2.2.1. Intrinsic-Food Sounds
The sounds of mastication (i.e., the sounds that we hear when eating) can contribute to our
perception of crispness, freshness and pleasantness for foods such as crisps, biscuits and fruit [70–73]
(see Reference [74] for a review). For instance, an apple is rated as less crispy and softer when the biting
sound is attenuated in either just the high-frequency range, or over the entire sound envelope [70].
However, as far as we are aware, there has not yet been a study published that has investigated whether
changing mastication sounds inﬂuences sweetness perception.
2.2.2. Extrinsic-Food Sounds
Beyond the sound of eating, incidental sounds playing in the background can also inﬂuence
our taste perception. Woods et al. [75] conducted studies assessing the impact of loud versus quiet
background white noise (75–85 dB versus 45–55 dB) on the perception of sweetness, sourness and liking
for a variety of foods. Sweet foods (biscuits and ﬂapjacks) were rated as tasting signiﬁcantly less sweet
in the loud background noise condition compared to the quiet background noise condition. As far as
sweetness is concerned, Yan and Dando [76] found similar results when they assessed intensity ratings
for a variety of pure taste solutions in silence and with simulated airplane noise (presented at 80–85 dB
over headphones). Once again, sweetness ratings were suppressed in the noise condition compared
to silence.
“Sonic seasoning”, the idea that certain auditory stimuli can be deliberately used to alter people’s
taste perception, is becoming an increasingly popular topic in both the academic literature as well as the
popular press [9,74,77–79]. Previously, it has been shown that speciﬁc auditory attributes are associated
with basic tastes, both when presented as taste words (for instance, “sweet”), and in the form of tasting
solutions [80–88] (see Reference [89] for a review). For instance, both sweet and sour tastes are mapped
to high pitch, whereas bitterness is mapped to low pitch [81,85–87]. Crisinel et al. [7] ﬁrst demonstrated
that beyond any cross-modal associations between sounds and taste words, auditory stimuli could
also aﬀect people’s taste evaluations. The participants in their study were given samples of bittersweet
cinder toﬀee to evaluate while listening to one of two soundtracks that had been speciﬁcally composed
to correspond to either sweet or bitter tastes. Crucially, the participants rated the cinder toﬀee samples
higher on the sweet–bitter scale (i.e., sweeter and less bitter) while listening to the sweet soundtrack
than while listening to the bitter soundtrack. Similar sonic seasoning eﬀects, speciﬁcally involving
sweetness, have since been found in a range of food and beverage stimuli ranging from juice to beer,
and from chocolate to wine [9,24,25,27,90,91]. Moreover, technology is beginning to be incorporated
into smart food packaging, such as the “sonic sweetener” prototype coﬀee container which can deliver
sweet- or bitter-sounding music as people consume the beverage inside [92].
2.3. Olfaction
2.3.1. Retronasal Olfaction
In terms of the eﬀect of aroma on sweetness perception, the body of research supporting the
modifying eﬀects of aromas on sweetness perception is certainly not new. Aromas such as caramel,
vanilla, and berry ﬂavours have been found to increase the perception of sweetness, at least in Western
participants (e.g., [2,44,45,93–100], see References [1,101] for reviews). Here, it is important to note that
previous co-exposure is key to taste enhancement, which can diﬀer with participants from diﬀerent
cultural backgrounds. For instance, in one study, the aroma of vanilla was found to enhance perceived
sweetness in French participants more than in Vietnamese participants, but the reverse was true for
lemon aroma [101,102]. Furthermore, Frank and Byram [44] studied the perception of sweetness
and saltiness in diﬀerent food matrices: Sucrose-sweetened whipped cream and strawberry aroma,
sucrose-sweetened whipped cream and peanut butter aroma, sodium chloride salted whipped cream
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and strawberry aroma and ﬁnally sucrose-sweetened whipped cream and strawberry aroma evaluated
with the nose pinched. The strawberry aroma tended to enhance the perception of sweetness; the results
also showed that an aroma’s ability to enhance sweetness was aroma-dependent, that an aroma’s
ability to enhance taste was tastant-dependent, and that the inﬂuence of the strawberry aroma on
sweetness was olfactory rather than gustatory in origin.
Attempts have been made to predict the level of sweetness enhancement from diﬀerent aromas.
Schiﬀerstein and Verlegh [45] investigated the eﬀect of congruency in the form of co-occurring
aroma-taste pairs. They studied strawberry, lemon and ham aromas together with sucrose and thereby
created diﬀerent aroma-tastant pairs varying in levels of congruency. As expected, they found that
strawberry and lemon aromas increased sweetness ratings, but that the aroma of ham did not. However,
the ratings of congruency did not contribute to the predictive power of the regression predicting
sweetness enhancement. This indicates that congruency is a necessary condition for aroma-induced
sweetness enhancement to occur, but that the degree of congruency does not relate to the level of
sweetness enhancement. The degree of congruency did, however, aﬀect the pleasantness of the mixtures,
but as for congruency, the pleasantness scores could not predict the level of sweetness enhancement.
Stevenson et al. [103] investigated how to best predict aroma-induced sweetness enhancement
by screening 12 diﬀerent aromas, including aromas that smelled “sweet”, “acidic”, or non-food-like.
They found that the degree to which an aroma smelled sweet was the best predictor of an aroma’s
ability to enhance sweetness of sucrose, but that the degree to which an aroma was perceived to smell
sweet was signiﬁcantly correlated to whether the aroma was regarded to be food or non-food-like.
The more an aroma was judged to be food-like, the sweeter-smelling it was perceived.
Besides being aroma- and tastant-dependent, aroma–sweetness interactions are also dependent
on the context. Indeed, comparing samples to a sucrose reference have been shown to not only reduce,
but also change the cross-modal eﬀect of aromas on sweet taste (unpublished data). Another important
fact to keep in mind is the possible interaction between aroma and sweetener. Several studies have
investigated the sweetness-enhancing eﬀect of aromas at varying sucrose levels. While not all studies
have shown bigger eﬀects at lower rather than higher sucrose concentrations [44], most studies
have [45,104,105]. Indeed, a greater degree of sensory integration has been shown for weaker compared
to stronger stimuli [106].
2.3.2. Orthonasal Olfaction
In the majority of studies investigating speciﬁc odour-induced changes in taste perception
including that of sweetness, odorants and tastants have been presented together intrinsically in liquid
mixtures which have been sipped (see References [107,108] for reviews). This means that it has not been
possible to study the origin of this eﬀect—in other words, whether it is peripheral or central. However,
in a study on aspartame solutions and vanilla aroma, Sakai et al. [109] demonstrated that independent
of whether vanilla and aspartame were mixed or delivered separately, sweetness enhancement occurred.
These early results therefore suggested, surprisingly, that there is little functional diﬀerence between
retro- and orthonasal-olfaction when it comes to sweetness enhancement. In a study of strawberry and
soy sauce odours on perceived sweetness and saltiness, where odorants and tastants were delivered
separately, Djordjevic et al. [110] found taste–smell interactions for congruent odour–taste pairs,
thus leading them to conclude that odour-induced changes in taste perception are centrally mediated.
In a study using saccharin solutions and benzaldehyde, Pfeiﬀer et al. [111] found that out of a panel
of 16 people, 12 showed perceptual integration while the remaining four did not. This suggested
that there are individual diﬀerences in how odour-induced changes in taste perception occurs.
While evaluating the intensity of fruit ﬂavour, Hort and Hollowood [112] further found that a subgroup
of trained assessors was unaﬀected by cross-modal aroma-sweetness interactions. Additionally,
Pfeiﬀer et al. [111] found that while retro- and the orthonasal-presentation both produced perceptual
integration, the threshold values for the diﬀerent presentation methods were diﬀerent.
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2.4. Taste
Taste–taste interactions are not well understood, partly since research has reported contradictory
results. In their review on binary taste interactions at suprathreshold levels, Keast and Breslin [113]
suggested that the position of the individual taste stimulus on the concentration-intensity
psychophysical curve (expansive, linear, or the compressive phase of the curve) can predict important
interactions of taste mixtures, and that these interactions are thus concentration-dependent.
In relation to the perception of sweetness, many compounds can elicit a sweet taste. As sugar
reduction is a highly interesting topic for industry, academia, as well as for society in general,
several studies have investigated sweet tasting compounds and perceptual interactions between
them [114–118]. For instance, the perception of sweetness in mixtures of aspartame and acesulfame K
has been extensively investigated and the two sweeteners have demonstrated a perceptual synergy when
mixed [32,114,115]. In general, Keast and Breslin [113] suggested that, at low intensity/concentrations
(corresponding to the expansive phase of the psychophysical curve), synergy is reported when
mixing sweet tasting compounds. On the other hand, at higher intensities/concentrations (the linear
of compressive phase of the psychophysical curve) sweetness enhancement is less common and
suppression is reported instead.
The perception of sweetness is, however, also modiﬁed by other taste qualities. In their
review, Keast and Breslin [113] generalised on the eﬀect of other taste qualities as follows: At low
intensities/concentrations (the expansive phase of the psychophysical curve), the perception of
sweetness is increased by salty taste, while results on the eﬀect of adding bitterness and sourness was
inconclusive. At medium intensities/concentrations (the linear phase), sweetness was suppressed by
bitterness while results were inconclusive for saltiness and sourness. At high intensities/concentrations
(the compressive phase), both bitterness and sourness suppressed the perception of sweetness
while saltiness either suppressed or else had no eﬀect. Similar results were found in the review on
heterogeneous binary taste interactions by Wilkie and Capaldi Phillips [119]. However, they found
that salt generally suppresses sweet taste, but that, as with Keast and Breslin [113], the eﬀect of salt
was concentration-dependent. Only a few studies have investigated the interaction between sweetness
and umami, and the results are, thus far, inconclusive [113,119].
With respect to more complex taste mixtures such as ternary and quaternary mixtures including
sweetness, Green et al. [120] followed a sip-and-spit procedure to investigate if asymmetries in
suppression between stimuli in binary mixtures could predict taste perception in ternary and quaternary
mixtures. The authors found a consistent pattern of mixture suppression in which sucrose sweetness
was both the least suppressed quality as well as the strongest suppressor of other tastes (sourness,
saltiness, and bitterness). Further, they concluded that, the overall intensity of mixtures was found to
be predicted best by perceptual additivity. In other words, the overall taste intensity was derived from
the sum of the tastes perceived within a mixture, rather than the sum of the perceived intensities of the
individual stimuli (stimulus additivity).
2.5. Touch
2.5.1. Oral-Somatosensation
The oral texture or mouthfeel of food and drink can inﬂuence the way in which multisensory
ﬂavours are experienced (e.g., [121–123]). Christensen [124] ﬁrst suggested that increased viscosity can
reduce taste perception in sweet and salty solutions. In a similar study, this time involving viscosity
and ﬂavour intensity, Bult et al. [121] presented a creamy odour either orthonasally or retronasally
using an olfactomer. At the same time, milk-like solutions with diﬀerent viscosities were delivered
to the mouth of the participants. The intensity of perceived ﬂavour decreased as the viscosity of the
liquid increased, regardless of whether the odour was presented orthonasally or retronasally. Similarly,
Weel et al. [123] studied the perception of ethylbutyrate (pineapple like, fruity) and diacetyl (buttery)
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ﬂavours in whey protein gels, detected by 10 trained panellists. They found that perceived ﬂavour
intensity decreased linearly with increasing gel hardness.
Of course, it should be kept in mind that ﬂavour compounds can interact with various ingredients in
the food matrix through either chemical or physical interactions, possibly leading to either increased or
decreased ﬂavour release (e.g., [125–127]). However, Tournier et al. [100] found that physico-chemical
interactions could not explain all of the sensory interactions that they observed, suggesting that
cognitive mechanisms were involved after all.
Beyond mouthfeel, the temperature of food in the mouth can also inﬂuence the perception of
taste. In general, the threshold for detection of sweet tastes (as well as bitter, salty and sour) shows
a U-shaped response as a function of temperature, with the lowest threshold, i.e., highest sensitivity,
in the 20–30 ◦ C temperature range [128–130]. Furthermore, some individuals experience a phantom
taste when small areas of the tongue are rapidly heated or cooled, with most such thermal tastes
experiencing sweetness when the anterior edge of the tongue is warmed [131]. Therefore, it is possible
that for these temperature tasting individuals, sweetness may be enhanced when they consume
warm foods.
2.5.2. Tactile Feedback
A recent body of empirical research has demonstrated that the taste and hedonic evaluation of
food and beverages can indeed be inﬂuenced by the surface texture of packaging materials [59,132],
servingware [46,47] and even the food itself [133]. For instance, Biggs et al. [46] served caramelised
biscuits on two plates of the same shape, one with a rough and grainy surface texture, the other with
a smooth and shiny texture instead. Biscuits taken from the smoother of the two plates were rated as
sweeter and less crunchy than those from the rough plate. In another study examining larger-scale
surface textures, van Rompay and colleagues [47] demonstrated that 3D-printed surface patterns
inﬂuenced, amongst other attributes, the sweetness intensity of beverages. Namely, hot chocolate
and coﬀee tasted from a cup with a rounded macrogeometric outer surface pattern were rated as
tasting sweeter and less intense than the same beverages when tasted from a cup that had a much
more angular outer pattern instead. Conversely, the angular surface pattern increased perceived
bitterness and taste intensity when compared to the rounded pattern. Slocombe et al. [133] examined
the inﬂuence of both food-intrinsic and extrinsic surface texture on sweetness, bitterness, and sourness
of citrus-ﬂavoured fondant sugar. While these researchers observed no inﬂuence of plate texture
(rough versus smooth) on the taste of these food samples, they did observe that, when it came to the
surface texture of the food itself, samples were rated as tasting signiﬁcantly sourer when it had a rough
surface texture as compared to a smooth one. Recently, Wang and Spence [48] demonstrated for the
ﬁrst time that haptic feedback of surface texture can apply to orthonasal olfaction as well as to the taste
and hedonics of foodstuﬀs. The authors found that haptic sensations from touching diﬀerent surface
textures (velvet versus sandpaper) can (at least when attended) inﬂuence the wine-tasting experience,
both in terms of olfaction and in terms of in-mouth sensations. The wine was rated as smelling fruitier,
as tasting sweeter and more pleasant, when the participants touched the velvet as compared to when
they touched the sandpaper.
3. A Neuroscientiﬁc Perspective on Sensory Interactions
3.1. The Role of Multisensory Flavour Perception
When it comes to rationalising multisensory integration, Gibson [134] proposed an ecological
model whereby information about an object is processed and interpreted via diﬀerent sensory channels,
as part of an active process to acquire information about the environment (see Reference [1] for
a review). Flavour perception, then, can be considered as a system that controls ingestion, with the goal
of picking up all available information about the food that is about to enter the body in order to secure
an adequate supply of nutrients and avoid poisons [135]. Moreover, this process can be considered
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in multiple stages: ﬁrst, there is the pre-ingestion period when food is identiﬁed and expectations
are formed—this is probably most naturally gathered via visual information, together with some
degree of tactile (e.g., weight, surface texture, hardness), orthonasal olfactory, and auditory information
(e.g., sizzling, ﬁzzing, bubbling). Then, there is the actual eating/mastication period where additional
properties of the food—such as its taste, retronasal aroma, texture, temperature and piquancy—are
detected by various taste and oral-somatosensory receptors. These receptors serve to detect nutrients
and poisons in the food [136,137]. At the same time, hedonic judgments are made continuously during
ingestion as a way of motivating and curtailing ingestion (e.g., [138]). Finally, learned associations are
formed between diﬀerent sensory stimuli as a result of the eating process (e.g., many red-coloured
fruits are ripe and sweet [49]).
Just as the tactile system combines disparate information from various parts of the body and
various diﬀerent classes of receptors to register invariant stimuli, this proposed ﬂavour system combines
information from all the senses in order to form ﬂavour percepts that ultimately optimise nutrient
intake. Viewed from this perspective, extrinsic information such as packaging colour or background
sound can act to provide extra information about the food that one is about to taste or is currently tasting.
According to Bayesian decision theory, the brain uses prior knowledge about what sensory signals
go together—whether inborn or explicitly learned—to integrate appropriate sensory stimuli with
the goal of maximising the reliability of perceived information [139–141] and, presumably, to reduce
cognitive load by combining disparate sensory cues into a single object. Cross-modal correspondences
involving sweetness (such as with round shapes or consonant harmonies), could act as a conduit
(i.e., in the form of Bayesian priors) to help the brain interpret multisensory cues in order to help form
taste/ﬂavour evaluations.
3.2. Evidence of Multisensory Flavour Perception in the Brain
In humans, taste is ﬁrst projected from the tongue and oral cavity to the primary taste cortex in
an area of the anterior insula and frontal operculum (see References [142,143] for reviews), along with
oral texture and temperature [144,145].
3.2.1. Aroma + Taste Binding
In support of the idea that the diﬀerent channels of information contributing to ﬂavour are bound
together in a uniﬁed entity, neuroimaging evidence has demonstrated that convergence for taste and
odour occur in the orbitofrontal and anterior cingulate cortex [146–148]. Indeed, increased blood
oxygen level dependent (BOLD) response was observed in the orbitofrontal cortex (OFC) and amygdala
when taste and odour stimuli are presented in combination, compared to the summed activity of taste
and smell when pretended alone [149].
The role of olfaction, however, is made more complicated by the comparison of orthonasal
versus retronasal olfaction. Whereas retronasally perceived odours are referred to the oral cavity
(see a further discussion on oral referral in Section 4.1), orthonasal odours are perceived to come from
outside the oral cavity. For instance, there are diﬀerences in neural responses evoked by orthonasal
versus retronasal odours, with orthonasal perception leading to preferential activation in the insula,
thalamus, hippocampus, amygdala and caudolateral orbitofrontal cortex and retronasal perception
leading to preferential activation in the perigenual cingulate and medial orbitofrontal cortex [150].
Interestingly, these diﬀerent patterns of activation were only found in the odorants associated with
food (i.e., chocolate compared to lavender).
3.2.2. Vision + Taste Binding
Vision is crucial in the prediction of food ﬂavour. By altering the expectation of ﬂavour, colour can
enhance orthonasal olfactory intensity and reduce retronasal intensity (relative to colourless solutions,
see Reference [151]). Furthermore, there is evidence to suggest that visual inputs associated with food
also converge with olfactory and taste information in the OFC [152–154] (see References [155,156] for
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reviews). Multisensory neurons in the OFC have parallel sensitivities to the input quality from the
diﬀerent modalities; neurons which are most responsive to sweet tastants (glucose) also have a stronger
response to the visual representations of sweet fruit juice or olfactory stimuli of fruit odours [157].
3.2.3. Sound + Taste Binding
The inﬂuence of sound on taste and ﬂavour perception can be considered in terms of expectations,
emotion mediation, attentional direction, physiological reaction or just bias [79,158]. Of course, there
is the possibility that any cross-modal eﬀects of music on taste perception may have, at least in part,
a direct, low-level, physiological basis (although see Reference [159] for one reported null-eﬀect of
a speciﬁc sour soundtrack on increasing salivation levels). Such a suggestion is inspired by Wesson and
Wilson’s [160] surprising discovery of direct connections between the ear and the olfactory tubercule in
mice (see Reference [161] for a review of the multiple functions of the olfactory tubercule). In another
example of rodent olfactory–auditory integration, single-cell recordings in the primary auditory cortex
of female mice revealed that exposure to a pup’s body odour can reshape neuronal response to pure
tones and natural auditory stimuli [162]. It is certainly feasible that such a cross-modal connection might
exist in humans, especially as some exciting preliminary neuroimaging results have recently started to
appear demonstrating activation in the primary taste cortex by taste-congruent soundtracks [163].
A diﬀerent possible neural connection was suggested by Brown et al. [164] who demonstrated
that the processing of aesthetic stimuli—be they paintings, music or food—overlap within the primary
gustatory cortex. The authors propose that the aesthetics system evolved ﬁrst for the appraisal of
objects necessary for survival, such as evaluating the suitability of food/energy sources; over time,
according to their suggestion, the same neural circuitry was co-opted for the appreciation of artworks.
Therefore, the fact that our evaluation of music and food are processed in overlapping brain areas
might potentially account for the associations that we make between them, not to mention how the
evaluation (especially hedonic) of stimuli in one sensory modality might inﬂuence the evaluation
of another.
3.2.4. Touch + Taste Binding
Oral-somatosensory information regarding the food we happen to have in our mouths is transferred
to the brain via the trigeminal nerve [165]. The triminal nerve then carries information concerning
touch, texture, temperature, proprioception, nociception and chemical irritation from the receptors
in the mouth directly to the primary somatic sensory cortex of the brain [166,167]. The importance
of somatosensory perception is demonstrated in the large areas of the sensory cortex dedicated to
the lips and tongue [168]. Moreover, oral texture (including the perception of fattiness in food) is
also represented in the OFC [169,170]. Congruent combinations of colour and orthonasally presented
odours have been shown to lead to enhanced activation in the OFC [171]. To the best of our knowledge,
neuroimaging techniques have not yet been applied to the case of somatosensory–taste interactions.
4. A Framework for How Intrinsic and Extrinsic Factors Influence Multisensory Flavour Perception
4.1. Diﬀerences between Exteroceptive and Interoceptive Senses
When thinking about the senses and their role in multisensory ﬂavour perception, it can
be helpful to distinguish between two categories: the exteroceptive sense of vision, audition,
and orthonasal olfaction are typically stimulated prior to (and sometimes during) the consumption
of food, and the interoceptive senses (retronasal olfaction, oral-somatosensation and gustation)
are those that are stimulated during eating [172]. In the latter case, the relevant senses are taste,
retronasal smell, oral-somatosensation and the sounds associated with the consumption of food.
Diﬀerent brain mechanisms may be involved in these two cases. Small et al. [173] found diﬀerent
and overlapping neurological representations of anticipatory and consummatory phases of eating;
speciﬁcally, the amygdala and mediodorsal thalamus respond preferentially to odours associated with
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a nutritive drink, whereas the left insula/operculum responds preferentially to the consumption of the
drink itself. The right insula/operculum and left OFC responded preferentially to both anticipatory and
consumptive phases. Overall, it would seem likely that the multisensory integration of interoceptive
ﬂavour cues is more automatic than the combination of cues that is involved in interpreting exteroceptive
food-related signals [1,174,175].
One of the most important means by which exteroceptive cues inﬂuence food perception relates to
expectancy eﬀects [176–179]. That is, visual appearance cues, orthonasal olfactory cues, and distal food
sounds can all set up powerful expectations regarding the food that someone is about to eat. When the
food or drink is then evaluated, assimilation may occur if there is only a small discrepancy between
what was expected and what was provided. However, if the discrepancy between expectations
and the actual interoceptive information is too large, then contrast may occur instead. Human
neuroimaging and animal electrophysiology has shown that expectations can modulate sensory
processing at both early and late stages, and the response modulation can be either dampened or
enhanced (see References [180–182] for reviews).
Another example of diﬀerences between interoceptive and exteroceptive senses come from
Koza et al. [151]. These researchers demonstrated that colour had a qualitatively diﬀerent eﬀect on
the perception of orthonasally (interoceptive) versus retronasally (exteroceptive) presented odours
associated with a commercial fruit-ﬂavoured water drink (see also References [124,183]). In particular,
they found that colouring the solutions red led to odour enhancement in those participants who
sniﬀed the odour orthonasally, while leading to a reduction in perceived odour intensity when it was
presented retronasally. The authors suggested that this surprising result may be accounted for by the
fact that it may be more important for us to correctly evaluate foods once they have entered our mouths,
since that is when they pose a greater risk of poisoning. By contrast, the threat of poisoning from
foodstuﬀs located outside the mouth is less severe. Alternatively, however, it may well be that people
simply attend more to the stimuli within their bodies as compared to those stimuli that are situated
externally [141], and that this inﬂuence biased the pattern of sensory dominance that was reported.
Given the above considerations, rather than a food-intrinsic versus food-extrinsic divide, it may
be more appropriate, with neuroscience and physiology in mind, to divide sensory cues depending
on where it is referred. In other words, the key question to consider here is, is the sensory stimulus
localised (or perceived to be) coming from within or outside the mouth?
4.2. Oral Referral
The importance of the oral cavity can be seen through the observation that ﬂavours appear to
originate from the oral cavity, even if olfactory stimuli are detected in the nose (e.g., [184–186],
see Reference [187] for a review). In addition, the phenomenon of oral referral appears to go
beyond merely changing the perceived location of olfactory stimuli; in fact, they are combined
with taste information from the tongue to form integrated ﬂavour percepts that cannot be attended
to separately [184,188]. Notably, people ﬁnd it diﬃcult to attend selectively to olfactory stimuli after
the stimuli have been localised in the mouth [188,189]. The loss of the source of olfactory information
is most likely a result of gustatory attention capture (according to Reference [187]), where the most
intense stimulus (normally taste) directs one’s attention to the spatial location where that stimulus
comes from. This is supported by studies indicating that the degree of oral referral is proportional to
the intensity of the tastants, and inversely proportional to the intensity of olfactory stimuli [186].
Intriguingly, the occurrence of oral referral also seems to be related to the degree of congruency
between the oral and taste stimuli. Lim and Johnson [190] demonstrated that, when participants were
introduced to a simultaneous retronasal odour (soy sauce, vanilla) and a taste solution (sweet, salty,
water), they rated the odours as coming from the mouth signiﬁcantly more often when the odour–taste
combination was congruent (vanilla–sweet, soy sauce–salty) than when the solution was neutral or
when the combination was incongruent. Further studies conducted with solid gelatine disks instead of
liquid solutions [191], and with more ecologically valid stimulus combinations (citral aroma with sweet
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or sour tastants, coﬀee aroma with sweet or bitter tastants) revealed similar results where oral referral
was enhanced proportional to the degree of self-reported smell–taste congruency [192]. In addition,
more recent research supports the hypothesis that retronasal enhancement of odour by taste is dictated
by the nutritive value of the tastants in addition to odour–taste congruency; sweet, salt, and umami
tastes—which signal the presence of elements essential for survival—presented evidence of enhancing
retronasal odour, but no such eﬀect was seen for sour or bitter tastes [193]. In the context of sweetness
perception, then, it certainly seems that multisensory cues localised in the mouth (such as food-intrinsic
aroma or textural cues) would be more eﬀective in enhancing sweetness perception than those cues
localised elsewhere.
5. Combining Intrinsic and Extrinsic Inﬂuences
There has been relatively little research on the interaction between food-intrinsic and food-extrinsic
factors. The available cognitive neuroscience research suggests that the biggest impact on our
experiences and behaviours occur when several sensory attributes are changed at once, and when they
complement one another [172]. This is precisely the sort of situation in which one might expect to see
an additive response (both in the brain and in behaviour), a response that is far bigger than that which
can be achieved by manipulating a single sense individually at a time [106,194].
5.1. Intrinsic–Intrinsic Interactions
Several studies have examined interactions between intrinsic factors in relation to sweetness.
For instance, Zampini and his colleagues [195] found that an orange-coloured water solution only
was found signiﬁcantly sweeter than other colours in combination with orange ﬂavour. Similarly,
in several studies, Junge [196] investigated interactions between aroma and colour in relation to
sweetness, as well as between aroma and viscosity, in an apple/elderﬂower fruit drink. In one study
conducted with trained panellists, Junge [196] found that both pomegranate aroma and red (diﬀerent
from the original yellowish) colour increased sweetness and showed normal additivity in mixture.
In another study [196] conducted with trained panellists, increasing the viscosity of the fruit drink with
pectin resulted in a tendency to an increase in rated sweetness. This tendency was maintained even
if vanilla and pomegranate aromas were added. On the contrary, Knoop et al. [197] found that both
a modiﬁcation of texture and of aroma had a sweetness enhancing eﬀect on an apple juice gel, but in
combination, these showed the same sweetness enhancement as aroma and texture had individually.
Thus, the interaction eﬀect was smaller than the sum of the two individually and thereby not additive.
Besides cross-modal additive eﬀects, it is also worth considering intramodal additive eﬀects
between diﬀerent stimuli. For instance, Woods et al. [58] found that the pairwise combinations of
colours had stronger associations with sweetness as compared to single colours. Along a similar line
of thought, given the eﬃcacy of sweet-smelling aromas in enhancing perceived sweetness, it would be
worth testing whether combinations of sweet smells might have a bigger overall impact compared to
just individual smells.
In terms of interactions between food-intrinsic factors, it has also been demonstrated that
taste–aroma interactions are moderated by the nature of the food matrix in question. Labbe et al. [95]
tested the taste enhancement eﬀects of cocoa and vanilla ﬂavouring in cocoa and caﬀeinated milk.
They found that in the cocoa beverage, cocoa ﬂavouring led to an enhancement of bitterness and vanilla
ﬂavouring enhanced sweetness. However, when it came to the relatively less familiar caﬀeinated milk
product, the addition of vanilla ﬂavouring unexpectedly enhanced bitterness instead of sweetness.
Elsewhere, Alcaire et al. [198] found that while an increase in vanilla ﬂavour in a dairy dessert product
had a minor eﬀect on sweetness enhancement, the combination of increased vanilla concentration
together with higher starch concentration led to an increase in vanilla ﬂavour intensity as well as
an increase in perceived sweetness. This was presumably due to the thickened viscosity of the dessert
product from the addition of starch.
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5.2. Extrinsic–Extrinsic Interactions
A few studies have also examined the interaction between various food-extrinsic factors.
For instance, Spence et al. [194] conducted a study in which the participants tasted the same red
wine in an opaque black glass under diﬀerent illumination and music conditions. In Experiment
1, the wine was liked more (by approximately 5%) in the combined sweet music and red lighting
condition, compared to red lighting alone without music and compared to the control condition
(white light, silence). However, there were no changes in rated ﬂavour intensity or freshness (compared
to fruitiness). In Experiment 2, the wine was rated as being signiﬁcantly fresher (an increase of
approximately 14%) when tasted under green lighting while listening to sour music, as compared to
green lighting alone and to the control condition. What the studies did not assess, however, was the
individual eﬀect of music, which leaves the question of whether both visual and auditory cues are
required for a noticeable eﬀect on wine perception.
Elsewhere, Fairhurst et al. [31] manipulated both plate shape (extrinsic) and the arrangement
and shape of the food (intrinsic) in a restaurant setting. Participants rated the sweetness, sourness,
intensity and pleasantness of two beetroot salads served on either round or angular plates, with the
beetroots cut into either angular or round shapes. One group were served beetroot salads only from
round plates, and the other group only from angular plates. Serving the salad in the round plate plus
round food shape led to signiﬁcantly sweeter ratings than the congruent angular plate plus angular
food shape condition, with the incongruent conditions (where plate shape did not match food shape)
rating somewhere in-between.
5.3. Intrinsic-Extrinsic Interactions
Recently, Wang et al. [28] conducted a study measuring the relative inﬂuence of both extrinsic
and intrinsic factors. In a mixed model design, participants tasted samples of apple-elderﬂower
nectars under diﬀerent visual (looking at a pink or pale-yellow rectangle on an iPad screen) and
auditory (listening to bitter or sweet soundtrack) conditions. Three levels of added pomegranate
aroma (none, medium level, high level) were also included as an additional between-participant
food-intrinsic manipulation. The results revealed that both added aroma and the presence of the
soundtrack exhibited signiﬁcant sweetness enhancement eﬀects. An interaction analysis revealed that
the enhancement eﬀect of aroma and soundtrack were independent of each other, and the combined
inﬂuence of aroma and soundtrack appeared to be greater than the inﬂuence of aroma or soundtrack
when assessed individually. In other words, there appeared to be a linearly additive relationship
between the enhancement eﬀect of aroma and the enhancement eﬀect of soundtrack, even when
one factor was intrinsic (aroma) and the other extrinsic (soundtrack). This result gives additional
support to the theory that changing multiple sensory stimuli at once could result in a greater sweetness
enhancement eﬀect than manipulating single factors alone.
5.4. Theoretical Limitations
In terms of sugar reduction, the goal is typically to maintain consumer satisfaction even if the
consumers can detect that sweetness has been altered. Intriguingly, while a reduction in added sugar
of 20% (from 9% to 7.2% sugar) for chocolate-ﬂavoured milks was detected by trained assessors and
consumers, consumer liking was unaﬀected by the reduction in sugar, for not only 20% but even up to
a 40% reduction [105]. Similarly, for orange nectar drinks, lowering added sugar from 10% to 8.5% did
not inﬂuence sensory attributes or acceptance [199]. In fact, the authors [199] suggested a strategy of
long-term gradual reduction in added sugar, from 8.5% to 7.2% and eventually 5.5%. One challenge in
working with sugar reduction, as shown in Section 5.1, is that it is food-matrix-dependent, therefore,
it is diﬃcult to compare acceptable levels of sugar reduction across the board.
It is important to keep in mind that exteroceptive sensory cues mostly operate by shaping
sensory expectations (see Reference [182] for a review). However, expectancy eﬀects have their
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limits. Yeomans et al. [200] found that a salmon-based mousse that looked like strawberry ice cream
evoked a negative hedonic reaction when participants wrongly assumed it was strawberry ice cream.
This shows that there is an envelope in which expectations for a food or drink, such as that driven by
food colour, can aﬀect food evaluation via assimilation. Assimilation can only go so far before the
disconﬁrmation of expectations become too great and contrast sets in. The size for such an envelope
remains unclear to this day, although it is doubtlessly food and participant-dependent. Table 1 shows
that the degree of sweetness enhancement by extrinsic factors (at least, those due to the expectation
eﬀects) is usually around 10–20%.
Finally, it is also important to keep in mind that besides adding a sweet taste to a food or beverage
matrix, sugar plays multiple roles in foods and beverages including being a bulking agent as well as
contributing to the mouthfeel and texture (see Reference [201] for a review). Therefore, when reducing
and/or replacing the sugar, it is necessary to ﬁnd a substitute which can stand in its place from
a structural perspective. However, given the many functionalities sugars have in foods and beverages,
reducing and/or replacing it can be a rather complicated process.
6. Conclusions, Future Directions, and Open Questions
The results summarised here are of relevance for those working on understanding human
sweetness perception, as well as those working to design healthier, sugar-reduced food products.
Indeed, the knowledge that multiple sensory cues can, at least under the appropriate conditions, work in
conjunction for a greater taste modulation eﬀect will allow designers to come up with more eﬀective
sugar-reduced products without taking away consumer satisfaction. It also presents a convincing
argument for food researchers and packaging designers to work together, in the philosophy of designing
the “Total Product Experience” [202] in order to optimally balance product-intrinsic and extrinsic cues
for maximal sweetness enhancement.
6.1. Future Directions and Open Questions
6.1.1. Long-Term Studies
As mentioned by Pineli et al. [199], one potential strategy going forward is to gradually lower
added sugar % in the long term, in order for consumers to adapt to and eventually accept reduced sugar
beverages. Unfortunately, very few long-term studies have been performed in this area. One such study
was conducted by Chung and Vickers [203] using sweetened teas. Participants initially tasted three
types of tea, each at a low and optimum level of sweetness. Then, over each of the next 20 consumption
sessions, participants selected a tea, tasted it, and rated their liking, tiredness, and satisfaction with
their choice. The authors observed that liking for the low sweetness levels did increase over time.
Moreover, there was a trend for participants to become more tired of the tea at optimum sweetness
while becoming less tired of the lower sweetness teas. That said, given the choice of all six teas at each
session, participants did not choose the less sweet teas more frequently, as the authors hypothesised.
This implies that long-term strategies should focus on improving consumer acceptability for only
the reduced sweetness product at any one time, without oﬀering the full-sweetness product as
an alternative. As a testament to the diﬃculty of gradual sugar reduction, while UK retailers have
successfully reduced the salt content of breakfast cereals by 47% between 1992 and 2015 via incremental
salt reduction targets, sugar content has not changed signiﬁcantly [204]. The authors speculate that
sugar reduction is much more diﬃcult because sugar inﬂuences not only the ﬂavour, but also the
texture and structure of breakfast cereals.
6.1.2. Individual Diﬀerences
Given that we all live in diﬀerent taste worlds, it is important to consider whether our taster
status inﬂuences the extent to which sensory factors inﬂuence the way we perceive sweetness.
One particularly interesting result to have emerged in this regard comes from Zampini et al. [195].
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These researchers found that supertasters showed less visual dominance over their perception of ﬂavour
than medium tasters who, in turn, showed less visual dominance than non-tasters. The participants in
this particular study had to identify the ﬂavour of a large number of fruit-ﬂavoured drinks presented
among other ﬂavour less drinks. The drinks could be coloured red, orange, yellow, grey or else
presented as clear and colourless solutions. Overall, the non-tasters correctly identiﬁed 19% of the
solutions, the medium tasters 31% and the supertasters 67% of the drinks that they were given to
taste. Interestingly, the addition of colouring had the largest eﬀect on the performance of the non-tasters,
less of an eﬀect on the medium-tasters, and very little eﬀect on the colour identiﬁcation responses of
the supertasters.
Genetic diﬀerences in terms of supertaster status have also been demonstrated to play a role in terms
of sonic seasoning eﬀects, whereby listening to speciﬁc soundtracks congruent to speciﬁc tastes/ﬂavours
can alter the perception of food. Using a mixed-model design, Wang tested 27 participants who tasted
70% and 85% cacao chocolates while listening to sweet and bitter soundtracks [158]. All participants
then took a Phenylthiocarbamide (PTC) taste strip test at the end of the study. Results revealed
an intriguing diﬀerence when it came to the inﬂuence of music. While there were no diﬀerences
between the two taste sensitivity groups for 70% chocolate, when it came to the more bitter 85%
chocolate, the high taste sensitivity group appeared to be more inﬂuenced by the diﬀerent soundtracks
than the low sensitivity group (i.e., they found a bigger diﬀerence in the taste of the 85% chocolate
between the bitter and sweet soundtrack; see [205]).
Moreover, any sugar reduction strategies likely also need to consider individual diﬀerences
in sweetness liking. Looy et al. [206] categorised people into sweet likers and dislikers based on
their hedonic response to sugar solutions of increasing sweetness. Notably, the authors found that
the sweetness liker–disliker distinction held across diﬀerent sugar types (sucrose, glucose, fructose),
and even when the solution was coloured red and strawberry-ﬂavoured. Moreover, sweet liking has
been demonstrated to be partly inherited [207] and linked with alcoholism [208]. It is important to
realise that sweetness-enhancing multisensory cues reviewed earlier may have diﬀerent outcomes
when it comes to consumer acceptance of sugar-reduced foods. For instance, odours which were
associated with sweetness via training became more pleasant for sweet likers but more unpleasant in
sweet dislikers [209].
6.2. Industry Implications
The current review on the role of intrinsic and extrinsic sensory factors in sweetness perception
of food and beverages suggests that, changing multiple sensory stimuli, intrinsic as well as extrinsic,
at once could result in a greater sweetness enhancement eﬀect than manipulating single factors
alone such as working with intrinsic sensory factors only. This has industry implications since in
research as well as in academia, work on intrinsic and extrinsic factors are considered as belonging
to diﬀerent disciplines. In industry, this is often reﬂected in the organizational structure. Namely,
Research and Development (R&D), which is in charge of food-intrinsic properties, often sits far away
from, and actually has little interaction with the marketing department, who may be responsible for
food-extrinsic decisions, such as those involving product packaging.
However, in order to fully maximize sweetness enhancement in foods and beverages, R&D and
the marketing department should work closely together in order to optimally balance product-intrinsic
and extrinsic cues. Eﬀorts and resources are unarguably needed to create successful collaborations,
but they are crucial to get the full potential of sweetness enhancement. The current review highlights
the importance of understanding how food-intrinsic and extrinsic factors work together to form our
overall perception of sweetness. Of course, while the topic of this review is focused on sugar reduction,
similar strategies can be considered for the reduction of salt/fat content in food to promote healthy
eating behaviour.
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Abstract: Aroma-taste interactions, which are believed to occur due to previous coexposure
(concurrent presence of aroma and taste), have been suggested as a strategy to aid sugar reduction
in food and beverages. However, coexposures might be inﬂuenced by individual diﬀerences. We
therefore hypothesized that aroma-taste interactions vary across individuals. The present study
investigated how individual diﬀerences (gender, age, and sweet liker status) inﬂuenced the eﬀect of
aroma on sweetness intensity among young adults. An initial screening of ﬁve aromas, all congruent
with sweet taste, for their sweetness enhancing eﬀect was carried out using descriptive analysis.
Among the aromas tested, vanilla was found most promising for its sweet enhancing eﬀects and was
therefore tested across three sucrose concentrations by 129 young adults. Among the subjects tested,
females were found to be more susceptible to the sweetness enhancing eﬀect of vanilla aroma than
males. For males, the addition of vanilla aroma increased the sweet taste ratings signiﬁcantly for the
22–25-year-olds, but not the 19–21-year-olds. Consumers were clustered according to their sweet
liker status based on their liking for the samples. Although sweet taste ratings were found to vary
with the sweet liker status, aroma enhanced the sweetness ratings similarly across clusters. These
results call for more targeted product development in order to aid sugar reduction.
Keywords: sugar reduction; sweet; vanilla; consumers; age; gender; sweet liker status; young adults

1. Introduction
Excessive sugar intake has contributed to the prevalence of obesity and associated lifestyle
diseases, such as type 2 diabetes [1,2]. Reduction of the content of sugar in food and beverages is
therefore of high importance for both society and industry. Previously, non-nutritive sweeteners have
been used extensively for sugar reduction purposes in the food and beverage industries [3]. However,
many non-nutritive sweeteners have a negative eﬀect on consumers’ acceptability of the products,
as they can have oﬀ-ﬂavors and a slow onset or a lingering of the sweet taste [3,4]. As eating and
drinking are multisensory experiences, cross-modal interactions have been suggested as an alternative
strategy in the reformulation of products with the aim of reducing the sugar content [5–8]. The addition
of aroma has, for example, been shown to increase sweetness intensity in many studies [5,9–15]
and has therefore been suggested as a tool to aid sugar reduction. However, the eﬀect of aroma on
sweetness intensity is dependent on several factors, such as tastant concentration [14,16–19], aroma
concentration [5,14,16,20,21], and the food matrix [5,7]. In addition, the type of aroma used has also
been found to aﬀect the ability to enhance sweetness intensity [5,9,13,15,22,23]. A careful screening of
aromas is therefore of high importance in the development of sugar reduced products.
The extent to which an aroma is able to enhance sweetness intensity has been suggested to depend
on whether the pairing of stimuli is congruent or not. Schiﬀerstein and Verlegh [16] deﬁned congruency
as “the extent to which two stimuli are appropriate for combination in a food product”. While some
Foods 2020, 9, 146; doi:10.3390/foods9020146
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authors have found that congruency is necessary for aromas to enhance sweetness intensity [16,17,22],
Wang et al. [15] found that both a congruent (vanilla) and an incongruent (beef) aroma could enhance
sweetness intensity in sweetened milk. However, the sweetness enhancement eﬀect was shown to be
higher for the congruent compared to the incongruent aroma [15]. The majority of aromas that have
been found to enhance sweet taste intensity are thus congruent with food products high in sweetness
intensity, such as fruity or vanilla aromas. Sweetness enhancement by aroma is accordingly associated
previous coexposures whereby speciﬁc combinations of aromas with sweet taste are learned [21,24,25].
Individual diﬀerences, such as age or gender, might possibly aﬀect the sweetness enhancement
ability of aromas due to either physiological diﬀerences or diﬀerences in consumption behavior between
consumer groups. Doty and Cameron [26] suggested that for at least some aromas, females are more
sensitive than males regarding odor detection, identiﬁcation, discrimination, and memory. Other
studies suggest that sweetness sensitivity decreases with age [27–29]. Diﬀerences in sensitivity might
possibly change the perception and preference for food products. Indeed, older consumers with lower
sensitivity for various stimuli were found to prefer higher intensity of sweetness than consumers
with higher sensitivity [30]. Males and females have also been found to diﬀer when it comes to their
preferences for sweet taste and related products [31,32]. This might lead to diﬀerences in consumption
behavior. Indeed, individuals with a higher preference for sweet taste have been found to have a higher
intake of sweet beverages than individuals with a lower preference for sweet taste [33,34]. Diﬀerent
consumption behaviors might aﬀect coexposures, and as explained previously, therefore also aﬀect the
abilities of aromas to enhance sweetness intensity. However, few studies have actually investigated the
eﬀect of individual diﬀerences on cross-modal interactions. Proserpio et al. [35] recently investigated
how BMI, gender, and butter aroma in two diﬀerent concentrations aﬀected sweet taste intensity in
custard desserts. For obese individuals, they found that females experienced a cross-modal eﬀect of
aroma on sweetness intensity for both aroma concentrations tested, while males only experienced
this for the highest aroma concentration tested. However, for the normal weight individuals, no
diﬀerences in ratings of sweetness intensity between genders were observed. Therefore, for obese
individuals, females appeared to be more susceptible to the cross-modal eﬀect than males. Moreover,
Philipsen et al. [36] investigated the eﬀect of age and aroma on sweetness intensity. They did not ﬁnd
a diﬀerence in the eﬀect of cherry ﬂavor on sweetness intensity between the group aged 18–22 years
versus the group aged 60–75 years. Lavin and Lawless [37] similarly investigated the eﬀect of age and
vanilla ﬂavor on sweet taste intensity in milk, but among diﬀerent age groups: 5–7, 8–10, 11–14, and
18–31-year-olds. The only signiﬁcant diﬀerence between groups in relation to sweetness enhancement
of vanilla ﬂavor was a less pronounced enhancement in sweetness intensity for the 5–7-year-olds in
comparison with the 8–10-year-olds. However, as mentioned above, cross-modal aroma-sweetness
interactions depend on many factors such as the type of aroma, their concentrations, and the food
matrix. As these factors might also interact with the individual diﬀerences, the results of the mentioned
studies might therefore not be valid for aromas, concentrations, and matrices diﬀerent from those tested
in each study. To the authors’ knowledge, no studies have investigated the eﬀect of sweet liker status
on the cross-modal eﬀect of aroma on sweetness intensity. Further studies are therefore warranted.
In the present study, we hypothesized that individual diﬀerences can aﬀect the cross-modal eﬀect
of aroma on sweetness intensity. The aim was therefore to investigate how individual diﬀerences
(gender, age, and sweet liker status) inﬂuence the eﬀect of a congruent aroma on the dependent variable
sweetness intensity. Besides ratings of sweetness intensity, the intensity of other sensory attributes as
well as liking were also measured in order to better understand the extent of smell-taste cross-modal
interactions and to be able to categorize individuals according to sweet liker status. As particularly
adolescents and young adults have been found to consume too much sugar and sugar sweetened
beverages [38–41], the consumer group used for this study consisted of young adults.

34

Foods 2020, 9, 146

2. Experimental Design
In order to select an aroma for the consumer study, the ﬁrst experiment was a screening of ﬁve
aromas (vanilla, honey, banana, raspberry, and elderﬂower) which were all congruent with sweetness
in a Danish cultural context. As descriptive sensory analysis (DA) previously has shown to be a
successful method to identify aroma-related sensory interactions [42], DA was used for the screening of
aromas. Based on the results of the DA, vanilla aroma was chosen for the consumer study (Experiment
2). Figure 1 provides an overview of the samples included in the DA as well as in the consumer study.

Figure 1. Overview of the samples in the descriptive analysis and the consumer study. % S = %
w/w sucrose.

2.1. Samples
Fifteen samples were evaluated in the DA, while six samples were evaluated in the consumer study.
Samples were prepared according to Table 1. All aromas were purchased from Bolsjehuset (Albertslund,
Denmark) and the aroma concentrations (Table 1) were selected based on the recommendations from the
supplier. As described in the introduction, the eﬀect of aroma on sweetness intensity is dependent on the
tastant concentration. The aromas were therefore combined with three diﬀerent sucrose concentrations:
low sucrose concentration (2.5% w/w), medium sucrose concentration (5% w/w), and high sucrose
concentration (7.5% w/w) in aqueous blends based on local tap water. Sucrose was purchased from
Merck KGaA (Darmstadt, DE) and due to the aim of sugar reduction, the sucrose concentrations were
chosen to be lower than the 10% sugar, which is normally present in many beverages [43]. The sucrose
concentrations were additionally pilot tested to give perceivable diﬀerences in sweetness intensity.
Table 1. Aroma concentrations in the samples and overview of what samples were included in each
experiment. DA = descriptive analysis.
Included in
DA
DA
DA
DA
DA + consumer study
Consumer study

Sucrose Concentration (% w/w)

Aroma Type
Banana
Elderﬂower
Honey
Raspberry
Vanilla
No aroma

2.5

5

7.5

1.0 mL/kg
1.0 mL/kg
0.5 mL/kg
1.0 mL/kg
1.0 mL/kg
-

1.0 mL/kg
1.0 mL/kg
0.5 mL/kg
1.0 mL/kg
1.0 mL/kg
-

1.0 mL/kg
1.0 mL/kg
0.5 mL/kg
1.0 mL/kg
1.0 mL/kg
-

Samples were prepared by ﬁrst mixing sucrose with water. When the sucrose was dissolved,
aroma was added according to Table 1. Samples were then poured into opaque sample tubes with red
lids (Fisher Scientiﬁc, Roskilde, Denmark) with 20 mL in each. Prior to evaluation, samples were stored
in 5 ◦ C for 1–3 days. In both the DA and the consumer study, samples were coded with three-digit
numbers and served at room temperature.
3. Experiment 1—Screening of Aromas
The objective of the ﬁrst experiment was to screen aromas for their enhancing eﬀect on sweetness
intensity, in order to select the most eﬀective one for the consumer study.
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3.1. Method
The DA was done by an experienced trained sensory panel in the sensory lab at the Department
of Food Science, Aarhus University, Årslev, Denmark. The panel consisted of nine women, with an
age range of 22–60 years, who all gave informed verbal consent prior to participation. The DA began
with an introductory discussion, followed by training and the ﬁnal evaluation of the samples. In the
introductory discussion, samples that were expected to span the relevant attributes were presented
and discussed with the panel. During the discussion, the panel chose to continue with the following
attributes (evaluated in the order shown): sweet aroma, sour aroma, intensity of aroma, sweet taste,
sour taste, and intensity of ﬂavor, as these attributes were able to describe the sensory diﬀerences within
the samples presented. To allow for detection of diﬀerences in aroma and ﬂavor attribute intensities,
control samples without aroma were not included in the DA. In the training session, panelists evaluated
a subgroup of the samples in triplicate.
The samples were evaluated in triplicates during the ﬁnal evaluation, which took place over two
consecutive days. For each panelist, samples were presented according to a Williams Latin Square
design to limit carry over eﬀects [44]. Attribute intensities were evaluated on 15 cm line scales with
two anchor points placed at 1.5 and 13.5 cm of the scale, indicating low and high intensity, respectively.
Data was recorded directly in the software Compusense (Compusense Inc., Ontario, Canada). A 30-s
break was enforced between samples during which panelists were instructed to cleanse their palate
using water, tepid very weak white tea, and/or crackers.
3.2. Statistical Analyses
For the DA, analysis of variance (ANOVA) and Tukey’s HSD multiple comparison tests with
p ≤ 0.05 as signiﬁcance level were performed for each attribute. This was done using XLSTAT
(2018.6) (Addinsoft, NY, USA) [45]. Sucrose, aroma, and their interaction were treated as ﬁxed
eﬀects, while panelists, replicates, and interactions were treated as random eﬀects. None of the
three-way interactions were signiﬁcant and all models were therefore reduced to only include two-way
interactions. To compare diﬀerences in sweetness intensity between aromas, ANOVAs were run with
sucrose concentration as a ﬁxed eﬀect and panelists as a random eﬀect. In order to visualize how the
attributes and samples were correlated, Principal Component Analysis (PCA) of the mean centered
average results from the DA was also performed with XLSTAT.
3.3. Results
A signiﬁcant interaction between aroma and sucrose was found for the attributes sweet (F(8,304)
= 2.02, p = 0.044) and sour taste (F(8,304) = 2.71, p = 0.007) (Table 2). This demonstrated that the
eﬀects of aroma and sucrose were interdependent for the rating of both sweet and sour taste intensity.
Diﬀerent cross-modal interactions were thus identiﬁed: aroma aﬀected ratings of taste intensity, and
sucrose aﬀected the rating of retro-nasal aroma intensity (ﬂavor intensity (F(2,304) = 17.52, p = < 0.0001)).
Samples with added vanilla aroma were in all sucrose concentrations rated the most sweet, while
samples with added elderﬂower aroma were generally rated as the least sweet. Sucrose concentration
signiﬁcantly aﬀected the enhancing eﬀect of vanilla aroma compared to elderﬂower aroma on ratings
of sweet taste intensity (F(2,16) = 6.17, p = 0.010). The diﬀerence in sweet taste scores was signiﬁcantly
lower for the high sucrose concentration (diﬀerence = 4.5) than for the medium (diﬀerence = 6.6, p =
0.011) and low sucrose concentrations (diﬀerence = 6.2, p = 0.047). These results indicate generally
higher cross-modal eﬀects in the medium and low sucrose concentrations when compared to the high
sucrose concentration.
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1.48 ± 0.48
1.66 ± 0.32
5.10 ± 0.86
11.67 ± 0.69
12.43 ± 0.44
1.34 ± 0.28
2.60 ± 0.66
5.69 ± 0.86
10.56 ± 0.89
12.42 ± 0.43
1.80 ± 0.55
1.84 ± 0.45
5.60 ± 0.91
10.72 ± 0.71
12.05 ± 0.62

12.28 ± 0.61
11.21 ± 0.69
10.75 ± 0.80
4.04 ± 0.62
2.38 ± 0.36

12.58 ± 0.52
11.15 ± 0.72
10.59 ± 0.79
4.59 ± 0.71
2.57 ± 0.51

12.59 ± 0.63
11.58 ± 0.58
10.61 ± 0.83
3.99 ± 0.60
2.17 ± 0.40

Vanilla
Honey
Banana
Raspberry
Elderﬂower

Vanilla
Honey
Banana
Raspberry
Elderﬂower

2.5% sucrose

5.0% sucrose

7.5% sucrose

p = 0.920
p < 0.0001
p = 0.488

p = 0.825
p < 0.0001
p = 0.969

Vanilla
Honey
Banana
Raspberry
Elderﬂower

Sucrose
Aroma
Sucrose * Aroma

Sour Aroma
Ratings

Sweet
Aroma
Ratings
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11.46 ± 0.80
10.95 ± 0.64
10.90 ± 0.66
5.46 ± 0.73
3.16 ± 0.62

11.30 ± 0.76
11.42 ± 0.55
11.33 ± 0.61
5.07 ± 0.76
4.17 ± 0.72

10.30 ± 0.97
11.13 ± 0.64
11.35 ± 0.68
4.91 ± 0.72
3.61 ± 0.55

p = 0.425
p < 0.0001
p = 0.715

Intensity of
Aroma
Ratings

13.88 ± 0.29
13.10 ± 0.20
12.86 ± 0.43
9.38 ± 0.79
9.42 ± 0.81

11.71 ± 0.69
11.21 ± 0.65
10.26 ± 0.73
5.81 ± 0.83
5.10 ± 0.69

8.46 ± 0.86
7.04 ± 0.94
6.19 ± 0.89
2.93 ± 0.50
2.31 ± 0.43

p < 0.0001
p < 0.0001
p = 0.044

Sweet Taste
Ratings

i
hi
hi
ef
ef

gh
fgh
efg
bc
b

de
cd
bc
a
a

1.12 ± 0.26
1.88 ± 0.37
4.67 ± 0.82
8.99 ± 0.88
6.59 ± 0.96

1.39 ± 0.27
2.55 ± 0.60
4.53 ± 0.75
10.22 ± 0.82
8.92 ± 0.90

2.73 ± 0.80
3.21 ± 0.79
4.50 ± 0.80
11.33 ± 0.62
10.65 ± 0.81

p < 0.0001
p < 0.0001
p = 0.007

Sour Taste
Ratings

a
a
bc
d
c

a
ab
bc
de
d

ab
ab
bc
e
de

12.73 ± 0.38
12.00 ± 0.45
11.24 ± 0.60
6.98 ± 0.72
5.32 ± 0.71

10.88 ± 0.71
10.25 ± 0.71
9.21 ± 0.68
3.74 ± 0.51
3.57 ± 0.55

7.49 ± 0.88
7.56 ± 0.92
6.91 ± 0.81
2.56 ± 0.44
1.99 ± 0.33

p < 0.0001
p < 0.0001
p = 0.246

Intensity of Flavor
Ratings

Table 2. Means ± standard (std.) errors and p-values for each design factor and attribute included in the DA. * indicates interaction. Signiﬁcant eﬀects are marked in
bold. For sweet and sour taste, signiﬁcant diﬀerences found with Tukey’s comparison test are indicated with letters. Samples sharing a letter in each column are not
signiﬁcantly diﬀerent.
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Figure 2 shows a PCA biplot of the results from the DA. In total, the ﬁrst two Principle Components
(PCs) explain 97.46% of the variance in the data. As shown, the attribute sweet aroma was negatively
correlated to the attribute sour aroma (Pearson’s correlation = −0.81, p < 0.0001); thereby creating a
sweet-sour aroma dimension, that separated the samples into two groups. Samples with added vanilla,
honey, and banana aromas formed one group that was characterized by an intense sweet taste, sweet
aroma, high overall intensity of aroma and ﬂavor. The other group was formed by the samples with
added raspberry or elderﬂower aromas and was characterized by intense sour aroma and taste.

Figure 2. Principal Component Analysis biplot of the results from the DA. Attributes are marked in
black while samples are colored according to aromas and coded according to sucrose concentration: LS
= low sucrose concentration, MS = medium sucrose concentration, HS = high sucrose concentration,
and aroma type: B = banana aroma, E = elderﬂower aroma, H = honey aroma, R = raspberry aroma,
and V = vanilla aroma.

For each sucrose concentration, samples with added vanilla aroma were rated as having the
highest intensities of sweet aroma (signiﬁcant result, p < 0.01) and sweet taste (non-signiﬁcant result,
p = 0.410–1.000). Vanilla aroma was therefore found to be most promising in relation to sweet taste
enhancement from a cross-modal eﬀectiveness perspective. To follow up, the consumer study was set
up to test the cross-modal eﬀect of vanilla aroma across the same sucrose concentrations.
4. Experiment 2—Eﬀect of Individual Diﬀerences in Consumers
The aim of the second experiment was to investigate the eﬀect of individual diﬀerences (gender,
age, and sweet liker status) on the enhancing eﬀect of vanilla aroma on ratings of sweetness intensity.
In order to better understand the extent of the aroma-taste interactions, results will also be presented
for the attribute sweet aroma intensity.
4.1. Method
In order to recruit subjects from the relevant target group of young adults, the study was conducted
in two diﬀerent canteens at Aarhus University, Aarhus, Denmark. The study was carried out over two
consecutive days and in total, 129 young adults (mean age 21.9 ± 1.5 years, 51 males) participated.
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After the subjects had agreed to participate, they were served the six samples together with a paper
questionnaire, a pen, and water for rinsing the palate between the samples. They were then given
a short verbal introduction to the assignment and asked to match the three-digit numbers in the
questionnaire with the three-digit numbers on the samples. For each sample, they rated the intensities
of sweet aroma, sweet taste, and sour taste, as well as overall liking on nine-point scales anchored with
“not at all” and “extremely” corresponding to point 1 and 9 on the scales, respectively. The liking scale
also included an anchor in the middle named “neutral” corresponding to 5. To control for presentation
bias, diﬀerent versions of the questionnaires that diﬀered in presentation orders were prepared and
used. After participation, all subjects were oﬀered small treats as compensation for their time. Prior to
the actual consumer study, the procedure and questionnaire were pilot tested.
4.2. Statistical Analyses
For the consumer study, consumers were divided into two age groups: 19–21-year-olds (n = 56,
20 males) and 22–25-year-olds (n = 73, 31 males). These groups were chosen as they gave the most
equal and balanced groups in relation to total numbers of subjects as well as between genders. Using
Minitab®19 (19.1.1) (Minitab, LLC, State College, PA, USA), mixed-model ANOVA and Tukey’s HSD
multiple comparison tests with p ≤ 0.05 as the signiﬁcance level, were carried out for the sensory
attributes sweet aroma and sweet taste. Sucrose, aroma, age, gender, and their interactions were
considered to be ﬁxed eﬀects, while location (canteen), subject nested within age and gender, and
interactions involving these were treated as random eﬀects. Location was found not to have any
signiﬁcant main or interaction eﬀect. Thus, location as a factor was excluded from the reduced models.
Gender was found to have a signiﬁcant eﬀect on several of the attributes. To examine the eﬀect of
gender, the dataset was thereafter split into two datasets: a “male” and a “female” dataset. The
same ANOVA models as described above (excluding the gender factor) were then performed on the
occurring datasets. As the three-way interaction between sugar, aroma, and age was not signiﬁcant in
any of the models, only two-way interactions were included in the ﬁnal reduced models.
To identify groups of subjects with similar preferences, Agglomerative Hierarchical Clustering
(AHC) analysis was performed on the liking data in XLSTAT by applying the Euclidean distances
and Ward’s agglomeration method. The clusters were compared in terms of gender and age group
distribution using chi-square tests. Thereafter, ANOVA models were again carried out with sucrose,
aroma, cluster, and their interactions as ﬁxed eﬀects, while subject nested in cluster was treated as a
random eﬀect, using the Minitab®19 software.
4.3. Results
4.3.1. Eﬀect of Gender and Age among Young Adults on Ratings of Sweet Aroma and Sweet Taste
Intensity
In Table 3, the results of the consumer study are shown separately for males and females.
The addition of vanilla aroma increased the rating of sweet aroma intensity signiﬁcantly for both
genders (males: F(1,49) = 461.42, p < 0.001; females: F(1,76) = 866.52, p < 0.001), but for males, a signiﬁcant
interaction eﬀect between sucrose and aroma was also identiﬁed (F(2,100) = 4.82, p = 0.010). For the
samples with added vanilla aroma, the sample with the medium sucrose concentration was rated
signiﬁcantly higher in sweet aroma intensity than the sample with the high sucrose concentration
(p = 0.001). The sweet aroma intensity of the sample with low sucrose concentration was rated lower
than the sample with medium sucrose concentration and higher than the sample with the high sucrose
concentration, neither however signiﬁcantly (p = 0.185 and p = 0.433, respectively).
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Table 3. Means ± std. errors for the ratings of sweet aroma and sweet taste intensity for males and
females, respectively, as well as p-values for the factors in the models. Signiﬁcant eﬀects are marked
in bold.
Males

Age
Sucrose
Aroma
Age*sucrose
Age*aroma
Sucrose*aroma

Females

Sweet Aroma
Ratings

Sweet Taste
Ratings

Sweet Aroma
Ratings

Sweet Taste
Ratings

p = 0.530
p = 0.012
p < 0.001
p = 0.117
p = 0.213
p = 0.010

p = 0.996
p < 0.001
p = 0.004
p = 0.378
p = 0.021
p = 0.001

p = 0.244
p = 0.871
p < 0.001
p = 0.372
p = 0.566
p = 0.811

p = 0.009
p < 0.001
p < 0.001
p = 0.869
p = 0.472
p < 0.001

2.5% sucrose

No aroma
Vanilla

1.3 ± 0.1
6.2 ± 0.3

2.9 ± 0.3
4.4 ± 0.3

1.5 ± 0.1
7.2 ± 0.2

3.1 ± 0.2
5.4 ± 0.2

5.0% sucrose

No aroma
Vanilla

1.4 ± 0.1
6.8 ± 0.3

5.9 ± 0.2
6.1 ± 0.2

1.6 ± 0.2
7.2 ± 0.2

6.6 ± 0.2
6.7 ± 0.2

7.5% sucrose

No aroma
Vanilla

1.4 ± 0.1
5.6 ± 0.3

7.0 ± 0.3
7.5 ± 0.2

1.5 ± 0.1
7.2 ± 0.2

7.2 ± 0.2
8.4 ± 0.1

A signiﬁcant sucrose-aroma interaction for sweet taste intensity was found for both genders
(males: F(2,100) = 7.22, p = 0.001; females: F(2,154) = 24.59, p < 0.001). For males, just one signiﬁcant
cross-modal eﬀect of vanilla aroma on sweet taste intensity was found, which was an enhancement of
sweetness for the low sucrose concentration (p < 0.001). For females, a signiﬁcant cross-modal eﬀect
of vanilla aroma on sweet taste intensity was found at both the low (p < 0.001) and high (p < 0.001)
sucrose concentrations.
For males, a signiﬁcant interaction eﬀect was also seen between age and aroma aﬀecting sweet
taste intensity (F(1,49) = 5.69, p = 0.021). The younger group of males rated the samples equally sweet
independent of whether the samples were added vanilla aroma or not (p = 0.972). However, the older
group of males rated the samples with added aroma signiﬁcantly sweeter (mean 6.2) than the samples
without aroma (mean 5.1) (p < 0.001). The cross-modal eﬀect of vanilla aroma on sweet taste intensity
thereby not only seems to be dependent on gender, but also on age for young males. For females, a
signiﬁcant main eﬀect of age was seen on the rating of sweet taste intensity (F(1,76) = 7.22, p = 0.009).
For 19–21-year-old females, the mean sweet taste intensity score of all samples was 5.9, while the mean
of the sweet taste intensity score for the 22–25-year-old females was 6.5. The older group of females
thereby rated the samples sweeter than the younger group.
4.3.2. Consumers’ Acceptance and its Eﬀect on Ratings of Sweet Aroma and Sweet Taste Intensity
For the consumer study, the subjects were divided into three clusters based on their liking of the
samples. In general, samples acquired liking below the neutral point (grand mean ± SD = 4.2 ± 2) of
the nine point scale. However, this was expected since the samples were aqueous blends and therefore
very diﬀerent from beverages normally consumed. In Table 4, gender and age characteristics for each
of the clusters are shown together with the liking centroids.
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Table 4. Cluster liking centroids for each sample together with the demographics for each
cluster. Numbers in brackets shows the percentages from the total number of people, males, and
19–21-year-olds, respectively.
Liking Clusters

1
Sweet Likers

2
Neutrals

3
Sweet Dislikers

2.5% sucrose

No aroma
Vanilla

3.00
3.00

5.38
4.98

4.00
2.68

5.0% sucrose

No aroma
Vanilla

4.48
4.62

5.40
5.73

3.09
2.64

7.5% sucrose

No aroma
Vanilla

5.57
5.43

5.40
5.80

2.51
2.13

21 (16.3)
14 (27.5)
11 (19.6)

55 (42.6)
28 (54.9)
25 (44.6)

53 (41.1)
9 (17.6)
20 (35.7)

Total number of people (%)
Number of males (%)
Number of 19-21-year-olds (%)

When looking at the liking centroids for the clusters (Table 4), it seems the clusters can be
characterized according to their preferences for sweetness intensity. The liking for the samples in
Cluster 1 seems to increase along with the increase in sucrose concentration. No relation between
either sucrose concentration or vanilla aroma and liking seems to exist for Cluster 2. For Cluster 3,
liking seems to decrease with increasing sucrose concentration and the addition of vanilla aroma.
According to this, the clusters can be described as sweet likers (1), neutrals (2), and sweet dislikers (3).
No signiﬁcant diﬀerences were found in the distribution of age groups between clusters (p = 0.478).
The gender distribution was however skewed (p < 0.0001). Relative to the total number of males in the
consumer study, there was a predominance of males among both the sweet likers and the neutrals. In
the group of sweet dislikers, there was a predominance of females. To study if there was an eﬀect of
the clusters on the subjects’ ratings of the sensory attributes, ANOVAs were performed with cluster
included in the models as a factor (Table 5).
Table 5. Means ± std. errors for the ratings of sweet aroma and sweet taste intensity as well as p-values
for the factors in the models. Signiﬁcant eﬀects are marked in bold.

Cluster
Sucrose
Aroma
Cluster*sucrose
Cluster*aroma
Sucrose*aroma

Sweet Aroma
Ratings

Sweet Taste
Ratings

p = 0.542
p = 0.212
p < 0.001
p = 0.307
p = 0.959
p = 0.303

p = 0.001
p < 0.001
p < 0.001
p = 0.864
p = 0.783
p < 0.001

2.5% sucrose

No aroma
Vanilla

1.4 ± 0.1
6.8 ± 0.2

3.0 ± 0.2
5.0 ± 0.2

5.0% sucrose

No aroma
Vanilla

1.5 ± 0.1
7.0 ± 0.2

6.3 ± 0.2
6.5 ± 0.2

7.5% sucrose

No aroma
Vanilla

1.4 ± 0.1
6.6 ± 0.2

7.1 ± 0.2
8.0 ± 0.1

In accordance with the previous ANOVAs (Table 3), addition of vanilla aroma was found to
increase the rating of sweet aroma intensity signiﬁcantly (F(1,126) = 53.97, p < 0.001). Furthermore, an
interaction between sucrose and aroma signiﬁcantly aﬀected the rating of sweetness intensity (F(2,256) =
30.55, p < 0.001). The addition of vanilla aroma only increased sweet taste intensity at the low and high
sucrose concentrations. This is similar to the results previously described for females in Section 4.3.1.
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Besides sucrose and aroma aﬀecting sweetness intensity, the clusters were also found to signiﬁcantly
vary in their ratings of the sweetness intensity (F(2,126) = 7.67, p = 0.001). As illustrated in Figure 3,
sweet likers generally rated the sweet taste intensity of the samples signiﬁcantly lower (mean 5.3) than
both the neutrals (mean 5.9, p = 0.045) and the sweet dislikers (mean 6.3, p < 0.001) did. The neutrals
and the sweet dislikers did not rate the sweet taste intensity signiﬁcantly diﬀerently (p = 0.123).

Figure 3. Fitted means of rated sweet taste intensity for the three clusters found in the consumer study.

5. Discussion
5.1. Screening of Aromas
The DA revealed a sweet-sour aroma dimension (Figure 2), which is in accordance with Chifala
and Polzella [46], who found a sweet-sour dimension when analyzing orthonasal evaluations of
liqueurs using multidimensional scaling. The sweet-sour dimension in the present study was found to
divide the aromas into two distinct perceptual groups: a “sweet” and a “sour” group. Aromas have
previously been described with taste-like qualities such as sweet or sour even though they do not
elicit tastes per se. This distinction of aromas being perceived either mainly as sweet or sour is likely
created due to previous coexposures with sweet or sour taste qualities whereby a cognitive association
of the aromas with the taste qualities is produced. Thus, aromas paired with either sucrose or citric
acid have previously been found to subsequently smell sweeter and more sour than before pairing,
respectively [47,48]. Raspberry and elderﬂower aromas therefore seem to be more associated with
sour, rather than sweet taste. The aroma-induced sour taste of raspberry and elderﬂower samples, as
seen in the DA, might therefore possibly have suppressed the sweet taste of these samples, as sour
taste is known to suppress sweet taste due to taste-taste interactions [49]. The fact that the samples
with added aromas from the “sweet” aroma group were consistently rated signiﬁcantly higher in
sweetness intensity than the samples with added aromas from the “sour” group is in accordance with
the sweetness enhancing eﬀect of aromas being dependent on how “sweet” they smell. Indeed, how
“sweet” aromas smell has been shown to predict 60% of the sweet taste enhancement by aromas [21].
However, Barba et al. [23] found that just two out of nine aroma compounds associated with sweetness
signiﬁcantly increased the sweet taste intensity of 7% sucrose in water.
Among the aromas tested, the addition of vanilla aroma, which belonged to the “sweet” aroma
group, led to the highest intensities for both sweet aroma and sweet taste (Table 2). Moreover, vanilla
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aroma has previously shown to increase sweetness intensity in several studies [5,7,14,15,18,37,50,51]
and was thus found the most promising aroma with respect to sweet taste enhancement.
5.2. Eﬀect of Gender on the Cross-Modal Eﬀect of Aroma on Sweet Taste Intensity
In the consumer study, females seemed to be more susceptible for the cross-modal eﬀect of
vanilla aroma on sweetness intensity compared to males as the addition of vanilla aroma signiﬁcantly
increased sweet taste intensity scores at two sucrose concentrations for females, but just at one for males.
To our knowledge, just one study has previously investigated the eﬀect of gender on cross-modal
aroma-sweetness interactions. Proserpio et al. [35] investigated the eﬀect of BMI and gender on the
evaluation of custard desserts added either no, 0.05%, or 0.1% butter aroma. They found a signiﬁcant
interaction eﬀect between gender, BMI, and samples on the rating of sweet taste intensity. For obese
subjects, females seemed to be most susceptible to the cross-modal eﬀect of butter aroma on sweet taste
intensity, while there for normal weight subjects were no diﬀerences between genders. In contrast,
BMI was not investigated in the present study, and the current results can therefore not be directly
compared with the study by Proserpio et al. [35].
Although conﬂicting results exist, most studies, according to Doty and Cameron’s review on the
subject, suggest that females on average are more sensitive than males when it comes to their ability to
smell [26]. This might possibly explain why females in this study are more susceptible towards the
cross-modal eﬀect of vanilla aroma on sweetness intensity. A higher sensitivity might lead to females
perceiving aromas as either stronger or more often than males. This in turn might cause females
to experience coexposures of aromas with sweet taste either stronger or more frequently, and thus
facilitating associative learning. Likewise, females perform better when it comes to odor memory [26].
Therefore, the gender diﬀerences seen in this study might also possibly be due to psychological or
cognitive diﬀerences between males and females. For example, perhaps females are better at matching
or remembering learned associations of tastes and aromas.
5.3. Eﬀect of age on Ratings of Sweet Aroma and Sweet Taste Intensity
In the consumer study, a signiﬁcant interaction between age and aroma was found aﬀecting sweet
taste intensity for males. For the younger group of males, no cross-modal eﬀect of aroma was seen,
while the older group of males rated samples with added vanilla aroma sweeter than samples without
added aroma. Diﬀerences in cross-modal eﬀects with age might possibly be due to diﬀerences in
products normally consumed by each age group resulting in diﬀerent associative learning. In 2017,
65.8% of the new students in the Danish universities were 21 years or younger [52]. As the consumer
study was performed in the university canteens, it is therefore reasonable to assume that the majority
of consumers in our study, especially in the younger group, were in the beginning of their university
studies. Changes in consumption behavior with age in this group of consumers could thus occur due
to changes in the students’ life such as new friends or new living arrangements. As for the eﬀect of
gender on cross-modal aroma-sweetness interactions, just a few studies have investigated the eﬀect of
age on these interactions. The focus of these studies has primarily been on young adults versus senior
adults (>60 years old) [30,36], and do therefore not compare relatively small age diﬀerences as seen in
this study. One study however investigated the eﬀect of adding vanilla ﬂavor to milk among three
diﬀerent age groups of American children: 5–7, 8–10, and 11–14-year-olds, as well as for young adults
aged 18–31 years old. All age groups found the sample with added vanilla ﬂavor sweeter than the
sample without. The only diﬀerence found was between the 5–7-year-olds and the 8–10-year-olds as
the sweetness enhancement from vanilla ﬂavor in the younger group was less pronounced than in the
older group [37].
In this study, age did not aﬀect the cross-modal eﬀects for females, but it did have an eﬀect
on sweet taste intensity as the older group of females generally rated samples to be sweeter than
the younger group of females. In contrast to cross-modal eﬀects across ages, several studies have
investigated taste perception across the life span. While some studies have found that neither
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the rating of sweet taste intensity nor the detection threshold of sucrose were aﬀected by age in
adults [53,54], others have found a decrease in sweetness sensitivity with age, especially after the late
ﬁfties [27–29]. As for the cross-modal interactions, few studies have focused on the eﬀect of age in
younger adults. Yamauchi et al. [55] studied diﬀerent age groups of a Japanese population and found
an interaction between age and gender on the detection threshold for sweet taste. Age (15–17 vs. 20–29year-olds) aﬀected sweet taste detection for men, but not for women. However, in the present study,
supra-threshold intensities, and not detection thresholds were investigated, and these two parameters
might not be correlated. Indeed, Mojet et al. [56] found that within 21 younger subjects between 19 and
33 years old, there was no relationship between threshold sensitivity and supra-threshold intensity in
water or food products. Threshold sensitivity might therefore not be suitable to predict sensitivity
of supra-threshold intensities in this group of consumers. Most recently, Dinnella et al. [57] among
other things investigated the eﬀect of individual diﬀerences on rated sweetness intensity of an aqueous
20% w/w sucrose solution among 1119 subjects. They found that neither fungiform papillae density,
gender, nor age class (18–30, 31–45, and 46–60-year-olds) signiﬁcantly aﬀected the rated sweetness
intensity of the aqueous solution in either 6-n-propylthiouracil (PROP) non-tasters or super-tasters.
Besides diﬀerences in the age classes investigated, the diﬀerent result from this study might also be
due to the diﬀerent sucrose concentrations used. Indeed, Dinnella et al. [57] wrote that intensity
of sweetness was designed to be moderate/strong on a general Labeled Magnitude Scale, while the
sucrose concentrations in this study were chosen to be lower than the sugar concentration normally
found in beverages (10%) [43]. Finally, the discrepancy between the study of Dinnella et al. and our
study might also be due to the population size, since our population size was much smaller than the
population investigated by Dinnella et al. [57].
5.4. Eﬀect of Sucrose on Release of Aroma
In the consumer study, samples with added vanilla aroma were rated signiﬁcantly higher in sweet
aroma intensity compared to samples without added aroma. Interestingly though, an interaction
between sucrose and aroma was found aﬀecting the attribute sweet aroma intensity for males. The
change in the aroma intensity noted between sucrose levels might be due to a chemical interaction
between the sucrose molecules and the aroma compounds in the solution, changing the release of
the aroma compounds. Indeed, the addition of sucrose (20% w/w) has previously shown to change
the release of various aroma compounds compared to pure water [58]. In this way, sucrose seems to
inhibit the release of the vanilla aroma. However, the sample with the low sucrose concentration was
evaluated to be between the samples with medium and high sucrose concentrations in relation to the
rating of sweet aroma intensity. The order of the samples with added vanilla aroma does not therefore
follow the sucrose levels according to the rating of sweet aroma intensity, indicating that this might
also be interpreted as a random eﬀect. Another aspect supporting this view is that the sucrose-aroma
interaction was only seen for males and not females. This might be explained by the fact that males are
more sensitive to the aroma than women, but as mentioned earlier the opposite has been found more
often [26]. This sucrose-aroma interaction aﬀecting the rating of sweet aroma intensity for males does
therefore not seem likely, but cannot be ruled out.
5.5. Classiﬁcation of Sweet Liker Status and the Eﬀect on Ratings of Sweet Taste Intensity
The description of the clusters in the consumer study as sweet likers, neutrals, and sweet dislikers
is in accordance with previous classiﬁcations of consumers according to their preferences for sweet
taste [34,59]. In this study, 16.3% of consumers were classiﬁed as sweet likers, 42.6% as neutrals, and
41.1% as sweet dislikers. Iatridi et al. [59] reviewed diﬀerent classiﬁcation methods with aqueous
sucrose solutions to determine sweet liker status and calculated the total weighed average proportions
of the diﬀerent sweet taste liker phenotypes. Across methodologies they found 48.5% sweet likers,
48.2% sweet dislikers, and 3.3% others/undeﬁned phenotype. The biggest diﬀerence from Iatridi et al.’s
results, therefore, seems to be a smaller proportion classiﬁed as sweet likers and a bigger proportion
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classiﬁed as neutrals in this study. Iatridi et al. [59] identiﬁed ﬁve overall classiﬁcation methods used to
determine sweet liker status: “Visual discrimination of hedonic responses”, “Statistical discrimination
of hedonic responses (algorithmic classiﬁcation)”, “Highest preference using ratings”, “Average
liking above mid-point”/”positive–negative average liking”, and “Highest preference via paired
comparisons”. Compared to the other classiﬁcation methods identiﬁed, the “Statistical discrimination
of hedonic responses (algorithmic classiﬁcation)”, such as for example AHC analysis as used in this
study, generally classiﬁed a higher proportion of the unclassiﬁed phenotypes [59]. Yet, even when
accounting for this, the proportional diﬀerence of neutrals/unclassiﬁed phenotypes between the two
studies is still big. The diﬀerences in distribution might therefore result from individual preferences
for the vanilla aroma as well as a smaller range of sucrose concentrations tested in this study.
The distribution of the two age groups in the three clusters was not skewed, but the distribution
of genders was. For the sweet likers and the group of neutrals, there was a predominance of males
compared to the total number of males in the consumer study. For the sweet dislikers, there was
instead a predominance of females. The skewed gender distribution for sweet dislikers (relatively more
females than males) is in accordance with Yeomans et al. [31] who found that males consistently rated
liking for sweetness higher than females. Similarly, Deglaire et al. [32] found that males rated liking for
sweet foods and sugar higher than females across diﬀerent BMI categories. Tuorila et al. [60] also found
gender diﬀerences in the responses to sweetness. However, these referred to diﬀerences dependent on
nationality and age, whereas others have found that there were no signiﬁcant associations between
gender and sweet liker/disliker status [4,61]. According to Deglaire et al. [32] a diﬀerence between
males and females in their preference for sweet taste might possibly be due to diﬀerent levels of health
consciousness, as females have been shown to have higher health-related nutrition knowledge [62]
and to ﬁnd healthy eating more important than males [63–65].
As mentioned, ANOVAs were performed to evaluate whether the diﬀerent clusters rated the
samples similarly. The results showed that the clusters rated the sweet taste intensity diﬀerently from
each other. Previous studies on the association between sweet liker status and sweetness intensity
ratings are conﬂicting. As in this study, some studies have found that sweet dislikers generally
rate sweetness intensity higher than sweet likers [61,66,67]. This might indicate that sweet dislikers
perceive the same sucrose concentrations as more intense than sweet likers, and therefore do not like
them. If this is actually the case, where the diﬀerences are due to diﬀerences in perception rather
than hedonic preferences, then the sweet liker/disliker status might be an incorrect wording of the
classiﬁcation. However, others have found that sweet liker status is not associated with diﬀerences in
ratings of sweetness intensity [4,68,69]. Diﬀerences might possibly be due to diﬀerent methods used.
Indeed, both Methven et al. [67] and Yang et al. [61] found their results to be dependent on matrix.
Methven et al. [67] found that sweet dislikers rated sweetness intensity higher than sweet likers in jelly,
but not in orange juice, while Yang et al. [61] found that low sweet likers (sweet dislikers) generally
rated sweetness intensity of sucrose solutions higher than other groups, while this was not the case in
iced tea.
5.6. Limitations and Future Research
When analyzing the eﬀects of individual diﬀerences such as age, gender, and sweet liker status,
as done in this paper, it is important to keep the size of the population investigated in mind. The
population sizes became relatively small when the dataset was split into both age and genders in the
present study. The results seen, especially for the interaction between age and gender, could thus be
random. Future studies should consequently aim to conﬁrm our results with a larger population. It
would also be interesting to reveal whether these results can be generalized to other populations such
as other cultures, or other age groups regarding the gender eﬀect.
As gender diﬀerences were found for the cross-modal eﬀect of vanilla aroma on sweet taste
intensity in the consumer study, it would have been preferable to have had a gender-balanced panel
for the DA. Nevertheless, women were chosen for the panel because they performed better during
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the recruitment and annual retests of panelists. In the future, however, the results on individual
diﬀerences from the present study should be considered when recruiting trained panelists for work on
cross-modal interactions.
Another important factor to keep in mind is the food matrix. As described previously, the
matrix for example aﬀects whether sweet dislikers rate sweetness intensity higher than sweet likers or
not [61,67]. In the present study, water was used as a model system. Additional studies with other
more complex food matrices should be conducted in order to reveal if similar results can be obtained
as in this study. On average, the samples in our study were not very liked. This could possibly be
because water is not congruent with sweet taste and/or vanilla aroma. Indeed, congruency has been
found to aﬀect pleasantness of aroma-taste mixtures [16,70]. As aroma-taste interactions have also
been suggested to be dependent on the matrix/product as well as previous food experience [5], future
studies should investigate how congruency with the matrix aﬀects aroma-taste interactions. Finally, it
should be investigated whether the results also apply to other aromas than vanilla aroma.
6. Conclusions
To study individual diﬀerences in cross-modal eﬀects among young adults, ﬁve aromas were ﬁrst
screened for their sweetness enhancing eﬀect across three sucrose concentrations. Interestingly, the
ﬁve aromas, all congruent with sweet taste, were found to belong to two distinct perceptual groups: a
“sweet” and a “sour” group. Vanilla aroma belonged to the “sweet” group and was evaluated as the
most promising aroma in relation to sweetness enhancement. Based on these results vanilla aroma was
used for the consumer study that followed. Among young adult consumers, females were found more
susceptible to the sweetness enhancing eﬀect of vanilla aroma than males were. Furthermore, diﬀerent
age eﬀects were found for males and females. For males, a signiﬁcant cross-modal eﬀect of vanilla aroma
on sweet taste intensity was only found for the 22–25-year-olds, but not the 19–21-year-olds. While for
females, the 22–25-year-olds were generally found to rate samples sweeter than the 19–21-year-olds.
Finally, subjects were separated according to their sweet liker status. Interestingly, the groups identiﬁed
were found to diﬀer in their ratings of sweet taste intensity, but not in cross-modal eﬀects. Sweet likers,
a cluster with a predominance of men, rated sweet taste intensity signiﬁcantly lower than the sweet
dislikers, which were predominantly women. These results indicate that, even within a relatively small
target group of young adults, individual diﬀerences in perception and in cross-modal interactions
exist. These results could be used for more targeted product development and marketing in order to
successfully aid sugar reduction and improve healthy eating. Furthermore, these results contribute
to our understanding of cross-modal interactions and sensory integration. However, as results are
restricted to the aroma and matrix tested, it would be interesting to further investigate this relevant
target group with a more realistic matrix and more diﬀerent aromas.
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Abstract: Very hot (>65 ◦ C) beverages such as espresso have been evaluated by the International
Agency for Research on Cancer (IARC) as probably carcinogenic to humans. For this reason,
research into lowering beverage temperature without compromising its quality or taste is important.
For espresso, one obvious possibility consists in lowering the brewing temperature. In two sensory
trials using the ISO 4120:2004 triangle test methodology, brewing temperatures of 80 ◦ C vs. 128 ◦ C
and 80 ◦ C vs. 93 ◦ C were compared. Most tasters were unable to distinguish between 80 ◦ C and 93 ◦ C.
The results of these pilot experiments prove the possibility of decreasing the health hazards of very
hot beverages by lower brewing temperatures.
Keywords: coﬀee; espresso; hot beverages; temperature; esophageal cancer; sensory trial

1. Introduction
In 1991, coﬀee was ﬁrst classiﬁed by the International Agency for Research on Cancer (IARC) as
“possibly carcinogenic to humans” (group 2B), as there had been a connection to increased risk of
bladder cancer [1]. This relationship could not be conﬁrmed in later studies and coﬀee itself has been
reclassiﬁed into group 3 “not classiﬁable” in 2016. In earlier studies, the inﬂuence of tobacco smoking
had confounded the results of coﬀee consumption, because both behaviors often occur at the same
time [2]. The infusion of mate (Ilex paraguariensis) was evaluated as “probably carcinogenic” (group
2A) in 1991 [3]. The signiﬁcantly increased cancer risk may be based on the fact that mate is typically
drunk very hot. Epidemiological studies show that the esophageal cancer risk is increased when mate
is consumed very hot, but not when cold [2,4]. Due to this, mate per se was included during the 2016
re-evaluation in group 3, similar to coﬀee per se. Animal experiments suggest that a carcinogenic
eﬀect occurs at a consumption temperature of 65 ◦ C or higher, which was deﬁned as “very hot” [2,5].
By additionally considering the epidemiological evidence (e.g., [6,7]), the consumption of very hot
(>65 ◦ C) beverages independent of type was classiﬁed in 2016 as “probably carcinogenic to humans”
(group 2A) [2]. Several studies published subsequently to the International Agency for Research on
Cancer (IARC) monograph have further strengthened the evidence between the consumption of very
hot beverages independent of type and increased esophageal cancer risk [8,9].
In order to avoid the risk of injury in the pharynx due to an excessively high temperature, hot
beverages should not be consumed until they have cooled down [10]. In several studies, however, it has
been observed that hotter consumption temperatures are often preferred [11]. In a study from southern
Germany, the temperature at which coﬀee is perceived to be too hot was investigated. The consumption
temperature of coﬀee preferred by consumers is 63 ◦ C. The average pain threshold is 67 ◦ C [12].
However, coﬀee is typically brewed and served at temperatures higher than 65 ◦ C [10,13].
Espresso is a coﬀee beverage that is usually drunk immediately after brewing and without the
addition of milk, which may lower its temperature [14]. Inﬂuences on the quality of espresso include
Foods 2020, 9, 36; doi:10.3390/foods9010036
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the coﬀee variety (Coﬀea arabica or C. canephora) as well as its quality (e.g., defects, origin, etc.), the
coﬀee/water ratio, the water pressure, or grinding grade [15–17]. For the extraction of espresso,
the water temperature (brewing temperature) had the most signiﬁcant inﬂuence. If the brewing
temperature is too high, a higher number of compounds will be extracted into the espresso and its taste
will be strongly inﬂuenced. Therefore, a maximum brewing temperature of 92 ◦ C has been suggested.
At higher brewing temperatures, more bitter and more astringent substances are dissolved into the
espresso and its sensory quality is impaired [18]. However, ﬁeld research detected that temperatures
were often set at much higher levels, probably because of unfounded fears about microbiological
hazards [13,19,20]. Salamanca et al. conﬁrmed that the bitterness and acidity of espresso was more
pronounced at higher brewing temperatures [21]. In a study by Andueza et al., the brewing temperature
was also described as the greatest inﬂuence on the quality of espresso [22].
With espresso, a lower consumption temperature can be achieved by lowering the brewing
temperature. This study will examine whether espresso brewed at 93 ◦ C, for example, diﬀers in taste
from espresso brewed at 80 ◦ C.
2. Materials and Methods
The basic study design was to investigate a perceptible sensory diﬀerence between samples of
two products using the forced-choice ISO 4120:2004 sensory analysis methodology “triangle test” [23].
Individuals were given three espresso samples (two temperature low/one temperature high
or two temperature high/one temperature low in randomized fashion; levels were either 80 ◦ C vs.
128 ◦ C or 80 ◦ C vs. 93 ◦ C) and asked to make the following decision: Which of the three samples is
diﬀerent? They were additionally asked about their preference regarding the typicity of espresso taste
of the deviating sample. The test material for sensory analysis was espresso beans (arabica/canephora
mixture, medium dark roast) type Orphea (Maromas group, Tägerwilen, Switzerland). The espresso
machine was model ECM Synchronika (Espresso Coﬀee Machines Manufacture GmbH, Neckargemünd,
Germany). Decalciﬁed tap water was used for all trials.
In order to create the same conditions for each espresso extraction according to the Italian Espresso
National Institute [24], 7 ± 0.5 g freshly ground coﬀee powder was weighed directly into the ﬁlter
holder (type ECM portaﬁlter 1 spout) for each espresso. The grinding degree was adjusted to ensure a
percolation time of 25 ± 5 s. The coﬀee powder was distributed evenly in the ﬁlter carrier by vibration.
Then, a tamper with a contact pressure of 25 kg was used to press the resulting coﬀee powder cake.
A ﬁne balance placed under the espresso cup was used to ensure the correct quantity of espresso.
To start the process, the coﬀee machine’s brewing lever was turned over. Meanwhile, the balance and
stopwatch were observed, and when an espresso quantity of 25 ± 2.5 g was reached, the brewing lever
was raised again to stop. If the espresso quantity was below or above the limit, or if the extraction time
was outside the speciﬁcation (25 ± 5 s), a new extraction attempt was started. Particular attention was
paid to a consistently uniform preparation method for the sensory trials.
Preliminary tests detected a clearly visible change in color due to the differences in brewing
temperature. With a brewing temperature of 80 ◦ C, the espresso was very dark colored with foam on
the surface. Espresso at the maximum temperature of 128 ◦ C was rather light brown in color and its
consistency as well as the appearance of the foam was also different. For this reason, precautions had to
be taken to ensure that during the tastings, the participants did not detect the deviating sample by the
existing color deviation. Therefore, a tasting chamber was set up, which prevented light from entering. In
addition, two lamps with color-adjustable LED light sources were used. Each color was checked, but
only dark blue light, which shone directly into the cups, prevented optical differentiation of the samples.
Furthermore, white lids were placed on the espresso cups. The tasters were allowed to only open the lid
of one cup at a time, therefore making it impossible to visually compare the samples even when moving
them. Before each sample was tasted, the corresponding lid was removed and then replaced.
To ensure that the two identical samples of each triplet actually had identical properties, an espresso
extraction with 25 ± 2.5 mL each was divided between the two cups. The deviating sample was also
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divided, the second sample was used for the next test. Since the coffee machine needs time to heat up
or cool down to the desired brewing temperature, it is essential to keep the espresso warm on heating
plates until it is tasted, ensuring that all three samples have the same temperature. The test can only be
started once the three espresso samples have been equilibrated to the same consumption temperature of
approximately 55 ◦ C for a sensory test. Twenty-four people participated in two triangular tests. These
included a total of 20 women and four men from different age groups. In the first triangle test, it was
tested whether an espresso brewed at 80 ◦ C differed from an espresso brewed at 128 ◦ C. In the second test,
the minimum brewing temperature of 80 ◦ C was compared with the setting of 93 ◦ C.
Power calculations were based on the ISO 4120:2004 [23] protocol and on Schlich [25]. ISO 4120:2004
provides a baseline scenario in which testers were assumed to be able to discriminate with 50% accuracy.
To achieve statistical signiﬁcance at a level of 0.05 for both α-risk (probability of concluding that
a perceptible diﬀerence exists when one does not) and β-risk (probability of concluding that no
perceptible diﬀerence exists when one does), at least 23 assessors were needed. For statistical analysis,
the results of the espresso discrimination tests were applied to the signiﬁcance tables of the ISO
4120:2004 based on Meilgaard et al. [26].
3. Results
Out of a total of 24 test subjects, 10 individuals identiﬁed the deviating sample in both sensory
tests. As shown in Table 1, 15 out of 24 people detected a diﬀerence between the espresso samples of
the ﬁrst triangular test (80 ◦ C vs. 128 ◦ C). In the second test, the espresso was compared at a brewing
temperature of 80 ◦ C with a brewing temperature of 93 ◦ C. Of the 24 test persons, 11 answered this test
correctly (Table 1).
Table 1. Results of the ISO 4120:2004 sensory analysis using triangle testing for diﬀerentiation of
espresso prepared using diﬀerent brewing temperatures.
Brewing
Temperature

No. of Assessors

No. of Correct
Responses

Signiﬁcance 1

LCI/UCI 2

80 ◦ C vs. 128 ◦ C
80 ◦ C vs. 93 ◦ C

24
24

15
11

yes (α = 0.01)
no (α = 0.20)

0.19/0.68
–3

1

According to ISO 4120:2004 [23]. For the non-signiﬁcant trial, the minimum number of correct answers to conclude
that a perceptible diﬀerence exists (α = 0.05) would have been 13/24. 2 Lower and upper 95% conﬁdence intervals
(LCI/UCI) for the triangle tests calculated according to ISO 4120:2004 [23]. The limits can be interpreted as percentage
of population that can perceive a diﬀerence between the samples [26]. 3 Not calculated for non-signiﬁcant trial.

4. Discussion
According to DIN EN ISO 4120, for a triangular test with a significance level of α = 0.05 and with
a number of test persons of n = 24, there is a minimum number of correct answers for determining a
perceptible difference of 13 persons. It can therefore be concluded that there is a perceptible difference in Test
1 between the espresso sample brewed at 80 ◦C and the one brewed at 128 ◦C on the basis of a triangular test.
For the second triangular test, however, since only 11 persons correctly detected a diﬀerence in
the triangular test, it was not statistically signiﬁcant. Espresso brewed at 80 ◦ C was not distinguished
from espresso brewed at 93 ◦ C by taste.
Limitations of the research design include that the samples were prepared in batches, so that
confounding might be introduced by slight diﬀerences in preparation and waiting times as well as
during sample temperature equilibration until tasting (such as diﬀerent evaporation of volatiles).
These inﬂuences were minimized by consistent preparation of the brews in direct sequence and
avoidance of evaporation using lids on the cups until tasting.
While the statistical results of speciﬁc diﬀerences of samples were not included in the research
design of triangle tests, it was observed by many tasters during the study that hotter brewed espresso
may be described as stronger, more bitter, and more acidic, similar to the study of Salamanca et al. [21].
Our results were comparable to Andueza et al. [22], even though diﬀerent methodologies were used. In
53

Foods 2020, 9, 36

the case of Andueza et al. [22], the espresso samples were extracted at brewing temperatures of 88 ◦ C,
92 ◦ C, 96 ◦ C, and 98 ◦ C. It was found that more solids were detectable in espresso as the temperature
increased. The tasting panel found the espresso more bitter and astringent when it was brewed at
96 ◦ C and 98 ◦ C [22]. In addition, in the study of Chapko and Seo, a too hot coﬀee temperature was
described as roasted and burnt [27]. The results of the previous studies correlated with the feedback of
the tasting panels in the sensory analysis carried out here.
It is not recommended to extract espresso beyond a brewing temperature of 93 ◦ C. For the samples
taken at the setting of the brewing temperature of 128 ◦ C, some negative comments on the sensory
attributes were observed, which are burnt, bitter, and strongly acidic. The theoretical background is
that the higher the brewing temperature, the more solids and less volatile substances can be dissolved
in the espresso, resulting in a negative taste. As a result, more bitter and more astringent ﬂavorings are
dominant [18]. It is also interesting to note that the impression can be gained that espresso produced at
80 ◦ C may have been more preferred in the tastings carried out. It might be worthwhile to further
test brewing espresso lower than the standard setting of around 90 ◦ C. In this case, the risk of an
excessively high consumption temperature can be completely avoided. It is interesting that the Italian
Espresso National Institute suggests a temperature of 88 ± 2 ◦ C [24], which is a lower and stricter
setting than what Illy and Viani are suggesting (90 ± 5 ◦ C) [18]. However, in practice, at least in many
espresso bars in Germany, much higher settings appear to be in common use [13].
5. Conclusions
During the sensory examination, it was elucidated that espresso may be brewed less hot for health
reasons. The espresso samples that were brewed at lower temperatures could not be distinguished by the
tasting panel. For this reason, the coffee machine manufacturers should introduce adjustable brewing
temperatures and suggest lower default settings in order to minimize the risk of esophageal cancer and
to improve sensory perception. The guideline of the Italian Espresso National Institute, which allows
brewing temperatures down to 86 ◦ C, but not over 90 ◦ C, should be more widely implemented [24].
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Abstract: The aim of this study was to evaluate the inﬂuence of intrinsic product characteristics
and extrinsic packaging-related factors on the food quality perception. Sensory and visual attention
methods were used to study how consumers perceive the quality of commercial apple juices from four
product categories: clear juices from concentrate, cloudy juices from concentrate, pasteurized cloudy
juices not from concentrate, and fresh juices. Laboratory tests included the assessment of sensory
liking in blind and informed conditions and expected liking based on packages only. The results
showed that brand and package information have a large impact on consumers’ sensory perceptions
and generate high sensory expectations. An innovative visual attention tracking technique was
used in online experiments to identify packages and label areas on individual packages, which
attracted consumer attention. During an online shelf test, consumers mostly focused on not from
concentrate juices from local producers, which were perceived as more natural, healthy, and expensive
than juices reconstituted from concentrate. When individual labels were analyzed, consumers
predominantly focused on nutritional data, brand name, and information about the type of product.
The present results conﬁrm a large impact of information and visual stimuli related to packaging on
product perception.
Keywords: apple juice; consumer perception; internal preference mapping; visual attention;
packaging; label

1. Introduction
The sources that consumers use to form their impression of a product are typically classiﬁed as
intrinsic or extrinsic cues [1,2]. The intrinsic cues are those characteristics that are part of the physical
product. Some of these may be assessed before consumption (e.g., color, size, damage), while others
may only be experienced through consumption, i.e., sensory properties. There is no single deﬁned
set of sensory attributes that are important across all of the food products. The importance of ﬂavor,
texture, and appearance attributes is product-dependent [3]. The extrinsic sources of information are
those that are related to the product, but are not a part of it physically, such as brand name, label,
packaging, price, the location where it is sold, and marketing communications [3,4]. These external
cues generate consumer expectations about food products and aﬀect their choices, sensory perception,
and hedonic liking [5,6]. For these reasons, both sensory and non-sensory aspects should be included
into the consumer research of food quality perception.
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Sensory consumer research has conﬁrmed that extrinsic product cues aﬀect consumer perception
of the food product sensory quality [4,7,8]. It has been reported that the brand name shown on a
package inﬂuences consumer liking of taste of various food products [9,10]. The nutritional labeling
also aﬀects the estimation of taste [11]. In contrast, little is known about the relative eﬀect of the
extrinsic cues on the informed product evaluation when multiple cues are present [4].
The consumer perception of food packages and labels has been traditionally based on the
self-reported estimates, although these estimates are subject to diﬀerent biases and are reportedly only
a poor indicator of the consumer behavior in real-life situations [6]. Some recent studies demonstrated
that eye-tracking methodology is adequate for examining the eﬀect of the package features on the
consumer attention [12]. Food packages and nutrition labels were investigated with eye-tracking tools
to monitor consumer visual attention to the respective product and nutritional information [13–15].
The eye-tracking technology precisely tracks the location and duration of gaze, providing detailed
information on the consumer’s visual attention and is more and more widely used in product marketing
and consumer science, and recently also in consumer sensory studies [16,17].
Apple juice is one of the most popular products among juices all over the world, due to its pleasant
sensory qualities and high nutritional value. Presently, the juice market oﬀers a wide range of diﬀerently
processed products. New trends in the juice market are determined by the consumer demand [18,19].
One of the fastest growing trends is that for minimally processed products, characterized by sensory
properties similar to those of the fresh material and preserving valuable components of the fresh fruit.
Apple juices available on the market include natural juices obtained directly from fruit by squeezing,
not from concentrate (NFC) juices, both pasteurized and unpasteurized, and juices reconstituted
from concentrate (FC), clear varieties and pulp-enriched cloudy varieties. Within each of the groups,
one can distinguish ecological and conventional products. According to the European Fruit Juice
Association (AIJN) Liquid Fruit Market Report [20], the consumption of non-concentrate fruit juices
has increased signiﬁcantly over the last ﬁve years in the European Union. The information on the
production process is mandatory on the juice package. The results of previous studies showed varied
consumer preferences for apple juices from diﬀerent product categories [21,22].
Commercial apple juices are available in a variety of packages, including glass or plastic bottles and
cartons. Food packaging is primarily used to protect food products from environmental contamination
and other inﬂuences, and to ensure food quality and safety [23]. However, the packaging also has
an important communicative role. The eﬀective communication of product advantages through the
packaging design determines consumer impressions of the product quality [24]. Thus, consumers
mostly prefer products that attract their visual attention; therefore, food packaging must also be
attractive or eye-catching. Both shape, material, color, and layout of the packaging elements have been
shown to impact consumer perception [25]. Therefore, more research is needed in order to identify the
packaging features that attract attention and enhance the buying potential.
The aim of the present work was to study the inﬂuence of the intrinsic product properties and
the extrinsic cues related to packaging upon the food quality perception and liking. We studied
commercially available apple juices from various product categories. We investigated the inﬂuence of
the intrinsic cues and packages on liking and expectations using a consumer sensory study. Consumer
visual attention to the apple juice packages and labels was examined with the use of an online visual
attention tracking technique.
2. Materials and Methods
2.1. Apple Juice Samples
Eight apple juices from four product categories available on the Polish market were evaluated
in this study. Two representative juices produced in Poland were selected in each of the four market
categories, based on our previous studies of the physicochemical and sensory properties of a large
number of juices and public recognition of their brands [26,27]. The selected products included
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juices reconstituted from concentrate (clear and cloudy varieties) and direct naturally cloudy juices
(pasteurized and freshly squeezed varieties). Taking into account the type of production, the package,
and the price, the juices studied may be classiﬁed into the standard and premium market segments.
The detailed description of the samples is presented in Table 1.
Table 1. Description of the apple juices used in the study.

1

Juice 1

Product Category 2

Package

Market Segment

A
B
C
D
E
F
G
H

FC, clear
FC, clear
FC, cloudy
FC, cloudy
NFC, cloudy, pasteurized
NFC, cloudy, pasteurized
NFC, freshly squeezed
NFC, freshly squeezed

1.00 L box
1.00 L light plastic bottle
1.00 L box
0.70 L light glass bottle
0.25 L dark glass bottle
0.25 L light glass bottle
0.25 L light glass bottle
0.25 L light glass bottle

Standard
Standard
Standard
Standard
Premium
Premium
Premium
Premium

The set of A–H juices was the same as studied previously [28]. 2 FC—from concentrate, NFC—not from concentrate.

2.2. Consumer Studies
Two experiments were performed to evaluate consumer perceptions of the commercial apple
juices using diﬀerent complementary methodologies. All of the participants declared to consume apple
juices at least several times a month and to have apple juice as the ﬁrst preference among fruit juices.
No ethical approval was required for this study. The ﬁrst experiment was performed in laboratory
conditions and the second experiment online. The experiments were conducted as follows:
Experiment 1. A group of 96 consumers of apple juices participated in the laboratory sensory
study (64.6% female and 35.4% male). The participants were recruited from staﬀ and students of the
Poznań University of Economics and Business based on their availability and interest in participation
in the study. Of this number, 55.2% were under 25 years old, 36.5% were between 26 and 45 years
old, and 8.3% were over 45 years old. The same group of consumers examined the quality of apple
juice samples in diﬀerent exposure conditions. To prevent communications between the members of
the consumer panel, they were informed about the rules of the experiment, each person occupied a
separate cubicle, and the sessions were supervised.
Two sessions were held over two consecutive weeks. Three types of data were gathered with the
same group of consumers: (1) overall liking of the samples in blind-testing conditions, (2) expected
liking of juices in packages, and (3) overall liking of the samples in an informed testing conditions; all
samples were evaluated on 9-point hedonic scales (1 = dislike extremely, 5 = neither like nor dislike,
and 9 = like extremely). The samples were presented to the consumers following a balanced rotation
scheme. In blind-testing experiments, juices were coded by three-digit random numbers.
Fifty milliliters of each beverage were served to consumers at 20 ◦ C in transparent plastic containers
in blind and informed sensory evaluations, respectively, without and with packages. Mineral water
was available during studies. The results of this experiment were already presented in our previous
paper [28], where blind liking scores were discussed in detail and the relationships between the
consumer liking and the physicochemical and sensory properties of juices were determined.
In an expected liking evaluation, consumers were asked to inspect full packages of eight apple
juices and to score their expected sensory liking. To evaluate spontaneous perception of the labels,
without making participants focus on speciﬁc aspects, they were asked to answer check-all-that-apply
(CATA) questions with terms describing the product characteristics: natural, artiﬁcial, tasty, tasteless,
not very healthy, very healthy, expensive, inexpensive, a familiar product, an innovative product, and a
trendy product. Consumers were asked to check all the terms they considered appropriate to describe
each of the products.
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Experiment 2. A group of 171 consumers (68.8% female and 31.2% male) participated in the online
study using Attensee software (https://www.attensee.com). Of these, 72.9% were under 25 years old,
23.0% were between 26 and 45 years old, and 4.1% were over 45 years old.
Attensee is an application used for the study of visual attention, that mimics an eye-tracker [29];
it provides an interface for computers and tablets and does not require any special hardware. This
innovative approach to record human information lets one see what consumers look at on labels,
packaging, or pictures. To get the required information, the reference areas (RA) on packaging and
labels should be marked, and the percentage of consumers focusing their attention on these RA are
recorded [30]. Based on these results, ﬁnal calculations of the visual path tracking parameters may
be made. The following RA were used in our experiments: brand names, logos, pictograms, photos,
tables and lists of nutritional values, slogans regarding the content of pro-health ingredients, eco/bio
labeling, and packaging size statement.
This experiment was conducted online. Consumers were asked to take part in the study via social
media, and after agreeing, they received an individual link to the online experiment and were informed
that the study involved the simulation of visual perception on a computer screen by means of cursor
movements. The participants used the mouse pointer to bring certain parts of the screen into clarity
(focused circle 2 cm in diameter). The software updated the information in real time as participants
changed their area of focus and the way of exploration. After receiving instructions and doing some
trial runs, participants performed the actual test. First, an image of all of the analyzed products on
the shop shelf was presented on a computer screen for 45 s, and then the images of individual juice
labels were presented, each for 30 s. The sequence of showing the individual labels was proportional
and randomized across participants to eliminate the order eﬀects. Each of the participants examined
an image with all of the products (shelf picture), and randomly selected four of the eight individual
product images. The photographic images of juice packages (with 4592 × 3056 pixels resolution) were
captured using a digital camera (Sony A3056, Tokyo, Japan).
The Attensee software can also produce diﬀerent types of questionnaires. Thus, the participants
were asked to answer a check-all-that-apply questionnaire with the terms describing the product, the
same as in Experiment 1.
2.3. Data Analysis
Consumer liking data were analyzed by multivariate analysis of variance (MANOVA). When a
signiﬁcant diﬀerence (p < 0.05) was detected, a t-test with Holm correction was applied to evaluate
the diﬀerence between the samples. Pearson coeﬃcients were calculated to evaluate the correlations
between the consumer liking scores gained in diﬀerent evaluation conditions. Principal component
analysis (PCA) was performed on the individual consumer scores in three diﬀerent conditions using
the correlation matrix. PCA models were validated using the full cross-validation procedure. The
correspondence analysis (CA) was performed on the frequency table containing responses to the
check-all-that-apply questions. Statistical analyses were performed using the R-language and XLSTAT
software (Addinsoft, Paris, France) packages.
3. Results
3.1. Consumer Liking of Apple Juices in Diﬀerent Evaluation Conditions
The same consumer group evaluated the quality of eight apple juices in three testing conditions in
our laboratory study. The results of consumer evaluations expressed on the 9-point hedonic scale are
presented in Table 2.
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Table 2. Mean consumer liking scores1 of apple juices evaluated in blind, expected, and
informed conditions.
Evaluation Conditions 1

Juice
2

Expected

Informed

4.5 c,d,C
4.9 b,c,C
5.8 a,A
5.6 a,bB
4.1 d,C
4.2 c,d,C
6.2 a,B
5.7 a,B

5.8 c,A
6.1 b,c,A
6.4 a,b,c,A
6.6 a,b,A
5.8 c,A
6.4 b,c,A
6.7 a,b,A,B
7.1 a,A

5.1 e,B
5.4 d,eB
6.3 b,c,A
6.1 b,c,d,A,B
5.3 d,e,B
5.7 c,d,e,B
6.9 a,b,A
7.3 a,A

Blind
A
B
C
D
E
F
G
H

1 Evaluated on a nine-point hedonic scale. 2 The consumer ratings in blind conditions were available from our
previous study [28]. Diﬀerent lowercase superscripts (a–e) within a column indicate signiﬁcant diﬀerences according
to the t-test (p < 0.05). Diﬀerent capital superscripts (A–C) within a row indicate signiﬁcant diﬀerences according to
the t-test (p < 0.05).

The results of the consumer study in blind condition were described in detail and discussed in a
previous paper, as regards physicochemical and sensory characteristics of juices [28]. Presently, we
used these results to compare them with the consumer ratings in expected and informed conditions.
The consumers reacted diﬀerently to the sensory characteristics of the juices. The overall liking scores
in blind conditions ranged from 4.1 corresponding to dislike slightly to 6.2 corresponding to like
slightly. Signiﬁcant diﬀerences were found in consumer liking of the samples assessed in a blind test
(p < 0.05). Freshly squeezed juices (samples G and H) and reconstituted cloudy juices (samples C and
D) were the most liked juices, while cloudy NFC juices (samples E and F) and reconstituted clear juices
were the most disliked. The results are in line with those reported earlier [31], where average consumer
ratings of the studied apple juice were at 5.5–6.0 on a 9-point scale, and these rather low ratings were
explained by consumer habits for certain products.
The expected liking scores were in the range of 5.8–7.1 and higher than blind scores. These results
indicate that the package with its product information, including brand, type of production, nutritional
value, etc., generates high consumer expectations. Signiﬁcant diﬀerences were observed in mean
consumer scores; fresh juices (G, H) and cloudy FC juice (D) gained the highest ratings, while clear juice
(A) and naturally cloudy (E) the lowest. The NFC juice (E) which is an organic product (information on
the package) received the lowest rating among the studied juices, as it had a large amount of natural
sediment. Note that sediment and turbidity of fruit juice may be perceived negatively by consumers as
a product defect [32]. On the other hand, consumers were reported to have higher expectations for
local apple juices as opposed to the mainstream juices available on the market, and also expected the
higher quality of fresh apple juices as opposed to juices subject to thermal, high hydrostatic pressure,
or pulsed-electric ﬁeld treatment [21,22].
Our present study explored consumer perceptions of apple juices based on the comprehensive
product information available on the label. The consumers, knowing the product brand and product
information available on the package, rated the sensory quality of fresh juices (G, H) the highest.
Signiﬁcantly lower scores were obtained by clear juices (A, B) and naturally cloudy NFC (E, F) juices.
Similar results were reported by Lee, Lusk, Mirosa, and Oey [22], indicating that consumers mostly
valued the untreated apple juices.
When comparing consumer liking of juices in various testing conditions, the highest inﬂuence
of product information on liking was observed for NFC juices (E, F). These samples correspond to
the premium brands available in glass bottles. Clear FC juices (A, B) and fresh ones (G, H) were
also assessed higher in informed as compared to blind tests. The blind and informed liking did not
diﬀer signiﬁcantly only for cloudy FC juices (C, D). These latter juices were available in cartons and
received high ratings for sensory quality at the ﬁrst stage of the study. On the other hand, the expected
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quality scores were higher than the sensory scores for coded samples for six of the eight juices tested
(except samples C and G, which received high sensory evaluation). The expected liking scores were
signiﬁcantly higher than the informed liking scores for clear (A, B) and naturally cloudy NFC (E, F)
juices. The discrepancy between these assessments indicates that the sensory proﬁles of these juices do
not meet consumer expectations generated by the product information contained on the packaging.
The mean consumer liking scores are useful for determining the overall trends, but do not
provide information on the formation of the consumer groups (segments) with similar preferences [33].
Consumer liking data were analyzed using principal component analysis (PCA), performed on the
individual consumer scores obtained in three diﬀerent conditions. Internal preference maps were
generated, illustrating the main preference directions [34], presented as biplots in Figure 1.

Figure 1. Cont.
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Figure 1. Internal preference maps for diﬀerent testing conditions: (a) blind, (b) expected, (c) informed.
A,B—clear FC juices; C,D—cloudy FC juices; E,F—cloudy NFC juices; G,H—fresh juices. Red dots
correspond to the individual consumers. PC1 and PC2 correspond to the ﬁrst and second principal
component, respectively.

The distribution of individual consumer scores varied depending on the testing conditions.
Regardless of the testing conditions, the two juices in each of the pairs belonging to a certain product
category were rated similarly by consumers; thus, the points corresponding to these juices are located
close together in the two-dimensional space.
Most of the consumers preferred cloudy FC and freshly squeezed juices in the blind test (Figure 1a).
The ﬁrst PC1 component distinctly diﬀerentiated the juices according to sensory preferences (direct vs.
reconstituted juices). A very diﬀerent distribution of consumers and juices was obtained for expected
liking (Figure 1b), where two main groups of the consumers may be distinguished. The ﬁrst group
assigned higher ratings to NFC juices, available in glass bottles. The second group, more scattered,
rated FC juices, clear and cloudy varieties, available in 1 L boxes higher. As shown in Figure 1c,
combined internal and external attributes provided poorer diﬀerentiation of the juices studied. Note
that PC1 clearly diﬀerentiated clear FC juices from fresh juices, but not pasteurized cloudy FC and
NFC juices. Most consumers, basing on sensory quality and external attributes, assessed the quality of
fresh juices (G, H) as higher. The preference map for informed testing diﬀered signiﬁcantly from that
for blind testing. These results conﬁrmed the strong inﬂuence of the external attributes on the sensory
evaluation of apple juice. Similar results were obtained by Lee, Lusk, Mirosa, and Oey [22].
There was a strong positive correlation (p < 0.05) between the expected and informed liking
scores (r = 0.944) and between the blind and informed consumer scores (r = 0.800). No correlation was
observed between blind and expected liking, indicating that the two approaches measure diﬀerent
aspects of product quality. These results are in agreement with the ﬁndings reported by Varela, Ares,
Giménez, and Gámbaro [35].
3.2. Perception of Apple Juices Based on External Attributes
In order to gather supplementary data on the consumer perception of the juices studied, a
check-all-that-apply (CATA) questionnaire with terms related to characteristics of the product and the
brand image was used. CATA questions are increasingly more often used in consumer research to
investigate the perceptions of a variety of attributes perceived by consumers and to obtain a rapid
product proﬁle from consumers [36–38].
Consumers used between one and seven terms to describe the apple juices in both laboratory
and online studies. The most frequently used terms were natural and tasty; the least used term was
tasteless. Most consumers indicated both cloudy NFC (E, F) and fresh (G, H) juices as natural. These
juices were rated also as very healthy and expensive. The diﬀerences between FC and NFC juices
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in their naturalness were clearer in the laboratory as compared to the online study. This may be
due to increased attention of the respondents and the lack of a time limit in the laboratory testing.
Furthermore, consumers perceived the juices studied as more innovative and trendier in the classic
laboratory study as compared to the online experiment. This may be due to the fact that the photos did
not fully reﬂect the diﬀerences between the products. Based on the results obtained, we concluded that
apple juices are generally perceived by the consumers as natural and healthy products.
The correspondence analysis was used to visualize and interpret the results of the
check-all-that-apply questions [39]. The plots of the ﬁrst two factors for the consumer laboratory study
and the online study data are shown in Figure 2.

Figure 2. Correspondence analysis of check-all-that-apply responses: (a) laboratory consumer study,
(b) online consumer study. A,B—clear FC juices; C,D—cloudy FC juices; E,F—cloudy NFC juices;
G,H—fresh juices.

A two-dimensional representation of the data was obtained, describing respectively 92.05% and
92.31% of the variability of laboratory and online consumer data. The results of the correspondence
analysis showed that the external attributes diﬀerentiated the studied juices. The ﬁrst direction
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diﬀerentiating the products was related to the perceived naturalness. The second dimension was
related to the expected taste of the juice and was positively correlated to tasteless and negatively to
tasty. As shown in Figure 2, the ﬁrst and the second dimensions sorted the samples into the two
main groups, according to consumer expectations: the ﬁrst group contained FC juices (A, B, C, D)
and the second group direct juices (E, F, G, H). The sample distribution was distinctly diﬀerent from
that obtained for blind and informed liking scores, while similar to the distribution of expected liking
scores (Figure 2). As a result of both experiments, FC juices were perceived as more artiﬁcial, quite
healthy, and inexpensive, whereas NFC juices were perceived as more healthy, natural, innovative,
and expensive. These characteristics may be explained by the type of packaging and the production
information declared by the manufacturer on the package. Note that NFC juices are available in glass
bottles, which makes the natural sediment more visible.
CATA results obtained in the laboratory and online studies were convergent. This suggests that
an online experiment could be an eﬀective alternative to the classic consumer laboratory study, being a
faster and cheaper way of obtaining consumer perception data.
3.3. Visual Attention to Product Labels
To examine the labels’ zones that attract consumer attention, an online study was conducted using
the innovative Attensee.com application. Based on the deﬁned reference areas (RA), the application
generated three types of data which are similar to the data obtained by the eye-tracking tool: (1) path
of engagement specifying locations on packaging which attracted the attention of the respondents;
(2) heatmap for time, showing the average time that respondents focused on an area; and (3) heatmap
for attention, specifying the number of people who focused on a particular area of an image.
Firstly, the image of all the analyzed products was presented to consumers. The purpose of this
presentation was to investigate which products attract the most consumer attention during the decision
process on the store shelf.
During the on-shelf product recognition survey, consumers mostly focused on NFC juices (samples
E and F) from local producers and focused the least on FC juices from well-known brands. According
to the CATA questionnaire results discussed above (Section 3.2), it can be presumed that customers
were focusing longer on products that they considered more attractive (healthy, natural, innovative)
and from the premium segment (expensive). Consumer interest could also be due to the fact that
NFC juices produced by local producers are less recognized than FC juices from well-known brands
available nationwide. This feature may be seen by consumers as positive. Hempel and Hamm [40]
examined consumer preferences for diﬀerent food products of varying places of origin and observed
that consumers prefer locally produced food.
Based on our results, we may distinguish the packaging elements that attract consumer attention.
First of all, consumers paid attention to brand names of products, but it should be emphasized that they
focused more attention on local juices as opposed to well-known brands. Subsequently, consumers
noticed the information about product type and quality. More speciﬁcally, over 99% of consumers
noticed the green BIO-label on NFC juice E. Studies show that consumers have a high preference for
ethical or ‘green’ products and favor environmentally labeled packaging as the most important criteria
in food choice [41,42]. Furthermore, consumers focused for over 2 s on average on the area of NFC
juice F informing about type of product (“pressed apple juice”).
One more experimental survey concerned the individual label pictures of juices from diﬀerent
product categories. Table 3 presents the aggregated results of this study.
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Table 3. Average percentage of consumers who focused their attention on the label’s speciﬁed reference
area deﬁned individually for each type of label, and the average time of attention for apple juices
assessed using a visual attention tracking tool.
Average Percentage of Consumers (%)
Juice
A
B
C
D
E
F
G
H
Mean

Average Time of Attention (s)

Brand

Nutritional
Label

Type of
Product

Brand

Nutritional
Label

Type of
Product

87
87
85
76
93
95
99
95
89.6

94
100
97
84
83
97
100
95
93.8

74
100
70
84
91
86
100
87
86.5

0.3
0.6
0.6
0.5
0.7
0.2
0.4
0.4
0.5

2.2
0.8
2.1
0.9
0.4
1.2
0.3
1.4
1.2

1.2
0.8
0.7
1.0
0.7
0.7
1.0
0.7
0.8

Generally, the longest average attention time (1.2 s) was devoted to the part of labels with
nutritional information and involved almost 94% of consumers. Based on a detailed analysis of the
consumer results and reference areas for the individual products, we noticed that the more clearly
designed and sharply outlined nutritional information caused shorter attention time to this part of
the label.
The brand names of juices were explored by almost 90% of the consumers who focused on this
part of the label for an average of 0.5 s. Analyzing the percentage of consumers who focused their
attention on the label’s speciﬁed reference area, we found that the products from the better-known
brands (clear and cloudy FC juices) attracted less attention than little-known craft brands (freshly
squeezed and NFC juices).
The third main area of the consumer interest was the part of the label describing the type of
product. About 87% of consumers focused their attention on that area for 0.8 s on average. In this
case, the diﬀerences in the time of gaze ﬁxation for all of the studied products was not signiﬁcant and
ﬂuctuated between 0.7 and 1.2 s.
The next two areas, also important from the consumer point of view, were the information about
the manufacturer/producer and places with special pictograms and signs including certiﬁcates and
pictograms describing social action. The interest in manufacturer information was visible especially in
the case of the NFC juices (samples F and E)—88% and 78% of consumers visited these areas and spent
about 0.5 and 0.9 s, respectively, focusing on it. Special signs about sports and social action available
on the package of juice D attracted the attention of 59% consumers, who spent about 0.7 s focusing on
it. Furthermore, the culinary certiﬁcate on the label of juice F was noticed by 59% consumers who
focused their gaze on it for 0.7 s on average.
When analyzing the heatmaps of a single juice label, we noted that consumers did not study some
parts of the product information. This suggests that consumers did not assess the presented information
comprehensively. These observations are in agreement with ﬁndings published by Oliveira et al. [15].
Generally, consumers mainly turn their attention to the information given in larger letters, information
presented in an intense color (especially red), and special pictograms like certiﬁcates. It should be
emphasized that we presented the labels to the consumers on a computer screen one by one. The
consumers had possibility to also investigate the information presented on the sides and back of the
packages. The consumer attention to product information in real-life conditions is expected to be even
lower than presently reported.
It was previously reported that regardless of the type of product and the label design,
consumers direct their attention to selected label zones such as brand, ingredients, and nutritional
information [15,43]. The results obtained in the present study for real market products are convergent
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with those reports. The proposed approach would be useful for assessing the eﬀects of a variety of
commercial juice packaging designs on consumer perception.
4. Conclusions
The present study combined sensory evaluation and visual attention experiments to investigate
how intrinsic and extrinsic factors aﬀected consumers’ perceptions of apple juice quality. Eight
commercial apple juices were studied, representing the four product categories currently available
on the Polish market, which were evaluated by consumers. In a blind test, consumers rated the
experienced quality of fresh and cloudy FC juices as the highest and the quality of cloudy NFC
juices as the lowest. The packages with the product description not only generated high consumer
expectations, but also impacted the sensory liking in a markedly positive way. For most of the tested
juices, consumers rated the expected quality higher than the experienced quality of the coded samples.
The product information inﬂuenced the rating of the quality of NFC juices, fresh juices, and clear FC
juices in a signiﬁcant and positive manner. These results conﬁrmed the importance of the information
presented on the packaging. On the other hand, they indicated the need to improve the sensory quality
of juices to meet consumer expectations and encourage them to buy the product again.
An innovative online visual attention tracking technique was used for a more detailed analysis
of the perception of packaging and labels. The online shelf test revealed that consumers focused the
most on NFC juices from local producers. Additional information about the perceived juice quality in
both the laboratory and online studies was provided by CATA questionnaires. The results obtained in
all experiments were convergent and revealed that consumers perceived NFC juices as more natural,
healthy, and expensive than juices reconstituted from concentrate.
The study of individual packaging enabled to identify zones that attracted consumers’ visual
attention. The consumers predominantly focused on nutritional data, brand name, and information
about the type of product. This knowledge may be of practical utility for packaging and label design,
to improve the attractiveness and competitiveness of the product. However, the observed eﬀects
might be modiﬁed by many factors including participants’ previous knowledge of the product, text
information presented with the image, and the level of congruency of the images. These aspects will
be explored more fully in future research.
We conclude that the experimental approach proposed in this study provided a comprehensive
view of the inﬂuence of the product information presented on packaging on the consumer expectations
and sensory perception; moreover, it enabled to identify the important features of the packaging and
labels. The results conﬁrmed the eﬀect of intrinsic and extrinsic factors on the product quality perception.
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and Business.
Acknowledgments: The authors thank Dawid Wiener (Cogision Ltd.) for the opportunity to use the Attensee.com
software. The authors are very grateful to all consumers participating in the study.
Conﬂicts of Interest: The authors declare no conﬂict of interest.

References
1.
2.

Grunert, K.G. Current issues in the understanding of consumer food choice. Trends Food Sci. Technol. 2002,
13, 275–285. [CrossRef]
Piqueras-Fiszman, B.; Spence, C. Sensory expectations based on product-extrinsic food cues: An
interdisciplinary review of the empirical evidence and theoretical accounts. Food Qual. Prefer. 2015,
40, 165–179. [CrossRef]

67

Foods 2019, 8, 545

3.
4.

5.
6.

7.
8.
9.
10.
11.

12.
13.
14.
15.

16.

17.
18.
19.

20.
21.

22.

23.
24.

Li, X.E.; Jervis, S.M.; Drake, M.A. Examining extrinsic factors that inﬂuence product acceptance: A review. J.
Food Sci. 2015, 80, R901–R909. [CrossRef] [PubMed]
Mueller, S.; Szolnoki, G. The relative inﬂuence of packaging, labelling, branding and sensory attributes on
liking and purchase intent: Consumers diﬀer in their responsiveness. Food Qual. Prefer. 2010, 21, 774–783.
[CrossRef]
Deliza, R.; MacFie, H.J.H. The generation of sensory expectation by extermal cues and its eﬀect on sensory
perception and hedonic ratings: A review. J. Sens. Stud. 1996, 11, 103–128. [CrossRef]
Bartels, M.; Tillack, K.; Jordan Lin, C.-T. Communicating nutrition information at the point of purchase: An
eye-tracking study of shoppers at two grocery stores in the United States. Int. J. Consum. Stud. 2018, 42,
557–565. [CrossRef]
Menichelli, E.; Olsen, N.V.; Meyer, C.; Næs, T. Combining extrinsic and intrinsic information in consumer
acceptance studies. Food Qual. Prefer. 2012, 23, 148–159. [CrossRef]
Combris, P.; Bazoche, P.; Giraud-Héraud, E.; Issanchou, S. Food choices: What do we learn from combining
sensory and economic experiments? Food Qual. Prefer. 2009, 20, 550–557. [CrossRef]
Olsen, N.V.; Menichelli, E.; Meyer, C.; Næs, T. Consumers liking of private labels. An evaluation of intrinsic
and extrinsic orange juice cues. Appetite 2011, 56, 770–777. [CrossRef]
Wansink, B.; Payne, C.R.; North, J. Fine as North Dakota wine: Sensory expectations and the intake of
companion foods. Physiol. Behav. 2007, 90, 712–716. [CrossRef]
Sörqvist, P.; Marsh, J.E.; Holmgren, M.; Hulme, R.; Haga, A.; Seager, P.B. Eﬀects of labeling a product
eco-friendly and genetically modiﬁed: A cross-cultural comparison for estimates of taste, willingness to pay
and health consequences. Food Qual. Prefer. 2016, 50, 65–70. [CrossRef]
Orquin, J.L.; Bagger, M.P.; Lahm, E.S.; Grunert, K.G.; Scholderer, J. The visual ecology of product packaging
and its eﬀects on consumer attention. J. Bus. Res. 2019. [CrossRef]
Graham, D.J.; Orquin, J.L.; Visschers, V.H.M. Eye tracking and nutrition label use: A review of the literature
and recommendations for label enhancement. Food Policy 2012, 37, 378–382. [CrossRef]
Fenko, A.; Nicolaas, I.; Galetzka, M. Does attention to health labels predict a healthy food choice? An
eye-tracking study. Food Qual. Prefer. 2018, 69, 57–65. [CrossRef]
Oliveira, D.; Machín, L.; Deliza, R.; Rosenthal, A.; Walter, E.H.; Giménez, A.; Ares, G. Consumers’ attention
to functional food labels: Insights from eye-tracking and change detection in a case study with probiotic
milk. LWT-Food Sci. Technol. 2016, 68, 160–167. [CrossRef]
Gere, A.; Danner, L.; de Antoni, N.; Kovács, S.; Dürrschmid, K.; Sipos, L. Visual attention accompanying
food decision process: An alternative approach to choose the best models. Food Qual. Prefer. 2016, 51, 1–7.
[CrossRef]
Rebollar, R.; Lidón, I.; Martín, J.; Puebla, M. The identiﬁcation of viewing patterns of chocolate snack
packages using eye-tracking techniques. Food Qual. Prefer. 2015, 39, 251–258. [CrossRef]
Sonne, A.M.; Grunert, K.G.; Veﬂen, O.N.; Granli, B.S.; Szabó, E.; Banati, D. Consumers’ perceptions of HPP
and PEF food products. Br. Food J. 2012, 114, 85–107. [CrossRef]
Lee, P.Y.; Kebede, B.T.; Lusk, K.; Mirosa, M.; Oey, I. Investigating consumers’ perception of apple juice as
aﬀected by novel and conventional processing technologies. Int. J. Food Sci. Technol. 2017, 52, 2564–2571.
[CrossRef]
AIJN, E.F.J.A. Liquid Fruit Market Report. 2017. Available online: http://www.aijn.org/publications/factsand-ﬁgures/aijn-market-reports/ (accessed on 15 April 2019).
Stolzenbach, S.; Bredie, W.L.P.; Christensen, R.H.B.; Byrne, D.V. Impact of product information and repeated
exposure on consumer liking, sensory perception and concept associations of local apple juice. Food Res. Int.
2013, 52, 91–98. [CrossRef]
Lee, P.Y.; Lusk, K.; Mirosa, M.; Oey, I. Eﬀect of information on Chinese consumers’ acceptance of thermal and
non-thermal treated apple juices: A study of young Chinese immigrants in New Zealand. Food Qual. Prefer.
2016, 48, 118–129. [CrossRef]
Han, J.-W.; Ruiz-Garcia, L.; Qian, J.-P.; Yang, X.-T. Food packaging: A comprehensive review and future
trends. Compr. Rev. Food Sci. Food Saf. 2018, 17, 860–877. [CrossRef]
Venter, K.; van der Merwe, D.; de Beer, H.; Kempen, E.; Bosman, M. Consumers’ perceptions of food
packaging: An exploratory investigation in Potchefstroom, South Africa. Int. J. Consum. Stud. 2011, 35,
273–281. [CrossRef]
68

Foods 2019, 8, 545

25.
26.
27.
28.

29.
30.
31.

32.
33.

34.
35.
36.
37.

38.

39.
40.
41.
42.

43.

Van Rompay, T.J.L.; Deterink, F.; Fenko, A. Healthy package, healthy product? Eﬀects of packaging design as
a function of purchase setting. Food Qual. Prefer. 2016, 53, 84–89. [CrossRef]
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Włodarska, K.; Pawlak-Lemańska, K.; Sikorska, E. Prediction of key sensory attributes of apple juices by
multivariate analysis of their physicochemical proﬁles. Br. Food J. 2019, 121, 2429–2441. [CrossRef]
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Abstract: It is currently unclear whether changes in sweet taste perception of model systems after
sleep curtailment extend to complex food matrices. Therefore, the primary objective of this study was
to use a novel solid oat-based food (crisps) and oat-based beverage stimulus sweetened with sucralose
to assess changes in taste perception after sleep curtailment. Forty-one participants recorded a
habitual and curtailed night of sleep using a single-channel electroencephalograph. The next morning,
overall sweetness, ﬂavor, and texture liking responses to energy- and nutrient-matched oat products
across ﬁve concentrations of sweetness were measured. Overall (p = 0.047) and ﬂavor (p = 0.017)
liking slopes across measured concentrations were steeper after curtailment, suggesting that sweeter
versions of the oat products were liked more after sleep curtailment. Additionally, a hierarchical
cluster analysis was used to classify sweet likers and non-likers. While the eﬀect of sleep curtailment
on sweet liking did not diﬀer between sweet liking classiﬁcation categories, sleep curtailment resulted
in decreased texture liking in the solid oat crisps for sweet non-likers (p < 0.001), but not in the
oat beverage. These ﬁndings illustrate the varied eﬀects of sleep on hedonic response in complex
food matrices and possible mechanisms by which insuﬃcient sleep can lead to sensory-moderated
increases in energy intake.
Keywords: sleep curtailment; hedonics; complex food matrices; sweet liking phenotype; sweet
taste; texture

1. Introduction
There is a growing body of evidence that insuﬃcient sleep can alter taste perception. Several recent
psychophysical studies have reported that short sleep duration is associated with increased preferred
sucrose concentration [1–3] and increased perceived intensity of sour and umami taste [4]. Insuﬃcient
sleep-induced changes in taste perception may partially moderate the well-supported relationship
between short sleep duration, increased dietary intake of highly palatable high-carbohydrate and
high-fat foods, and weight gain [5–7]. Brain imaging research suggests that insuﬃcient sleep results
in increased neural sensitivity to the reward properties of food [8–12]. This heightened sensitivity
may increase the consumption of palatable food for pleasure, also known as hedonic eating. Hedonic
eating is thought to promote weight gain, as highly palatable food tends to be energy-dense [13].
Sweetness is commonly associated with the palatability of food [14] and when tasted, initiates brain
reward processes [15]; therefore, sweet taste is of particular interest when exploring relationships
between insuﬃcient sleep and hedonic eating. Nearly 40% of the US adult population is reported to
sleep less than the recommended 7 h per night [16] and nearly 40% of American adults suﬀer from
obesity [17]. A similar prevalence of insuﬃcient sleep has been documented globally [18,19]. Therefore,
understanding the mechanisms by which insuﬃcient sleep can lead to weight gain is of importance
to scientists. Furthermore, these mechanisms may provide deeper insight regarding food choices

Foods 2019, 8, 465; doi:10.3390/foods8100465

71

www.mdpi.com/journal/foods

Foods 2019, 8, 465

and food acceptance and therefore, are of particular interest to both the food industry and public
health advocates.
Very few studies utilize complex food when examining the eﬀect of insuﬃcient sleep on taste
function [4,20]. Instead, nearly all existing sleep-taste research has been conducted using model
systems—prototypical tastants dissolved in deionized water—and evaluated while wearing nose
clips [1–4,21,22]. Results from previous psychophysical studies examining the eﬀects of sleep on
taste perception need to be replicated in more complex food matrices as ﬁndings in model systems
do not always align with ﬁndings using complex foods [23–26]. The simplicity of model systems
allows participants to evaluate taste with minimal distraction from other sensory inputs like texture
or aroma, but aﬀective judgments of foods and beverages are determined using all senses, including
appearance, mouthfeel, auditory characteristics, geometry, and the physical state of food [27]. Thus,
further eﬀorts are needed to assess the generalizability of taste-related ﬁndings from psychophysical
studies to complex food matrices.
In addition to the general issues discussed above regarding translating ﬁndings from model
systems to food, there are particular reasons to believe that the generalizability of ﬁndings from model
stimuli to complex foods under conditions of insuﬃcient sleep could be especially problematic. In the
context of complex food, research suggests two important eﬀects of insuﬃcient sleep that could alter
perception: impaired sensory neural processing [28,29] and increased somatosensory sensitivity [30].
First, given that the orbitofrontal cortex (OFC), often described as the neural control center for
appetite [31], is impaired after sleep curtailment, the ability to interpret multimodal information may
be compromised [28,29]. Under normal conditions, processing of speciﬁc attributes within multimodal
sensory information is already limited. For example, when consuming complex foods, the ability
of participants to separate perceived sweet taste liking from perceived ﬂavor or overall liking may
be diminished due to sensory interactions [32]. Thus, after sleep curtailment, impairment of OFC
activity may result in further diﬀerences between perception in controlled systems and complex
food systems [32]. The second concern about the generalizability of ﬁndings from model systems to
more complex food matrices under insuﬃcient sleep conditions stems from documented changes in
somatosensory perception. Sleep curtailment has been implicated in acute reward system-mediated
hyperalgesia—an increased sensitivity to pain [33]—and increased oro-facial somatosensory sensitivity,
particularly the tongue [30]. While speculative, increased hyperalgesia and increased oro-facial
sensitivity might decrease the acceptability of the texture of crispy or crunchy solid foods and increase
preference for softer foods, semisolids, or beverages that require less oral processing. In summary,
processing of sensory information, reward processing of that information, and changes in oral sensory
sensitivity all represent opportunities for insuﬃcient sleep to aﬀect hedonic food perception.
Individual diﬀerences in hedonic response to taste make it challenging to study the relationship
between insuﬃcient sleep and gustatory perception. Despite being an innately palatable taste at
birth [34], liking responses to sweet taste as the concentration of sweetness increases diﬀer across
individuals. Three fundamental patterns of liking over a range of sweetness levels have been identiﬁed
previously: sweet likers, who display a rise in liking as sweetener concentration increases; inverted
U-shape responders, who show an increasing liking pattern up until a certain concentration before
beginning to show a decrease; and dislikers, who display a reduction in liking as concentration
increases [35–37]. Additionally, a fourth pattern where hedonic response to sweetness is the same
regardless of sweetness concentration has been reported [36], but others have reported not observing
these phenotypes [38,39]. These fundamental patterns of liking are partially determined by genetic
factors [40,41], and thus, they are commonly described as “sweet liking phenotypes” (SLP). Sweet likers
diﬀer in expressed behaviors compared to the other phenotypes, including increased intake of sugar
and sugar-sweetened beverages [42,43]. These behavioral traits suggest that sweet liking phenotypes
are heritable indicators of general brain reward processing alteration. Given that the central hypothesis
of this research is that insuﬃcient sleep-induced reward processing alterations may inﬂuence hedonic
perception of food, individual diﬀerences in response to sweet taste are an important factor to consider,
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as these baseline diﬀerences in reward processing may reduce the eﬀects of insuﬃcient sleep on the
brain reward processing. While our previous work found that preferred sweetener concentration was
similarly increased across sweet liking phenotypes after sleep curtailment [21], this relationship has
not been evaluated in complex foods. Therefore, the question of whether SLP is an important factor
moderating the eﬀect of sleep curtailment merits further investigation in the context of complex foods.
The main objective of this study was to evaluate changes in hedonic response to two complex
sucralose-sweetened foods across a range of sweetness levels after a habitual and curtailed night of sleep
and to compare these responses to a model system consisting of sucralose solutions. It was hypothesized
that hedonic perception in the model system would change in accordance with our previous ﬁndings [21],
that is, after a night of sleep curtailment, preferred sucralose solution concentration would be increased
relative to hedonic response after a night of habitual sleep and a non-signiﬁcant increase in the steepness
of the slope of liking over a range of concentration would be observed. While it was expected that
changes in patterns of sweetness liking would agree with our previous ﬁndings that showed that sleep
curtailment increased the rate of liking as sweetener concentration increased, it was hypothesized
that the change in pattern would be more pronounced when tasting “real” foods instead of sweetener
solutions due to altered processing of multi-modal sensory information. It was also expected that
broader hedonic measures, such as a ﬂavor and overall liking, would show increases corresponding
with increasing sweetness after sleep curtailment, as these terms have a greater potential to capture
changes in multisensory perception unique to complex foods. Furthermore, it was hypothesized that
sleep curtailment would result in decreased texture liking in a solid food and increased liking in a
liquid food. A secondary objective was to assess if food form and SLP interact with sleep curtailment
to alter sensory perception of complex foods. Although SLP was not found to diﬀerentially moderate
changes in hedonic perception in model systems under conditions of insuﬃcient sleep, we sought
to conﬁrm this ﬁnding in complex foods. It was expected that SLP would not moderate changes in
hedonic perception of food after sleep curtailment, in accordance with previous work [21].
2. Materials and Methods
The protocol for this study was approved by the Michigan State University Human Research
Protection Program (East Lansing, MI, USA). Written informed consent was obtained from all
participants and a cash incentive was provided for study completion.
2.1. Participants
Participants between the ages of 18 and 45, without obesity (BMI < 30.0 kg/m2 ) or diagnosed
sleep conditions, who typically slept 7–9 h per weeknight, and who had a consistent weekday bedtime
were eligible to participate in the study. Participants were pre-screened using two criteria. First, each
participant sampled both the oat “beverage” and oat “crisp” products (see Development of Stimuli
section, below) evaluated in the study (sweetened with sucralose at the middle 0.032% w/v level)
and were asked to rate their overall liking of each on a 9-point hedonic scale (extremely dislike (1)
to extremely like (9)). The mid-range sweetness product was selected to avoid disproportionally
recruiting sweet likers. Participants who rated either sample <6 (like slightly) were not eligible for
the study to ensure that products could be considered generally palatable. Secondly, each participant
sampled the highest concentration of sucralose in water (0.094% w/v) used in the study and was asked
to report if they tasted any bitterness. Sucralose does not ordinarily display high levels of bitterness [44].
Nevertheless, participants who are extremely sensitive to bitterness [40] may ﬁnd it challenging to
evaluate sweetness in sucralose solutions. To avoid this, participants who tasted bitterness in the highly
sweet sucralose sample were excluded from the study. Three individuals who were otherwise eligible
were excluded due to tasting bitterness, and two were excluded due to dislike of the oat beverage.
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2.2. Development of Stimuli
Sucralose was selected as the sweetener for this study due to its sensory and functional properties.
Sucralose has a taste proﬁle with a similar character to sucrose and has low bitter and oﬀ-tastes
compared to other high-intensity sweeteners [44]. Sucralose requires very small amounts to achieve
the same sweetness as sucrose [45]. This property of sucralose enabled formulation of complex food
products that varied in sweetness while minimizing changes in other sensory attributes, such as texture.
The iso-sweet concentration and sweetness range were based on a similar study [21], which found
these concentrations suﬃcient to observe changes in liking patterns after sleep curtailment. Brieﬂy,
a preliminary study was carried out to assess iso-sweet concentrations of sucralose compared to sucrose
using the magnitude estimation methods of Reis et al. 2016 [46]. Sucralose concentrations of 0.004%,
0.011%, 0.032%, 0.060%, and 0.094% w/v were selected based on the magnitude estimation data power
functions developed using data collected from ﬁfty naive participants. These concentrations are equal
in sweetness to 3%, 6%, 12%, 18%, and 24% w/v sucrose, respectively. The selected concentrations
were found to be iso-sweet when used in a previous sleep-taste study using sweetener solutions [21].
To assess the eﬀect of sleep curtailment on patterns of liking of complex food matrices, two energy and
macronutrient-matched oat-based products were developed. Oats were selected as a versatile base
ingredient because they can be used to produce similarly nutritious and palatable, solid, semi-solid,
and liquid foods consistently across batches. The ﬁrst product, an oat “beverage”, was developed to
assess the eﬀect of sleep curtailment on hedonic perceptions of liquid food, and the second product,
an oat “crisp”, was developed to assess the eﬀect of sleep curtailment on hedonic perceptions of
solid food. The two products contained the same ingredients: whole grain rolled quick oats (Quaker
Oats Company, Chicago, IL, USA), pure sucralose powder (Sweet Solutions, Edison, NJ, USA), and
ﬁltered water (Besco, Battle Creek, MI, USA). In both products, sucralose was added to water at
the concentrations discussed previously and used to produce ﬁve diﬀerently sweet versions of both
products. A proximate analysis was performed by Great Lakes Scientiﬁc (Stevensville, MI, USA) using
the Association of Analytical Chemists (AOAC) method. A breakdown of the macronutrient content
per 100 kcal is displayed in Table 1. The two products were matched on macronutrients per kcal.
The only major diﬀerence between the two products was the moisture content, as designed.
Table 1. Macronutrient composition of oat products.
Oat Beverage

Oat Crisp

Macronutrient

100 kcal

100 kcal

Fat
Carbohydrates
Protein
Crude Fiber
Moisture
Ash

2g
18 g
3g
<1 g
189 g
<1 g

2g
17 g
3g
<1 g
1g
<1 g

Stimuli were matched for energy and macronutrient composition. Moisture content diﬀered due to the physical
state of the stimuli.

Oat beverages were produced by creating an oat slurry by blending (Nutribullet, NutriLiving,
Northridge, CA, USA) 240 g of sucralose-sweetened water and 50 g of whole grain rolled quick oats
(Quaker Oat Company, Chicago, IL, USA) for 10 s. The slurry was ﬁltered through a 100 μm steel mesh
to produce a smooth milk-like beverage. The oat beverage was stored in glass bottles at 4 ◦ C for no
more than 48 h after production.
Oat crisps were prepared using a 1200 W microwave (General Electric, Boston, MA, USA) to
dehydrate an oat slurry, which was produced by mixing oats and sucralose-sweetened water in
the same procedure as the oat beverage. Diﬀerently sweetened oat slurries were microwaved in a
200 mm × 200 mm glass pan for 15 min. The semi-dry oat sheet was then ﬂipped and a 12.7 mm circular
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cutter was used to cut crisps out of the sheet. The cut crisps were then microwaved for an additional
2 min. The oat crisps were weighed to ensure that each crisp weighed 1.2 ± 0.1 g. The crisps were
then cooled in air for 15 min before being vacuum-sealed in plastic and stored at room temperature
until served.
2.3. Study Timeline
After an initial consent visit to conﬁrm eligibility for the study, participants visited the sensory lab
twice: once after a habitual night and once after a curtailed night of sleep. The lab visits occurred at
least one week apart on the same weekday and time (±30 min). Sensory testing transpired during 1 h
timeslots between the hours of 7:00–10:00 on weekdays. Participants were assigned a timeslot as close
to their habitual wake-time as possible. Participants were not directed to adhere to speciﬁc protocols
during the time gain by sleep curtailment in order to allow for free-living conditions. The sleep
condition sequence was randomly assigned during the consent visit. A sleep curtailment of 33% was
determined by centering the self-reported habitual sleep duration and equally reducing bed and wake
time in order to minimize circadian rhythm eﬀects while still inducing sleepiness [47]. For example,
if the curtailment was 2 h, the participant was required to go to bed 1 h later and wake up 1 h earlier.
The study was designed to assess change in hedonic perception under free-living conditions, and
therefore, partial sleep curtailment was utilized in place of total sleep deprivation [47].
2.4. Consent Visit
Participants completed several validated questionnaires during the consent visit. The Pittsburgh
Sleep Quality Index (PSQI) [48], Perceived Stress Scale (PSS) [49], and the General Food Craving
Questionnaire—Trait version (G-FCQ-T) [50] were used to determine subjective sleep, perceived
stress, and general food craving traits, respectively. A relationship between food cravings and
reward sensitivity has been reported previously [51] and, thus, food cravings were measured to aid
in interpretation of ﬁndings. Participants may not have been aware that their sleep habits were
abnormal, and thus, the PSQI scores were used to conﬁrm that participants met the criteria for the
study. Anthropometrics were also measured for use as covariates. Body mass index (BMI) and percent
body fat (% BF) were measured using bioelectrical impedance (TBF-400, Tanita, Arlington Heights,
IL, USA).
Objective sleep measures were collected using the Zmachine (General Sleep, Columbus, OH, USA).
Participants were trained on how to use the Zmachine at the consent visit. The Zmachine records a
single channel (A1 –A2 ) of electroencephalography (EEG) and uses a scoring algorithm to discriminate
between light sleep (LS), slow wave sleep (SWS), REM sleep, and waking states. The Zmachine
has been reported to have signiﬁcant agreement with polysomnography (PSG) [52]. To ensure that
participants complied with the assigned protocol, they were instructed to wear the Zmachine 30 min
before the predetermined bedtime assigned to them.
To ensure that participants would be fasted after both sleep conditions, they were told to not eat
or drink anything other than water between their wake time and their laboratory visit. Additionally,
they were told that they would be required to take a “Hydrogen Breath Test”, the results of which
would inform the study administrator if they did not follow the fasting instructions. This deceptive
procedure was employed to increase compliance with the fasting instructions. The samples were
discarded after testing and participants were made aware of the deceit during debrieﬁng.
2.5. Laboratory Visits
The testing procedure used was the same for both laboratory visits. EEG data from the
previous night’s sleep was promptly uploaded to the Zmachine data viewer upon arrival to the
lab. The participant was asked to conﬁrm that the data matched their own recollection of the previous
night. If any evidence of machine malfunction, such as signiﬁcant data loss or disagreement >30 min
between participant recollection and machine data readout, then participants returned to the lab no
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fewer than seven days later with a new sleep recording. Participants then completed the “Hydrogen
Breath Test”.
Before tasting any stimuli, participants completed several validated questionnaires, including
the Karolinska Sleepiness Scale (KSS) [53], the Positive Aﬀect-Negative Aﬀect Schedule (PANAS) [54],
and the General Food Craving Questionnaire-State version (G-FCQ-S) [50]. These tools were used to
measure sleepiness, aﬀect, and food craving state, respectively. Additionally, a 100 mm visual analog
scale (VAS) was used to measure hunger with “Extremely Hungry “(0) and “Extremely Full” (100)
serving as anchors [55]. The KSS was used along with objective sleep measure to determine the eﬃcacy
of the sleep curtailment. The PANAS was used to measure aﬀect changes between the habitual and
curtailed sleep conditions to help interpret ﬁndings, as changes in aﬀect have been reported to change
with sleep curtailment [56] and inﬂuence taste perception [57]. Craving states have been found to be
associated with sleep duration [4]; therefore, G-FCQ-S data was collected to help aid in interpretation
of ﬁndings in case cravings were signiﬁcantly increased by curtailment. Hunger was measured to
conﬁrm whether the fasting protocol was eﬀective.
To assess self-perception of the previous night’s sleep quality, participants answered four questions
regarding their recollection of the previous night’s sleep [21]. The four questions were: “How much
sleep did you obtain last night?”, “How deeply did you sleep last night?”, “How would you rate the
quality of your sleep last night?”, and “Compared to an average night of sleep, how comfortable were
you when sleeping last night?” The sum of the scores from each of these four questions was used as a
measure of overall subjective sleep quality.
2.6. Sensory Evaluation
RedJade Sensory Software (RedJade, Redwood Shores, CA, USA) was used to manage sensory
data collection. All data collection took place at the Michigan State University sensory laboratory.
Participants were required to wear nose-clips during sucralose solution tastings but not when consuming
oat products. For the sucralose-in-water tasting, participants were instructed to taste the whole cup
(10 mL of sample) and expectorate all samples. For the oat product evaluation, the amount served was
normalized to 5 kcal, that is, oat crisps were always served in 1.2 ± 0.1 g quantities (5 kcal) and oat
beverage was always served in 10 mL quantities (5 kcal). Oat beverage was served cool at 7 ◦ C and
while oat crisps and sucralose solutions were served at room temperature (23 ◦ C). Participants did
not expectorate oat products. The sensory evaluation consisted of hedonic evaluation of the sucralose
solutions and sweet preference testing followed by evaluation of the oat beverage and oat crisps in a
random order.
The solutions and products were assessed by presenting a range of ﬁve diﬀerent concentrations
of sweetness of each product identiﬁed with three-digit blinding codes in a random order. For the
sucralose solutions, participants rated their liking of each solution on a 15 cm VAS scale with anchors
at 0 (dislike extremely), 7.5 (neutral) and 15 (like extremely). For the oat products, participants rated
their overall liking, sweetness liking, ﬂavor liking and texture liking on an identical 15 cm line scale,
in that order. In food acceptance tests, it is typical for participants to rate the overall liking of a
product, followed by rating a series of product attributes, such as ﬂavor and texture [58]. Additionally,
participants were asked to rate how intensely they perceived the sweetness to be on a 15 cm VAS
scale with anchors at 0 (not at all intense), 7.5 (no label) and 15 (extremely intense) for both sucralose
solutions and oat products. Following the tasting of a sample, there was a 45 s forced wait period
in which the participant was required to rinse three times with ﬁltered water. There were three
two-minute breaks after every ﬁve samples. In total, participants tasted between 10 and 15 sucralose
solutions, 5 oat beverages, and 5 oat crisps at each testing visit.
A modiﬁed version of the Monell forced-choice paired comparison protocol [59] was used for
preference testing per the methods previously described in Szczygiel et al. 2019 [21]. This version of
the protocol reduces the two highest concentrations from the Monell protocol—24% and 36% w/v—to
18% and 24% w/v. respectively. The modiﬁcation to the original protocol was made in order to reduce
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the possibility of oﬀ-tastes when high concentrations of sucralose were used. This modiﬁcation was
used to determine preferred sucralose concentration previously [21].
2.7. Statistical Analysis
SAS version 9.4 (SAS Institute, Cary, NC, USA.) was used to analyze data. In all analyses, ﬁndings
were treated as statistically signiﬁcant if p < 0.05 and data are presented as the mean ± standard
deviation unless stated otherwise. Overall and attribute liking and intensity scores were plotted
against sweetener concentration. The best ﬁt linear functions for each plot were calculated in Excel
(Microsoft, Redmond, WA, USA) and the slope of that function became the “Slope” variables used in
several analyses.
A hierarchical cluster analysis (HCA) was conducted in XLstat (Addinsoft, Paris, France) using the
ﬁve liking scores for each concentration of sucralose in water in order to classify participants into sweet
liking phenotypes [35]. HCA is recommended as an objective strategy for classifying study participants
into sweet liking phenotypes [36]. Three clusters were identiﬁed. Due to the limited sample size, the
inverted U-shape responders and sucralose dislikers were grouped into a single “non-liker” group to
be used as a ﬁxed factor in further analysis.
A mixed model was used to determine diﬀerences in liking and intensity responses. Sucralose
concentration (n = 5, 0.004% w/v −0.094% w/v), sleep treatment (n = 2, curtailed and habitual) food
form (n = 2, oat beverage and oat crisp), and SLP (n = 2, likers and non-likers) were the main ﬁxed
factors used throughout the analysis. Participant and interactions between the main ﬁxed factors were
included as random factors in all the models. No signiﬁcant sex, sequence, or period eﬀects were
observed in the initial models for sweet taste preference (p > 0.05). Therefore, the data for both sexes
were pooled and neither sequence nor period were used in any further analysis. Data collected after
both nights of sleep, such as PANAS scores or hunger rating, were analyzed using paired t-tests and
corrected for multiple comparisons using false discovery rate (FDR) with a threshold of q = 0.05, which
is a strategy used to minimize the risk of type-1 error [2,60].
3. Results
3.1. Participants
Demographics and anthropometrics for the participants are reported in Table 2. Forty-one
non-obese participants ﬁnished the study. Participants were primarily white (n = 27) and female
(n = 26). Anthropometric measures as well as G-FCQ-T, PSS, and PSQI scores were not correlated with
sucralose preference and therefore, were not used in any further analysis (p > 0.05).
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Table 2. Anthropometric and demographic summary.
Sex

n

%

Male
Female

15
26

37%
63%

White
Asian
Other/More than 1

27
13
1

66%
32%
2%

Anthropometrics

Mean ± SD

Range

23.1 ± 3.0
24.8 ± 11.8
24.1 ± 5.0

16.4–29.2
9.1–35.5
18–41

52.5 ± 18.5
12.1 ± 4.6
3.9 ± 1.1

23–117
3–23
1–5

Race

(kg/m2 )

BMI
BF (%)
Age (y)

Traits/Habits
G-FCQ-T (Score)
PSS (Score)
PSQI (Score

Abbreviations: BMI: body mass index, BF: body fat, G-FCQ-T: General Food Craving Questionnaire Trait version,
PSS: Perceived Stress Scale, PSQI: Pittsburgh Sleep Quality Index, SD: standard deviation.

3.2. Summary of Curtailment
A 34.9% reduction in TIB resulted in restriction of TST, LS, and REM (p ≤ 0.001 for all) but not SWS
(Table 3). Sleepiness was signiﬁcantly increased after sleep curtailment, as evidenced by the KSS score
increase (p < 0.001). Participants reported that the previous night’s sleep was shorter than needed and
of a reduced quality (p < 0.001). Curtailment reduced perceived sleep quality (p < 0.001), but sleep was
rated “about average” or higher after both sleep treatments. Participants did not perceive a diﬀerence
in “deepness” or “comfort” between the two nights.
Table 3. Summary of objective and subjective sleep measures.
Habitual

Curtailed

% Reduction

p-Value

q-Value

8.3 ± 0.7
7.2 ± 0.7
3.8 ± 0.5
1.9 ± 0.5
1.5 ± 0.4

5.4 ± 0.7
4.5 ± 1.0
2.0 ± 0.8
1.2 ± 0.4
1.4 ± 0.4

34.90%
37.50%
47.40%
36.90%
6.70%

<0.001
<0.001
<0.001
<0.001
0.043 a

<0.001
<0.001
<0.001
<0.001
0.053

Objective Sleep
Measures (h)

Time in Bed
Total Sleep Time
Light Sleep
REM Sleep
Slow Wave Sleep

Sleepiness (10 pt)

Karolinska Sleepiness Scale

3.5 ± 1.4

5.7 ± 1.6

<0.001

<0.001

Subjective Sleep Total
How much sleep did you obtain last night?
How deeply did you sleep?
How would you rate the quality of your sleep
Compared to an average night, how
comfortable were you when sleeping last
night?

13.5 ± 2.0
3.1 ± 0.4
3.6 ± 0.9
3.8 ± 0.8

10.3 ± 2.4
1.5 ± 0.5
3.3 ± 1.0
2.6 ± 1.0

<0.001
<0.001
0.243
<0.001

<0.001
<0.001
0.268
<0.001

3.0 ± 0.7

2.9 ± 1.0

0.593

0.593

Subjective
Previous Night’s
Sleep Measures
(5 pt)

All objective sleep measures were signiﬁcantly reduced after sleep curtailment. The Karolinska Sleepiness Scale
measures sleepiness on a 10-point scale where 1 is “extremely alert” and 10 is “extremely sleepy”. Sleepiness
was signiﬁcantly higher after sleep curtailment. Subjective previous night’s sleep quality was measured using
four questions, and the total score was used to represent general subjective sleep quality. Curtailment resulted in
a signiﬁcantly lower total subjective sleep score. p-values were obtained from paired t-tests, and q-values were
obtained by correcting p-values for false discovery rate. a After false discovery rate correction, the diﬀerence between
SWS after a habitual and curtailed night was no longer signiﬁcant.

3.3. Summary of Aﬀect, Cravings and Hunger
Curtailment did not result in changes in hunger, negative aﬀect, or food cravings—neither the
composite score nor any of the ﬁve factors (Table 4). However, curtailment resulted in a decrease in
positive aﬀect (p < 0.001).
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Table 4. Summary of state-dependent measures.
Measure

Factor

Habitual

Curtailed

p-Value

q-Value

Hunger

Hunger (100 mm VAS)
Total
F1-Desire to Eat
F2-Anticipation to positive reinforcement
F3-Anticipation to negative reinforcement
F4-Obsessive preoccupation
F5-Craving as a physiological state
Positive Aﬀect
Negative Aﬀect

67.1 ± 10.24
44.2 ± 9.7
6.1 ± 2.0
8.9 ± 2.0
11.2 ± 1.8
6.6 ± 2.4
9.1 ± 2.0
23.6 ± 2.0
12.8 ± 3.9

65.5 ± 10.3
46.2 ± 12.3
6.1 ± 2.2
9.5 ± 2.7
11.1 ± 2.6
7.4 ± 3.0
9.4 ± 2.7
17.6 ± 6.4
13.2 ± 4.3

0.916
0.429
0.948
0.232
0.859
0.124
0.405
<0.001
0.539

0.916
0.687
0.916
0.618
0.916
0.496
0.687
<0.001
0.719

G-FCQ-S (0–15
per factor)

PANAS

Positive aﬀect was signiﬁcantly decreased after sleep curtailment, whereas, hunger, food craving, and negative
aﬀect were not. Larger numbers indicate a greater response. For example, positive aﬀect is higher after a habitual
night compared to a curtailed night. FDR correction, shown as q-values, did not change the signiﬁcance of any
comparisons. Abbreviations: VAS: Visual Analog Scale, G-FCQ-S: General Food Craving Questionnaire State
Version, PANAS: Positive Aﬀect Negative Aﬀect Schedule, F1-5: General Food Craving Questionnaire State Version
Factors 1–5.

3.4. Sweet Liking Phenotypes
Three sweet liking phenotypes (SLP) were identiﬁed by hierarchical cluster analysis (HCA)
using the hedonic response to ﬁve concentrations of the model system (sucralose-sweetened water)
after the habitual night. Members of cluster 1 (n = 24), the largest cluster, increasingly liked the
stimuli as concentration increased until leveling oﬀ at 0.032% w/v (“likers”). Members of cluster
2 (n = 10) displayed an inverted U-shape of liking ratings, which began to decrease after 0.032%
w/v (“inverse U-shape”). Members of cluster 3 (n = 8), the smallest cluster, liked solutions less as
concentration increased (“dislikers”). After curtailment, there were 26 likers, 11 inverse U-shape,
and four dislikers. The number of members in each cluster did not signiﬁcantly diﬀer after sleep
curtailment (Kolmogorov–Smirnov, p > 0.05); however, this ﬁnding obscures the fact that the SLPs
were not entirely stable, as nine participants (22%) changed cluster after sleep curtailment. Seven
participants moved from either the inverse U-shape or disliker to the liker cluster and two moved from
the liker to the disliker cluster. Due to the small number of participants belonging to clusters 2 and 3
based on the model sucralose solutions after the habitual night, these clusters were combined and will
henceforth be referred to as “non-likers” (n = 17).
3.5. Sweetness Perception in the Model System
Sucralose solution data was analyzed separately from the oat products using a mixed model
containing sleep condition, SLP, and the interaction term between the two factors.
3.5.1. Model System Sweet Preference
The preferred concentration from the model system was analyzed to conﬁrm the previously
reported SLP-independent increase in preferred sucralose concentration after sleep curtailment and to
assess whether the SLPs showed diﬀerences in preferred concentration. No interaction was observed
between the two factors (F(1,39) = 3.08, p = 0.087), conﬁrming that SLP and preferred concentration
were independent. A signiﬁcant main eﬀect of the sleep condition on the preferred concentration of
sucralose in solution was observed (F(1,39) = 42.24, p < 0.001), signifying an increase in preferred
concentration after sleep curtailment regardless of SLP, (0.042 ± 0.028% w/v after the habitual night and
0.063 ± 0.025% w/v after the curtailed night). Regardless of sleep condition, sweet likers had a higher
preferred concentration (M: 0.067% w/v SD: 0.022) compared to non-likers (M: 0.031% w/v SD: 0.021)
(main eﬀect for SLP on the preferred concentration of sucralose in solution (F(1,39) = 43.53, p < 0.001)).
3.5.2. Model System Sweet Liking Slopes
Model system sweet liking slopes were analyzed to assess whether sleep curtailment resulted
in a change in slope of sucralose liking across the sweetener concentrations and whether changes
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were independent of SLP. For sucralose liking slope, neither the sleep condition by SLP interaction
(F(1,39) = 0.0, p = 0.953) nor the main eﬀect of sleep condition were signiﬁcant (F(1,39) = 2.6, p = 0.115),
indicating that sucralose slope did not signiﬁcantly increase in steepness after sleep curtailment,
regardless of SLP (habitual slope M: 2.4 liking score/0.1% w/v sucralose, curtailed slope M: 3.6 liking
score/0.1% w/v sucralose). A main eﬀect for SLP was observed (F(1,39) = 89.84, p < 0.001), conﬁrming the
diﬀerence in slopes between sweet likers (M: 6.9 liking score/0.1% w/v sucralose) and sweet non-likers
(M: −2.5 liking score/0.1% w/v sucralose).
3.5.3. Model System Sweet Liking by Concentration
To assess whether liking varied at speciﬁc concentrations or overall (across all concentrations)
after sleep curtailment, sucralose concentration was added as a ﬁve-level ﬁxed factor to the model. No
tertiary interactions were observed (p > 0.05). Sleep curtailment did not result in signiﬁcant changes in
sweet liking by concentration for sucralose solutions, as evidenced by neither the interaction terms
nor the main eﬀects for sleep condition showing signiﬁcance in the model (p > 0.05). Diﬀerences in
sweetness liking between the SLPs depended on sucralose concentration (sucralose concentration
by SLP interaction, F(4,156) = 37.09, p < 0.001) (Figure 1). Regardless of the sleep condition, sweet
likers reported lower sweet liking ratings for the two lowest concentrations (0.004% w/w, 0.011%
w/v, p < 0.001 for both) and higher sweet liking ratings for the two highest concentrations of model
sucralose solutions (0.06% w/v, 0.094% w/v p < 0.001 for both), with no diﬀerence in liking ratings for the
middle concentration (0.032% w/v), compared to sweet non-likers, conﬁrming signiﬁcant diﬀerences in
hedonic responses between likers and non-likers at low and high concentrations.

Figure 1. Comparison of sweet liking response, averaged across both sleep conditions, by sweet liking
phenotype (sweet likers and non-likers) determined using hierarchical cluster analysis based on liking
scores over the range of sucralose solutions after a habitual night of sleep. Likers and non-likers showed
distinct patterns of liking with sweet likers showing higher sweetness liking at 0.06% and 0.094% w/v
sucralose and lower sweetness liking at 0.004% and 0.011% w/v sucralose, regardless of sleep condition
(* p < 0.001 for all).

3.6. Hedonic Response in the Oat Product Systems
A four-factor mixed model containing sleep condition, food form, sucralose concentration, and
SLP and interactions up to the tertiary level was used to test the primary hypotheses. No tertiary
interactions were observed for any oat product models (p > 0.05).
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3.6.1. Oat Product Sweetness Intensity
Sweetness intensity was measured to conﬁrm previous ﬁndings that sleep curtailment does
not increase sweet taste intensity perception and to assess whether the products were perceived
as iso-sweet at each sucralose concentration across the systems used. It was conﬁrmed that sweet
intensity perception was not altered after sleep curtailment, as evidenced by neither the interaction
terms nor the main eﬀects for sleep condition showing signiﬁcance in the model (p > 0.05). The second
concern, whether iso-sweetness between the products was achieved, was assessed by adding sucralose
solution intensity scores to the food form factor and testing the sucralose concentration by food
form interaction term in the mixed model. This term was not signiﬁcant (F(4,156) = 1.8, p = 0.126),
conﬁrming that diﬀerences in intensity were similar across the sweetener levels for the food forms and
the sucralose (Figure 2). Further, intensity perception did not diﬀer between the SLPs at each sucralose
concentration (SLP by sucralose concentration, F(4,12) = 0.69, p = 0.614), regardless of sleep condition
and food form. However, there was a signiﬁcant main eﬀect of food form eﬀect on sweetness intensity
(F(1,40) = 75.1, p < 0.001), signifying that sweetness was more intense for oat beverage compared to
oat crisps regardless of sucralose concentration (Figure 2).

Figure 2. Sweet intensity perception over the range of sucralose concentrations for sucralose solutions,
oat beverage, and oat crisps. Sweetness intensity was perceived as higher in oat milk compared to oat
crisps, regardless of degree of sweetness (p < 0.001). The error bars represent the standard error of
the mean.

3.6.2. Oat Product Liking Slopes
Oat product liking slopes were analyzed to assess whether sleep curtailment resulted in changes
in patterns of hedonic response across a range of sweetness levels. Liking slopes for sweetness
liking, ﬂavor liking, texture liking, and overall liking were analyzed using a three-factor mixed model
containing sleep condition, food form, and SLP and interactions up to the tertiary level. No tertiary
interactions were observed (p > 0.05). No signiﬁcant binary interactions were observed between the
factors for overall, sweetness, or ﬂavor slopes (p > 0.05). The lack of interactions indicates that the
three main eﬀects are independent of one another.
Several main eﬀects were observed across the hedonic attributes measured. First, a main eﬀect
of sleep condition was present for the ﬂavor liking slope (F(1,39) = 11.38, p = 0.017) and the overall
liking slope (F(1,39) = 4.21, p = 0.047), but not for the sweetness or texture liking slope (p > 0.05),
which demonstrates that overall and ﬂavor liking slopes were steeper after sleep curtailment (Figure 3).
The main eﬀect of food form on the slope for overall (F(1,40) = 5.34, p = 0.026) and sweetness liking
F(1,40) = 9.72, p = 0.003) indicate steeper overall and sweetness liking slopes for the oat crisps compared
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to the oat beverage regardless of sleep condition. A main eﬀect of food form on slope of ﬂavor
liking was not observed. The main eﬀect of SLP on liking slopes was signiﬁcant for slopes of overall
(F(1,39) = 9.9, p = 0.003), sweetness liking (F(1,39) = 12.7, p = 0.001), and ﬂavor (F(1,39) = 7.78, p = 0.008),
meaning that positive and negative sweet liking slopes for sweet likers and non-likers, respectively
extended to both ﬂavor and overall liking for the oat products.

Figure 3. Comparisons between liking responses for diﬀerent hedonic measurements assessed with
a 15 cm visual analog scale for the oat crisp and oat beverage. A signiﬁcant main eﬀect of sleep was
observed for both ﬂavor (p = 0.017) and overall liking slopes (p = 0.047), indicating overall and ﬂavor
liking slopes were signiﬁcantly steeper after curtailment for both oat products. No eﬀect was observed
for sweetness. No interaction between sleep condition and food form was observed. A signiﬁcant food
form eﬀect on the overall (p = 0.026) and sweetness liking (p = 0.003) slopes was observed, indicating a
steeper slope for oat crisps compared to oat beverage regardless of sleep condition.

3.6.3. Oat Product Liking by Concentration
Similarly to the model system “liking by concentration” analysis, sucralose concentration was
added as a ﬁve-level ﬁxed factor to the model to assess whether liking varied at speciﬁc concentrations
or overall (across all concentrations). Sleep condition did not interact with concentration (p > 0.05),
indicating that sleep curtailment did not produce statistically signiﬁcant diﬀerences in the immediate
hedonic response at each concentration. Further, the sleep condition by SLP interaction was not
signiﬁcant for any independent variable in this model, providing further evidence that the eﬀect of
sleep curtailment on hedonic response did not depend on SLP.
For sweetness, ﬂavor, and overall liking, no sleep condition by food form interactions was
observed (p > 0.05). However, a sleep condition by food form interaction was observed for texture
(F(4,156) = 7.5, p = 0.006), indicating that sleep curtailment resulted in a decrease in texture liking for
oat crisps only, regardless of concentration and SLP. Texture liking data for the two oat products were
separated and texture liking after a curtailed and habitual night were compared using a reduced mixed
model containing only sleep condition and SLP as factors. For the oat beverage, no signiﬁcant eﬀects
of sleep curtailment were observed. For oat crisps, an interaction between sleep condition and SLP
was observed (F(1,39) = 21.16, p < 0.001), signifying that sweet non-likers were driving diﬀerences
in texture liking after sleep curtailment. A further analysis revealed a decrease in texture liking in
sweet non-likers after sleep curtailment (Habitual: M: 10.5, SD 3.2, Curtailed: M: 9.1, SD: 3.4, p = 0.021),
but not for sweet likers (Habitual: M: 8.4 SD 2.9, Curtailed: M: 8.8, SD: 3.0, p > 0.05).
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4. Discussion
The primary objective of this study was to determine whether sleep curtailment inﬂuences hedonic
perception of complex foods, with a focus on sweet taste. The secondary objective was to assess
whether these changes are moderated by food form or SLP. Hedonic responses to multiple dimensions
of sucralose solutions and sucralose-sweetened liquid and solid oat products were assessed after
both a night of habitual sleep and of curtailed sleep. The results from the model solution system
are in agreement with our previous ﬁndings [21]; preferred sucralose concentration increased and a
non-signiﬁcant increase in liking slope was observed. For the oat products, it was hypothesized that
sleep curtailment would result in more pronounced changes in sweet liking and that broader terms
such as ﬂavor and overall liking would show signiﬁcant increases, corresponding with sweetness level.
The data partially supports this hypothesis; in oat products, while changes in sweet liking slope were
equivalent to model systems, ﬂavor liking and overall liking showed an increase in slope steepness,
corresponding with increasing sucralose concentration after sleep curtailment. This ﬁnding suggests
that participants felt that the products with greater sweetness were holistically preferable to less sweet
oat products. Finally, sleep curtailment reduced texture liking of the oat crisps, but not the oat beverage,
for sweet non-likers. This suggests a modest eﬀect of sleep on oral somatosensory perception which
may only aﬀect sweet non-likers in a solid food model.
In order to sweeten complex foods across a wide range of sweetness levels, high-intensity
non-nutritive sweeteners, such as sucralose [61], can be used to minimize collinear changes in
texture [62], aroma [63], and appearance [64] that could occur if iso-sweet quantities of sucrose were
used. In a previous study, the eﬀect of sleep curtailment on hedonic response to sucrose and sucralose
solutions was determined [21]. Sleep curtailment resulted in an increase in preferred sweetener
concentration for both sucrose and sucralose. However, while the eﬀect of sleep curtailment on
the slope of sweet liking across a range of sweetness concentrations increased for both sweeteners,
the increase was only signiﬁcant for sucrose. This diﬀerence indicates that sucralose perception may be
aﬀected by sleep curtailment to a lesser extent than sucrose. This discrepancy may be due to reduced
reactivity of brain reward centers in response to non-nutritive sweeteners (NNS) [65]. However,
the advantage of controlling the non-taste sensory properties in order to isolate taste changes, which
is the main purpose of this study, outweighs potential diﬀerences in reward processing between
nutritive and NNS. In addition, sucralose is used widely and increasingly in the developed world food
supply [66], which means that a large portion of the population is exposed to it on a daily basis.
The observed increase in ﬂavor and overall liking of the sweeter versions of each food products
may play a role in determining food choice and intake after a night of insuﬃcient sleep and suggest
that sweeter products were preferable to less sweet products after sleep curtailment. Given that ﬂavor
is often the primary determinant of food choice [67] and that the increase in steepness of the ﬂavor
liking slope occurred in tandem with a similar shift in overall liking slope, insuﬃcient sleep shows
potential to shape both food choice and food intake through changes in hedonic perception. While
preferred sweetener concentration was not measured in the oat products, previous work in model
systems found that increased slope steepness occurred in tandem with increases in preferred sucralose
and sucrose concentration after sleep curtailment [21] and, therefore, it is likely that participants
would have selected sweeter versions of the product to consume given the opportunity, although this
should be conﬁrmed by future studies. The current study did not test the eﬀects of sucrose in the food
systems, but our previous work in model systems suggests that the eﬀects of insuﬃcient sleep are
more pronounced for sucrose compared to sucralose, as the sweet liking slope increased signiﬁcantly
after curtailment for sucrose but not sucralose [21]. This discrepancy between the two sweeteners
could be due to diﬀerential neural processing of nutritive and non-nutritive sweeteners [21,65], which
makes hedonic evaluation of sucralose less susceptible to the eﬀect of sleep curtailment. While both
sucrose and sucralose activate higher-order brain reward centers in the brain [68], the magnitude of
this activation is greater with sucrose exposure [65]. Thus, the results presented likely underestimate
the eﬀects of insuﬃcient sleep on sweet taste hedonic responses where nutritively sweetened foods
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are concerned. In the case of sucrose-sweetened foods, as sleep-curtailed individuals select sweeter
foods, these foods tend to be more energy-dense [13] and more likely to promote weight gain. Thus,
the observed change in hedonic perception of complex food in this study may contribute to explaining
the well-supported relationship between short sleep and obesity [69].
Due to the fact that the two oat products were not perceived as iso-sweet, directly comparing the
two products to each other, especially in the context of hedonic responses over a range of sweetness
levels, is not recommended. The oat beverage was perceived as more sweet compared to the oat crisp
regardless of sweetness level, although the diﬀerences are much lower than what has been previously
reported in similar comparisons between model and complex food systems [25,70], where sweetness
intensity perception diﬀered by nearly double. The diﬀerence in sweetness intensity perception
between the products is likely a result of diﬀerences in oral processing of liquid and solid food. Liquids
are able to fully and rapidly coat the tongue and, therefore, contact greater numbers of taste receptors,
whereas, solids must be masticated and may be swallowed before being fully tasted [70]. Sweetness
intensity has also been shown to diﬀer signiﬁcantly in food products of starkly contrasting temperatures
(7 ◦ C and 37 ◦ C) [71]; however, others have concluded that temperature has little eﬀect on perceived
sweetness intensity [72], and when it does, the diﬀerences are very small. Therefore, the relatively
modest diﬀerence in the serving temperatures of products in this study (7 ◦ C and 23 ◦ C) make it
unlikely that temperature played a signiﬁcant role in the eﬀects observed.
Sleep curtailment negatively aﬀected texture liking but only for oat crisps and only among
non-likers. Sleep curtailment may have decreased texture liking of the oat crisps due to increased
oro-facial somatosensory sensitivity after sleep curtailment [33], which may make beverages, semi-solid,
or “soft” foods more appealing after sleep curtailment compared to “hard” solid foods. Previous
studies reported that sleep restriction increased nociceptor reactivity [73] and oral somatosensory
sensitivity [30]. While mechanoreceptors in the mouth are likely the primary contributors to the sense
of texture, nociceptors also play an important role, particularly in the instance of “intense pressure,”
which may be experienced when consuming foods which shatter or fracture during mastication [74],
as with the oat crisps. Beverages and softer foods require less oral processing time and, therefore,
decrease satiety compared to foods that necessitate more oral processing, which may lead to excess
energy intake and weight gain [75,76]. Therefore, food form could be one factor that mediates the
relationship between insuﬃcient sleep and weight gain.
Why the change in texture liking was restricted to sweet non-likers is not known. However,
it could be the case that these individuals have increased attention towards the texture of food. Sweet
liking patterns might be a single component within a multifaceted collection of attribute liking patterns
which determine an individual’s overall liking of a complex food. Overall liking has been described as a
function comprised of interactions between hedonic response to individual sensory attributes which are
each weighted diﬀerently across individuals [77,78]. For example, in one study, while most individuals
weighted taste most heavily when considering overall liking, others placed the most importance
on texture [77]. It is possible that sweet likers weigh sweetness as a more important factor when
considering overall liking and therefore, focus less on other attributes such as texture. This ﬁnding
suggests that hedonic response to sweet taste may predict hedonic response to other sensory attributes.
For example, one study illustrated that a portion of consumers who preferred sweeter chocolate also
preferred less cocoa ﬂavor [78]. Furthermore, individual diﬀerences in importance placed on speciﬁc
sensory attributes may moderate the eﬀect of sleep curtailment on food perception, as sleep curtailment
aﬀected texture liking for the oat crisps but not the oat beverage. In summary, while SLP does not
directly moderate the eﬀect of sleep curtailment on sweet taste, these ﬁndings suggest that SLP may
be an indicator of other sensory preferences that could be related to changes in food choice after
sleep curtailment.
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Strengths and Limitations
The strengths of this study include the use of novel oat products and sucralose to deliver varying
levels of sweetness while minimizing non-sweet sensory diﬀerences. The randomized crossover design
with a one-week washout period and testing sessions held within 30 min of the previous session on the
same day under fasted conditions were also strengths. Additionally, the use of the Zmachine EEG
to non-intrusively collect at-home sleep data from participants provided an objective measurement
of each sleep condition and conﬁrmation of participant adherence to the prescribed sleep treatment.
Limitations of this study include possible fatigue eﬀects from the large sample tasting load per lab
visit, the use of sucralose as the sweetener, as opposed to the commonly employed nutritive sweetener,
sucrose. Two-minute breaks were instituted between every ﬁve samples to minimize fatigue eﬀects.
Our ﬁndings can only be generalized to foods sweetened with sucralose, which might not represent the
primary contributors to weight gain after sleep curtailment. No screening of taste acuity was performed
and panelists were not trained to recognize changes in sweetness. Furthermore, the sleep curtailment
strategy poses several limitations. Sleep duration in the nights prior to testing was not measured and
therefore, the eﬀect of cumulative nights of suboptimal sleep cannot be discounted [79]. Given that
participants were not instructed as to how to use time gained by sleep curtailment, diﬀerences in the
use of light-producing devices during that time may have resulted in diﬀerences in circadian rhythm
disruption [80]. Finally, the majority of participants in this study were sweet likers, whereas sweet
non-likers (comprised of sweet U-shape responders and sweet dislikers) were not well represented.
Therefore, it was not possible to compare sweet non-liking phenotypes. A larger sample of sweet
U-shape and disliking phenotypes is needed to determine whether these two groups are diﬀerentially
aﬀected by sleep curtailment. Whether these results apply to individuals with obesity remains to
be tested.
5. Conclusions
Changes in hedonic responses to both sucralose solutions and sucralose-sweetened oat products
were observed after sleep curtailment. In solutions, the sweet liking slope was not signiﬁcantly
increased, but the preferred sucralose concentration was increased after sleep curtailment. In oat
products, in agreement with the solution data, the sweetness liking slope did not change, but the
slopes of ﬂavor and overall liking functions were steeper after sleep curtailment, corresponding with
an increasing sucralose concentration. Given that sucralose concentration and therefore, sweetness,
was the only diﬀerence between the products, the diﬀerence in ﬂavor and overall liking slope suggests
that participants felt that the oat products with greater sweetness were holistically preferable. The two
SLPs used in this study, likers and non-likers, showed similar changes in hedonic response after
sleep curtailment, suggesting that sleep does not diﬀerentially aﬀect hedonic responses by phenotype;
however, there was one exception. After sleep curtailment, texture liking for sweet non-likers was
decreased in oat crisps only, which may point to altered oral somatosensory sensitivity and particular
texture salience in sweet non-likers and suggest alternative means by which sleep may inﬂuence food
choice. These ﬁndings represent possible mechanisms by which insuﬃcient sleep leads to weight gain
and obesity and signify a possible need to control for the previous night’s sleep quality in aﬀective
food sensory studies.
Author Contributions: Conceptualization, E.J.S. and R.M.T.; methodology, E.J.S., R.M.T., S.C.; formal analysis:
E.J.S.; writing—original draft preparation, E.J.S. and R.M.T.; writing—review and editing, E.J.S., R.M.T., S.C.;
funding acquisition, R.M.T.
Funding: This work was supported by the USDA National Institute of Food and Agriculture [Hatch #1012976]
and Michigan AgBioResearch.
Acknowledgments: The authors are grateful to Ellie Haun for her assistance during data collection and CANR
Biometry Statistical Consulting Center and Filipe Couto Alves for his guidance in the analysis of the data.
Conﬂicts of Interest: The authors declare no conﬂict of interest.

85

Foods 2019, 8, 465

References
1.

2.

3.
4.
5.
6.
7.

8.
9.
10.

11.

12.
13.
14.
15.
16.

17.
18.

19.

20.

21.

Szczygiel, E.J.; Cho, S.; Tucker, R.M. Characterization of the relationships between sleep duration, quality,
architecture and chemosensory function in non-obese females. Chem. Senses 2018, 43, 223–228. [CrossRef]
[PubMed]
Szczygiel, E.J.; Cho, S.; Snyder, M.K.; Tucker, R.M. Associations between chemosensory function, sweet
taste preference, and the previous night’s sleep in non-obese males. Food Qual. Prefer. 2019, 75, 105–112.
[CrossRef]
Smith, S.L.; Ludy, M.-J.; Tucker, R.M. Changes in taste preference and steps taken after sleep curtailment.
Physiol. Behav. 2016, 163, 228–233. [CrossRef] [PubMed]
Lv, W.; Finlayson, G.; Dando, R. Sleep, food cravings and taste. Appetite 2018, 125, 210–216. [CrossRef]
[PubMed]
Simon, S.L.; Field, J.; Miller, L.E.; DiFrancesco, M.; Beebe, D.W. Sweet/dessert foods are more appealing to
adolescents after sleep restriction. PLoS ONE 2015, 10, e0115434. [CrossRef]
Nedeltcheva, A.V.; Kilkus, J.M.; Imperial, J.; Kasza, K.; Schoeller, D.A.; Penev, P.D. Sleep curtailment is
accompanied by increased intake of calories from snacks. Am. J. Clin. Nutr. 2009, 89, 126–133. [CrossRef]
Markwald, R.R.; Melanson, E.L.; Smith, M.R.; Higgins, J.; Perreault, L.; Eckel, R.H.; Wright, K.P. Impact of
insuﬃcient sleep on total daily energy expenditure, food intake, and weight gain. Proc. Natl. Acad. Sci. USA
2013, 110, 5695–5700. [CrossRef]
Hanlon, E.C.; Andrzejewski, M.E.; Harder, B.K.; Kelley, A.E.; Benca, R.M. The eﬀect of REM sleep deprivation
on motivation for food reward. Behav. Brain Res. 2005, 163, 58–69. [CrossRef]
Greer, S.M.; Goldstein, A.N.; Walker, M.P. The impact of sleep deprivation on food desire in the human brain.
Nat. Commun. 2013, 4, 2259. [CrossRef]
Benedict, C.; Brooks, S.J.; O’Daly, O.G.; Almèn, M.S.; Morell, A.; Åberg, K.; Gingnell, M.; Schultes, B.;
Hallschmid, M.; Broman, J.-E.; et al. Acute sleep deprivation enhances the brain’s response to hedonic food
stimuli: An fMRI study. J. Clin. Endocrinol. Metab. 2012, 97, E443–E447. [CrossRef]
Demos, K.E.; Sweet, L.H.; Hart, C.N.; McCaﬀery, J.M.; Williams, S.E.; Mailloux, K.A.; Trautvetter, J.;
Owens, M.M.; Wing, R.R. The eﬀects of experimental manipulation of sleep duration on neural response to
food cues. Sleep 2017, 40, zsx125. [CrossRef] [PubMed]
St-Onge, M.-P.; Wolfe, S.; Sy, M.; Shechter, A.; Hirsch, J. Sleep restriction increases the neuronal response to
unhealthy food in normal-weight individuals. Int. J. Obes. 2014, 38, 411–416. [CrossRef] [PubMed]
Drewnowski, A. Intense sweeteners and energy density of foods: Implications for weight control. Eur. J.
Clin. Nutr. 1999, 53, 757–763. [CrossRef] [PubMed]
Drewnowski, A.; Mennella, J.A.; Johnson, S.L.; Bellisle, F. Sweetness and food preference. J. Nutr. 2012, 142,
1142S–1148S. [CrossRef] [PubMed]
Yamamoto, T. Brain Mechanisms of sweetness and palatability of sugars. Nutr. Rev. 2003, 61, S5–S9.
[CrossRef] [PubMed]
Chen, X.; Gelaye, B.; Williams, M.A. Sleep characteristics and health-related quality of life among a national
sample of American young adults: Assessment of possible health disparities. Qual. Life Res. 2014, 23,
613–625. [CrossRef] [PubMed]
Hales, C.M.; Carroll, M.D.; Fryar, C.D.; Ogden, C.L. Prevalence of Obesity among Adults and Youth: United
States, 2015–2016; U.S Department of Health & Human Services: Atlanta, GA, USA, 2017.
Furihata, R.; Uchiyama, M.; Suzuki, M.; Konno, C.; Konno, M.; Takahashi, S.; Kaneita, Y.; Ohida, T.;
Akahoshi, T.; Hashimoto, S.; et al. Association of short sleep duration and short time in bed with depression:
A Japanese general population survey. Sleep Biol. Rhythm. 2015, 13, 136–145. [CrossRef]
Lin, C.-L.; Lin, C.-P.; Chen, S.-W.; Wu, H.-C.; Tsai, Y.-H. The association between sleep duration and
overweight or obesity in Taiwanese adults: A cross-sectional study. Obes. Res. Clin. Pract. 2018, 12, 384–388.
[CrossRef]
Hogenkamp, P.S.; Nilsson, E.; Chapman, C.D.; Cedernaes, J.; Vogel, H.; Dickson, S.L.; Broman, J.-E.;
Schiöth, H.B.; Benedict, C. Sweet taste perception not altered after acute sleep deprivation in healthy young
men. Somnologie 2013, 17, 111–114. [CrossRef]
Szczygiel, E.J.; Cho, S.; Tucker, R.M. Multiple dimensions of sweet taste perception altered after sleep
curtailment. Nutrients 2019, 11, 2015. [CrossRef]

86

Foods 2019, 8, 465

22.
23.
24.
25.
26.
27.
28.
29.
30.

31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.

42.
43.

44.
45.

Tanaka, T.; Hong, G.; Tominami, K.; Kudo, T. Oral fat sensitivity is associated with social support for stress
coping in young adult men. Tohoku J. Exp. Med. 2018, 244, 249–261. [CrossRef] [PubMed]
Huber, J. The Psychophysics of Taste: Perceptions of Bitterness and Sweetness in Iced Tea; Advances in Consumer
Research: Ann Arbor, MI, USA, 1974; Volume NA-01, pp. 166–181.
Mazur, J.; Drabek, R.; Goldman, A. Hedonic contrast eﬀects in multi-product food evaluations diﬀering in
complexity. Food Qual. Prefer. 2018, 63, 159–167. [CrossRef]
Drewnowski, A.; Shrager, E.E.; Lipsky, C.; Stellar, E.; Greenwood, M.R.C. Sugar and fat: Sensory and hedonic
evaluation of liquid and solid foods. Physiol. Behav. 1989, 45, 177–183. [CrossRef]
Tan, S.-Y.; Tucker, R.M. Sweet taste as a predictor of dietary intake: A systematic review. Nutrients 2019, 11,
94. [CrossRef] [PubMed]
Dhillon, J.; Running, C.A.; Tucker, R.M.; Mattes, R.D. Eﬀects of food form on appetite and energy balance.
Food Qual. Prefer. 2016, 48, 368–375. [CrossRef]
Gujar, N.; Yoo, S.-S.; Hu, P.; Walker, M.P. Sleep deprivation ampliﬁes reactivity of brain reward networks,
biasing the appraisal of positive emotional experiences. J. Neurosci. 2011, 31, 4466–4474. [CrossRef] [PubMed]
Krause, A.J.; Simon, E.B.; Mander, B.A.; Greer, S.M.; Saletin, J.M.; Goldstein-Piekarski, A.N.; Walker, M.P.
The sleep-deprived human brain. Nat. Rev. Neurosci. 2017, 18, 404. [CrossRef]
Kamiyama, H.; Iida, T.; Nishimori, H.; Kubo, H.; Uchiyama, M.; Laat, A.D.; Lavigne, G.; Komiyama, O. Eﬀect
of sleep restriction on somatosensory sensitivity in the oro-facial area: An experimental controlled study.
J. Oral Rehabil. 2019, 46, 303–309. [CrossRef]
Schloegl, H.; Percik, R.; Horstmann, A.; Villringer, A.; Stumvoll, M. Peptide hormones regulating
appetite—Focus on neuroimaging studies in humans. Diabetes/Metab. Res. Rev. 2011, 27, 104–112. [CrossRef]
Auvray, M.; Spence, C. The multisensory perception of ﬂavor. Conscious. Cogn. 2008, 17, 1016–1031.
[CrossRef]
Roehrs, T.; Hyde, M.; Blaisdell, B.; Greenwald, M.; Roth, T. Sleep loss and REM sleep loss are Hyperalgesic.
Sleep 2006, 29, 145–151. [CrossRef] [PubMed]
Barr, R.G.; Pantel, M.S.; Young, S.N.; Wright, J.H.; Hendricks, L.A.; Gravel, R. The response of crying
newborns to sucrose: Is it a “sweetness” eﬀect? Physiol. Behav. 1999, 66, 409–417. [CrossRef]
Iatridi, V.; Hayes, J.E.; Yeomans, M.R. Reconsidering the classiﬁcation of sweet taste liker phenotypes:
A methodological review. Food Qual. Prefer. 2019, 72, 56–76. [CrossRef]
Iatridi, V.; Hayes, J.E.; Yeomans, M.R. Quantifying sweet taste liker phenotypes: Time for some consistency
in the classiﬁcation criteria. Nutrients 2019, 11, 129. [CrossRef] [PubMed]
Yeomans, M.R.; Tepper, B.J.; Rietzschel, J.; Prescott, J. Human hedonic responses to sweetness: Role of taste
genetics and anatomy. Physiol. Behav. 2007, 91, 264–273. [CrossRef]
Asao, K.; Miller, J.; Arcori, L.; Lumeng, J.C.; Han-Markey, T.; Herman, W.H. Patterns of sweet taste liking:
A pilot study. Nutrients 2015, 7, 7298–7311. [CrossRef]
Kim, J.-Y.; Prescott, J.; Kim, K.-O. Patterns of sweet liking in sucrose solutions and beverages. Food Qual.
Prefer. 2014, 36, 96–103. [CrossRef]
Mennella, J.A.; Pepino, M.Y.; Reed, D.R. Genetic and environmental determinants of bitter perception and
sweet preferences. Pediatrics 2005, 115, e216–e222. [CrossRef]
Bachmanov, A.A.; Bosak, N.P.; Floriano, W.B.; Inoue, M.; Li, X.; Lin, C.; Murovets, V.O.; Reed, D.R.;
Zolotarev, V.A.; Beauchamp, G.K. Genetics of sweet taste preferences. Flavour Fragr. J. 2011, 26, 286–294.
[CrossRef]
Garneau, N.L.; Nuessle, T.M.; Mendelsberg, B.J.; Shepard, S.; Tucker, R.M. Sweet liker status in children and
adults: Consequences for beverage intake in adults. Food Qual. Prefer. 2018, 65, 175–180. [CrossRef]
Holt, S.H.A.; Cobiac, L.; Beaumont-Smith, N.E.; Easton, K.; Best, D.J. Dietary habits and the perception and
liking of sweetness among Australian and Malaysian students: A cross-cultural study. Food Qual. Prefer.
2000, 11, 299–312. [CrossRef]
Wiet, S.G.; Beyts, P.K. Sensory characteristics of sucralose and other high intensity sweeteners. J. Food Sci.
1992, 57, 1014–1019. [CrossRef]
Kim, M.-Y.; Cho, H.-Y.; Park, J.-Y.; Lee, S.-M.; Suh, D.-S.; Chung, S.-J.; Kim, H.-S.; Kim, K.-O. Relative
sweetness of sucralose in beverage systems and sensory properties of low calorie beverages containing
sucralose. Korean J. Food Sci. Technol. 2005, 37, 425–430.

87

Foods 2019, 8, 465

46.

47.

48.
49.
50.
51.
52.
53.

54.
55.
56.
57.
58.
59.

60.
61.
62.
63.
64.
65.

66.
67.
68.
69.
70.

Reis, F.; De Andrade, J.; Deliza, R.; Ares, G. Comparison of two methodologies for estimating equivalent sweet
concentration of high-intensity sweeteners with untrained assessors: Case study with orange/pomegranate
juice. J. Sens. Stud. 2016, 31, 341–347. [CrossRef]
Dinges, D.F.; Pack, F.; Williams, K.; Gillen, K.A.; Powell, J.W.; Ott, G.E.; Aptowicz, C.; Pack, A.I. Cumulative
sleepiness, mood disturbance, and psychomotor vigilance performance decrements during a week of sleep
restricted to 4–5 hours per night. Sleep 1997, 20, 267–277.
Buysse, D.J.; Reynolds, C.F.; Monk, T.H.; Berman, S.R.; Kupfer, D.J. The Pittsburgh sleep quality index: A new
instrument for psychiatric practice and research. Psychiatry Res. 1989, 28, 193–213. [CrossRef]
Cohen, S.; Kamarck, T.; Mermelstein, R. A Global measure of perceived stress. J. Health Soc. Behav. 1983, 24,
385–396. [CrossRef]
Cepeda-Benito, A.; Gleaves, D.H.; Williams, T.L.; Erath, S.A. The development and validation of the state
and trait food-cravings questionnaires. Behav. Ther. 2000, 31, 151–173. [CrossRef]
Meule, A.; Kübler, A. Double trouble. Trait food craving and impulsivity interactively predict food-cue
aﬀected behavioral inhibition. Appetite 2014, 79, 174–182. [CrossRef]
Kaplan, R.F.; Wang, Y.; Loparo, K.A.; Kelly, M.R.; Bootzin, R.R. Performance evaluation of an automated
single-channel sleep–wake detection algorithm. Nat. Sci. Sleep 2014, 6, 113–122. [CrossRef]
Kaida, K.; Takahashi, M.; Åkerstedt, T.; Nakata, A.; Otsuka, Y.; Haratani, T.; Fukasawa, K. Validation of the
Karolinska sleepiness scale against performance and EEG variables. Clin. Neurophysiol. 2006, 117, 1574–1581.
[CrossRef]
Watson, D.; Clark, L.A.; Tellegen, A. Development and validation of brief measures of positive and negative
aﬀect: The PANAS scales. J. Personal. Soc. Psychol. 1988, 54, 1063–1070. [CrossRef]
Merrill, E.P.; Kramer, F.M.; Cardello, A.; Schutz, H. A comparison of satiety measures. Appetite 2002, 39,
181–183. [CrossRef]
Franzen, P.L.; Siegle, G.J.; Buysse, D.J. Relationships between aﬀect, vigilance, and sleepiness following sleep
deprivation. J. Sleep Res. 2008, 17, 34–41. [CrossRef]
Noel, C.; Dando, R. The eﬀect of emotional state on taste perception. Appetite 2015, 95, 89–95. [CrossRef]
Popper, R.; Rosenstock, W.; Schraidt, M.; Kroll, B.J. The eﬀect of attribute questions on overall liking ratings.
Food Qual. Prefer. 2004, 15, 853–858. [CrossRef]
Mennella, J.A.; Lukasewycz, L.D.; Griﬃth, J.W.; Beauchamp, G.K. Evaluation of the Monell forced-choice,
paired-comparison tracking procedure for determining sweet taste preferences across the lifespan.
Chem. Senses 2011, 36, 345–355. [CrossRef]
Glickman, M.E.; Rao, S.R.; Schultz, M.R. False discovery rate control is a recommended alternative to
Bonferroni-type adjustments in health studies. J. Clin. Epidemiol. 2014, 67, 850–857. [CrossRef]
Binns, N.M. Sucralose—All sweetness and light. Nutr. Bull. 2003, 28, 53–58. [CrossRef]
Cheer, R.L.; Lelievre, J. Eﬀects of sucrose on the rheological behavior of wheat starch pastes. J. Appl. Polym.
Sci. 1983, 28, 1829–1836. [CrossRef]
Van Boekel, M.A.J.S. Formation of ﬂavour compounds in the Maillard reaction. Biotechnol. Adv. 2006, 24,
230–233. [CrossRef] [PubMed]
Ashoor, S.H.; Zent, J.B. Maillard browning of common amino acids and sugars. J. Food Sci. 1984, 49, 1206–1207.
[CrossRef]
Frank, G.K.W.; Oberndorfer, T.A.; Simmons, A.N.; Paulus, M.P.; Fudge, J.L.; Yang, T.T.; Kaye, W.H. Sucrose
activates human taste pathways diﬀerently from artiﬁcial sweetener. NeuroImage 2008, 39, 1559–1569.
[CrossRef] [PubMed]
Sylvetsky, A.C.; Rother, K.I. Trends in the consumption of low-calorie sweeteners. Physiol. Behav. 2016, 164,
446–450. [CrossRef] [PubMed]
MacFie, H.J.H.; Meiselman, H.L. Food Choice, Acceptance and Consumption; Springer Science & Business Media:
New York, NY, USA, 2012; ISBN 978-1-46-131221-5.
Green, E.; Murphy, C. Altered processing of sweet taste in the brain of diet soda drinkers. Physiol. Behav.
2012, 107, 560–567. [CrossRef] [PubMed]
Cappuccio, F.P.; Taggart, F.M.; Kandala, N.-B.; Currie, A.; Peile, E.; Stranges, S.; Miller, M.A. Meta-analysis of
short sleep duration and obesity in children and adults. Sleep 2008, 31, 619–626. [CrossRef] [PubMed]
Alley, R.L.; Alley, T.R. The inﬂuence of physical state and color on perceived sweetness. J. Psychol. 1998, 132,
561–568. [CrossRef] [PubMed]
88

Foods 2019, 8, 465

71.
72.
73.

74.
75.
76.
77.
78.
79.

80.

Calvino, A.M. Perception of sweetness: The eﬀects of concentration and temperature. Physiol. Behav. 1986,
36, 1021–1028. [CrossRef]
Schiﬀman, S.S.; Sattely-Miller, E.A.; Graham, B.G.; Bennett, J.L.; Booth, B.J.; Desai, N.; Bishay, I. Eﬀect of
temperature, pH, and ions on sweet taste. Physiol. Behav. 2000, 68, 469–481. [CrossRef]
Kundermann, B.; Spernal, J.; Huber, M.T.; Krieg, J.-C.; Lautenbacher, S. Sleep deprivation aﬀects thermal
pain thresholds but not somatosensory thresholds in healthy volunteers. Psychosom. Med. 2004, 66, 932–937.
[CrossRef]
Engelen, L.; Bilt, A.V.D. Oral physiology and texture perception of semisolids. J. Texture Stud. 2008, 39,
83–113. [CrossRef]
De Graaf, C. Why liquid energy results in overconsumption. Proc. Nutr. Soc. USA 2011, 70, 162–170.
[CrossRef]
James, B. Oral processing and texture perception inﬂuences satiation. Physiol. Behav. 2018, 193, 238–241.
[CrossRef]
Moskowitz, H.R.; Krieger, B. The contribution of sensory liking to overall liking: An analysis of six food
categories. Food Qual. Prefer. 1995, 6, 83–90. [CrossRef]
De Kermadec, F.H.; Durand, J.F.; Sabatier, R. Comparison between linear and nonlinear PLS methods to
explain overall liking from sensory characteristics. Food Qual. Prefer. 1997, 8, 395–402. [CrossRef]
Van Dongen, H.P.A.; Maislin, G.; Mullington, J.M.; Dinges, D.F. The cumulative cost of additional wakefulness:
Dose-response eﬀects on neurobehavioral functions and sleep physiology from chronic sleep restriction and
total sleep deprivation. Sleep 2003, 26, 117–126. [CrossRef]
Wever, R.A.; Polášek, J.; Wildgruber, C.M. Bright light aﬀects human circadian rhythms. Pﬂug. Arch. 1983,
396, 85–87. [CrossRef]
© 2019 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/).

89

foods
Article

Dynamic Changes in Post-Ingestive Sensations after
Consumption of a Breakfast Meal High in Protein
or Carbohydrate
Mette Duerlund *, Barbara Vad Andersen and Derek Victor Byrne
Department of Food Science, Faculty of Science and Technology, Aarhus University, Kirstinebjergvej 10,
DK-5792 Aarslev, Denmark; barbarav.andersen@food.au.dk (B.V.A.); derekv.byrne@food.au.dk (D.V.B.)
* Correspondence: mette.duerlund@food.au.dk; Tel.: +45-871-56000
Received: 20 August 2019; Accepted: 9 September 2019; Published: 14 September 2019

Abstract: The obesity epidemic urges exploration of several parameters that play an important
role in our eating behaviours. Post-ingestive sensations can provide a more comprehensive picture
of the eating experience than mere satiety measurements. This study aimed to (1) quantify the
dynamics of diﬀerent post-ingestive sensations after food intake and (2) study the eﬀect of protein
and carbohydrate on hedonic and post-ingestive responses. Forty-eight participants (mean age 20.4)
were served a breakfast meal high in protein (HighPRO) or high in carbohydrate (HighCHO) on
two separate days using a randomised controlled crossover design. Post-ingestive sensations were
measured every 30 min, for 3 h post intake using visual analogue scale (VAS). Results showed a
signiﬁcant main eﬀect of time for all post-ingestive sensations. HighCHO induced higher hedonic
responses compared to HighPRO, as well as higher ratings for post-ingestive sensations such as
Satisfaction, Food joy, Overall wellbeing and Fullness. HighPRO, on the other hand, induced higher
ratings for Sweet desire post intake. The development of sensations after a meal might be important
for consumers’ following food choices and for extra calorie intake. More detailed knowledge in this
area could elucidate aspects of overeating and obesity.
Keywords: post-ingestive sensation; appetite; satiety; consumer; protein; carbohydrate; breakfast

1. Introduction
Public health issues, like the obesity epidemic currently unfolding, demand action and require
multiple approaches [1]. It urges us as researchers to pursue and explore several parameters that could
play an important role in our eating behaviours. In particularly, assessing subjective appetite and its
relationship to eating can provide important insights into our overall intake behaviours [2,3]. The
concepts of satiation (cessation of a meal) and satiety (fullness over time) has been in great focus in
recent decades [4,5]. This, among other things, involves the study of ‘The Satiety Cascade’ which
conceptualizes as various signals (sensory, cognitive, post-ingestive, post-absorptive) that relate to
eating and the concepts of satiation and satiety [6]. Several modiﬁcations over time of ‘The Satiety
Cascade’ reveal a complex and dynamic interplay of numerous factors involved in the process of
eating, including satiety and other post-ingestive eﬀects [7,8].
Signiﬁcant focus in the appetite research ﬁeld has been on quantifying satiety as well as measuring
the satiating eﬀects of diﬀerent foods, especially foods diﬀering in macronutrient content. Researchers
attempt to determine if speciﬁc diet manipulations might obtain beneﬁts related to satiation and
satiety [4,9–11]. Particularly research on proteins’ eﬀect on satiety has gained much attention [4,9,11–17].
In a research study with healthy women, high-protein-low-carbohydrate Greek yoghurt led to
increased fullness and delayed subsequent eating compared to low-protein-high-carbohydrate yoghurt
(iso-caloric) [15]. Moreover, Anderson and Moore (2004) conclude that the protein content of a food is
Foods 2019, 8, 413; doi:10.3390/foods8090413
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a strong determinant of short-term satiety [16], and Morell and Fiszman (2017) state that protein is the
most eﬀective food macronutrient providing satiating eﬀects [11].
However, asking consumers only about satiation and satiety in research studies does not provide
the full picture on post intake experiences nor about the foods eﬀect on these post intake experiences.
Studies have shown that other sensations prove important to our hedonic experiences of food [12,18–21]
and can explain post-meal desires [22] potentially leading to additional calorie intake. For instance,
Andersen et al. (2017) found that, besides the sensation of fullness, also energy and psychological
wellbeing were important positive drivers of food satisfaction, and that nausea negatively inﬂuenced
food satisfaction [18]. Thus, other sensations also contribute to the consumers’ eating experience,
and by including additional sensations, we obtain a more comprehensive picture of what lies behind
and beyond satiety. It enables us to study which sensations contribute positively or negatively to
the food experience as well as enables us to study how certain product factors contribute to these
diﬀerent post-ingestive sensations. Post-ingestive experiences therefore oﬀer new premises to predict
consumers’ food choice and better understand our eating behaviours [10,23]. The contribution of
diﬀerent sensations to food choice demonstrates importance, and researchers within Sensory and
Consumer Science subsequently move from one-sip evaluations into a bigger picture focusing on
the full consumer experience, including post-ingestive experiences [10,12,18,23–26]. This extended
information empowers a deeper understanding of the complex interplay between appetite sensations
and food intake. It enables insights into the importance and implications of diﬀerent sensations to
food preference and eating behaviour.
Exploring diﬀerent post-ingestive sensations within the spectrum of appetite and eating
experiences, allows consumers to connect to their ability to introspect on a conscious level. Interoception
deﬁnes as our ability to sense internal bodily states such as hunger, satiety and energy, but also other
perceptions like pain, temperature, muscular and visceral sensations. Interoception focuses on our
subjective evaluations as well as our self-awareness e.g., ‘how I feel’ [27–29]. Evaluating interoceptive
states provides us, as researchers, with consumers’ current conscious awareness and gives an in-depth
picture of the spectrum of appetite [2]. The perception of bodily signals might therefore constitute
crucial factors in understanding and regulating our overall food intake [28,30].
Consequently, assessing appetite should not merely consist of hunger and satiety measurements,
but could include several other parameters e.g., ‘feeling good’, energy, satisfaction, relaxation, heartbeat
detection, food pleasure and other subjective evaluations [23,24,26,31–33]. For instance, Meiselman
(2016) accentuates that wellbeing and quality of life can be central additions when measuring consumer
perceptions of food [26]. Research within wellbeing points towards relevance in Consumer Science
and several researchers also introduce the concept of wellbeing in relation to food [23,26,32,34,35].
Andersen and Hyldig (2015) found physical wellbeing to function as an important element in food
satisfaction, and that physical wellbeing also includes the sense of an appropriate energy level after
intake [24]. Food studies have used variables such as psychological wellbeing, desire for other foods,
food satisfaction, nausea, fulﬁlment of expectation, reﬂux, physical wellbeing, pleasantness, mental
hunger, alertness, energy level when evaluating post-ingestive experiences [12,18–20]. Møller (2015)
states that there is a need for methods quantifying pleasure and satisfaction obtained from eating
food which should go beyond the actual eating event and rely on diﬀerent types of memory and
interoceptive states after eating [31].
Exploring beyond satiety and focusing on post-ingestive sensations also allows us to contribute
further on the knowledge we have on macronutrients’ eﬀects. Foods macronutrient content inﬂuences
the satiating power of a food, but does it also inﬂuence other post-ingestive sensations besides
satiety? Protein’s and carbohydrate’s role in more elaborated aspects of post-ingestive experiences
remain unclear and gives rise to measuring post-ingestive sensations and their dynamics in relation to
macronutrient content. One study by Boelsma et al. (2010), sought to measure postprandial wellness
after intake of two protein-carbohydrate meals. They found that a liquid high-protein breakfast induced
higher levels of speciﬁc parameters of wellness, such as satisfaction and pleasantness, than did a liquid
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high-carbohydrate breakfast. Postprandial wellness was measured using the variables satisfaction,
pleasantness, sleepiness, relaxation, mental alertness and physical energy [12]. Additional research in
this area is needed to establish further relationships, for example protein and carbohydrate’s eﬀect
on post meal desires as well as post meal wellbeing. Also, the relevance for food intake behaviour
remains to be established [12,23].
From a scientiﬁc point of view, this study clariﬁes protein and carbohydrate’s eﬀect on speciﬁc
post-ingestive sensations. From an industry perspective, it is relevant to know what increased protein
or carbohydrate content entail in terms of post intake experiences, as this can determine whether
consumers choose a product and consequently consume it repeatedly. The study contributes with
new knowledge about the sensations perceived in the time after intake, namely, how these sensations
develop over time, deﬁned by the dynamics of the sensations. Post-ingestive sensations occur after
food intake (per deﬁnition) and for this study, post-ingestive sensations are deﬁned as ‘the subjective
perceptions of the body after eating’ as described by Duerlund et al. (2019) [23].
The present study seeks to unravel and understand the extended eating experience with its
related post-ingestive sensations. This research thus situates itself in the area of understanding a more
elaborated consumer experience and contributes to the diverse and complex area of appetite research.
The overall aims for this research study were thus to:
(1)
(2)

Quantify the dynamics of diﬀerent post-ingestive sensations after food intake
Study the eﬀect of protein and carbohydrate on hedonic and post-ingestive responses.

The study involved development of a questionnaire and conducting of a consumer study serving
a breakfast meal diﬀering in macronutrient content. The test meals consisted of yoghurt either high in
protein content (HighPRO) or high in carbohydrate content (HighCHO).
2. Materials and Methods
2.1. Participants
Participants included Danish students recruited from Ollerup Sports Academy located on Fyn,
Denmark, via voluntarily sign-up after personal contact to the Academy and subsequent advertisement
via their intranet (ntotal = 48). Inclusion criteria involved being above 18 years of age, being a breakfast
eater, being a liker of yoghurt, and not suﬀer from any food allergies. Table 1 displays the characteristics
from the 48 participants including standard deviation and range. Prior to the study, participants gave
their written consent. Ethical approval is not required for this type of study according to the National
Committee on Health Research Ethics in Denmark (Section 14 (2) in the Committee Act) [36]. For their
participation, students received a cinema ticket for an optional movie at a cinema close by.
Table 1. Participant characteristics.
Characteristics
ntotal
Male/female
Age (years)
Weight (kg)
Height (cm)
BMI (kg/m2 )

48
31/17
20.4 ± 1.09 (18–25) *
71.5 ± 11.99 (51–108) *
175.7 ± 8.49 (162–192) *
23.0 ± 2.41 (19–30.5) *

* Mean ± standard deviation (range). BMI—body mass index.

2.2. Study Design and Procedure
The study was conducted as a central-location-test at the Ollerup Sports Academy utilizing a
randomised controlled crossover design. Each participant came for two separate breakfast sessions on
two separate consecutive days. The test meals were served in random order across the participants. On
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the test day, participants came fasting since 22:00 the night before and the study started in the morning
at 7:30 a.m. for breakfast and ran for 3 h until 10:30 a.m. The breakfast meals were obligatory intake to
make sure that all participants consumed the same amount of calories. Subjective measurements were
collected pre intake, during intake (after three bites), and in 30 min intervals until three h post intake
(T = 0, 15, 30, 60, 90, 120, 150, 180 min). See schematic overview of the study design in Figure 1.

Figure 1. Schematic overview of the study with time intervals for answering of questionnaire.

2.3. Test Meals
The two test meals consisted of yoghurt with an added topping of plain muesli, almonds, raisins,
and fresh blue berries, which is considered a typical breakfast in Denmark. The topping stayed
consistent for the two meals, and the purpose was to create an appealing breakfast meal (visual, ﬂavour,
texture) rather than just yoghurt. The two meals were iso-caloric (393 Cal), but diﬀered in protein and
carbohydrate content, producing a high-protein test meal (HighPRO) and a high-carbohydrate test
meal (HighCHO). The yoghurt was commercially bought (Arla® lactose-free yoghurt natural) as the
base and then added protein (whey protein isolate, Lacprodan® SP-9225 Instant, Arla Foods, Viby,
Denmark) or carbohydrate (glucose syrup, Dansukker® , Copenhagen, Denmark). The test meals were
made following standardized procedures to ensure validity and standardization. For speciﬁcation and
content of the two test meals, see Table 2.
Table 2. Content of the two test meals: High-protein breakfast and High-carbohydrate breakfast.
Food Ingredient
Yoghurt 1
Lacprodan 2
Glucose syrup 3
Muesli
Almonds
Raisins
Fresh blueberries
Total

High-Protein

High-Carbohydrate

Amount (g)

Calories (Cal)

Amount (g)

Calories (Cal)

300
35
30
6
2.5
2.5
376

123
131.5
99
30
5
5
393

300
42.35
30
6
2.5
2.5
383.35

123
131.5
99
30
5
5
393

1 Arla® lactose-free yoghurt natural; 2 Lacprodan® SP-9225 Instant (whey protein isolate); 3 Dansukker®

glucose syrup.

2.4. Questionnaire and Post-Ingestive Response Variables
The questionnaire and chosen post-ingestive response variables were developed based on existing
scientiﬁc literature as well as results from a previous qualitative focus group study conducted by the
authors about consumer reﬂections on post-ingestive sensations [12,18,20,23]. Measurements were
collected using visual analogue scale (VAS) via Compusense®Cloud software (Compusense Inc.,
Guelph, Ontario, Canada) in randomized order. Data was thus collected on a continuous scale ranging
from 0, anchored “not at all” to 10, anchored “extremely”. The full questions were developed and
phrased in the participants’ mother tongue, Danish. Appendix A displays the original Danish phrasing
of the questions as well as the translated English phrasings. Additionally, all participants ﬁlled out an
extra demographics questionnaire including gender, age, weight and height. The included response
variables are presented in Table 3. Sensory satisfaction refereed to the hedonic experience of the meal’s
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sensory properties during intake, whereas Satisfaction refereed to a general positive response to the
food after intake [19].
Table 3. Response variables included in the questionnaire pre-, during-, and post intake.
Pre Intake
(Immediately before)
Energy
Relaxation
Concentration
Sleepiness
Fullness
Hunger
Overall wellbeing
Physical wellbeing
Mental wellbeing
Desire-to-eat
Sweet desire
Salty desire
Fatty desire
In-need-of-food

During Intake
(after Three Bites)

Post Intake
(0–15–30–60–90–120–150–180 min)

Desire to eat the rest
Overall liking
Sensory satisfaction

Energy
Relaxation
Concentration
Sleepiness
Fullness
Hunger
Overall wellbeing
Physical wellbeing
Mental wellbeing
Desire-to-eat
Sweet desire
Salty desire
Fatty desire
In-need-of-food
Food joy
Satisfaction

2.5. Data Analysis
Data on self-reported weight and height were used to calculate Body Mass Index (BMI): weight
(kg)/(height (m))2 . Analysis of variance (ANOVA) was used to test eﬀect of breakfast meal on
hedonic response variables. Repeated measures ANOVA was applied to analyse dynamics in the
post-ingestive sensations over time for each test meal. We applied the option REstricted Maximum
Likelihood (ReML) with an Autoregressive covariance structure, which assumes that correlation is the
highest between consecutive measures and declines for measures further apart. Repeated measures
ANOVA is appropriate when repeated scores are made sequentially within products and assumes
non-independent measurements over time. Mauchly’s Sphericity test was applied to show signiﬁcant
non-independence and thereby justify the use of repeated measures ANOVA. Repeated measures
ANOVA, option least squares (LS) was applied on centred data to analyse if the change in post-ingestive
sensations over time was diﬀerent for each test meal. p-values < 0.05 were considered statistically
signiﬁcant, and Fisher’s Least Signiﬁcance Diﬀerence (LSD) test was applied to account for multiple
comparisons. Eﬀect sizes were examined using Cohen’s d values [37]. All statistical analyses of the
data were carried out using XLSTAT by Addinsoft, version 2018.6. (XLSTAT, Long Island, NY, USA)
3. Results
3.1. Hedonic Diﬀerences between Test Meals
After consuming three bites of the test meal, participants evaluated three hedonic questions:
Overall liking, Desire-to-eat the rest of the portion, and Sensory satisfaction. A diﬀerence was seen
between the two test meals with signiﬁcantly higher ratings for HighCHO compared to HighPRO for
all hedonic response variables, Table 4.
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Table 4. Mean (n = 48) hedonic ratings ± standard deviations of Overall liking, Desire-to-eat the
rest and Sensory satisfaction after three bites of the two test meals: High-protein (HighPRO) and
High-carbohydrate (HighCHO).
Response Variable during Intake
(after Three Bites)

HighPRO

Overall liking
Desire-to-eat the rest
Sensory satisfaction

3.496 ± 2.1
5.004 ± 2.6 b
4.144 ± 1.8 b
b

HighCHO
5.906 ± 1.6 a
6.963 ± 1.6 a
5.908 ± 1.3 a

Diﬀerence
F

p-Value

d*

145.5
80.4
83.8

<0.0001
<0.0001
<0.0001

1.3
0.9
1.1

* Eﬀect size (Cohen’s d). Means with diﬀerent superscript (a,b ) within a row diﬀer signiﬁcantly.

3.2. Dynamics of Post-Ingestive Sensations
A highly signiﬁcant eﬀect of time (p ≤ 0.0001) was seen for all post-ingestive sensation variables
across test meals: Energized (F = 18.45, p < 0.0001), Relaxation (F = 5.38, p < 0.0001), Concentration
(F = 13.89, p < 0.0001), Sleepiness (F = 7.42, p < 0.0001), Fullness (F = 88.78, p < 0.0001), Hunger
(F = 64.22, p < 0.0001), Overall wellbeing (F = 12.65, p < 0.0001), Physical wellbeing (F = 9.58, p < 0.0001),
Mental wellbeing (F = 6.95, p < 0.0001), Desire-to-eat (F = 53.18, p < 0.0001), Sweet desire (F = 4.42,
p < 0.0001), Salty desire (F = 6.07, p < 0.0001), Fatty desire (F = 4.90, p < 0.0001), In need of food
(F = 48.72, p < 0.0001), Food joy (F = 4.92, p < 0.0001) and Satisfaction (F = 5.05, p < 0.0001).
This shows that all the response variables change signiﬁcantly over a period of three h after
consumption of these breakfast meals. The 3-h (0–180 min) dynamics for post-ingestive sensations for
each test meal, HighPRO and HighCHO respectively, are presented in Tables 5 and 6.
Subjective measures for Energized signiﬁcantly increased with large eﬀect sizes (p < 0.0001,
HighCHO: d = 0.9, HighPRO: d = 1.1) after consumption for both test meals and peaked with a
maximum score (4.55) for HighPRO at T = 15, and a maximum score for HighCHO (4.79) at T = 60,
where after the sensation of Energized decreased again.
Table 5. Time eﬀects and means values (n = 48) of post-ingestive sensations for HighPRO (A) at
diﬀerent time points after consumption.
A: HighPRO

Pre Intake

15 min

30 min

60 min

90 min

120 min

150 min

180 min

Energized
Relaxation
Concentration
Sleepiness
Satiety
Hunger
Satisfaction 1
Overall wellbeing
Physical wellbeing
Mental wellbeing
Desire to eat
Sweet desire
Salty desire
Fatty desire
In need of food
Food joy 1

2.87 a
6.10 c
3.57 a
5.93 c
1.97 a
7.24 e
4.28 a
4.61 bcd
4.80 bc
7.56 ef
3.92 a
2.60 a
2.81 ab
7.35 d
-

4.55 d
5.58 b
4.65 c
4.92 ab
5.53 f
4.58 a
3.39 d
5.02 b
4.92 de
5.10 cd
4.78 a
4.37 ab
2.88 ab
2.68 a
4.91 a
3.32 d

4.43 d
5.34 ab
4.70 c
4.76 ab
4.71 e
4.84 ab
3.48 d
5.01 b
5.18 e
5.31 de
5.03 a
4.10 a
2.81 ab
2.70 a
4.93 a
3.29 d

4.47 d
5.41 b
4.63 c
4.49 a
4.38 e
5.17 b
3.43 d
5.24 b
5.27 e
5.55 e
5.53 b
3.96 a
2.61 a
2.67 a
4.99 a
3.11 cd

3.94 c
5.64 bc
4.41 c
5.07 b
3.89 d
5.62 c
3.21 cd
5.00 b
4.70 cd
5.06 cd
5.99 c
4.03 a
2.64 ab
2.80 ab
5.66 b
2.93 bc

3.66 bc
5.17 ab
4.02 b
5.30 b
3.41 c
6.25 d
2.94 bc
4.56 a
4.33 ab
4.80 bc
6.47 d
4.30 ab
2.96 b
2.86 ab
6.32 c
2.71 ab

3.36 b
5.27 ab
3.85 ab
5.24 b
2.63 b
7.09 e
2.66 ab
4.47 a
4.38 abc
4.66 ab
7.17 e
4.67 b
3.31 c
3.10 b
7.18 d
2.40 a

3.56 bc
4.90 a
3.76 ab
4.81 ab
2.14 a
7.92 f
2.57 a
4.26 a
4.09 a
4.33 a
7.93 f
5.27 c
3.83 d
3.91 c
7.88 e
2.42 a

Means with diﬀerent superscript (a,b,c,d,e,f ) within a row diﬀer signiﬁcantly. 1 Satisfaction and Food joy only measured
after intake and not pre intake.
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Table 6. Time eﬀects and means values (n = 48) of post-ingestive sensations for HighCHO (B) at
diﬀerent time points after consumption.
B: HighCHO

Pre Intake

15 min

30 min

60 min

90 min

120 min

150 min

180 min

Energized
Relaxation
Concentration
Sleepiness
Satiety
Hunger
Satisfaction 1
Overall wellbeing
Physical wellbeing
Mental wellbeing
Desire to eat
Sweet desire
Salty desire
Fatty desire
In need of food
Food joy 1

2.79 a
5.95 e
3.50 a
6.34 d
1.79 a
7.15 d
4.40 a
4.45 a
4.86 ab
7.28 d
4.18 b
2.56 a
2.69 b
7.14 d
-

4.06 bc
5.82 de
4.80 cd
5.18 c
5.79 f
4.14 a
5.57 d
5.71 cd
5.56 cd
5.62 c
4.67 a
3.68 a
3.02 b
2.33 a
4.31 a
5.05 d

4.42 cde
5.64 cde
4.75 cd
5.02 bc
5.46 f
4.49 ab
5.26 d
5.66 cd
5.71 d
5.81 c
4.93 a
3.66 a
2.79 ab
2.60 ab
4.69 a
5.01 d

4.79 e
5.78 cde
5.02 d
4.64 ab
4.93 e
4.76 b
4.90 c
5.76 d
5.49 cd
5.82 c
5.06 a
3.63 a
2.98 b
2.73 b
4.77 a
4.73 cd

4.52 de
5.48 cd
4.72 cd
4.37 a
4.44 d
5.64 c
4.66 bc
5.37 c
5.32 c
5.58 c
5.80 b
3.73 a
2.97 b
2.67 b
5.39 b
4.61 c

4.14 bcd
5.34 bc
4.61 c
5.05 bc
3.33 c
6.70 d
4.44 b
4.97 b
4.92 b
5.15 b
6.72 c
3.75 a
3.11 b
2.89 bc
6.62 c
4.21 b

3.79 b
5.00 b
4.45 bc
5.08 bc
2.29 b
7.74 e
4.06 a
4.68 ab
4.43 a
4.81 ab
7.72 d
4.47 b
3.54 c
3.16 c
7.64 de
3.89 ab

3.88 b
4.41 a
4.08 b
4.91 bc
1.83 ab
7.88 e
3.98 a
4.51 a
4.24 a
4.55 a
8.37 e
4.96 c
4.02 d
3.57 d
8.15 e
3.73 a

Means with diﬀerent superscript (a,b,c,d,e,f ) within a row diﬀer signiﬁcantly. 1 Satisfaction and Food joy only measured
after intake and not pre intake.

Subjective measures of Fullness signiﬁcantly increased (p < 0.0001, HighCHO: d = 2.4, HighPRO:
d = 2.1) immediately after consumption of both test meals (T = 15), where it reached its highest mean
ratings as well (HighPRO: 5.53, HighCHO; 5.79). Thereafter Fullness sensation gradually decreased
until T = 180, to the same as the pre intake baseline measurement at T = 0. So comparing T = 0 and T =
180, there was no signiﬁcant diﬀerence in Fullness, suggesting that three h is the time point where
Fullness sensation resets itself when consuming these meals in these amounts.
Development over three h for Sleepiness started with the highest mean score at T = 0 for both
test meals (HighPRO: 5.93, HighCHO: 6.34), and then signiﬁcantly decreased (p < 0.0001, HighCHO:
d = 0.6, HighPRO: d = 0.5) immediately after consumption (T = 15). Hereafter the rating of Sleepiness
continuously decreased until T = 60 for the HighPRO meal, and until T = 90 for the HighCHO meal,
where it signiﬁcantly (HighCHO: p = 0.010, d = 0.4; HighPRO: p = 0.042, d = 0.3) started to increase
again and peaked at T = 120 and T = 150, after which rating of sleepiness again started to decline until
T = 180.
Subjective measures of Overall wellbeing showed a signiﬁcantly increase (p < 0.0001, HighCHO:
d = 0.9, HighPRO: d = 0.5) immediately after consumption (T = 15) for both test meals, and stayed
constant for 60 min after consumption, with a signiﬁcantly decrease 90 min after consumption
(HighCHO: p = 0.021, d = 0.3; HighPRO: p = 0.021, d = 0.2), and returning to similar ratings as pre
intake when reaching T = 180.
Subjective measures of Food joy showed a gradual decline in mean ratings for both test meals
during the whole period after consumption, starting at their highest mean ratings at T = 15. At
90 min after consumption, measures of Food joy dropped signiﬁcantly compared to T = 15 (HighCHO:
p = 0.015, d = 0.2, HighPRO: p = 0.026, d = 0.2). Hereafter, ratings of Food joy continued to decrease,
and for both test meals there was a signiﬁcant overall decrease in Food joy from T = 15 until T = 180
(p < 0.0001, HighCHO: d = 0.7, HighPRO: d = 0.5). Food joy was not measured pre intake (T = 0), since
it was a measure related to the consumed test meal.
For HighCHO, ratings of Sweet desire signiﬁcantly decreased immediately after consumption
(p = 0.023, d = 0.2), as opposite to HighPRO. For HighPRO, sweet desire ratings immediately increased
after consumption (p = 0.050, d = 0.2), where after it decreased again until T = 60. Ninety min after
consumption, Sweet desire ratings increased signiﬁcantly until T = 180 for HighPRO (p < 0.0001,
d = 0.5), with the biggest increase between T = 150 and T = 180 after consumption (p = 0.010, d = 0.2).
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From T = 120 until T = 180, Sweet desire ratings signiﬁcantly increased after consuming for HighCHO
(p < 0.0001, d = 0.6).
Subjective measures for In-need-of-food signiﬁcantly decreased (p < 0.0001, HighCHO: d = 1.3,
HighPRO: d = 1.4) immediately after consumption (T = 15) for both test meals. Hereafter,
In-need-of-food showed a steep incline for the rest of the period until T = 180, where it reached
its highest mean ratings with signiﬁcantly higher ratings than pre intake (HighPRO: p = 0.022, d = 0.2,
HighCHO: p < 0.0001, d = 0.8). Between T = 90 and T = 120, the dynamics of In-need-of-food
ratings showed a crossover between the two test meals, with HighPRO changing from having higher
In-need-of-food ratings to lower In-need-of-food ratings than HighCHO.
Consumer’s rating of Satisfaction was the highest immediately after consumption (T = 15), and
then decreased throughout the three h. This trend shows for both test meals, and for HighCHO,
Satisfaction signiﬁcantly decreased between T = 30 and T = 60 (p = 0.024, d = 0.2), and then again
between T = 120 and T = 150 (p = 0.017, d = 0.2).
3.3. Eﬀect of Test Meal on Post-Ingestive Sensations
For an overview of the signiﬁcant diﬀerences (p < 0.005) between HighCHO and HighPRO
see Figure 2, where an asterisk indicates signiﬁcant diﬀerences at that time point. Only selected
post-ingestive variables are displayed in the ﬁgure. Pre intake (T = 0), no diﬀerence for the two
test meals were found for any of the post-ingestive variables. For the sensations of Satisfaction and
Food joy, results showed signiﬁcant diﬀerences between HighPRO and HighCHO for the whole
period of the three-hour study (p < 0.0001, d = 0.8), with the HighCHO inducing signiﬁcantly higher
(p < 0.0001, d = 0.8) ratings than the HighPRO meal. Energized sensation showed a signiﬁcantly
higher rating for the HighCHO meal at 90 (p = 0.014, d = 0.4) and 120 (p = 0.049, d = 0.3) min after
consumption, whereas Sleepiness ratings showed signiﬁcantly higher ratings for HighPRO at T =
90 (p = 0.023, d = 0.4). Signiﬁcantly Fullness diﬀerences between the two test meals were found at
30 (p = 0.013, d = 0.4) and 60 (p = 0.031, d = 0.3) min after consumption, with HighCHO depicting
the highest Fullness sensations at these time points. When reaching T = 180 both test meals showed
no diﬀerences in Fullness. Both hunger and In-need-of-food variables signiﬁcantly diﬀered between
the two test meals 150 min (Hunger: p = 0.011, d = 0.4, In-need-of-food: p = 0.040, d = 0.3) after
consumption with HighCHO inducing the highest ratings for both variables. Same trend was shown
for Desire-to-eat-something, where HighCHO had signiﬁcantly higher ratings than HighPRO at T = 150
(p = 0.029, d = 0.3). Signiﬁcant diﬀerences between the two test meals were seen at T = 15 for Overall
wellbeing (p = 0.009, d = 0.5), Physical wellbeing (p = 0.012, d = 0.4) and Mental wellbeing (p = 0.033,
d = 0.3) with HighCHO rating the highest compared to HighPRO. Overall wellbeing showed signiﬁcant
meal diﬀerences for the ﬁrst three time intervals (T = 0, 15, 30), and hereafter no diﬀerences were
observed between HighCHO and HighPRO. Ratings for Sweet desire diﬀered signiﬁcantly between
the two meals with HighPRO inducing higher Sweet desires at T = 15 (p = 0.035, d = 0.3) and again
at T = 120 (p = 0.035, d = 0.2). For Relaxation, Fatty desire, and Salty desire, no signiﬁcant test meal
diﬀerences were observed at any of the time points.

98

Foods 2019, 8, 413

Figure 2. Post-ingestive responses at time-0 (pre intake),15,30,60,90,120,150,180 for Energized (a),
Fullness (b), Sleepiness (c), Overall wellbeing (d), Food joy (e), Sweet desire (f), In need of food (g),
Satisfaction (h). Red = High-carbohydrate test meal, Blue = High-protein test meal. Asterisk (*)
indicates signiﬁcant diﬀerence between the two test meals for the speciﬁc time point (p < 0.05).
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4. Discussion
4.1. Implications of Hedonic Parameters
Consumers’ overall hedonic acceptances of the two test meals revealed a signiﬁcantly lower
acceptance (with large eﬀect sizes [37,38]) of the HighPRO test meal compared to the HighCHO test
meal for all three hedonic variables: Overall liking, Desire-to-eat the rest, and Sensory satisfaction.
Increasing the protein content of a meal can signiﬁcantly decrease its palatability [4,39]. A reason in
this study might be an oﬀ-ﬂavour of whey protein isolate that can carry through to the meal. It is well
known that oﬀ-ﬂavour of whey protein is a primary negative driver of acceptance [40]. Attributes that
could have inﬂuenced the consumers’ ratings in this study are potential mouth-drying and chalky
mouthfeels in the HighPRO meal compared to the sweet and mouth-coating attributes in the HighCHO
meal [40,41]. However, these descriptions are not validated from a trained sensory panel. Additionally,
sweetness often functions as a strong inﬂuencer of pleasantness and palatability with a powerful
hedonic appeal [42,43], and thus the HighCHO meal could have induced higher hedonic acceptance
due to the sweet glucose syrup added. Martini et al. (2018) found reduced palatability for high-protein
pasta formulations using protein sources from egg white and soy isolate indicating that protein is
likely to negatively aﬀect sensory properties of pasta except for appearance [13]. Conversely, Boelsma
el al, (2010) found no clear diﬀerence in enjoyment of two meals diﬀering in protein content being high
protein/low carbohydrate or low protein/high carbohydrate meals. Both test meals by Boelsma et al.
(2010), however, were added glucose syrup, as opposite to our study, where only the HighCHO test
meal was added glucose syrup [12]. Boelsma et al. (2010) succeeded in their intention to keep their two
test meals similar in hedonic aspects [12]. For future test meal development involving glucose syrup
and/or whey protein isolate, consideration around sensory properties and the eﬀects on consumer’s
hedonic appreciation should carefully be taken into account. Standardizing test meals for sensory
properties and hedonic appeal then enables a clearer picture of product eﬀects on evaluated parameters.
4.2. Satisfaction and Food Joy
In general, we saw that the HighCHO test meal induced highest ratings for both Satisfaction and
Food joy. For both Satisfaction and Food joy, the questions were phrased so that the consumers should
have in mind the test meal they ate e.g., “How satisﬁed are you with the breakfast meal you ate today?”,
and “Please rate your sense of joy when thinking of the meal you ate today”. The evaluation of these
sensations hence related to the memory of the test meal. The results could imply that when consumers
rate Satisfaction and Food joy, they generally associate and refer to their hedonic acceptance, here
being overall liking and the Sensory satisfaction, which they experienced during consumption. As
mentioned, HighCHO rated signiﬁcantly higher compared to HighPRO for hedonic acceptance in this
study. Mattes and Vickers (2018) researched whether food-liking inﬂuenced hunger and fullness. They
suggest, from their studies, that if people eat a food they greatly enjoy, instead of eating a less-well-liked
version, they will experience more pleasure, satisfaction, and satiety [44]. We did see that the well-liked
HighCHO test meal, in addition to Satisfaction and Food joy, also induced higher ratings for satiety at
time points 30 and 60 min after consumption. Boelsma et al. (2010) found an association between satiety
and feelings of satisfaction, indicating that satiety sensations may be important factors inﬂuential in
the sense of wellness after consumption of food in general [12]. In addition, Andersen and Hyldig
(2015) highlight the importance of sensory properties for food satisfaction. They found that sensory
satisfaction was highly inﬂuential and predictive for food satisfaction in a consumer study with chicken
soups [19]. Cardello et al. (2000) moreover suggest that satisfaction is a more appropriate measure of
consumers’ response to foods than liking [45]. Having said that, it must be emphasized that our results
demonstrated the sensations of both Satisfaction and Food joy to last longer after consumption of the
HighPRO test meal compared to the HighCHO test meal. For Satisfaction, we saw a signiﬁcant time
eﬀect in decline after 120 min for the HighPRO test meal, whereas this signiﬁcant decline occurred
already after 60 min for the HighCHO test meal. This indicates that more than the hedonic evaluation is
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part of the consumers’ sense of satisfaction. This is also pointed out by research signifying that multiple
factors contribute to food satisfaction including hedonic experience as well as other post-ingestive
sensations [18,24,46] For Food joy, the signiﬁcant decline occurred after 90 min with the HighPRO,
but already after 60 min with the HighCHO. Nevertheless, the HighCHO test meal rated signiﬁcantly
higher overall for both Satisfaction and Food joy at all time points, so interpretation of these ﬁndings
should be taken with care. More studies on dynamics and quantiﬁcation of Food satisfaction, pleasure,
and post-ingestive sensations from eating foods are encouraged [18,19,31].
4.3. Measuring Dynamics of Post-Ingestive Sensations
Consuming the test meals induced various dynamics of post-ingestive sensations over the
three-hour period post intake. We saw a signiﬁcant eﬀect of time for all the evaluated post-ingestive
variables, supporting the relevance and use of post-ingestive response variables as measures of post
food experiences, as well as showing consumers’ ability to sense and report these sensations in general.
Andersen et al. (2017) also showed signiﬁcant time eﬀects for thirst, fullness, and energy level, but not
for hunger, physical wellbeing, or psychological wellbeing in a time period of 40 min post intake of
four fruit drinks [18]. Measuring satiety and post-prandial wellness, Boelsma et al. (2010) found that
diﬀerences between their test meals stood particularly evident at about 3–4 h after consumption, this
with a high-protein/low-carbohydrate meal rating higher than a low-protein/high-carbohydrate liquid
breakfast meal [12]. Our measurements ended after 3 h, but the results display rather the opposite,
that especially for Fullness and for Overall wellbeing, the diﬀerences were primarily evident earlier, at
30 and 60 min after intake, with highest ratings induced by the HighCHO test meal, not the HighPRO
test meal, although only with small to medium eﬀect sizes as classiﬁed by Cohen (1988) [37]. We do
not know the subsequent development of post-ingestive sensations after the 3-h study period for this
study. However, we believe that these studies in general show that consumers can sense and express
intensity diﬀerences in post-ingestive sensations beyond satiety, and that the intensity discrepancies
between studies are caused by the diﬀerent foods eaten rather than consumers’ ability to perceive
the sensations.
4.3.1. The Dynamic of Sweet Desire
The dynamics for Sweet desire revealed an immediate incline for the HighPRO test meal and an
immediate decline for the HighCHO test meal, showing a signiﬁcant meal diﬀerence instantly after
intake. Since the HighPRO test meal probably tasted less sweet than the HighCHO test meal with
the added glucose syrup, these results indicate a development of sweet desire after eating something
not sweet. Oppositely, after consuming the sweeter HighCHO test meal, the desire for sweet seems
to decrease after consumption of sweet foods in this study. An explanation for this diﬀerence in
Sweet desire dynamics could involve the theory behind sensory speciﬁc satiety (SSS) and sensory
speciﬁc desires (SSD). SSS describes the decline in pleasantness of a food eaten relative to a food not
eaten [47–49], but also suggests that it can reﬂect a decrease in both food liking as well as in food
wanting for the eaten food after consumption. The latter was suggested by Haverman et al. (2009)
from a study consuming chocolate milk [50]. SSD can be described as an intrinsic motivation to eat and
general desire for certain foods [51,52], for instance sweet, salty, fatty desires evaluated in this present
study. In a study by Harington et al. (2016), they found that the desire for sweet was maintained for
their whole study period of three h after eating two slices of bread, whereas participants’ desire for
salty, fatty and savoury decreased [53]. Another research study, looking at the eﬀect of adding cayenne
pepper to a soup, found an increase in sweet desire after consumption of a spiced soup compared
to a non-spiced soup, suggesting alteration in sensory speciﬁc desires with the addition of spices to
food [22]. In addition, Harington et al. (2016) suggest that our desire for sweet foods is partially
disconnected from our appetite, hypothesizing a ‘dessert mentality’ [53]. The present study showed an
immediate increase for both Fullness and for Sweet desire after consumption of the HighPRO test meal,
indicating that these two sensations can be present at the same time. Recent work from Duerlund et al.
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(2019) found qualitative evidence from focus group interviews, expressing that it is possible to be full
and still, at the same time, desire something else [23]. Murray and Vickers (2009) report similar results
that one may feel physically full but mentally hungry. They suggest an overlap of hunger and fullness
sensations, stating that it is possible to be slightly hungry and slightly full at the same time [54]. In a
study by Lowe and Butryn (2007) they distinguish between homeostatic hunger and hedonic hunger
driven by either the need for nutrients or a need for pleasure, respectively. They found that satiation
did not seem to have an eﬀect on hedonic hunger compared to homeostatic hunger [21]. We believe
that mental hunger [54] and hedonic hunger [21] can relate to desires for speciﬁc sensory stimuli. Our
ﬁndings suggest that one can experience an increase in fullness and at the same time feel an increase in
sweet desire when consuming a non-sweet meal, this in accordance with the theory of SSS for one food
and the development of SSD for something else.
4.3.2. Energized and Sleepiness as Two Opposites?
The post-ingestive sensation variables Energized and Sleepiness each displayed diﬀerent dynamic
curves in the three-hour study period after intake. Exploring consumer views of post-ingestive
sensations, Duerlund et al. (2019) proposed that post-ingestive energy includes a positive general
energy sensation, and a more negative low energy sensation e.g., feeling sleepy. In the qualitative
study, it was mentioned that consuming speciﬁc foods could lead to sensations of heaviness, sleepiness,
and lack of ability to focus [23]. In the present study, we saw that both Energized and Concentration
increased immediately after consumption of food (with large eﬀect sizes), whereas Sleepiness decreased
(with medium eﬀect size). Could these results indicate that food-induced post-ingestive sensations like
feeling Energized and Sleepy function as two opposites of one pole? This question statement, however,
undeniably requires more research for aﬃrmation, validation, and elaboration. In relevance to energy
and sleepiness, research suggests a phenomenon called ‘post-lunch sleepiness’ or a ‘post-lunch dip’ in
energy. This is an innate tendency for sleep during the early afternoon, often more pronounced after
consuming a heavy meal and/or a high fat/carbohydrate meal [23,55–58]. According to Monk (2005),
this ‘post-lunch dip’ can occur even without having lunch, or one being unaware of the time of day [57].
In the present study, consumers had breakfast in the early morning and the results demonstrated that
for the ﬁrst 60 min the opposite to what is known as the ‘post-lunch-dip’ occurred. Here we saw that
Sleepiness decreased, and Energized increased. With that said, Sleepiness increased again after 1 h
post intake, but with the protein-rich meal inducing the highest Sleepiness ratings compared to the
high-carbohydrate meal, suggesting that the ‘post-lunch sleepiness’ phenomenon did not apply to the
present study design and results. Interpreting these results, this could have connection to the time of
day and participants’ metabolic state. The participants came in fasting early morning, hence energy
deﬁcient, suggesting that any energy addition logically should lead to more energy.
4.4. Product Factors and Their Eﬀects on Post-Ingestive Sensations
The largest product eﬀects in this study were seen for variables Food joy, Satisfaction and Overall
wellbeing - all holistic variables, where the HighCHO rated signiﬁcantly higher than the HighPRO,
possibly leading back to consumer’s hedonic responses to the two test meals as discussed. Proteins’ role
in this holistic area of post-ingestive sensations is not well-researched. Boelsma et al. (2010) sought to
measure postprandial wellness after intake of two protein-carbohydrate meals, and found that a liquid
high-protein breakfast induced speciﬁc parameters of wellness such as satisfaction and pleasantness
more than a liquid high-carbohydrate breakfast did. This is the opposite for our study, where the
high-carbohydrate meal induced higher Satisfaction, Mental-, Physical-, and Overall wellbeing than
the HighPRO test meal. This diﬀerence may be due to a liquid product rather than a more solid product
and the appropriateness of this. Often, high protein content causes a more viscous product, which may
be more appropriate than a thin product for liquid breakfasts. Together with Boelsma et al. (2010) we
state that more research is needed to establish further relationships and that the relevance for food
intake behaviour remains to be established [12].
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On the contrary, protein’s role on appetite and especially fullness/satiety is a well-researched
area, and, in summary, high-protein diets seem to provide a tool for appetite control. Ergo, meals
higher in protein tend to increase satiety compared to meals lower in protein, at least in the short
term [4,11,16]. Interestingly, we found that the HighCHO meal induced higher Fullness ratings for
the ﬁrst two h after consumption, where after we observed a crossover to HighPRO inducing the
highest Fullness, however not with a signiﬁcant eﬀect. For Hunger, In-need-of-food and Desire-to-eat,
we saw this crossover just after 90 min and only with a signiﬁcant product eﬀect at 150 min after
consumption. These results indicate a subjective shift in appetite state somewhere between 90 and
120 min after consumption dependant on intake of protein or carbohydrate content in this study. The
HighCHO test meal started with a higher Fullness rating but also ended with a higher Desire-to-eat
rating compared to the HighPRO test meal. There is still much we do not know about protein-induced
satiety. This present study contributes with additional knowledge to unravel the many aspects of
protein-induced satiety. It also point towards the need for studying more individual satiety sensations
in order to gain insights into quantitative or qualitative eﬀects of diﬀerent types of protein as well as
other macronutrients. For instance, Karalus and Vickers (2016) suggest 41 items to study within satiety
questionnaires [20]. Many factors appear to inﬂuence satiety including palatability and type of protein.
It is still not clear the amount and/or the type of protein that is required to promote satiety, and long
term data are still limited and inconclusive within this research area [4,11,14,59].
4.5. Measuring Food-Related Wellbeing—Towards a Holistic Approach
The present research study goes beyond mere satiety and hunger measurements and holds a
more holistic approach to consumer food experiences including the aspect of wellbeing. Wellbeing
is a growing area of interest in research, and especially food-related wellbeing has in recent years
gained much focus [22,26,34,35]. There exists no one universal deﬁnition or way to measure wellbeing
as the concept proves complex, holistic and multidimensional [34,60–62] and moreover diﬀers
cross-culturally [32,35]. King et al. (2015) have developed a method, The WellSense ProﬁleTM , which
addresses consumer wellbeing in association with food. The method consists of ﬁve dimensions
that encompasses wellbeing i.e., emotional, physical, social, intellectual, and spiritual [34]. In this
study, we included certain and selected aspects of wellbeing, for instance Mental-, Physical-, and
Overall wellbeing as well as Satisfaction and Food joy, all subjective and holistic measurements as
suggested by Duerlund et al. (2019) and inspired by existing research on post-ingestive sensations,
food satisfaction, and food reward/pleasure [12,18,21,23,63]. We also argue that variables such as
Energized and Relaxation also contribute to food-related wellbeing. To support this, Andersen and
Hyldig (2015) found that included in physical wellbeing is the sense of an appropriate energy level after
intake and that physical wellbeing functions as an important determinant in food satisfaction [24]. The
ﬁndings from this study adds to the relevance, importance and applicability of evaluating subjective
food related wellbeing in consumer research, especially post food intake. Continuing research on
food-related wellbeing helps us gain more knowledge into this complex and multifaceted concept as
well as to how to best measure food-related wellbeing. Merely asking consumers to rate their mental
and physical wellbeing post intake may not provide the most accurate measures, and perhaps more
implicit measures of food-related wellbeing rather than just asking are needed. Coming studies from
the authors will expand on the ﬁndings of post-ingestive sensations in relation to food reward and
food joy/pleasure.
4.6. Study Considerations, Future Perspectives and Implications
In this study, we observed diﬀerent post-ingestive dynamics following two breakfast meals either
high in protein or carbohydrate. The present study shows that consuming food not only aﬀects
appetite sensations such as hunger and satiety. It also aﬀects other post-ingestive sensations like feeling
Energized, Sleepiness, Desires and more holistic sensations such as overall wellbeing, Food joy and
Satisfaction. The presented results can be considered a contribute to supporting the development of
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a general description of post-ingestive sensation dynamics. Yet, studies on broader food categories
would provide more knowledge and data to support a general description of subjective post-ingestive
sensation dynamics.
Subjective measurements of post-ingestive sensations are not widely used within sensory and
consumer science, and with this study, we contribute with new knowledge about the perceived
sensations in the time after food intake. The present study showed that the post-ingestive sensations
evolve diﬀerently over time and depending on product characteristics, in this case protein or
carbohydrate. One thing is product factors and their eﬀect on post-ingestive sensations as researched
in this study. Another thing is post-ingestive sensations and their eﬀect on food choice and eating
behavior, for example post meal snacking providing additional calories. Consumers could learn from
their own post-ingestive sensations and use them in their daily food decisions on a self-conscious
level. Diﬀerent post-ingestive sensations such as post meal desires or post meal wellbeing might
inﬂuence future decisions on food and snack intake. For instance, diﬀerent sensations might alter the
speciﬁc food we choose to consume. Post-ingestive sensations could also modify the time intervals
between meals or snacking or cause reduced or increased next intake. The contribution of the diﬀerent
sensations to food intake is therefore important, with the overall purpose to explore how post-ingestive
sensations contribute to human eating behavior and food appreciation [12,18]. Further research on
post-ingestive sensations’ inﬂuence on eating behavior is thus warranted.
The concept of post-ingestive sensations provides both research and industry with new
opportunities to explore consumer experiences around eating, and in particularly this new area
can facilitate development of new products designed to address and perhaps provoke/induce certain
wanted/desired sensations to help regulate body weight, manage calorie intake, and perhaps avoid
eating when not hungry. This approach focusing on consumers’ subjective post-ingestive sensations
oﬀers new promises to predict consumer food choices and can give further insight into (over)eating.
Findings can therefore have impact in a broader context, such as implications for public health issues
and obesity, which is one of our grand challenges in the world, evolving into a global epidemic [1,64].
The importance of post-ingestive sensations relative to prediction of longer-term food intake is so far
unstudied. More and longer-term research is needed to support our ﬁndings and to gain more in-depth
knowledge about post-ingestive sensations and their importance to consumer product acceptance and
to their relevance in food choice and eating behavior.
4.7. Limitations
The present study showed that the post-ingestive sensations evolve diﬀerently over time depending
on product characteristics, in this case protein or carbohydrate. A study limitation was, the varying
sensory characteristics of the two test meals, inducing signiﬁcantly higher liking and desire-to-eat
for the HighCHO meal. The high palatability possibly aﬀected the evaluation of other variables like
Satisfaction and Food joy, as discussed under Section 4.1: Implications of Hedonic Parameters. Another
aspect to consider includes the duration of the experiment. The study showed the development of
post-ingestive sensations in the short term over a three h period. The eﬀect of product factors and
dynamics of post-ingestive sensations long term was not studied. Thus, we cannot exclude diﬀerent
eﬀects long term. Furthermore, it is important to consider the nature and composition of the sample.
The number of participants was n = 48 and all participants were young Danish students at a sports
academy. In terms of this as a limitation, we consider it a representative number linked to precedent
in the research area in previous papers, e.g., Martini et al. (2018), Boelsma et al. (2010) and Karalus
and Vickers (2016) whom had 20, 21 and 30 participants respectively [12,13,20]. Our results however,
whilst representative for active young consumers may vary when considered in relation to the general
population. Thus, further conﬁrmatory studies are required with diﬀering population groups to
determine the generalisability of the results found in the present study.
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5. Conclusions
This quantitative research study contributed with knowledge on how diﬀerent post-ingestive
sensations develop after food intake. The study further elucidated diﬀerences between two breakfast
meals either high in protein or carbohydrate. The work involved development of a questionnaire as
well as conducting of a consumer study measuring product and time eﬀects for subjective evaluations
of post-ingestive sensations. The present study indicates that consuming foods not only aﬀects satiety
but also other post-ingestive sensations such as Energy, Desires, Food joy, Food-related Wellbeing and
Satisfaction. Results showed a main eﬀect of time for all measured post-ingestive response variables,
validating that these sensations do evolve and change over a period of three h after food intake.
The HighCHO induced higher hedonic responses compared to the HighPRO breakfast meal, as well
as higher ratings for post-ingestive responses such as Satisfaction, Food joy, Overall wellbeing and
Fullness. HighPRO, on the other hand, induced higher ratings for Sweet desire post intake.
This research study indicates applicability of post-ingestive sensations in food studies that goes
beyond mere satiety measurements. Post-ingestive sensations provide information important for
consumers’ overall appreciation of products and including post-ingestive sensations and their dynamics
when addressing the eating experience is therefore highly relevant. The development of sensations
after a meal might be important for consumers’ following food choices and for extra calorie intake.
Consumers could learn from their subjective sensations and this could inﬂuence their future decisions
around eating. More detailed knowledge in this area might elucidate aspects of overeating and obesity.
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Appendix A Phrasing of Questions
Table A1. Response variables with their original Danish phrasing a well as the English translation.
Variable

Original Danish Phrasing

Translated English Phrasing

Energy
Relaxation
Concentration
Sleepiness
Fullness
Hunger

“Hvor energisk er du lige nu?”
“Hvor afslappet er du lige nu?”
“Hvor koncentreret er du lige nu?”
“Hvor træt er du lige nu?”
“Hvor mæt er du lige nu?”
“Hvor sulten er du lige nu?”
“I hvor høj grad fornemmer du en
generel velvære lige nu?”

“How energetic are you right now?”
“How relaxed are you right now?”
“How is your concentration right now?”
“How sleepy are you right now?”
“How full are you right now?”
“How hungry are you right now?”
“Please rate your overall wellbeing as
you feel it right now”
“Please rate your physical wellbeing as
you feel it right now”
“Please rate your mental wellbeing as
you feel it right now”
“How much do you desire to eat
something right now?”
“How much do you desire to eat
something sweet right now?”

Overall wellbeing
Physical wellbeing
Mental wellbeing
Desire-to-eat
Sweet desire

“Hvor fysisk veltilpas er du lige nu?”
“Hvor mentalt veltilpas er du lige nu
maden?”
“Hvor stor er din lyst til noget at spise
lige nu?”
“I hvor høj grad har du lyst til noget
sødt lige nu?”
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Table A1. Cont.
Variable
Salty desire
Fatty desire
In-need-of-food
Food joy
Satisfaction
Desire to eat the rest
Overall liking
Sensory satisfaction

Original Danish Phrasing

Translated English Phrasing

“I hvor høj grad har du lyst til noget salt
lige nu?”
“I hvor høj grad har du lyst til noget
fedt lige nu?”
“I hvor høj grad mangler du noget mad
lige nu?”
“I hvor høj grad fornemmer du en
glæde ved den mad du har spist i dag?”
“Hvor tilfreds er du med det måltid du
har spist i dag?”
“I hvor høj grad har du lyst til at spise
resten af portionen?”
“Hvor godt kan du lide
morgenmaden?”
“Hvis du tænker på morgenmadens
udseende, lugt, smag og konsistens
samlet set hvor tilfredsstillet er du så?”

“How much do you desire to eat
something salty right now?”
“How much do you desire to eat
something fatty right now?”
“How much do you need food
right now?”
“Please rate your sense of joy when
thinking of the meal you ate today”.
“How satisﬁed are you with the
breakfast meal you ate today?”
“How much do you desire to eat the rest
of the serving?”
“How much do you like the breakfast?”
“If you consider the breakfast’s
appearance, smell, taste, and consistence
as a whole, how satisﬁed are you?”
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Abstract: This paper reports results from three consecutive studies focusing on the comparison of
the eﬀectiveness of diﬀerent nudges and their combinations to increase sustainable food choices
out of the home. The nudges compared are the use of descriptive name labels (DNLs) for the most
sustainable dish of a choice set (menu) and the decoy eﬀect (DE), created by adding a less attractive
decoy dish to a more attractive target dish with the goal of increasing the choice frequency of the
target dish. In the literature, both nudges have been found to inﬂuence consumers’ choices. In the ﬁrst
study, six category names of sustainability indicators were deduced from a focus group. These were
tested with 100 students to identify the most attractive DNLs. Study II, a randomized choice study
(n = 420), tested the DE, the DNLs and a combination of the DNLs and the DE used on four diﬀerent
dishes in a university canteen. In study III, 820 guests of a business canteen voted during four
weeks for the special meals of the following week (identical to the four choice sets displayed in study
II). Results indicate that the combination of DNLs and the DE is not recommended for fostering
sustainable food choices. Pure DNLs were more eﬃcient in increasing the choice frequency of the more
sustainable meal, whereas the decoy eﬀect resulted in decreased choice frequencies. Regional and
sustainable DNLs were favoured by consumers.
Keywords: descriptive name labels; out-of-home; catering; sustainable nutrition; food; nudge; decoy

1. Introduction
The out-of-home catering (OOHC) sector is a rapidly growing market in Germany with growth rates
of about three to four percent per year [1–4]. Due to rising mobility and urbanization, increasing shares
of single-person households, higher incomes and time pressure, the amount of meals consumed at home
is constantly decreasing [5–7]. Despite consumers’ interest in the topics of sustainability or health [8,9],
a considerable share of their food choices remain unsustainable and unhealthy [10–13]. One of the
problems for consumers is procrastination (i.e., having an intention but failing to realise it) [14–16].
One possible approach to make customers’ food choices more sustainable is to nudge them, and thereby
stimulate, facilitate and encourage the sector’s transformation towards sustainable development.
The concept of nudging was ﬁrst deﬁned by Thaler and Sunstein [17] (p. 6): “A nudge, [ . . . ] is
any aspect of the choice architecture that alters people’s behaviour in a predictable way without
forbidding any options or signiﬁcantly changing their economic incentives. To count as a mere nudge,
the intervention must be easy and cheap to avoid.” From this point on, the literature has focused on
implementing and assessing nudges in several disciplines, e.g., tax and health policy, old-age provision
and environmental protection [18–23]. In the sector of nutrition, several systematic reviews and
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meta-analyses have been conducted [24–29]. A meta-analysis by Arno and Thomas [29], for example,
included 42 studies and revealed an increase in healthy food choices or decrease in energy intake
of 15.3% when respective nudges were present. Besides laws and guidelines, nudges in the sector
of nutrition can be used to further improve sustainability in the food sector, combat overweight as
well as obesity and support the healthcare system without limiting consumers’ wish for freedom
of choice [8,29,30]. To avoid being used as a fraudulent marketing instrument, nudges should be
transparent, never misleading, easy to opt-out of, consistent with people’s values, improve the welfare
of those being nudged and not violate individual rights [31,32]. Nudges in the nutrition sector range
from choice-architecture-based nudges (also called system-1 nudges), such as changes in menu design
or counter position, to information-based nudges (also called system-2 nudges), e.g., labels or additional
nutritional information [20,33,34].
Employing the concept of nudging, this paper looks at consumers’ food choices in education and
business catering settings with the goal of fostering sustainable OOHC transformation.
To date, very little research has aimed at combining and comparing diﬀerent nudging interventions
in OOHC and surveyed their eﬀects in simultaneous use [24,26,27]. Therefore, we opted to close
this gap by combining and comparing two nudging interventions with the aim of increasing choice
frequencies of sustainable dishes in OOHC. The nudges we combine and compare are (i) descriptive
name labels (DNL), commonly referred to as food names, and (ii) the attraction eﬀect or decoy eﬀect
(DE). The decoy eﬀect in general, e.g., [35–40], and particularly descriptive name labels, e.g., [34,41–45],
have been found to inﬂuence consumers’ perceptions and choices of goods.
Most recent labelling studies have focused on food labels such as nutrition, health or warning
labels and not on food names [41,46–49]. Nevertheless, DNLs are already used in restaurants and
canteens, and the literature states increased choice frequency, higher taste ratings and more positive
attitudes towards labelled dishes [41–43]. For preadolescent children, DNLs were used to boost
vegetable and fruit intake [44]. The spectrum of name categories ranges from geographic DNLs
(e.g., Southwestern), sensory DNLs (e.g., savory), nostalgic DNLs (e.g., grandma’s) to heroic DNLs
(e.g., for superheroes) [41,42,44].
The decoy eﬀect was ﬁrst described as a concept of asymmetrically dominated alternatives
by Huber et al. [50]. A decoy is an alternative added to a choice set in order to alter the relative
attractiveness of the other alternatives in the choice set. The addition of asymmetrically dominated
alternatives called decoys increases the proportion of choices in favour of the target. In supermarkets,
for example, the decoy eﬀect can be used to enhance chocolate bar sales by placing a similar but slightly
inferior chocolate bar next to the target product [51]. “Inferior” relates to the price or other quality
attributes of the target product. Hence, the decoy eﬀect can be used to push customers in the direction
of buying a certain target product by showing a slightly worse alternative to the target product [50,52].
In the food sector, a choice study found evidence for the attraction eﬀect when choosing dishes that
display their calorie ratings [53].
The research aim is to assess the eﬀectiveness of a combination of the decoy eﬀect (DE) and
descriptive name labels to increase consumers’ choice of sustainable dishes. Hence, it is important to
compare whether using a combination of these two nudging approaches is more eﬀective in fostering
sustainable food choice than the isolated nudging approaches on their own. The base of the studies was
formed by a list of commonly oﬀered OOHC dishes in Germany. Building on these dishes, the objective
of study I is to ﬁnd the best DNL wordings for six diﬀerent DNL categories, which were derived by
a focus group and literature survey, via a pre-test with students. The best DNLs per category are used
in the choice experiment in study II. The objective of study II is to assess the eﬀectiveness of DNLs in
combination with the DE versus their single nudging variants in a university canteen setting. To reveal
possible diﬀerences between settings, study III tests the combination of DNLs and the DE in a business
canteen. For an overview of these studies, see Table 1.
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Table 1. Overview of the three studies.
Study I

Study II

Study III

Content

Determine the best
Descriptive name label
(DNL) wording

Test of the isolated nudges decoy
eﬀect (DE) and DNLs, as well as
the combination DNLs and DE

Test of the nudge
combination
DNLs and DE

Method

Focus group;
Choice experiment;
Best choice

Choice experiment; Linear
regression

Choice experiment;
U-Test
(Mann/Whitney)

Sample

Students;
n = 100

University canteen;
n = 420

Business canteen;
n = 820

2. Study I
2.1. Study I—Design
The ﬁrst step was to deﬁne the dishes used as sustainable target dishes in the study. We, therefore,
applied a tool developed and described by Engelmann et al. [54]. The tool is able to determine
and compare the environmental and health impacts of dishes based on various criteria describing
the four dimensions of sustainability: ecology, society, economy and health [54]. These criteria are,
for example, the material footprint, carbon footprint, water demand, ﬂoor space demand, fair trade
standards, animal welfare considerations, energy content, ﬁbre content, fat content, carbohydrate
content, sugar and salt content. Based on this assessment tool, we selected eight diﬀerent commonly
oﬀered and frequently eaten OOHC meals with similar sales data (for more information see Study II),
but with slightly higher health and sustainability ratings for the target dishes in comparison to the
competitor dishes (see Table 2).
Table 2. Target and Competitor Dishes.
Target Dishes

Competitor Dishes

Vegetable lasagne

Soy strips with noodles in mushroom sauce

Breaded ﬁsh with fried potatoes

Escalope chasseur with French fries

Spaghetti with rocket pesto

Mustard eggs with mashed potatoes

Chicken steak with tagliatelle

Spaghetti Bolognese

To get more information about OOHC customers’ sustainability preferences, we conducted a focus
group in February 2016. The seven selected customers were between 20 and 60 years old and ate several
times per week in OOHC canteens, making them experienced and involved participants. The most
interesting question for the study regarded their desired and undesired indicators for eating meals
out-of-home. Therefore, the focus group brainstormed relevant aspects ﬁrst and then discussed the
desirability of each indicator for OOHC. To avoid biasing participants’ brainstorming process, no list of
possible aspects was provided. Participants were free to mention any aspects they considered relevant.
The 18 mentioned aspects and their desirability for meal characteristics are displayed in Table 3.
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Table 3. Desirable and undesirable sustainability aspects in out-of-home catering (OOHC) (focus group).
Desirable
•
•
•
•
•
•
•

Free of . . .
Regional
Seasonal
Pesticide-free
Freshness
Animal Welfare
Hygiene

Undesirable

•
•
•
•
•

CO2/Carbon Footprint
Ecological Footprint
Additives
Percentage of animal products
Resource input

Ambivalent
•
•
•
•
•
•

Organic
Sugar
Nutritional information
Fair trade
Free of genetic modiﬁcations
Portion size

The table, based on [55].

To combine dishes with diﬀerent sustainable DNLs, diﬀerent DNL categories were distinguished.
The 18 aspects derived and discussed by the focus group were grouped into ﬁve sustainability categories
for OOHC: regional (included the following aspects: regional, freshness, carbon footprint, ecological
footprint, resource input) [41,42,56–58], seasonal (included the following aspects: seasonal, freshness,
carbon footprint, ecological footprint, resource input) [56], organic (included the following aspects:
free of, pesticide-free, animal welfare, carbon footprint, ecological footprint, additives, resource input,
organic, free of genetic modiﬁcations) [59], sustainable (included the following aspects: animal welfare,
carbon footprint, ecological footprint, resource input, fair trade, free of genetic modiﬁcations) [59] and
healthy (included the following aspects: free of, pesticide-free, freshness, hygiene, additives, percentage
of animal products, sugar, nutritional information, free of genetic modiﬁcations, portion size) [48,60].
These ﬁve categories were used as descriptive name label categories in studies I–III, described below.
In a following step, we screened menus from restaurants, canteens, cafés, bistros or snack bars
as well as the literature [41,42] for insights into the great variety of possible DNLs for each category.
It became clear that many DNLs describe traditional product and process characteristics. These were
not identiﬁed during the focus group. Therefore, we added a sixth category to be used in studies I-III:
the traditional name category.
A quantitative study was conducted in spring 2016 with students at TU Berlin. Students (n = 100)
were asked to indicate their preferred name labels for several food name categories displayed in a list.
The question posed in the questionnaire was ‘Imagine: It’s lunchtime and you’e standing hungrily in
the canteen in front of the menu. Which of the following phrases appeals to you most?’. The idea was
to select the best DNLs per category for later application in the choice experiment of study II and to
sort out unappealing DNLs. This procedure was recommended in Wansink et al. [41] and ensures that
the DNLs used in the following studies are of relevance for consumers [41,42].
Each respondent was asked to answer two of a total of ﬁve questionnaires. These ﬁve
questionnaire variants included one of our four target dishes for study II or the neutral “dish”
variant. Each questionnaire included all six DNL categories (traditional, regional, seasonal, organic,
sustainable and healthy) with all available DNLs applied to the dish, as can be seen in Table 4 for the
neutral variant.
We used ﬁve diﬀerent questionnaire variants to minimize the possibility that one DNL is preferred
when applied to one speciﬁc dish but disliked on other dishes by the OOHC guests. The respondents
were only to answer two out of the ﬁve questionnaires due to the possibility of a priming eﬀect. That is,
it was necessary to avoid that students kept selecting the same DNLs in all ﬁve questionnaires without
considering the speciﬁc combination of dishes and DNLs.
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Table 4. Overview of the pre-tested descriptive name labels (DNL) of Study I (n = 100).
Overview of The Descriptive Name Labels (DNL) of Study I
Traditional
(Dish), traditional style
Grandma’s (Dish)
(Dish) according to grandma’s secret recipe
(Dish), the ancient way
(Dish) according to Aunt Martha’s secret recipe
Missing

[%]
63.5
16.5
11.5
5.0
2.5
1.0

Regional
(Dish) from regional agriculture
(Dish) from the region
(Dish) from region XYZ
(Dish) from regional production
Region XYZ (Dish)
Missing

[%]
28.5
21.0
18.5
17.5
14.0
0.5

Seasonal
(Dish) with seasonal ingredients
(Dish) from seasonal agriculture
(Dish) from seasonal production
Missing

[%]
64.0
22.0
14.0
0.0

Organic
Organic (Dish)
(Dish) from organic agriculture
(Dish) from organic production
(Dish) from ecological production
(Dish) produced according to ecological standards
(Dish) from ecological agriculture
(Dish) from eco-friendly agriculture
(Dish) from eco-friendly production
Missing

[%]
35.5
16.0
15.5
10.5
7.0
7.0
5.0
3.5
0.0

Sustainable

[%]

Healthy

[%]

(Dish) from sustainable agriculture

22.5

(Dish) low-energy prepared

24.5

(Dish) from sustainable production

18.5

Low energy (Dish)

19.0

Fair trade (Dish)

17.0

Light (Dish)

17.0

(Dish) from fair production

8.5

(Dish) for light pleasure

17.0

(Dish) from fair trade agriculture

6.5

(Dish) with few calories

6.0

Fairly traded (Dish)

6.5

Calorie-reduced (Dish)

5.0

(Dish) from fair trade production

6.0

(Dish) for light nutrition

5.0

(Dish) from fair agriculture

5.0

(Dish) with reduced calories

1.0

(Dish) produced according to social standards

3.5

Missing

5.5

(Dish) produced according to ethical standards

1.0

Missing

5.0

Note: For simplicity, this table bears the neutral “Dish” designation. In this evaluation, however, all votes across all
ﬁve dishes are included. DNLs translated from German.

2.2. Study I—Results
Table 4 displays the results of Study I. For the traditional DNL category, the descriptive name
“(Dish), traditional style” prevailed, with 63.5 percent of all votes. The choice results in the regional
DNL category showed the DNL “(Dish) from regional agriculture” as the winner, with 28.5 percent
of all votes. This DNL was modiﬁed for ﬁsh dishes, where the label “(Dish) from regional ﬁshery”
was used. Within the seasonal DNL category, the respondents clearly preferred the descriptive name
“(Dish) with seasonal ingredients”, with 64 percent of all votes. As expected, the descriptive name
“Organic (Dish)” earned 35.5 percent of all votes and was the clear winner in the organic DNL category.
By a narrow margin, the descriptive name “(Dish) from sustainable agriculture" prevailed in the
sustainable DNL category, with 22.5 percent of all votes. The equivalent “(Dish) from sustainable
ﬁsheries” was used for the ﬁsh dish. In the healthy DNL category, the descriptive names “(Dish),
low-energy prepared” as well as “Low energy (Dish)” received the most approval, with 24.5 and
19 percent of the votes. The implementation of these DNLs in OOHC is problematic due to European
health claim regulations [61]. Therefore, the option “(Dish) for light pleasure” with 17 percent of votes
was used as a healthy DNL in the later studies. According to European health claim regulations,
food may only be designated as low in energy if the product contains no more than 40 kcal per 100 g
for solid goods and no more than 20 kcal per 100 ml for liquid goods [61]. These extremely low limit
values cannot be complied with by the majority of OOHC meals. However, it is possible to use the
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DNL "(Dish) for light pleasure" or “Light (Dish)” in the OOHC. Here, the regulations require the same
conditions that are applied to "reduced" dishes. "Energy-reduced" dishes must have a reduced caloric
value of at least 30 percent compared to the common preparation of the dish [61].
3. Study II
3.1. Study II—Hypotheses
The overall goal of study II was to use both the decoy eﬀect and DNL nudges to evaluate their
combined impact on food choices in canteens. Currently, no published articles or other scientiﬁc
studies on the topic exist. To close this gap, we developed the following ﬁve hypotheses:
•

H1: “Consumers prefer meals with DNLs.”

To test this hypothesis, we assessed whether target dishes with the single use of descriptive name
labels were chosen more often than target dishes without the use of this nudge. This was necessary to
replicate the eﬀect of DNLs, as stated in the literature [41–45], in our OOHC setting.
•

H2: “Using the DE increases the choice frequency of the target dish.”

For the second hypothesis, we tested the decoy eﬀect on target dishes compared to target dishes
without this nudge to illustrate the general impact of the decoy eﬀect [35–38,50,62] and its applicability
in the OOHC setting.
•

H3: “Consumers prefer those dishes promoted via the combination of both nudges in comparison
to their common dish counterparts.”

Hypothesis 3 aimed to answer the general research question and illustrates the general impact of
the combination of DNLs and the DE in OOHC settings. Therefore, target dishes with the applied
nudge combination of DNLs and the DE were compared to common target dishes (target dishes
without any nudges).
•

H4: “The combination of DNLs and the DE leads to more sustainable choices than the isolated
eﬀects of the single nudges.”

The fourth hypothesis tested the impact of the combination of the two eﬀects on consumer choices
in comparison to meals with only DNLs or only the DE. The goal of this hypothesis was to avoid the
use of ineﬃcient nudge variants in OOHC.
•

H5: “There is a signiﬁcant diﬀerence between the eﬀectiveness of diﬀerent DNL categories and
commonly named dishes in fostering sustainable meal choices.”

Recent studies showed a trend for regional-sourced, organic, as well as sustainable OOHC
dishes in Germany [57]. The last hypothesis assessed which of the DNL categories are favoured over
commonly named dishes. For this reason, we checked for signiﬁcant diﬀerences between the DNLs
and their common variants as well as between the single DNL categories.
From a theoretical point of view, we would expect both hypothesis 1 and hypothesis 2 to be
supported. In this case, the literature of DNLs [41–45] and DE [35–38,40,50,62] would be consistent with
the study results of this work on sustainable OOHC food. Based on the combination of the two nudges,
we also expect to ﬁnd support for hypothesis 3. Hypothesis 4 has never been tested before [24,26,27].
However, the sales and marketing eﬀects stated in the literature on the pure DE [35–38,50,62] and the
pure DNLs [41–45] could complement each other and further increase the sales of sustainable OOHC
dishes. Therefore, we expect to ﬁnd support for hypothesis 4. Concerning hypothesis 5, studies [57,63]
reveal that, in OOHC, the buzzwords organic, regional and sustainable used for ingredients create
proﬁtable sales data when used in communications to end consumers. Studies show [64] that the
majority of consumers do not distinguish between diﬀerent sustainability labelling formats. Hence,
it is an open question whether DNLs are accepted diﬀerently by consumers based on the sustainability
dimension highlighted (regional, seasonal, etc.).
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3.2. Study II—Design
Study II, a randomized choice experiment with factorial design, tested the best DNLs for each of
the target dishes compared to the DE in a university canteen setting (n = 420). The analysis of this
survey provided insights into the single eﬀects of DNLs, single eﬀects of the DE, and the combination
of both.
The decoy dishes were intended to be less attractive to consumers. Attractiveness was assessed
by using the proxy sales data as indicated by our experts (see Figure 1). The attractiveness had been
assessed by nutrition experts with theoretical and practical backgrounds as well as using data from
chefs and the kitchen directors at OOHC canteens.

Figure 1. Exemplary illustration of the implementation of the decoy dishes. Note: Left: Without decoy
dish/attraction eﬀect, Right: With decoy dish/attraction eﬀect. T = target dish, C = competitor dish,
D = decoy dish. The ﬁgure based on [50].

The ﬁrst of the decoy dishes mentioned in Table 5 was a carrot lasagne. This was inferior to
the target vegetable lasagne, since the variety of ingredients was decreased to only one vegetable,
the carrot. Experts have stated that this reduced variety negatively inﬂuences sales. The experts
created the composition of the ﬁsh stew and noodles with pesto decoy dishes according to past sales
data. Since the labels of these decoy dishes oﬀer less information about the ingredients compared to
the respective target dishes, sales data were lower. Chicken steak with celery puree was meant to be
inferior due to the sales experience with celery puree in Germany (see Table 5).
Table 5. Target, Decoy and Competitor Dishes.
Target Dishes

Decoy Dishes

Competitor Dishes

Vegetable lasagne

Carrot lasagne

Soy strips with noodles in
mushroom sauce

Breaded ﬁsh with fried potatoes

Fish stew

Escalope chasseur with French fries

Spaghetti with rocket pesto

Noodles with pesto

Mustard eggs with mashed potatoes

Chicken steak with tagliatelle

Chicken steak with celery puree

Spaghetti Bolognese

To test the ﬁve hypotheses, a complete factorial design to evaluate all variants and combinations
of the nudges was used. For the DNLs, all six diﬀerent name categories with their best descriptive
names, determined in study I, were used, resulting in 14 choice sets for each of the four dishes and
56 choice sets overall (see Figure 2).
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Figure 2. Factorial design to test the combination of DNLs and DE. Note: T = Target Dish (with DNLs),
D = Decoy Dish, C = Competitor Dish.

To avoid priming eﬀects within one dish variant with diﬀerent nudges, each survey participant
received only one choice set of the 14 available for each dish. This resulted in four randomized
choice sets to answer. To secure compliance with the factorial design, the 14 choice sets were
computer-generated and drawn out of urns, one urn for each dish, without putting them back into the
urn. This procedure was repeated after every 14 respondents. In addition to the food choice variants
oﬀered in the questionnaire, the interviewees were given the possibility to choose the "opt-out option".
For an exemplary choice set of the survey, see Figure A1 in the Appendix A.
Study II was carried out in several university canteens at two universities in Berlin via personal
interview (on a tablet computer) in September and October 2016. A total of 420 people who had lunch
in these canteens took part in the survey. These 420 people were personally interviewed inside the
dining area after eating their lunch. The survey took about 2 min to complete. A small pre-test revealed
that the guests were very reluctant to take part in the survey before eating their lunch and before
visiting the university canteens due to time pressure, stress and hunger. This attempt was therefore
omitted due to excessive time expenditure by interviewers and canteen visitors, some of whom felt
harassed. All respondents completed the survey entirely.
To test the hypotheses, we used a linear regression in Stata. We used the voting scores of the
target dishes (calculated in percentages) as the dependent variable. As independent factor variables
(where each level of group is included as a separate covariate/dummy [65]), we used the dish
variant (1 = vegetable lasagne, 2 = breaded ﬁsh with fried potatoes, 3 = spaghetti with rocket pesto,
4 = chicken steak with tagliatelle) and the nudging variant (1 = DNLs and DE, 2 = DNLs, 3 = DE,
4 = common) for hypotheses 1–4. For hypothesis 5, we used the dish variant and the descriptive name
label variants (1 = traditional, 2 = regional, 3 = seasonal, 4 = organic, 5 = sustainable, 6 = healthy,
7 = common) to reveal possible diﬀerences between each of the single variants. Our results of
the combination of DNLs and the DE (where the DE most likely had a strong negative inﬂuence)
would inﬂuence the results used to answer hypothesis 5, if calculated in a joint model (14 choice
sets per dish, see Figure 2). Therefore, we calculated a separate model for hypothesis 5 with
a subset of data, where only pure DNLs and the base measurement without nudges were included
(seven choice sets per dish, see Figure 2). The assumption checks of our two linear regression
models were without conspicuities (no multicollinearity—mean variance inﬂation factors 2.39 and
1.64 [66]; normal distribution—skewness and kurtosis test (described by D’Agostino et al. [67] with the
adjustment made by Royston [68]) p-value p = 0.8950 and p = 0.7817; no heteroscedasticity—White
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test p-values p = 0.116 and p = 0.061 [69]; no autocorrelation—Durbin–Watson-test d(7.56) = 2.08 and
d(10.28) = 1.28 [70]).
3.3. Study II—Results
Over the entire survey, the common target dishes were chosen by participants about 40.0 percent
of the time (see Figure 3). On average, target dishes with DNLs were about ten percent more favoured
at 50.8 percent and were still ahead of their competitor dishes.

Figure 3. Descriptive results of Study II—DNLs, DE and DNLs and DE. Note: *** p < 0.001, ** p < 0.01,
* p < 0.05 (pairwise t-test). The single decoy eﬀect (DE) has only one data point in the “none” category.

Adding a decoy to the choice set decreased the choice frequency of the target dish. The target food
with the DE was less popular than its common variants and led to a drop in overall votes. If the target
dishes were combined with the DNLs and the DE, the result was a 44.6 percent choice frequency and
an overall increase in votes compared to common target dishes. As seen in Figure 3, the strong eﬀect of
DNLs becomes clear in comparison to the other two nudging variants—the DE and the combination of
both. By using the decoy eﬀect, even the overall votes for target foods decreased and clearly improved
in combination with DNLs, but this was solely due to the eﬀect of the DNLs. From a descriptive
point of view, the observations show that only the DNLs had a positive inﬂuence on choice behaviour,
especially regional (55 percent) and sustainable (60 percent) DNLs. Figure 3 shows the diﬀerence in
choice frequencies between pure DNLs, the DE and the combination of both for each DNL category.
Table 6 displays the results of the linear regression for hypotheses 1–4. The test for a positive
signiﬁcant diﬀerence in respondents’ voting behaviour between DNLs and their common dish variants
(β-coeﬃcient β = 0.108; p-value p ≤ 0.001), supports hypothesis 1. The use of descriptive names leads
to signiﬁcantly higher choices of the target dishes among the respondents.
Hypothesis 2, the test of the DE, must be rejected (β = −0.012; p = 0.266). Target dishes with
a decoy were not chosen signiﬁcantly more frequently than the target dishes without a decoy but even
were “cannibalized” by their decoy dishes.
Supporting hypothesis 3, the combination of DNLs and the DE (β = 0.046; p ≤ 0.001) did lead to
signiﬁcantly higher choice results for the target dishes with nudges in comparison to their common
dish counterparts without.
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Table 6. Linear Regression (dependent variable (DV): Target dish selection, independent variable (IV):
Nudge variant, Dish variant).
Target

Coeﬃcient

Standard Error

t

P>t

Nudge
DNL
DNL and DE
DE
common

0.108
0.046
−0.012
0

0.009
0.009
0.011
(base)

12.69
5.44
−1.11

0.000
0.000
0.266

Dish
Spaghetti with rocket pesto
Vegetable lasagne
Chicken steak with tagliatelle
Breaded ﬁsh with fried potatoes

0.198
0.169
0.067
0

0.006
0.006
0.006
(base)

33.18
28.41
11.21

0.000
0.000
0.000

constant

0.292

0.009

33.61

0.000

Number of observations

1680

R-squared

0.5175

As a result of the ﬁrst three hypotheses, hypothesis 4 must also be rejected. The pure DE did
not show any signiﬁcant diﬀerence and the combination of DNLs and the DE had a lower impact on
the target dishes than pure DNLs, as seen by the β-coeﬃcients. The DNLs therefore had the highest
positive inﬂuence on sustainable meal choices. Within study II, the combination of the two nudges is
inferior to the use of pure DNLs.
Table 7 displays the results of the linear regression for hypothesis 5. The test of signiﬁcant
diﬀerences in the eﬀectiveness of DNL categories supports hypothesis 5. All DNL categories had
a signiﬁcant positive inﬂuence on the meal choice of the target dishes compared to their common
counterparts. Indeed, for the categories seasonal (β = 0.058; p ≤ 0.001), healthy (β = 0.075; p ≤ 0.001),
organic (β = 0.083; p ≤ 0.001) and traditional (β = 0.083; p ≤ 0.001) there were signiﬁcant diﬀerences in
choice compared to target dishes without DNLs. However, for the regional name category (β = 0.150;
p ≤ 0.001), as well as for the sustainable name category (β = 0.200; p ≤ 0.001), these diﬀerences
were considerably stronger. A pairwise t-test underlined the strong marketing eﬀect of regional and
sustainable DNLs, with their increase in choices of up to 20 percent compared to their common dish
variants without the use of nudges. Table 8 illustrates the pairwise t-test, in which the use of regional
and especially sustainable DNLs scored signiﬁcantly better than the other DNL options.
Table 7. Linear Regression (DV: Target dish selection, IV: DNL variant, Dish variant).
Target

Coef.

Std.
Err.

DNL
sustainable
regional
traditional
organic
healthy
seasonal
common

0.200
0.150
0.083
0.083
0.075
0.058
0

Dish
Spaghetti with rocket pesto
Vegetable lasagne
Chicken steak with tagliatelle
Breaded ﬁsh with fried potatoes
constant

t

P>t

0.009
0.009
0.009
0.009
0.009
0.009
(base)

21.70
16.24
9.01
9.01
8.12
6.30

0.000
0.000
0.000
0.000
0.000
0.000

0.248
0.167
0.091
0

0.007
0.007
0.007
(base)

35.59
23.95
13.01

0.000
0.000
0.000

0.274

0.008

35.21

0.000

Number of observations

840

R-squared

0.7043
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Table 8. Pairwise t-test between the pure descriptive name labels (DNL) on choice behaviour.
DNL

Contrast

Std.
Err.

t

P>t

regional vs. traditional
seasonal vs. traditional
organic vs. traditional
sustainable vs. traditional
healthy vs. traditional
common vs. traditional
seasonal vs. regional
organic vs. regional
sustainable vs. regional
healthy vs. regional
common vs. regional
organic vs. seasonal
sustainable vs. seasonal
healthy vs. seasonal
common vs. seasonal
sustainable vs. organic
healthy vs. organic
common vs. organic
healthy vs. sustainable
common vs. sustainable
common vs. healthy

0.067
−0.025
0.00
0.117
−0.008
−0.083
−0.092
−0.067
0.050
−0.075
−0.150
0.025
0.142
0.017
−0.058
0.117
−0.008
−0.083
−0.125
−0.200
−0.075

0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015

4.43
−1.66
0.00
7.77
−0.55
−5.53
−6.09
−4.43
3.35
−4.98
−9.95
1.66
9.44
1.12
−3.86
7.77
−0.55
−5.53
−8.32
−13.30
−4.98

0.000
0.096
1.000
0.000
0.583
0.000
0.000
0.000
0.001
0.000
0.000
0.096
0.000
0.265
0.000
0.000
0.583
0.000
0.000
0.000
0.000

Another important factor besides the evaluation of our ﬁve hypotheses was the inﬂuence
of the respective target dishes on choice behaviour. As can be seen in both regression models
(see Tables 6 and 7), lasagne and especially spaghetti worked better with their attached nudges
compared to the chicken steak or the breaded ﬁsh. Therefore, it is important to not only check for
nudging variants but also for the speciﬁc dish and nudge combination.
4. Study III
4.1. Study III—Design
During four weeks in October and November 2016, study III was conducted in a business canteen
with four selected DNLs and DE choice sets from study II (see Table 9). One of these choice sets was
put on tablet computers in the dining area of the business canteen each week. These tablet computers
had already been used by the business canteen to select the special dish oﬀered the following week,
with no further questions asked about sociodemographic characteristics. With this tool, the respondents
chose their preferred meal spontaneously without knowing about the ongoing study. During the
four weeks, a total of 820 visitors took part in the tablet survey (for detailed respondent numbers
per week, see Table 10). Due to delivery diﬃculties, in week 4 not all the ingredients of the dish but
only tomatoes could be locally sourced for the business canteen. With a Mann–Whitney U Test [71]
we checked for choice diﬀerences between the university canteen (study II) and the business canteen
(study III) settings.
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Table 9. Results of the DNLs and DE choice experiment in the business canteen.
Results of the DNLs and DE Choice Experiment in the Business Canteen
Target Dishes

Decoy Dishes

Competitor Dishes
Soy strips with noodles
in mushroom sauce

Week 1

Vegetable lasagne traditional style

Carrot lasagne

51.1%

30.1%

18.8%

Week 2

Breaded ﬁsh from sustainable
ﬁsheries with fried potatoes

Fish stew

Escalope chasseur with
French fries

47.9%

10.6%

41.5%

Week 3

Spaghetti with rocket pesto with
seasonal ingredients

Noodles with pesto

Mustard eggs with
mashed potatoes

34.1%

22.4%

43.5%

Week 4

Chicken steak with tagliatelle and
tomatoes from regional agriculture

Chicken steak with
celery puree

Spaghetti Bolognese

46.1%

19.7%

34.2%

Table 10. Mann−Whitney U Test for OOHC setting comparison of the combined DNLs and DE nudges.
Target Dishes

OOHC Setting

Number of
Observations

Rank
Sum

Vegetable lasagne
traditional style

University

25

1935.5

Business

133

10625.5

Breaded ﬁsh from
sustainable ﬁsheries with
fried potatoes

University

21

3174.5

Business

236

29978.5

Spaghetti with rocket pesto
with seasonal ingredients

University

26

4046.0

Business

223

27079.0

Chicken steak with
tagliatelle (and tomatoes)
from regional agriculture

University

21

3118.5

Business

228

28006.5

z

Asymp. Sig.
(2-Tailed)

−0.286

0.775

1.647

0.100

2.740

0.006

1.806

0.071

4.2. Study III—Results
Table 9 displays the voting results of the business canteen guests. During week 1 (vegetable
lasagne: 51.1%), week 2 (breaded ﬁsh: 47.9%) and week 4 (chicken steak: 46.1%) of our survey, the target
dishes prevailed, while in week 3 the competitor dish was preferred (mustard eggs: 43.5%). Table 10
reveals that for vegetable lasagne (z = −0.286; p = 0.775), there was no change in choice of the target
food between settings. For breaded ﬁsh (z = 1.647; p = 0.100) and chicken steak (z = 1.806; p = 0.071)
there are signiﬁcant tendencies. Only for spaghetti (z = 2.740; p = 0.006), signiﬁcant diﬀerences
between the two OOHC settings could be recorded. With only one signiﬁcant change out of four
target dishes, assumptions cannot be made as to the direct transferability of results from the university
canteen in study II to the company canteen. As seen in previous studies, the results of nudging
interventions are not only inﬂuenced by the type of nudge or the type of setting but also by other
variables, e.g., the oﬀered target dishes (see Study II), or the weather or the day of eating [34].
5. Discussion and Conclusions
The present research provides insights into the ability to increase the choice of sustainable dishes
by combining nudges. Two nudges were examined: the use of diﬀerent descriptive name labels (DNLs)
that, according to the previous literature [41–45], increase choice frequency compared to respectively
named dishes without DNLs, and the decoy eﬀect [35–38,40,50,62], which in non−food contexts has
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been able to inﬂuence consumer choices in an intended direction. The feasibility and application
of both nudges were evaluated in two diﬀerent OOHC settings. Our studies reveal that descriptive
name labels were able to inﬂuence choices positively insofar as they resulted in the choice of a more
sustainable dish. Signiﬁcant diﬀerences between the various tested descriptions indicate that the story
told to guests/consumers matters. For example, a meal labelled as ‘healthy’ is less attractive than
a ‘regional’ meal. Overall, it became obvious that the general term, ‘sustainable’, was most successful
in inﬂuencing choices. Therefore, we conclude that consumers diﬀerentiate between the various
sustainability dimensions but appreciate sustainable meals in general. Since we did not ask guests
about their understanding of sustainability as a general concept or how it relates to food production
and consumption, we cannot elaborate on the reasons for this ﬁnding.
On the basis of our results, we cannot recommend the joint use of DNLs and the DE as a tool
for boosting sustainable food choices. We reject hypothesis 4, as the DE had no signiﬁcant impact on
choice frequency of target dishes and, in fact, the inclusion of the pure DE lowered the overall choice
frequency of target dishes (hypothesis 2). It is clearly superior to apply single DNLs, especially the
two most eﬀective DNLs (‘regional’; ‘sustainable’) as identiﬁed in our work (compare hypothesis 5).
When comparing the best DNLs from the six name categories, all variants were able to signiﬁcantly
and positively inﬂuence respondents’ choices. Study participants preferred the descriptions ‘regional’
(choice increase of around 15%) and ‘sustainable’ (choice increase of about 20%). It should be noted,
however, that only one possible DNL per category was tested in this study. For the regional DNL
category, this was the DNL “from regional agriculture/ﬁsheries” and for the sustainable name category
the tested DNL was “from sustainable agriculture/ﬁsheries”.
The negative eﬀect of applying the DE to inﬂuence dish choice stands in contrast to the previous
non-food literature [35–38,62]. Regarding the food sector and especially OOHC, a recently published
online choice experiment study focused on the addition of a price decoy to a menu with the aim of
promoting vegetarian target options. In this study by Attwood et al. [72], the vegetarian decoy was
more expensive (up to 30%) than the less expensive vegetarian target dish. Results revealed that the
addition of the decoy dish did not lead to a higher selection rate of the vegetarian target dish compared
to the meat competitor option. One possible reason for the failure of the nudge in that study was the
use of a price decoy strategy. Alternative decoy strategies which do not focus on price but on other
attributes (e.g., menu description or caloric content) might work when displayed to consumers [72].
Even though sales data and sustainability ratings instead of price diﬀerences were used to deﬁne the
decoy dishes in our study, the DE nudge did not work as expected. A possible reason is that consumers
were not aware of e.g. the diﬀerent sustainability ratings of the dishes as they were not indicated
besides the dishes name. Another possible explanation for the non-signiﬁcant ﬁnding of the decoy
eﬀect is that the meals assigned as competitor dishes, decoy dishes and target dishes by the project
team and the experts might not have been perceived in these roles by canteen guests. For example,
the experts had not expected canteen guests to prefer the decoy carrot lasagne over the target vegetable
lasagne, which oﬀered a larger variety of vegetables for the same price. The experts thought that
variety seeking consumers would prefer a combination of vegetables over just one variety. Hereby,
the experts might have overlooked that the complete information on vegetable ingredients in the case
of the carrot lasagne simpliﬁed consumers’ choice compared to a vegetable lasagne. The unknown
combination of various vegetables might have contained some ingredients consumers might not like
or hesitate to eat from, e.g., a health perspective. However, we did not employ questionnaires and so
were unable to conﬁrm why consumers’ evaluations diﬀered from the experts’ expectations. Hence,
the careful selection and grouping of the target and the competitor dishes is of fundamental relevance
for the study results. The challenge researchers and practitioners face when designing study designs
and menus is that, to date, meals and dishes have never been categorized as target or competitor dishes.
Our decision to classify dishes in the competitor/target group was based on the experts’ opinion and
not on a systematic assessment of similarities and diﬀerences between dishes. Identifying consumers’

123

Foods 2020, 9, 557

perception of perceived similarity of various product characteristics and attribute levels is thus one
important step future research has to take.
Based on these results, further research should also uncover and explore possible applications
of the decoy eﬀect in the ﬁeld of food choice. In addition, the discussion of possible moderators of
decoy eﬀects and possible decoys should be continued. Such debates should take place in specialized
contexts, e.g., in the context of sustainable food consumption or OOHC settings, since preferences
often diﬀer between several choice environments [34,73], as seen in study III.
It is important that nudges be applied situation-speciﬁcally. It is also advisable to monitor changes
in guest behaviour when using new or unknown nudges in a speciﬁc setting [42,74]. It may happen,
as study II suggests, that nudges do not always work in the desired direction, especially when several
nudges are combined, and varying target dishes are used. Future research uncovering the interaction
of nudges and diﬀerent dish categories in OOHC is therefore recommended.
The preferences of OOHC consumers towards more regional and sustainable DNLs point to
the wish for more regional food and overall sustainable ingredients in the product ranges of OOHC,
which also corresponds to today’s trend in Germany [57]. Needless to say, the respective food quality
of products advertised with DNLs should be maintained, as a decline in quality would cause consumer
expectations to inﬂate [41,42].
Catering managers, canteen and restaurant owners should follow this regional and sustainable
trend, with the use of behavioural insights, nudges and further interventional approaches to promote
relevant products and contribute to the transformation towards a more sustainable economy.
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Appendix A

Figure A1. Exemplary choice set of Study II. Translation: Which of the dishes do you choose?
Vegetable lasagne from regional agriculture vs. carrot lasagne vs. soy strips with noodles in mushroom
sauce vs. none of them.
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Abstract: This paper presents empirical ﬁndings from a combination of two elicitation
techniques—discrete choice experiment (DCE) and best–worst scaling (BWS)—to provide information
about the role of consumers’ trust in food choice decisions in the case of credence attributes.
The analysis was based on a sample of 459 Taiwanese consumers and focuses on red sweet peppers.
DCE data were examined using latent class analysis to investigate the importance and the utility
diﬀerent consumer segments attach to the production method, country of origin, and chemical residue
testing. The relevance of attitudinal and trust-based items was identiﬁed by BWS using a hierarchical
Bayesian mixed logit model and was aggregated to ﬁve latent components by means of principal
component analysis. Applying a multinomial logit model, participants’ latent class membership
(obtained from DCE data) was regressed on the identiﬁed attitudinal and trust components, as well
as demographic information. Results of the DCE latent class analysis for the product attributes show
that four segments may be distinguished. Linking the DCE with the attitudinal dimensions reveals
that consumers’ attitude and trust signiﬁcantly explain class membership and therefore, consumers’
preferences for diﬀerent credence attributes. Based on our results, we derive recommendations for
industry and policy.
Keywords: preference; trust; choice experiment; best-worst scaling; latent class analysis; hierarchical
Bayesian mixed logit model

1. Introduction
Over the last decades, food safety and quality have been highly debated and investigated
topics in policy, industry, and research. This holds for industrialized as well as emerging countries,
such as Taiwan. In Taiwan, food scares and scandals, such as food adulteration [1], food-borne
contamination [2], counterfeiting [3], and mislabeling [4], have induced consumer distrust and concerns
regarding the quality and safety of food. Additionally, high—and in parts, improper—use of chemical
inputs in Taiwanese agriculture [5] has led to illegal levels of chemical residues in food products,
with considerable danger for the immediate and long-term health of consumers [6]. For example,
in December 2011, the Greenpeace organization (http://www.greenpeace.org/taiwan/zh/publications/
reports/food-agriculture/) sampled 58 fresh fruits and vegetables in eight supermarket chains across
Taiwan, and detected 36 diﬀerent pesticide residues above the maximum allowable levels in 43 types of
fruits and vegetables. In the same year the Taiwan Food and Drug Administration discovered a major
threat to public health caused by phthalate-contaminated foodstuﬀs sold on the Taiwanese market.
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This outbreak event is known as the “2011 Taiwan Food Scandal” [7,8]. Most Taiwanese retailers
reacted to the numerous food safety incidents by starting in 2011 to display chemical residue test
information, particularly for fresh agricultural and food products. Parallel, consumers’ interest in food
labels associated with a higher level of product quality and safety has been gaining in relevance [9–11].
1.1. Thematic Background
There has been considerable interest in studying how consumers, across countries, evaluate
and use food quality and safety information [12,13]. Research shows that consumption of organic
food has increased [14–16], motivated by consumers’ values and health concerns [10,17]. Consumers
also associate the origin of foods with product and process quality [9,18]. Previous studies showed
that domestically grown food is perceived as fresher and/or of higher quality [19,20]. More generally,
research reveals that country (or region) of origin conveys the production country’s (or area’s) reputation
for value and quality [19,21]. Food labels can be a source of information for consumers with respect to
a product’s quality and safety characteristics. However, the usage of labels for product choice crucially
depends on consumers’ perception and trust in the signals [22,23]. Thus, for decision makers in policy
and businesses, it is central to understand how consumers perceive and trust food labels, and food
product and process characteristics.
Trust is a complex notion, and a multifaceted concept. In the past 30 years, a growing body of
literature has emerged across various scientiﬁc ﬁelds. In the empirical research on food, a number of
studies have examined the role of consumer trust in diﬀerent food institutions [24–30] for consumers’
perceptions of food risk [26,31–33], such as the usage of pesticides [34,35], irradiated foods [36–39],
nanotechnology foods [40–43], and genetically modiﬁed foods [31,44]. Beyond the wide-ranging
investigations on consumer trust in risk management settings, there is also an increasing number of
works dealing with consumer trust with respect to diﬀerent typologies of food (see, e.g., [45–48]) and
consumers’ trust in food suppliers and retailers [49,50]. The term “trust” has often been linked to broader
categories, such as conﬁdence [26], preference [51–53], loyalty [54], risk taking [55], satisfaction [56],
cooperation [57], and commitment [58].
According to Mayer et al. [59], trust can be deﬁned as:
. . . the willingness of a party to be vulnerable to the actions of another party based on
the expectation that the other will perform a particular action important to the trustor,
irrespective of the ability to monitor or control that other party ([59], p. 712).
However, it should be noted that despite the extensive research on trust, there is neither consensus
among scholars on the deﬁnition or conceptualization of trust [60] nor on its dimensions [61].
According to Siegrist et al. [62] and Ding et al. [63], trust can be measured in two dimensions,
a speciﬁc and a more general manner. Speciﬁc trust refers to trust speciﬁcally related to the given
referent (i.e., trust to the institution or the company) while general trust is presented as trust
towards an object or a group entity. Based on the previous literature, consumer trust can also be
divided into four conceptual dimensions: (1) Trust belief [64–68]; (2) trust intention [59,64,65,68–71];
(3) institutional-based trust [59,64,65,68,69,72]; and (4) general trust [28,59,64,65,68,70,73–75]. According
to Moorman et al. [76], psychological and sociological aspects are the two key components characterizing
trust in the marketing area. Taking the purchase of a food product as an example, the former refers
to the conﬁdence and belief in the trustworthiness of the related food actors, such as producers,
retailers, certiﬁcation bodies, and labels, and covers the dimension “trust beliefs” [64,65,67,68,70].
“Trust beliefs” stands for the perception of the trustworthiness of a person or object [59,64,65,68]. The
latter implies the cognitive, aﬀectional, or behavioral willingness to rely on such actors and relates
to the dimension of “trust intention” [64,65,71]. Trust intention is recognized as the intention to
engage in trust-related behavior with a speciﬁc willingness of the trustor to rely, or intend to rely,
on other trustees based on the expectation about the behavior of others though those cannot be
controlled [64,65,68,69]. Likewise, “institutional-based trust”, so-called systems trust [70], is considered
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as an antecedent to trusting intentions and trusting beliefs [59,64,65]. It refers to an individual’s
perception that an action is constitutively embedded in an institutional environment that is conducive
to a favorable outcome [59,65,68,71]. Thus, an individual intrinsically feels or believes that the
macro-level organization or the social environment, in which (s)he performs a transaction, takes on a
regulatory role and provides appropriate formal protection [59,64,65,68]. “General trust”, so-called
dispositional trust [65,70], is described as the attitude of the general trusting stance and natural
tendency of an individual to trust other people or an object; thus, the trustor inherently possesses faith
in optimism [64,68,70,71]. It is like a personal conscious choice or strategy to trust others until they
prove to be untrustworthy [59,68,70,71]. Consumer trust is a subjective concept and is inﬂuenced by
an individual’s past experience and perceived reputational value of the object [77].
1.2. Methodological Background
Many food-related studies investigate via choice experimental settings the role of labels in
consumers’ purchase decisions (see the review by [78–80]), or the interaction between food labeling
and consumer trust (see the review by [81]). The respective literature so far primarily focuses on
western countries with only three studies referring to non-western countries (two peer-reviewed
papers, one focusing on Japan ([82] and one on China [83]; as well as a dissertation with data collected
in Kenya [84]). Parallel, hybrid choice models (HCMs) have been developed. Those models extend the
standard discrete choice experiment (DCE) by explicitly incorporating consumers’ psychological or
sociological factors into a random utility framework, thereby better capturing the complexity of the
choice process [85–87]. HCM covers a number of approaches encompassing latent class [88] or mixed
logit models [89] that also include, besides the information obtained from the DCE, e.g., attitudinal
factors. Integrated choice and latent variable models [90] also belong to this group. Those models
improve the modeling of the decision-making behavior. Our approach goes beyond the HCMs as we
combine the ﬁndings of two elicitation techniques—DCE and best–worst scaling (BWS)—to provide
information about the role of consumers’ trust in food choice decisions in the case of credence attributes
in a discriminant manner. Although, Song et al. [91] also combined DCE and BWS, the authors used
the identical seven attributes in the DCE and in the BWS settings and analyzed the choice data via
HCM, treating each BWS importance score as a single variable. In our study, the attributes in the
DCE (four attributes) and the BWS (25 statements) designs are diﬀerent, with the former referring to
characteristics of the product and the latter to 25 attitudinal and trust-based items, which are for the
further analysis componentized to ﬁve attitudinal and trust dimensions. Thus, in contrast to Song
et al. [91] we are able to link consumers’ choice to the attitudinal and trust statements. Furthermore,
our approach diﬀers in that we apply DCE using latent class analysis and BWS employing Bayesian
estimation. Thus, we use state of the art methods to provide in-depth insights in explaining consumers’
choice for diﬀerent consumer segments by attitudinal and trust dimensions.
Besides this methodological innovation, our study adds to the literature by revealing in the
example of Taiwan—a newly industrialized country—the relevance selected process and food safety
standards have for consumers in their purchase decisions, thereby in contrast to previous studies
diﬀerentiating between consumer segments [92,93] and identifying the role of trust for consumers
when buying food products. In summary, our analysis aimed at providing a better understanding
of consumer choices, and thus allowing for more meaningful recommendations for marketers and
policy makers.
This paper is structured as follows: First, the methods of the discrete choice experiment and
best–worst scaling and their application are introduced, followed by a presentation of the empirical
results. We conclude with a discussion of our empirical ﬁndings, derive practical implications,
and suggest directions for future research.
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2. Materials and Methods
The study combined two elicitation techniques: Discrete choice experiment (DCE) and best–worst
scaling (BWS). Both methods are based on random utility theory [94,95].
2.1. Data Collection
The questionnaire was formulated in Mandarin and started with two screening questions.
To qualify for taking part in the survey, respondents had to be red sweet pepper consumers who were
(partly) responsible for the food purchases in their family. Subsequently, participants were asked to
complete two stated preference experiments (DCE and BWS as discussed in the next sections). In the last
section of the questionnaire, participants were requested to provide information with respect to their
food purchase behavior, shopping frequency, and socio-demographic characteristics, such as gender, age,
and income. The questionnaire was tested to ensure the comprehension of the questionnaire. The survey
was conducted by ﬁve trained interviewers in front of supermarkets (the two hyper-supermarkets
Taisuco (http://www.tsctaisuco.com.tw/) and Carrefour (http://www.carrefour.com.tw/) were chosen
based on the convenience of the location, the customer ﬂow, and the amount of fresh agri-food
product categories) in the three largest cities (New Taipei, Kaohsiung, and Taichung) of Taiwan in the
form of computer-assisted web interviews. The majority of the respondents completed the survey
within approximately 15 min. To reduce possible self-selection bias, we trained our interviewers to
actively encounter randomly every second person leaving the checkout counter of the supermarkets.
This was done to ensure that, e.g., not only young or female consumers were approached. Combining
computer-assisted personal interviews with traditional web survey techniques allowed us to overcome
the problem of coverage error linked to the latter [96] and non-response error linked to the former [97].
2.2. Discrete Choice Experiment (DCE)
Discrete choice experiments are based on Lancaster’s new demand theory [95,98], which assumes
that consumers’ derive utility from a variety of product characteristics. Participants are presented with
multiple choice sets and asked to choose the product among a given choice set of alternatives that
holds the combination of attributes that maximizes his/her utility [99,100].
Our DCE was conducted to investigate consumers’ food preference and heterogeneity regarding
diﬀerent food quality and food safety information. In this study, fresh unpackaged red sweet peppers
were selected as the study object. This product seemed especially suitable for our analysis because
ﬁrst, it is part of Taiwanese people’s daily diet [101,102], and second, it is one of the few fresh agri-food
products permitted to be imported into Taiwan from mainland China. In fact, red sweet peppers
are available on the Taiwanese domestic market in conventional and organic quality from the three
countries considered in the study: Taiwan, China, and Japan. Country of origin (COO) and production
methods (organic and conventional) are both important attributes inﬂuencing perceived quality and
trust in a product’s overall quality [103,104]. Besides these two attributes, we considered price and
chemical residue testing information (see Table 1) as characteristics in the DCE. Those four attributes
were identiﬁed as the most relevant selection criteria for consumers in their purchase of red sweet
peppers based on two focus group discussions held in March 2014 by the ﬁrst author of this paper via
video meetings with Taiwanese consumers primarily responsible for their household food purchase
(n = 17). Those food market experts were recruited via social media networks. Out of 12 potential
attributes extracted from previous literature (COO, easiness in preparation; chemical residue testing;
visual appearance of the product; production methods, e.g., organic certiﬁcation; product’s shelf life;
taste of the product; health claim; word of mouth information; seasonal product; and sense of touch)
participants were asked to select those ﬁve attributes most important to them when buying fresh fruits
and vegetables. In addition, participants were encouraged to express their opinions and reasons about
why they choose the respective attributes.
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Table 1. Attributes and levels used in the Discrete Choice Experiment (DCE).
Attributes

Levels

Country of origin

•
•
•

Taiwan
Japan
China

Production method

•
•

Organic
Conventional

Chemical residue testing information

•
•
•

Chemical residue test approved in the production country
Chemical residue test approved in Taiwan
No chemical residue test information provided

Price

•
•
•
•

NT 65
NT 85
NT 105
NT 125

In July 2014, 1 US Dollar = 29.98 New Taiwanese (NT) Dollars. 1 Taiwanese catty = 600 g.

Using NGENE version 1.1 [105], we identiﬁed an eﬃcient unlabeled choice design with a
D-error value of 0.237, which is smaller than the D-errors of other design alternatives, such as
the sequential orthogonal design (0.420) and the least eﬃcient simultaneous orthogonal design
(2.018) [105]. The D-error is the most common criterion for evaluating the eﬃciency of experimental
choice designs [106]. A design with the lowest D-error measure is a D-eﬃcient design. Eﬃcient designs
can be generated using two diﬀerent approaches. The ﬁrst approach assumes that prior parameters are
known with certainty by the researchers (e.g., [107,108]), whereas the second one uses prior parameter
distributions (Bayesian eﬃcient design) [109]. We used the latter approach. For that, a pilot study was
carried out in April 2014 with Taiwanese consumers (n = 290) from a convenience sample using an
internet-based choice experiment questionnaire in Taiwan. The pilot study’s parameter estimates were
used as the prior information to derive the asymptotic variance-covariance matrix and subsequently
the D-eﬃcient design. Based on an iterative process, the most eﬃcient design with the smallest D-error
was derived. The ﬁnal design consisted of 36 choice sets. However, as 36 choice tasks would lead to
respondents’ fatigue, the choices were allocated in six blocks by NGENE software [105] via the design
generation process, each consisting of six choice situations. Respondents were randomly assigned
to the six blocks. In each choice task, consumers were asked to make a choice between three red
sweet peppers that varied in the levels of the four product attributes presented in Table 1. Though,
all attributes depicted on the products in the choice tasks exist in the market, this does not hold for
all combinations of attribute levels (e.g., the link between the chemical residue test and the country
where it is approved). We also provided participants with an “opt-out” option, which ensured that
participants were not forced to choose a product they normally would not purchase. In order to make
the choice experiment as tangible as possible, the attribute levels were visualized using pictures and
text as shown in Figure 1 (translated version).
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Figure 1. A choice task example in DCE (English translation).

We applied standard latent class analysis (LCA) [110,111] to the choice experimental data to
identify diﬀerent consumer segments. Latent class choice models assume that respondents can be
categorized into two or more classes sharing unobserved characteristics that aﬀect choice, in our case
the choice of red sweet peppers, diﬀerentiated by diﬀerent attribute levels. LCA allowed simultaneous
determination of both the consumer’s product choice and group membership, thereby segmenting the
sample into internally homogenous subgroups regarding their preferences [110–115].
Following the random utility theory [95], the utility of individual n (n = 1, . . . , N) from choosing
 ) and a random error
alternative j ( j = 1, . . . , J ) is the sum of a systematic observed component (βn Xnj
term (εn j ) [110]:

+ εnj , βn ∼ N (α, D).
(1)
Unj = βn Xnj
In the LCA model, the utility of alternative j ∈ J to individual n, who belongs to a speciﬁc class, s,
can be expressed as [112,113]:

+ nj ,
(2)
Unj|s = βs Xnj
where the Xn j is a vector of explanatory variables associated with alternative j and individual n, βs is a
class-speciﬁc parameter vector associated with the vector of explanatory attribute variables and nj
is the error term. The probability of individual n choosing alternative j from a particular choice set
of alternative J is conditional to the ﬁtting of the individual to class s, which can be estimated using
Equation (3) [110]:


Pnj|s =  J


exp βs Xnj

j=1

 )
exp (βs Xnj

.

(3)

In addition, the belonging of individuals to the S classes is determined by a classiﬁcation model
as a function of individual speciﬁc invariant characteristics. For each respondent, the class member
probability (Cns ) of individual n belonging to class s can be computed as Equation (4):
exp(γs Zn )
Cns = S
,
s=1 exp(γs Zn )

(4)

where γs is the class membership vector estimates and Zn is a vector of individual speciﬁc invariant
variables that enter the model for class membership. According to Boxall and Adamowicz [112],
a vector-labelled Zn as covariates can be used as a proxy for individual motivating factors inﬂuencing
the choice. This vector, Z, consists of both the observable indicators of the latent attitudes expressed by
the respondent and of the observable socioeconomic characteristics, such as gender. The N individuals
can be divided into S latent classes. Preferences are assumed to diﬀer between latent classes but to
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be homogeneous within classes. The joint probability that individual n belongs to a speciﬁc class, s,
and selects alternative j can be shown by Equation (5):

Pnj =

S

s

Pnj|c Cns




S
exp βs Xnj

exp(γs Zn )

=
 ) ×  exp(γ Z ) ,
exp (βs Xnj
s n

(5)

s=1

exp(γ Z )

where βs is the parameter vector of individuals in the class s, and  exp(γs Zn ) is the probability of the
s n
individual n falling into latent class s. The number of latent classes is determined by the researcher
based on the statistical measures of ﬁt, such as the Bayesian information criterion (BIC) and Akaike
information criterion (AIC).
In addition, we calculated the segment-speciﬁc willingness-to-pay (WTP) values for each attribute
level for the detected consumer segments by dividing the attribute level coeﬃcient by the price
coeﬃcient. Due to the use of eﬀect coding in the choice model, we calculated the mean WTP according
2β
level
to: WTP = − attribute
[116–118]. We used the delta method introduced by [119] to generate the 95%
βPrice
conﬁdence intervals for the WTP estimates.
2.3. Best–Worst Scaling (BWS)
Although the DCE method allows the combination of a product’s attributes and levels to examine
consumer preference with respect to a speciﬁc food product, it does not provide information on an
individual’s attitudinal and trust perceptions driving those choices. Therefore, many studies include
rating scales (e.g., Likert measure points) to obtain information on consumers’ attitudinal and trust
perception. While rating tasks are easy for respondents to answer, they may ineﬀectually discriminate
between rating statements [120], as respondents are not forced to make a choice between items, allowing
them to rate multiple items as being of equally high importance. In addition, it is diﬃcult to interpret
what the rating scale values actually mean [121]. To overcome these weaknesses, we employed the
best–worst scaling method [122] to uncover the attitudinal and trust factors underlying consumers’
food choices on a reliable basis. Best–worst scaling (BWS), also known as maximum diﬀerence scaling,
is an annotation scheme that exploits this comparative approach [123,124]. In BWS experiments,
respondents are asked to choose the best and worst option among a number of statements. In this
study, we used the so called ‘object case’ of BWS [122]. Thereby, respondents are forced to consider
trade-oﬀs and discriminate between options as in real life [125]. Choice frequencies are the metric
that allow reveal information on the order and strength of the importance of all objects to be revealed.
The method was introduced by [126] and ﬁrst applied in the study of [122].
The BWS experiment covered nine attitudinal dimensions with a total of 25 statements related to
attitudinal and trust factors. These were derived from the literature as well as our own consideration
and were adapted to the context of the study (see Table 2). The balanced incomplete block design
(BIBD) [127] has been frequently used in the BWS setting; however, as a BIBD is subject to the
symmetry condition, the number of possible BIBDs is limited. In the present study, an orthogonal
frequency balanced design using MaxDiﬀ Designer v.6 [128] was generated to maximize the BWS
design eﬃciency [129,130]. Orthogonality ensures that diﬀerences among items varied independently
over choice sets while balance conﬁrms that all items appeared with (nearly) equal frequency in the
BWS questionnaire. Given a 25-statement BWS questionnaire, 300 BWS choice tasks were generated
to control for context eﬀects that may alter respondent choice processes [128]. To avert respondent
fatigue, the choice tasks were divided into 30 blocks, where each version had 10 choice sets displaying
5 statements at a time. The generated BWS choice tasks satisfy the optimal design characteristics in
terms of perfectly balanced frequency (on average, each BWS statement is displayed across all 30
blocking versions of the BWS questionnaire 60 times), orthogonality, positional balance (on average
each statement appears 12 times at the same position (S.D. = 0.522)), and connectivity among tasks
(all statements are linked directly) (see Appendix A) [128]. After ensuring a balanced and nearly
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orthogonal BWS design, the BWS situations were randomized and each respondent was randomly
assigned to a BWS block while orthogonal properties hold after the randomization blocking process.
Each BWS blocking version has the same sample size to maintain its statistical properties.
In addition, each statement appears equally often on each of the ﬁve positions within the BWS sets
to prevent any position bias [131]. In each BWS task, respondents were asked to choose the statements
that most and least represent their attitude when purchasing food (mix of questions regarding food
purchases in general and red sweet peppers in particular) (see Figure 2).
Table 2. Nine dimensions of trust constructs with 25 Best-Worst Scaling (BWS) items.
Trust Constructs
1. Trust belief in organic products
from diﬀerent COO

Items Used in BWS Experiment
•

Taiwanese/Chinese/Japanese organic
sweet peppers are trustworthy.

•

I feel sure that organic sweet peppers
contain higher vitamin C and
anti-cancer substances than
conventional ones.

2. (Dis)trust belief in the superior
nutritional value of organic food

3.
(Dis)Trust belief in the
environmental
beneﬁt
of
organic food

•

I feel sure that organic sweet peppers
contain the same vitamin C and
anti-cancer substances as
conventional ones.

•

With purchasing organic sweet
peppers, I help preserving the
environment and natural resources.

No. of
Items

References

3

Adapted from
the studies of
[65,68,132].

2

Adapted from
the studies of
[65,132].

2

Adapted from
the studies of
[65,132].

•

There are no diﬀerences between
buying organic sweet peppers or
conventional ones with respect to
preserving the environment and
natural resources.

4. Trust belief in the monetary
value of organic food from
diﬀerent COO

•

Taiwanese/Chinese/Japanese organic
sweet peppers have good value
for money.

3

Adapted from
the studies of
[65,68].

5. Trust intention in purchasing
products produced in diﬀerent COO
depending on chemical residue
test information

•

It is more likely that I buy
Taiwanese/Chinese/Japanese sweet
peppers if information on chemical
residue testing is provided.

3

Adapted from
the studies of
[65,68].

6. Trust intention in purchasing
products produced in diﬀerent COO
depending on a price discount

•

It is more likely that I buy
Taiwanese/Chinese/Japanese sweet
peppers if it is on special oﬀer.

3

Adapted from
the studies of
[65,68].
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Table 2. Cont.
Trust Constructs

7. Institutional-based trust in
governments of diﬀerent countries

•

8. General trusting stance
regarding products produced from
diﬀerent COO

•

9. General trusting stance in
organic products from
diﬀerent COO

•

Items Used in BWS Experiment

No. of
Items

References

I feel assured that the
Taiwanese/Chinese/Japanese
institutions do a good job in
adequately protecting consumers.

3

Adapted from
the studies of
[65].

I generally like to consume
conventional sweet peppers produced
in Taiwan/China/Japan.

3

I generally like to consume organic
sweet peppers produced in
Taiwan/China/Japan.

3

Adapted from
the studies of
[133,134].

Figure 2. A choice task example of BWS (English translation).

First, hierarchical Bayesian estimation of the mixed logit model was applied to analyze the BWS
choice data. We started with the general formula of random utility theory [95]:

+ εnj ,
Unj = βn Xnj

(6)

where Un j is the utility obtained by an individual n choosing item j (j = 1, 2, . . . , J). βn is the
 is the vector of observable explanatory variables
individual-speciﬁc preference parameter vector, Xnj
including the chosen alternative j, and εnj is the stochastic error term. In the BWS dataset, the most
important item is coded as 1, where the least important item is coded as −1, and the non-chosen items
are coded as 0.
It is assumed that an individual, n, chooses item j and j as the most important and the least
important item in a choice set, respectively, out of a choice set of J items. Thus, the utility diﬀerence
between Un jt and Unj t is then greater than all other J ( J − 1) possible diﬀerences among the other items
in the choice set. Namely, in our case, each choice scenario of 5 items would have 5(5 − 1) = 20 possible
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best–worst combinations a person could choose. Following Louviere et al. [124], the choice probability
of the individual n of choosing item j as the best and j as the worst can be written as:
P= 

 − β X )
exp (βn Xnj
n n j

j, j ∈ J
j  j

 − β X )
exp (βn Xnj
n n j

.

(7)

In hierarchical Bayesian estimation, based on Equation (6), we estimated the parameters at the
individual level and the coeﬃcient vector, βn , for the individual, n, can be expressed by dividing it into
an individual characteristic vector (Zn ) and the parameter matrix, Γ, shown in Equation (8):
βn = ΓZn + δn , δn ∼ N (0, D),

(8)

where δn is the error term assuming that a normal distribution with a mean of 0, and D represents the
covariance between the partworth estimated values [135]. During the analytical process, a parameter’s
posterior distribution is computed by combining its prior distribution for each partworth estimate
with the likelihood determined based on the choice data. Thus, Equation (9) plays a role of identifying
the prior distribution for the prior distributions of Γ (follows a normal distribution) and D (follows an
inverse-Wishart distribution) that were established to complete the hierarchical Bayesian modeling
procedure [135]:
Γ ∼ N (a, A)
(9)
D ∼ IW (w, W ).
Along with the above procedures and assumptions, choice data were drawn from a conditional
distribution by generating the hierarchical structure shown in Equation (10):

Γ D, βn

(10)
Dβ n , Γ

βn Γ, D.
When the covariance matrix (D) and the individual level value of an attribute (βn ) are given,
the coeﬃcient estimates (Γ) for the variable of an individual characteristics (Zn ) can be extracted.
Therefore, we were also able to extract the D when βn and Γ were obtained, as well as βn when Γ and D
were gained. This process repeats iteratively until a parameter value converges to draw a distribution
of the individual parameters [135]. As a result, we obtained individual attitudinal importance scores for
each of the BWS statements. Compared to the multinomial logit model or the mixed logit model with
classical maximum likelihood estimation, the hierarchical Bayesian estimation allows for more precise
estimates of individual-level partworth values [136,137] by combining information on the distribution
of utility values across the entire sample with the speciﬁc choices of the individual [110,138].
Second, following the analytic methodology of [139], a principal component analysis (PCA) with
oblimin rotation was used to identify latent constructs as the drivers of food purchasing decisions
behind the 25 attitudinal items [140,141]. The number of components in the PCA was determined
by the scree test, and the parallel analysis method [142–145] using STATA version 15. The former
identiﬁes the optimal number of components to retain by examining the scree plot of the eigenvalues
and looking for the “elbow” point in the data where the curve ﬂattens out. The latter compares the
components’ eigenvalues derived from the own data set with those of a large number of data matrices
obtained from random values of data with the same dimensionality (same number of observations and
same number of variables). As long as the estimated eigenvalues from the own data exceeds the mean
of the eigenvalues of the random data the component is retained. The parallel analysis is considered to
be among the most recommended factor/component retention methods [143–146] for assessment of the
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dimensionality of a variable set. Afterward, for each component the individual-level important scores
were obtained from the respective values of the underlying BWS items.
2.4. Combining DCE and BWS
In order to better understand class membership as detected in the latent class analysis, we followed
the approach of [112]. Thus, by estimating a multinomial logit model with each participant’s latent
class membership as the dependent variable and attitudinal as well as trust factors (from the BWS
and PCA analysis) and sociodemographic characteristics as independent variables, we attempted to
explain class membership. Figure 3 provides an illustration of the analysis ﬂow.
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Figure 3. Research ﬂow diagram (stepwise analysis (in the (long-format) dataset, as each individual contributed to 24 rows in the DCE data and 100 rows in the BWS
data, the DCE and BWS analysis were not estimated simultaneously but sequentially. This is due to the reason that none of the exiting software, at current, is capable
of estimating two diﬀerent choice datasets concurrently in a model)).
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3. Results
3.1. Sample Demographics
In total, 790 people joined the survey. Excluding those not responsible for their household’s
food shopping and/or not consuming red sweet pepper resulted in 459 (58% of all participants) valid
responses. Thus, we far exceeded the target sample size (N = 237). The latter was determined using a
power analysis assuming three alternatives for each choice task, a 5% margin of error, and a desired
95% conﬁdence interval. Our target sample size is consistent with guidelines in the conjoint analysis
methodology [147]. Of the 459 respondents, 72.1% were female, 61.9% were married, 33.3% had
children under the age of 18 living in their household, and approximately 50.8% had completed
university or higher education, and 39.0% stated that their household average monthly net income was
below NT 60,000 (approximately US$2001) (and 45.3% above NT 60,000). The respondents’ average
age was 39.2 years. Compared to the Taiwanese population, the sample is biased towards younger
and higher-educated segments. The high proportion of females in the sample is desirable because
they are the primary food shoppers in most Taiwanese households [148]. Summary statistics for the
demographic variables are presented in Table 3.
Table 3. Demographical statistics of the sample.
Taiwanese Population a

Respondents
Number of Respondents

459
Freq.

(%)

(%)

Gender
Male
Female

128
331

27.9
72.1

49.9
50.1

Responsibility for household food shopping
Fully
Partly

220
239

47.9
52.1

Age
Up to 29
30–49
50 and over
Missing ¶

68
311
78
2

14.8
67.7
17.0
0.4

34.2
32.5
33.4

Marital status
Single
Married
Other (widowed/divorced)
Missing

147
284
23
5

32.0
61.9
5.0
1.1

34.67
51.12
14.21

208

45.3

Education
Up to senior high school (12 years)
College (14 years)
University
Missing

95
119
233
12

20.7
25.9
50.8
2.6

Avg. monthly net income of the household
Up to NT 60,000
NT 60,001–120,000
NT 120,001 and over
Missing

179
152
56
72

39.0
33.1
12.2
15.7

Having children (<18 years old) in a household
(dummy coded: 1 = Yes; 0 = No)

a

58.2
11.4
30.4

Source: Ministry of the Interior, R.O.C. https://www.moi.gov.tw/; National Statistics, R. O. C. https://www.stat.gov.
tw/. ¶ Two female participants did not give information about their age. As both already obtained a university
degree, it seems reasonable to assume that they were above 18 years old, and thus eligible to participate in the
survey. We therefore included their data in the analysis.
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3.2. Identifying Consumer Segments Based on DCE Data
Determining the optimal numbers of classes required a balanced assessment of the ﬁve major
criteria reported in Table 4 [149]: Log-likelihood, percent certainty (Pct. Cert.) [150,151], consistent
Akaike information criterion (CAIC) [152], Chi-square, and Bayesian information criterion (BIC) [153].
For this study, all indicators improved as more segments were added, supporting the presence of
multiple segments in the sample. The four-segment solution (Table 4) provided the best ﬁt to the data.
Although indicators further improved as more segments were added, the changes were much smaller
from a four- to a ﬁve-segment model compared to the move from a three- to a four-segment model.
Furthermore, the model interpretability is as important as the statistical tests [113] and was best for the
four-class model.
Table 4. Criteria for selecting the optimal number of classes.
Participants

459

Null Log-Likelihood

−3817.85

Groups

Log-Likelihood

Pct. Cert.

CAIC

Chi-Square

BIC

2
3
4
5
6

−2691.81
−2557.13
−2454.62
−2397.36
−2358.04

29.49
33.02
35.71
37.21
38.24

5517.43
5319.43
5185.87
5142.64
5135.36

2252.09
2521.46
2726.48
2840.99
2919.63

5502.43
5296.43
5154.78
5103.64
5088.36

Table 5 summarizes the results of the four-class model and provides information on the attribute
importance scores as well as on the partworth utilities (with respect to the attribute price information
provided on the coeﬃcient) and the corresponding standard errors for each attribute level for the
four diﬀerent consumer segments identiﬁed in the latent class analysis. To allow for comparability
between classes, attribute importance scores were standardized to sum up to 100% across all attributes
of each segment. For the same reason, partworth utilities were re-scaled and zero-centered. Positive
(negative) partworth values indicate an increase (decrease) in utility relative to the average level of the
respective attribute.
As shown in Table 5 attribute importance considerably diﬀers between the four classes.
For segments 1 (Japan Lovers) and 2 (Domestic Supporters), COO is by far the most important attribute
(attribute importance: 59.8% and 71.7%, respectively). Consumers of both segments strongly dislike
China as a COO. Price is the second most important attribute in both segments (attribute importance:
24.5% and 16.2%, respectively) followed by chemical residue testing (CRT) information (attribute
importance: 8.9% and 6.9%), with production methods (attribute importance: 6.8% and 5.2%) being least
important. As expected, Japan Lovers and Domestic Supporters, like the other groups, reveal a negative
price elasticity and prefer organic to conventional red sweet peppers. Regarding the attribute levels
for CRT information preferences, both groups prefer CRT information to no information. However,
while Japan Lovers obtain an above-average utility from CRT approved in either the production country
or Taiwan—though with a higher preference for the former—Domestic Supporters highly value CRT
approved in Taiwan.
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24.49

Price

8.69%

16.21

13.87%

−26.87 (0.17) ***

−21.61 (0.13) ***

−55.30 (0.19) ***

−32.65 (0.13) ***

10.46 (0.07) ***
−10.46 (0.07) ***

141.18 (0.21) ***
4.25 (0.13)
−145.44 (0.29) ***

−1.39 (0.10)
14.50 (0.10) ***
−13.11 (0.12) **

6.90

5.23

71.66

Rescaled Util.
(S.E.)

26.1%

Domestic Supporters

Att.
Imprt.

2.

14.47 (0.08) ***
6.46 (0.08) **
−20.94 (0.10) ***

13.66 (0.06) ***
−13.66 (0.06) ***

64.38 (0.22) ***
87.46 (0.11) ***
−151.85 (0.30) ***

Rescaled Util.
(S.E.)

31.3%

53.95

15.33

3.36

27.36

0.17%

−320.63 (0.37) ***

−71.93 (0.10) ***

−23.50 (0.09) ***
37.84 (0.09) ***
−14.34 (0.12) **

6.73 (0.07) *
−6.73 (0.07) *

28.98 (0.18) ***
40.22 (0.10) ***
−69.20 (0.23) ***

Rescaled Util.
(S.E.)

21.8%

Price Conscious Consumers

Att. Imprt.

3.

7.32

27.98

32.45

32.26

Att. Imprt.

1.24%

−156.05 (0.37) ***

−9.75 (0.10) *

5.58 (0.09)
53.16 (0.09) ***
−58.74 (0.12) ***

64.90 (0.07) ***
−64.90 (0.07) ***

54.18 (0.18) ***
20.67 (0.10) ***
−74.85 (0.23) ***

Rescaled Util.
(S.E.)

20.8%

4. Process Quality Supporters

***, **, * Statistical signiﬁcant level at 1%, 5%, and 10%. Att. Imprt. = Attribute importance. Rescaled part-worth utilities are zero-centered and normalized measures.

Share of No-Choice option

No Choice

8.85

6.83

Production methods
Organic
Conventional

CRT
CRT appr. in prod. country
CRT appr.in TW
No CRT

59.83

COO
Taiwan
Japan
China

Att.
Imprt.

1.

Japan Lovers

Segment size (N = 459)

Segmentation

5185.87
2726.38
5154.87

−3817.85
−2454.62
35.71

Null log-likelihood
Restricted log-likelihood
Pct. Cert.
Consistent Akaike Info
Criterion
Chi-Square
Bayesian Information Criterion

Table 5. Latent class analysis of DCE data.
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In contrast to segments 1 and 2, for respondents in segment 4 (Process Quality Supporters),
the production method, COO, and CRT information is of similar importance (attribute importance:
32.5%, 32.3%, and 28.0%, respectively) while price plays a minor role in consumers’ purchase decisions
of red sweet peppers (attribute importance: 7.3%). Process Quality Supporters prefer Taiwanese over
Japanese foods and dislike products from China. They prefer organic products and those which are
CRT approved in Taiwan. Finally, for consumers of class 3 (Price Conscious Consumers), price is by
far the most important attribute (attribute importance: 54.0%). COO takes second place, but with an
attribute importance score of 27.4%, it is of much lower relevance. Price Conscious Consumers especially
prefer Japanese products but also like those from Taiwan while products originating from China are
disliked, though to a lesser extent compared to the other three segments. CRT information is the third
important attribute (attribute importance: 15.3%), with CRT approved in Taiwan being preferred.
No CRT is less disliked than CRT approved in the production country. The production method is of
little relevance (attribute importance: 3.4%) for consumers of this group. For members of the Price
Conscious Consumers, the no-choice option is linked to a high negative value (−320.63), implying that
not purchasing any red sweet pepper is associated with a high utility loss. Accordingly, the opt-out
option is hardly chosen (0.17% for the share of the opt-out decision). In comparison, the share of
deciding for the no-choice option is 1.24%, 8.69%, and 13.87% for the Process Quality Supporters, Japan
Lovers, and Domestic Supporters, respectively, which is 7 to 82 times higher.
To ease the comparison of the attribute-level importance between attributes of one consumer
segment as well as between segments, WTP measures were calculated (see Table 6). Table 6 reveals
that Domestic Supporters have a high WTP of NT 13.07 (approximately US$0.44) per 600 g for fresh red
sweet peppers originating from Taiwan while they would buy red sweet peppers originating from
China only at a high discount (NT −13.46) (approximately US$−0.45). All other attribute levels just
marginally inﬂuence Domestic Supporters’ WTP. The latter also holds for consumers belonging to the
Japan Lovers class. This group is, however, willing to pay extra for products originating from Taiwan
(NT 3.94) (approximately US$0.13), and even more for those from Japan (NT 5.36) (approximately
US$0.18). In line with the Domestic Supporters, they would only buy Chinese red sweet peppers at a
high discount (NT −9.30) (approximately. US$−0.31). Furthermore, Process Quality Supporters exhibit
a high WTP for several attribute levels, e.g., organic products (NT 13.31) (approximately US$0.44)
and Taiwan-authorized chemical residue testing information (NT 10.90) (approximately US$0.36)
while they only would buy products from China (NT −15.35) (approximately US$−0.51), conventional
products (NT −13.31) (approximately US$−0.44), or those with no CRT information (NT −12.05)
(approx. US$−0.40) if they obtain a high discount. Finally, the Price Conscious Consumers segment is
characterized by very low WTP values for every attribute level.
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§

1.34
−1.21

−0.13

0.97
−0.97

13.07
0.39
−13.46

[0.69, 1.99]
[−1.95, −0.48]

[−0.66, 0.41]

[0.51, 1.42]
[−1.42, −0.51]

[9.45, 16.68]
[−0.28, 1.06]
[−17.05, −9.86]

[95% C.I.
Lower, Upper]

26.1%

Domestic Supporters

WTP

2.

1.05
−0.40

−0.65

0.19
−0.19

0.81
1.12
−1.92

WTP

3.

[0.85, 1.25]
[−0.60, −0.19]

[−0.73, −0.58]

[0.05, 0.32]
[−0.32, −0.05]

[0.44, 1.17]
[0.96, 1.27]
[−2.42, −1.43]

[95% C.I.
Lower, Upper]

21.8%

Price Conscious
Consumers

10.90
−12.05

1.14

13.31
−13.31

[3.92, 17.88]
[−20.13, −3.96]

[−0.28, 2.57]

[4.27, 22.35]
[−22.35, −4.27]

[4.11, 18.11]
[2.35, 6.12]
[−24.09, −6.61]

[95% C.I.
Lower, Upper]

20.8%

Process Quality
Supporters

11.11
4.24
−15.35

WTP

4.

Upper and lower limits from the conﬁdence intervals of WTP values, calculated with the delta method (Hole, 2007) at the 95% conﬁdence level.

[0.21, 0.58]
[−1.59, −0.97]

0.40
−1.28

[0.64, 1.04]
[1.04, −0.64]

[0.65, 1.12]

0.84
−0.84

Production methods
Organic
Conventional

[3.16, 4.73]
[4.46, 6.15]
[−10.83, −7.77]

[95% C.I.
Lower, Upper
§]

31.3%

Japan Lovers

0.89

3.94
5.36
−9.30

COO
Taiwan
Japan
China

CRT
CRT appr. in prod.
country
CRT appr. in TW
No CRT

WTP

1.

(NT/600 g)

Segment Sizes (N = 459)

Segmentation

Table 6. Willingness to pay of diﬀerent consumer segments.
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3.3. Identifying Consumers’ Attitude and Trust Based on BWS Data
Consumers’ attitude and trust as obtained from the BWS data were estimated through hierarchical
Bayesian analysis. Information on the importance consumers attach to each of the 25 attitudinal and
trust statements is provided in Appendix B. Appendix B reveals that respondents’ trust with respect to
products originating from China as well as trust in Chinese institutions is very low. All attitudinal
and trust statements with reference to China (statements 2, 5, 8, 11, 18, 21, and 24) have an average
importance score below one (between 0.05 and 0.75). In contrast, the average importance scores for
all other statements range between 1.98 (I generally like to consume conventional red sweet peppers
produced in Japan) to 8.42 (It is more likely that I buy Taiwanese red sweet peppers if they have
information on chemical residue testing).
Following the analytic method presented in the paper of [139], we performed principal component
analysis (PCA) based on the individual-level importance scores obtained from the hierarchical Bayesian
estimation to check the dimensionality of the BWS data. Examining the eigenvalues (Table 7) and
scree plot (Figure 4) with a permutation test approach and applying oblimin rotation (see Table 8),
we obtained a factor solution containing ﬁve components. Factor loading of all attitudinal statements
exceeded the cut-oﬀ value of 0.4. A cut-oﬀ for the statistical signiﬁcance of the factor loadings of
0.40 was used, according to the guidelines presented by Hair et al. [154] for sample sizes greater than
200. A more conservative cutoﬀ value would have been 0.50. The reasons for deciding on this lower
value were ﬁrst, that this was an exploratory factor analysis, and the factors detected were reasonable.
Second, with a sample size of 459, it seems unlikely that the weaker factor we found (“I feel assured
that the Chinese institutions do a good job in adequately protecting consumers” with a factor loading of
0.454) was random noise. Together, the ﬁve components explained 78.03% of the total variance. Table 9
shows the initial eigenvalues, the variance explained by each component and the cumulative variance.

Figure 4. Diagnostic scree plotting graph (performed by parallel analysis) for principal component
analysis (PCA) on estimated BWS importance scores data.
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Table 7. Parallel analysis performance for component retention decisions across 25 BWS statements.
Component

Adjusted Eigenvalue

Unadjusted Eigenvalue

Estimated Bias

1
2
3
4
5

6.33
6.17
3.03
1.25
1.06

6.79
6.53
3.34
1.53
1.31

0.46
0.36
0.31
0.28
0.25

Table 8. Principal component analysis with oblimin rotation of 25 BWS items.

BWS Statement

9. I generally like to consume organic
sweet peppers produced in Japan.
12. Japanese organic sweet peppers are
trustworthy.
4. I generally like to consume
conventional sweet peppers produced in
Taiwan.
20. It is more likely that I buy Taiwanese
sweet peppers if it is on special oﬀer.
25. Japanese organic sweet peppers have
good value for money.
10. Taiwanese organic sweet peppers are
trustworthy.

Comp. 2
Trust in
Taiwan and
Organics

Comp. 1
Trust in
Japan

Comp. 3
Trust in
Chinese
Products

0.890
0.863
−0.817
−0.794
0.700
0.866

22. It is more likely that I buy Japanese
sweet peppers if it is on special oﬀer.

−0.837

7. I generally like to consume organic
sweet peppers produced in Taiwan.

0.818

15. With purchasing organic sweet
peppers, I help preserving the environment
and natural resources.

0.785

6. I generally like to consume
conventional sweet peppers produced in
Japan.

−0.758

1. I feel assured that the Taiwanese
institutions do a good job in adequately
protecting consumers.

0.748

19. It is more likely that I buy Japanese
sweet peppers if information on chemical
residue testing is provided.

−0.704

13. I feel sure that organic sweet peppers
contain higher vitamin C and anti-cancer
substances than conventional ones.

0.679

23. Taiwanese organic sweet peppers
have good value for money.

0.631

3 I feel assured that the Japanese
institutions do a good job in adequately
protecting consumers.
18. It is more likely that I buy Chinese
sweet peppers if information on chemical
residue testing is provided.

−0.517

0.906
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Comp. 4
No Trust
in
Organics

Comp. 5
Trust in
Chinese
Organic
Products
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Table 8. Cont.

BWS Statement

Comp. 2
Trust in
Taiwan and
Organics

Comp. 1
Trust in
Japan

21. It is more likely that I buy Chinese
sweet peppers if it is on special oﬀer.
5. I generally like to consume
conventional sweet peppers produced in
China.
14. I feel sure that organic sweet peppers
contain the same vitamin C and anti-cancer
substances as conventional ones.

Comp. 3
Trust in
Chinese
Products

Comp. 4
No Trust
in
Organics

Comp. 5
Trust in
Chinese
Organic
Products

0.749
0.615
−0.816

16. There are no diﬀerences between
buying organic sweet peppers or
conventional ones with respect to
preserving the environment and natural
resources.
8. I generally like to consume organic
sweet peppers produced in China.
24. Chinese organic sweet peppers have
good value for money.
11. Chinese organic sweet peppers are
trustworthy.
17. It is more likely that I buy Taiwanese
sweet peppers if information on chemical
residue testing is provided.
2. I feel assured that the Chinese
institutions do a good job in adequately
protecting consumers.

−0.777

0.930
0.928
0.903
−0.828

0.454

The ﬁrst component includes ﬁve items related to the trust and liking of organic products from
Japan and skepticism toward Taiwanese conventional products (trust in Japan), while the 10 items
under the second component refer to the trust and liking of organic and of Taiwanese products and
institutions with a skepticism towards Japan (trust in Taiwan and organic). The third component
covers three items referring to trust in Chinese products (trust in Chinese products). The two items of
the fourth component include variables relating to a lack of trust in the superiority of organic products
(no trust in organic). Finally, four of the ﬁve items of the last component refer directly to the trust and
liking of organic products from China as well as the trust in Chinese institutions (trust in Chinese
organic products). For the ﬁfth item (‘It is more likely that I buy Taiwanese red sweet peppers if they
have information on chemical residue testing’), this is not the case.
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Table 9. Total variance explained § .
Component
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Initial Eigenvalues
Total
6.79
6.53
3.34
1.53
1.31
0.94
0.81
0.67
0.52
0.40
0.39
0.32
0.26
0.23
0.18
0.15
0.12
0.11
0.09
0.09
0.08
0.06
0.05
0.04
0.00

Percentage of Variance
27.17
26.12
13.38
6.12
5.24
3.75
3.24
2.68
2.06
1.60
1.54
1.27
1.04
0.90
0.73
0.61
0.49
0.43
0.38
0.36
0.32
0.24
0.19
0.15
0.00

Cumulative Percentage
27.17
53.29
66.67
72.79
78.03
81.78
85.02
87.70
89.76
91.36
92.90
94.17
95.21
96.11
96.84
97.45
97.94
98.37
98.75
99.10
99.42
99.66
99.85
100.00
100.00

Extraction method: PCA. § The ﬁrst ﬁve rows present the eigenvalues for the BWS individual level scores and
percentage of variance for the ﬁve components.

3.4. Characterizing Consumer Segments with Respect to Attitudes and Trust
To identify the relevance of attitudes and trust in determining diﬀerences between segments in
the choice model (see Section 3.2), a latent segmentation model was estimated. For each individual in
the sample, factor scores were calculated for all ﬁve attitudinal and trust components identiﬁed in
Section 3.3. Subsequently, we estimated two multinomial logit models taking each participant’s latent
class membership as the dependent variable and the individual attitudinal and trust factor scores alone
(Model 1) and in combination with sociodemographic information (Model 2) as independent variables.
Both models ﬁt the data well according to the likelihood ratio (LR) Chi-square test (see Table 10).
Pseudo R-square measures indicate that the models explain 23% and 25% of the variance, respectively.
Hence, the trust-related components alone explain 23% of the variance while sociodemographics only
add two percentage points to the model ﬁt.
The segment membership parameters are summarized in Table 10. The parameters of the class
Japan Lovers were normalized to zero. This is necessary to allow for identiﬁcation of class membership
of the three other segments. It, however, implies that the results of the segments Domestic Supporters,
Price Conscious Consumers, and Process Quality Supporters have to be interpreted relative to the segment
of Japan Lovers.
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Table 10. Multinomial logit models: DCE latent class membership regressed on ﬁve trust components
(Model 1) and on ﬁve trust components plus sociodemographics (Model 2).
(N = 459)

Model 1

Model 2

Log-likelihood of null model
Log-likelihood of restricted model
LR test Chi-square (33)
Prob > Chi-square
Pseudo R-squares

−629.93
−484.92
196.05
0.00
0.23

−629.93
−469.61
223.32
0.00
0.25

DCE four segments

Robust Std.
Err.

Coef.

Japan Lovers

Coef.

Robust Std.
Err.

Reference group

Domestics Supporters
Trust in Japan
Trust in Taiwan & organic
Trust in Chinese products
No trust in organic
Trust in Chinese organic prod.
Full_HHShopResp
Female
Age_below40
Have_Kids
Edu_aboveCollege
HHincome_above90k
Constant
Price Conscious Consumers
Trust in Japan
Trust in Taiwan & organic
Trust in Chinese products
No trust in organic
Trust in Chinese organic prod.
Full_HHShopResp
Female
Age_below40
Have_Kids
Edu_aboveCollege
HHincome_above90k
Constant
Process Quality Supporters
Trust in Japan
Trust in Taiwan & organic
Trust in Chinese products
No trust in organic
Trust in Chinese organic prod.
Full_HHShopResp
Female
Age_below40
Have_Kids
Edu_aboveCollege
HHincome_above90k
Constant

−0.84 ***
1.29 ***
−0.28
0.09
−0.10

0.17
0.18
0.42
0.18
0.29

−0.42 *

0.22

−0.89 ***
−0.03
1.19 ***
0.07
0.52 *

0.18
0.17
0.41
0.19
0.29

−0.26

0.29

−0.36 **
0.80 ***
0.67 *
0.23
0.93 ***

0.17
0.17
0.40
0.20
0.23

−0.26

0.21

−0.81 ***
1.33 ***
−0.10
0.04
−0.14
0.63 *
−0.16
0.13
−0.48
−0.67 *
−0.04
0.12

0.17
0.19
0.45
0.18
0.29
0.33
0.34
0.32
0.30
0.36
0.34
0.52

−0.86 ***
0.09
1.26 ***
−0.01
0.49 *
−0.01
−0.63 *
−0.48
−0.79 **
−0.90 **
−0.16
1.47 ***

0.19
0.17
0.49
0.20
0.30
0.34
0.34
0.35
0.34
0.44
0.35
0.59

−0.34 **
0.86 ***
0.75
0.18
0.90 ***
0.25
−0.13
−0.48
−0.15
−0.63
−0.15
0.55

0.17
0.18
0.47
0.20
0.23
0.33
0.36
0.31
0.31
0.42
0.37
0.58

***, **, * Statistical signiﬁcant level at 1%, 5%, and 10%.

As expected, attitude towards and trust in products, labels, origins, and institutions have a
considerable inﬂuence on segment membership. Table 10 indicates that all components but ‘no trust in
organic’ signiﬁcantly inﬂuence class membership with respect to the purchase of red sweet pepper.
Not surprisingly, high ‘trust in Japanese organic products’ reduces the likelihood of a consumer to
belong into any other segment but Japan Lovers. Also, in line with expectations, high ‘trust in Taiwan
and organic’ increases the likelihood to be part of the segments Domestic Supporters and Process Quality
Supporters relative to the segment Japan Lovers, respectively. Those consumers with high ‘trust in
Chinese products’ or ‘high trust in Chinese organic products’ have a greater likelihood to be a member
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of the Price Conscious Consumers or the Process Quality Supporters than of the Japan Lovers. The inﬂuence
of the trust components on class membership holds for Model 1 as well as for Model 2. The latter model
also investigates the inﬂuence of sociodemographic factors on classiﬁcation. The ﬁndings indicate that
compared to Japan Lovers, consumers belonging to the segment of Domestic Supporters are more likely
to have full shopping responsibility for their household and to have a lower level of education. Price
Conscious Consumers have, compared to Japan Lovers, a higher probability to be female and to have
no kids. Also, this group has a lower probability to have an above-college educational level when
compared to the reference segment. Comparing Process Quality Supporters and Japan Lovers, it becomes
obvious that sociodemographics have no inﬂuence on class membership.
4. Discussion
The present study is the ﬁrst that combines a latent class model for discrete choices with BWS
to uncover attitudinal and trust dimensions. This approach allows us (1) to distinguish consumer
segments that diﬀer in their preferences for selected process and food safety standards, and (2) to
reveal the importance of consumers’ attitudes and trust in explaining consumers’ group membership.
Our study illustrates that combining DCE and BWS allows for a better understanding of the drivers of
consumers’ food choices and thus provides additional important information for decision makers in
the economic and policy arena.
Based on our analysis, we could distinguish four segments of Taiwanese consumers based on
differences they attach to various process attributes and price. The largest group can be described as
Japan Lovers. According to Huang [155], the trend of Taiwanese consumers to buy Japanese products
can be explained by the positive cultural image of “Japanese-ness”. In our analysis, we showed that
respondents belonging to the segment Japan Lovers reveal a higher level of trust in Japan relative to the
other three consumer segments identified. Furthermore, Ma et al. [156] showed that Japanese products
have established a reputation of being of high quality. Quality seems an important driver for this
consumer segment’s purchase decisions as this group is not interested in special offers and perceives the
generally more expensive Japanese products [157] as better value for the money (see Tables 9 and 10).
The second largest group (26.1%) identiﬁed in our study, Domestic Supporters, has been detected
in previous DCE-based research investigating the relevance of COO in consumers’ food purchase
decisions, however, with slightly smaller segments compared to our ﬁndings [103,158]. Our segment
of Domestic Supporters has a high WTP for products originating from Taiwan. According to our results,
this originates from a high level of institutional-based trust in the Taiwanese government and its
regulatory and controlling power as well as a high level of trust belief in the quality of Taiwanese
products. Domestic Supporters have a tendency towards ethnocentrism [156]. As revealed in previous
research, consumers with a higher level of ethnocentrism favor domestic to foreign goods, perceive the
quality of domestic food products higher than those of foreign goods, and have a higher purchasing
preference for the former [19,159]. In line with [158], less-educated consumers were found to be more
likely in the segment of Domestic Supporters.
For the Price Conscious Consumers identiﬁed in our study, process attributes are of relatively low
relevance when buying red sweet peppers. The production method does not impact, and COO and
CRT have only a small impact on consumers’ WTP in this group. Price is the determinant that primarily
drives consumers’ purchase decisions in this segment (attribute importance 53.95%). Price Conscious
Consumer segments have also been found in previous DCE-based studies investigating the relevance of
process characteristics in consumers’ food purchase decisions, with some studies identifying a segment
of a similar size (around 20%, e.g., [160–162]) while others reveal a considerably larger group of Price
Conscious Consumers [17,118,163,164]. The class determinant estimates revealed that male respondents
were more likely to be in the class of Price Conscious Consumers, a result in line with the ﬁndings
of [160,164]. In addition, our results indicate that respondents in this segment are less educated and
more likely to not have children.
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As indicated above, members of the price-conscious segment attach a higher importance to
chemical residue test information compared to the production method. Considering that organic
certiﬁcation implies the logic of zero chemicals, this either reﬂects that respondents are not aware of
the core standards behind the organic label and/or do not trust organic labels. According to Tung et
al. [14] and Chen [165], Taiwanese consumers indeed have some doubt that products labeled as organic
are always grown without using synthetic fertilizers, pesticides, and chemicals. Based on a literature
review, Yiridoe et al. [166] came to the conclusion that consumers have diﬃculties in understanding
the complexity of organic standards. Chemical residue test information is easier to understand when
compared to organic standards, which might be of special relevance for the price-conscious segment as
it consists of a higher share of less-educated consumers.
The analysis provides additional interesting insights regarding this group of consumers. Price
Conscious Consumers are characterized by a relatively low trust in Japan and a relatively high trust
in Chinese products in general, and in Chinese organic products more speciﬁcally (see Table 10).
This holds despite the fact that this consumer segment also has the lowest WTP for Chinese products (see
Table 6). Festinger’s theory of cognitive dissonance might provide an explanation for this ﬁnding [167].
With Chinese products typically the cheaper alternative, and given the dominant relevance of price for
members of this segment, Price Conscious Consumers will often end up with Chinese products in their
shopping cart. A lack of trust in and liking of Chinese products and a high trust and liking of Japanese
and Taiwanese products would lead to dissonance with the choice behavior. The stronger the latter,
the higher the attractiveness of the unchosen alternative compared to the actual choice. One way for
consumers to relax or correct this disturbing and unpleasant psychological state is a dissonance-related
attitude change [168], implying a correction towards a more positive perception of Chinese products
and a higher trust in China.
For the segment of Process Quality Supporters with a share of 20.8%, only slightly smaller than
the group of Price Conscious Consumers, but in contrast to the latter, price is of little importance for the
former. This group attaches a much higher importance to the attributes, production method and CRT
information, than any other segment. Members of this group are willing to pay high price premia for
organically produced red sweet peppers as well as for those with a CRT approved in Taiwan, indicating
that for members of this segment, health and food safety are of high importance. This assumption is
supported by [165], who found that health concerns are the most important determinant for Taiwanese
consumers forming a positive attitude towards organic. Along the same line, Hasimu et al. [169]
and Xie et al. [170] showed that health and food safety are the core motives for consumers in China
to buy organic foods. Our analysis reveals that a high level of trust (component 1, 2, 3, and 4 in
Table 10) increases the probability of a consumer belonging to the segment of Process Quality Supporters.
This result is in line with [171], who showed that trust in labeling is essential for Taiwanese consumers’
intent to purchase organic products.
The four segments identiﬁed reveal the diﬀerence in importance Taiwanese consumer groups attach
to diﬀerent attributes when buying red sweet peppers. From a marketing perspective, this implies that a
‘one size ﬁts all’ marketing strategy is inappropriate. Thus, marketers need to develop segment-speciﬁc
oﬀerings in order to better target the needs of their customers. For the two largest segments, the Japan
Lovers and Domestic Supporters, by far the most important attribute is COO, though with a clearly
distinct preference for the attribute levels. In addition, both groups reveal very high opt-out ratios
(Japan Lovers, 8.7%; Domestic Supporters, 13.9%). Thus, to secure the loyalty of customers and to extract a
price premium in both groups, retailers need to have red sweet peppers from Japan as well as Taiwan in
their assortment. The Price Conscious Consumers attach little value to any of the attributes considered in
our purchase experiment but price. This group will switch products, in general choosing the cheapest
alterative. According to Jing and Wen [172] and Koçaş and Bohlmann [173], retailers can win this
group of consumers by providing low-price alternatives (e.g., conventional sweet red pepper) or by
providing price discounts (e.g., potentially for larger size packages). Finally, for the Process Quality
Supporters, all process attributes are not only of relatively high but also of about equal importance
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in consumers’ purchase decisions while price seems to be of minor relevance. The low opt-out ratio
of 1.7%, in addition, signals that this group can be retained if retailers oﬀer red sweet peppers that
fulﬁll at least one of the desired attribute levels. This, in fact, does not require a further diﬀerentiation
beyond the one already suggested for the Japan Lovers and Domestic Supporters. However, large retailers
that have the possibility of further diﬀerentiating their assortment can extract high price premia by
oﬀering organic red sweet peppers and/or red sweet peppers with a CRT approved in Taiwan. Along
the same lines, smaller retailers may be able to run a successful niche strategy by focusing on the needs
of this smaller segment.
The recommendation so far takes class membership as a given. Our ﬁndings, however, show that
while sociodemographic factors provide little power to explain class membership (compare Models 1
and 2 in Table 10), a result in line with previous research [17,163,174], attitudinal and trust perceptions
signiﬁcantly inﬂuence class membership, explaining 23% of the models’ variance. Thus, assuming
labeling to be suﬃcient for consumers to consider process attributes in their purchase decisions
will likely prove wrong. For labeling to receive credence, it seems essential to implement eﬀective
control authorities and secure a high level of transparency to (re)gain and maintain consumers’ trust.
Furthermore, our ﬁndings suggest a lack of knowledge regarding what organic implies, at least for the
segment of Price Conscious Consumers (see discussion above). Accordingly, action is needed by private
and public agencies to raise consumers’ knowledge regarding the standards behind organic products.
Last, some potential limitations of this study must be acknowledged. First, in this study, we
focused on one product, fresh red sweet pepper, in one country. Whether our ﬁndings are transferrable
to other products part of Taiwanese people’s daily diet should be addressed in further research. Also,
a comparison of results across countries would be desirable. In particular, it would be interesting
to carry out the same kind of study in China and/or Japan, and thus in competing markets, and
investigate whether segments characterized by similar preferences and characteristics across locations
exist. Respective insights could be valuable for producers in their decision to export or concentrate on
local markets. Second, it has to be noted that the analysis is based on a hypothetical choice experiment.
Thus, the results might suﬀer from social desirability bias. Third, to avoid consumer fatigue, we
decided for four product attributes of red sweet pepper based on a pre-study. However, it must be
considered that the selection of attributes and attribute levels may impact DCE outcomes. Along the
same line, we limited the number of BWS statements to 25 as to cover all diﬀerent dimensions of trust,
with respect to all relevant characteristics of the products, would have resulted in more than 70 BWS
statements, which would have been unmanageable. Nevertheless, there could be arguments for a
diﬀerent choice of statements than those selected that might have had an impact on the results. More
speciﬁcally, we suggest for future studies to give more attention to capturing consumer animosity as
a means to deepen the understanding about consumers’ attitude and perception, especially in the
case of a negative COO image. Furthermore, in the questionnaire, participants were always requested
to ﬁrst answer the DCE questions and then the once of the BWS. We decided on this sequence to
prevent consumers from knowing, while conducting the DCE, that the focus of the study was on trust.
However, due to this order, we cannot rule out that the DCE had some inﬂuence on respondents’
answers in the BWS task.
Moreover, as we combined in our multinomial logit model the ﬁndings from a DCE latent class
analysis (class membership entered as the dependent variable) and the outcome of the BWS Bayesian
estimation (trust components entered as independent variables), we cannot rule out the problem
of endogeneity. As we, however, lack an adequate instrumental variable, we cannot control for
the endogenous issue. For future research, we suggest controlling for endogeneity and considering
this issue by inclusion of an adequate covariate in the design of the survey. Finally, a simultaneous
estimation of the DCE and BWS data would have been desirable. However, currently available software
is incapable of estimating two large choice datasets (per individual 24 DCE rows and 100 BWS rows)
concurrently in a single model. Therefore, such an analysis will only be possible in the future with the
development of more sophisticated software.
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5. Conclusions
Our study revealed that an analysis of what Taiwanese consumers value in their purchase of red
sweet peppers falls short if it does not account for market heterogeneity. This holds as consumers
(consumer segments) diﬀer in the weights they assign to diﬀerent product and process attributes.
The ﬁndings of this paper, in addition, strongly support the argument that consumers’ attitudinal and
trust perceptions are important determinants of class membership. These insights help to understand
what actually drives class membership and to derive targeted marketing and policy strategies. From
a methodological point of view, our paper is the ﬁrst to combine a latent class model for discrete
choices with BWS. The latter allowed us to capture consumers’ attitudinal and trust perceptions in a
discriminant manner. Our results show that combining those methods enriches insights gained from
latent class choice analysis.
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Appendix A BWS Design Matrices
Number of statements = 25
Number of statements per choice set = 5
Number of sets per respondent: 10
Number of blocks: 30
One Way Frequencies:
Statement

Frequencies Used

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60

Mean =
S.D. =

60
0
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Positional Frequencies:
Position in the BWS choice set
Statement

1

2

3

4

5

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

12
11
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
11
12
13
12
13
12
12
12

12
13
13
11
12
13
12
12
11
12
12
13
12
12
11
12
12
12
12
12
12
12
11
12
12

12
12
12
13
12
11
12
12
12
12
12
12
12
12
12
12
12
12
12
12
13
11
12
12
12

12
12
12
12
13
12
13
11
12
12
12
11
12
12
13
12
12
12
12
11
11
12
13
11
13

12
12
11
12
11
12
11
13
13
12
12
12
12
12
12
12
12
13
12
12
12
12
12
13
11

Mean =
S.D. =

12
0.522

155

156

60
10
11
10
10
10
10
10
10
10
10
11
9
11
10
10
10
10
10
10
9
10
9
10
10

Mean =
S.D. =

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

11
10
60
10
10
9
10
10
10
9
10
10
11
10
10
10
10
10
11
9
10
10
10
10
10

3

10
0.497

10
60
10
10
10
10
10
10
10
10
10
10
9
10
10
11
10
9
10
10
11
10
10
10
10

2

Two Way Frequencies:

Statement 1

10
10
10
60
10
10
9
10
10
10
9
10
10
10
10
10
11
11
10
10
10
10
10
10
10

4

10
10
10
10
60
10
10
10
10
10
10
10
10
10
10
10
10
10
10
9
10
11
10
10
10

5
10
10
9
10
10
60
10
11
10
10
10
10
10
10
9
10
10
10
11
10
10
10
9
10
11

6
10
10
10
9
10
10
60
10
10
11
11
10
10
11
9
10
9
10
10
10
10
10
10
10
10

7
10
10
10
10
10
11
10
60
10
9
10
10
11
10
10
10
10
10
11
10
9
10
10
10
9

8
10
10
10
10
10
10
10
10
60
10
10
10
11
9
11
9
10
11
9
10
10
10
10
10
10

9
10
10
9
10
10
10
11
9
10
60
10
10
10
10
11
9
11
10
10
10
10
10
10
10
10

10
10
10
10
9
10
10
11
10
10
10
60
9
11
9
11
11
10
10
10
10
10
10
10
9
10

11
11
10
10
10
10
10
10
10
10
10
9
60
9
11
11
11
9
9
10
10
10
10
10
10
10

12
9
9
11
10
10
10
10
11
11
10
11
9
60
10
10
10
10
10
9
10
10
10
10
10
10

13
11
10
10
10
10
10
11
10
9
10
9
11
10
60
10
9
9
10
10
10
10
10
11
10
10

14
10
10
10
10
10
9
9
10
11
11
11
11
10
10
60
10
10
10
9
11
10
9
10
10
9

15
10
11
10
10
10
10
10
10
9
9
11
11
10
9
10
60
10
10
10
10
10
10
10
10
10

16
10
10
10
11
10
10
9
10
10
11
10
9
10
9
10
10
60
10
10
10
10
10
10
10
11

17
10
9
10
11
10
10
10
10
11
10
10
9
10
10
10
10
10
60
9
10
10
10
10
11
10

18
10
10
11
10
10
11
10
11
9
10
10
10
9
10
9
10
10
9
60
9
11
11
10
10
10

19
10
10
9
10
9
10
10
10
10
10
10
10
10
10
11
10
10
10
9
60
11
10
11
10
10

20
9
11
10
10
10
10
10
9
10
10
10
10
10
10
10
10
10
10
11
11
60
9
10
10
10

21
10
10
10
10
11
10
10
10
10
10
10
10
10
10
9
10
10
10
11
10
9
60
10
10
10

22
9
10
10
10
10
9
10
10
10
10
10
10
10
11
10
10
10
10
10
11
10
10
60
10
10

23
10
10
10
10
10
10
10
10
10
10
9
10
10
10
10
10
10
11
10
10
10
10
10
60
10

24
10
10
10
10
10
11
10
9
10
10
10
10
10
10
9
10
11
10
10
10
10
10
10
10
60

25
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4

13
2
21
7
16
15
11
17
1

9. I generally like to consume organic red sweet peppers produced in Japan.

10. Taiwanese organic red sweet peppers are trustworthy.

11. Chinese organic red sweet peppers are trustworthy.

12. Japanese organic red sweet peppers are trustworthy.

13. I feel sure that organic red sweet peppers contain higher vitamin C and anti-cancer substances
than conventional ones.

14. I feel sure that organic red sweet peppers contain the same vitamin C and anti-cancer
substances as conventional ones.

15. With purchasing organic red sweet peppers I help preserve the environment and natural
resources.

16. There are no diﬀerences between buying organic red sweet peppers or conventional ones with
respect to preserving the environment and natural resources.

17. It is more likely that I buy Taiwanese red sweet peppers if information on chemical residue
testing is provided.

18

6. I generally like to consume conventional red sweet peppers produced in Japan.

22

25

5. I generally like to consume conventional red sweet peppers produced in China.

8. I generally like to consume organic red sweet peppers produced in China.

14

4. I generally like to consume conventional red sweet peppers produced in Taiwan

7. I generally like to consume organic red sweet peppers produced in Taiwan.

24
10

3. I feel assured that the Japanese institutions do a good job in adequately protecting consumers.

12

1. I feel assured that the Taiwanese institutions do a good job in adequately protecting consumers.

2. I feel assured that the Chinese institutions do a good job in adequately protecting consumers.

a

Rank

BWS Statements

Total respondents
Total Best Choices
Total Worst Choices
Root Likelihood statistics (model ﬁt)

Appendix B Results of the Hierarchical Bayesian Mixed Logit Model for BWS Data

157

8.42

2.32

5.29

3.53

3.24

5.96

0.49

7.73

4.68

0.33

7.30

1.98

0.05

4.26

5.43

0.08

4.80

Avg. Imprt.
Scores b

[8.21–8.62]

[2.09–2.54]

[5.01–5.57]

[3.23–3.83]

[2.98–3.51]

[5.67–6.24]

[0.37–0.61]

[7.52–7.93]

[4.38–4.98]

[0.24–0.42]

[7.09–7.52]

[1.84–2.11]

[0.03–0.07]

[4.01–4.51]

[5.18–5.69]

[0.06–0.11]

[4.50–5.10]

[95% C.I. Lower, Upper]

459
4590
4590
0.58
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9

25. Japanese organic red sweet peppers have good value for money.

5.61

0.50

7.39

5.78

0.29

6.52

7.27

0.75

[5–5.92]

[0.37–0.64]

[7–7.61]

[5–6.08]

[0–0.39]

[6–6.84]

[7–7.48]

[0–0.92]

Avg. imprt. Scores = Average importance scores.

20

24. Chinese organic red sweet peppers have good value for money.
b

3

23. Taiwanese organic red sweet peppers have good value for money.

Rank indicates the rank position among the 25 statements based on the importance score.

8

22. It is more likely that I buy Japanese red sweet peppers if they are on special oﬀer.

a

6
23

21. It is more likely that I buy Chinese red sweet peppers if they are on special oﬀer.

5

19. It is more likely that I buy Japanese red sweet peppers if information on chemical residue
testing is provided.

20. It is more likely that I buy Taiwanese red sweet peppers if they are on special oﬀer.

19

18. It is more likely that I buy Chinese red sweet peppers if information on chemical residue
testing is provided.
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Abstract: As sodium and sugar intake in South Korea exceed recommended levels, the government
and food industry have been attempting to reduce the amount of sodium and sugar in the food
products. In line with these eﬀorts, this study sought to examine how the purchase intention for
low-sodium/low-sugar products vary based on consumers’ previous choices of low-sodium/low-sugar
products and other consumer-related factors. For this study, two online survey-based experiments
were conducted: one using soy sauce to represent a sodium-based product and the other using
yogurt to represent a sugar-based product. The signiﬁcant variables that inﬂuenced the purchase
intention for both were the consumers’ previous low-sodium/low-sugar product choices and their
propensity for food neophobia. Consumers who had previously selected regular products showed
a lower intention to purchase low-sodium soy sauce or low-sugar yogurt. In addition, those who
had a strong tendency toward food neophobia also had a signiﬁcantly lower purchase intention for
these products. Moreover, the lower the consumer s unhealthy = tasty intuition (UTI), the higher
the purchase intention for the low-sodium soy sauce, but UTI did not act as a signiﬁcant variable
for the low-sugar yogurt. These results demonstrate that government interventions for low-sodium
products and low-sugar products should be diﬀerentiated.
Keywords: cognitive dissonance theory; unhealthy = tasty intuition; food neophobia; low-sodium;
low-sugar

1. Introduction
Sodium is an essential nutrient for the maintenance of human health. The recommended minimum
daily intake of sodium is 500 mg [1]. However, excessive sodium intake has been identiﬁed as a health
risk as it can lead to health problems such as stroke and cardiovascular disease [2]. The issue of
excessive sodium intake is particularly problematic in South Korea since it has one of the highest
sodium consumption rates in the world [1].
Similarly, while sugar has now become a major component of our daily nutrition [3], the excessive
consumption of sugar is associated with the risk of weight gain and cardiometabolic problems [4].
And excessive sugar intake, as well as sodium intake is also a health problem in South Korea as
the sugar-sweetened beverage (SSB) consumption rate among adults increased from 66% to 69%
between 2001 and 2009 [5].
In response to these situations, the food industry has been reducing the sodium and sugar contents
of products to meet government health guidelines [6]. However, food reformulation eﬀorts alone are
insuﬃcient for inducing healthy consumption patterns among consumers. Depending on external
and consumer-related factors, the results of these eﬀorts can vary. Previous studies have shown
that variables such as age, gender, income, health (whether they smoke, whether they have certain
Foods 2020, 9, 351; doi:10.3390/foods9030351
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diseases, etc.), special diet, and price sensitivity have a signiﬁcant impact on consumer attitudes toward
low-sodium or-low-sugar products [7–12].
Therefore, this study investigates how consumers’ purchase intention for low-sodium/low-sugar
products diﬀers depending on their previous choices, level of unhealthy = tasty intuition (UTI),
and food neophobia. As stimuli, we use soy sauce products to represent a sodium-based food category
and yogurt products to represent a sugar-based food category. In comparison to regular products, we
assume that the low-sodium and low-sugar versions of both the soy sauce and yogurt are relatively
new to consumers, while the regular versions are familiar to consumers in South Korea.
2. Theoretical Framework
2.1. Cognitive Dissonance Theory
According to Festinger’s dissonance theory, two cognitions that are related to each other can be
either consonant or dissonant. If the two cognitions are consonant, then one follows consistently with
the other. However, if the two cognitions are dissonant, the opposite of one cognition is consistent with
the other. When dissonance occurs, an individual experiences psychological discomfort, and in order to
reduce this discomfort, the individual is motivated to avoid any information that is likely to aggravate
this dissonance [13]. Some of the important research generated by cognitive dissonance theory can be
classiﬁed as based on the free-choice paradigm, belief-disconﬁrmation paradigm, eﬀort-justiﬁcation
paradigm, and induced-compliance paradigm [14].
Among these paradigms, we will focus on the free-choice paradigm and belief-disconﬁrmation
paradigm in this study. According to the free-choice paradigm, the choice between similarly valued
alternatives triggers a psychological tension mediated by the preferred aspects of the rejected alternative
and the unpreferred aspects of the selected alternative [13]. This tension is relieved by reassessing
the options after the choice has been made [15,16]. The concept that choice shapes preference has been
widely accepted by many researchers for many years [17].
This idea was demonstrated in 1956 by an experiment conducted by psychologist Jack Brehm,
and the results have been replicated numerous times since [18,19]. In Brehm’s experiment, participants
were required to select one out of two similarly valued items and then evaluate the selected item.
as a result, they rated the selected item as better than they did initially, while they rated the rejected
item as worse [20].
According to the belief-disconﬁrmation paradigm, dissonance occurs when people are exposed to
information that does not match their beliefs. If the dissonance is not diminished by altering one’s
own beliefs, then the dissonance can lead to the rejection or refutation of the new information [14].
Following dissonance theory, the prior choice of a particular soy sauce or yogurt product will lead
to a preference for this previously selected product. Therefore, even if new information is provided
later regarding a low-sodium or low-sugar alternative, those who have already chosen a regular
product will disregard this new information as it is dissonant to their existing preference. By referring
to previous research that has stated that preference is almost identical to purchase intention and is
a good predictor of it [21], it can be predicted that:
•

•

H1a: Consumers who once chose a regular soy sauce will have a lower purchase intention
for a low-sodium soy sauce regardless of additional information about the low-sodium soy
sauce product.
H1b: Consumers who once chose a regular yogurt will have a lower purchase intention for
a low-sugar yogurt regardless of additional information about the low-sugar yogurt product.

2.2. Unhealthy = Tasty Intuition (UTI)
Many researchers have posited and identiﬁed the positive eﬀects of providing consumers with
easily identiﬁed healthy foods [22–24]. However, not all consumers will necessarily be more likely
to buy certain products because they seem healthier [25]. For example, some consumers will not
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choose healthier products over less healthy ones within the same food categories. For those consumers,
a food with relatively healthy names, such as salad are perceived as less tasty than the same food with
relatively unhealthy names, such as pasta [26].
Connected to this rationale is the UTI that some people hold [27]. According to Raghunathan et al.,
UTI is a belief held by consumers that the healthiness and tastiness of a food product have a negative
correlation. In other words, when information is provided to consumers indicating that a product is
healthy, the worse they infer its taste. There are two main sources for this belief. First, this intuition is
generated internally from a more general belief that there is an inverse relationship between utilitarian
and hedonic values. Along with this internal source of UTI, mass media and personal communications
instill consumers with views that are compatible with this intuition.
However, the relationship between UTI and its consequences may be more complicated than
we think [26]. Furthermore, it is also important to highlight that the degree of UTI varies among
consumers. Previous studies have indicated that there are consumers who are less likely to believe
that unhealthy foods are tastier [26,28]. For instance, health-conscious consumers are less likely to
base food decisions on UTI because they may place greater importance on health over taste [29,30].
To illustrate this, the taste expectations of dieters for healthy foods are more positive than those of
non-dieters [26]. In fact, one previous study found an intuition opposite to UTI that exists in France
in which healthy foods are believed to be tastier than unhealthy foods [31].
in the present study, UTI is indicated by the consumer tendency to evaluate healthy food as less
tasty when given product information (nutrient contents, labels on the package, etc.). In this study, we
consider healthy foods as those that are low in sodium or sugar. Therefore, it can be assumed that
consumers with a lower UTI will have a higher purchase intention for low-sodium/low-sugar products.
Thus, it is predicted that:
•
•

H2a: Consumers with a lower UTI will have a higher purchase intention for a low-sodium soy
sauce product.
H2b: Consumers with a lower UTI will have a higher purchase intention for a low-sugar
yogurt product

2.3. Food Neophobia
Underlying the relationship between a change in the taste of a product and the consumer
acceptance of it is the feeling that consumers have when they are unfamiliar with the changed
taste. In this context, the concept of food neophobia can be described as a consumer reluctance or
unwillingness to try an unfamiliar product [32]. People expect novel foods to be unfavorable or even
dangerous as compared to familiar ones, and this tendency lowers their willingness to try novel
foods [33].
One of the ways to reduce food neophobia is to expose individuals to and increase familiarity
with unfamiliar foods [34–36]. However, since the degree to which people are exposed to novel foods
varies, attempts to reduce food neophobia by increasing familiarity or exposure should be made with
caution [37]. Previous studies have revealed that there is a positive relationship between age and
food neophobia [32,38,39]. Other variables, such as culture, education, and income, can also inﬂuence
the degree of individual food neophobia [38,40–43]
In addition, the tendency for food neophobia can vary from person to person [32,44]. While food
neophobics tend to reject and avoid unfamiliar foods without even trying them [45], food neophilics
enjoy trying unknown foods [46,47].
in the food industry, it is sometimes inevitable that alterations in ﬂavor will result from changes
in the sodium/sugar content of a food product, and consumers must make a hedonic adjustment
to the change in ﬂavor in order to become accustomed to the reformulated (low-sodium/low-sugar)
product [48]. as a result, this could inﬂuence the long-term consumer acceptance of a product [49].
Marketing strategies related to increasing consumer familiarity with novel foods have shown
the potential to introduce these products into the market successfully [50]. Therefore, in order to
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ensure the market success of reformulated food products, such as with sodium or sugar-reduced foods,
it is imperative to verify the purchase intentions of consumers for these products in consideration of
their level of food neophobia. Therefore, we suggest the following hypotheses:
•
•

H3a: Consumers with a lower tendency toward food neophobia will have a higher purchase
intention for a low-sodium soy sauce product.
H3b: Consumers with a lower tendency toward food neophobia will have a higher purchase
intention for a low-sugar yogurt product.

3. Materials and Methods
3.1. Stimuli Materials
The two products chosen for the study were (1) soy sauce as a sodium-based product and (2) yogurt
as a sugar-based product (Appendix A). The experiments were designed to reﬂect all the brands
of products sold in the actual markets to increase external validity. To do so, pictures of the real
products, as well as their information (brand, price, and volume) were given to the participants at
the early stage of the experiment. Soy sauce was selected as a stimulus in the ﬁrst experiment and used
as a representative product for the sodium-based product category because it has traditionally been
used in South Korea and is assumed to be one of the main reasons why Korea’s sodium consumption
is one of the highest in the world [1]. Although soy sauce is recognized worldwide for its many health
beneﬁts as a fermented food, it also has the potential to cause high blood pressure and diabetes since
it accounts for 20.8% of the daily sodium consumption in Korea [51]. In the case of sugar intake, yogurt
is selected as a stimulus for this study because it is one of Korea’s major sugar sources, according to
the Korea Ministry of Food and Drug Safety [52]. Therefore, yogurt will be presented to experiment
participants as a sugar-based product in the second experiment.
In order to select the soy sauce products for this study, brands with the highest sales were selected
based on a report from the Korea Agro-Fisheries and Food Trade Corporation [53]. For the low-sugar
yogurt products, on the other hand, the products with the highest sales volume on the E-Mart Mall,
one of the largest Korean retail chains, were selected.
3.2. Participants
The eﬀects of consumers’ previous choices, UTI, and food neophobia on the purchase intention
for a low-sodium soy sauce product and a low-sugar yogurt product were studied among Korean
housewives. Housewives were selected as the subject of our study because they are the main
decision-makers for soy sauce and yogurt purchases in a market shopping context.
The data was collected from an online panel established by a leading online research company
in the winter of 2018. Ages of the members of the panel ranged from their 20s to 50s and were all legally
capable of consenting to participation. Participants of this study were at ﬁrst gathered by answering
the e-mail whether to participate in the study.
in the soy sauce experiment, respondents were asked whether they had bought soy sauce
in the prior 6 months in order to screen out respondents who do not have recent experience of
purchasing soy sauce products. Of the 2989 respondents, 1913 answered that they have experiences of
buying soy sauce products in the prior 6 months. Then, 1913 respondents, who have bought soy sauce
in the prior 6 months, were asked to choose one of the choice-set of regular soy sauce and low-sodium
soy sauce products. Of the 1913 respondents, 1628 (85.10%) had chosen a regular soy sauce product
and 285 (14.90%) had chosen a low-sodium soy sauce product. For the convenience and balance of
the demographic composition of the two sample groups, however, 233 respondents out of 285 who
had selected the low-sodium product and 233 out of 1628 respondents who had selected the regular
product (total 466) were sampled and studied. The number of samples for each group was assigned to
distribute the demographic data, such as age, evenly. The average age of the 466 respondents was
39.4 years old (SD = 10.8).
170

Foods 2020, 9, 351

Likewise, for the yogurt experiment, respondents were also asked whether they had bought yogurt
in the prior 6 months. 1070 out of 1401 answered that they have experiences of buying yogurt products
in the prior 6 months. Of the 1070 respondents, 662 (61.87%) had chosen a regular yogurt product
and 408 (38.13%) had chosen a low-sugar yogurt product. Among these, 239 out of 662 respondents
who had selected a low-sugar yogurt product and 246 out of 1070 respondents who had selected
a regular yogurt product (total 485) were sampled and studied. The number of samples for each group
was assigned for the same reason as in the ﬁrst experiment. The average age of the participants was
39.4 years old (SD = 10.6).
3.3. Procedure
Both experiments were performed by an online survey. Prior to the survey, all of the respondents
were told that the data and opinions gathered through the survey were conﬁdential and to be used for
research purposes only, following Section 33 of the Korean statistical law. Only participants who gave
consent to participate in the survey pressed the “Next” button. Gathered data of the participants were
non-identiﬁable and stored in the company’s database for 1 year.
The survey of the soy sauce experiment was performed based on the scenario that the respondent
had to buy soy sauce at the market for preparing meals. The 466 respondents were provided with
images of eight soy sauce products currently sold at the market, with each including brief information
on its volume, price, and unit price. Among the eight products, two were low-sodium and six were
regular products, and respondents were asked to choose one.
A similar design and procedure were applied in the yogurt experiment. The survey was also carried
out based on the scenario that the respondent had to buy yogurt at the market. The 485 respondents
were provided with images of seven yogurt products currently sold at the market, with each including
brief information on its volume, price, and unit price. Among the seven products, three were low-sugar
and four were regular products, and respondents were asked to choose one.
All of the respondents from both experiments were asked about their intention to purchase
a low-sodium/low-sugar product. The study aimed to see how the sodium/sugar content of the product
aﬀects the consumer’s purchase intention of the product by providing them with additional information
about low-sodium/sugar products immediately after the ﬁrst choice of the participants. Those who
had selected a low-sodium/low-sugar product in each experiment were given the information that
the product they chose was low in sodium/sugar and were asked to evaluate their intention to purchase
the product. on the other hand, those who had selected a regular product in each experiment were
shown pictures and information for low-sodium/low-sugar products and were asked to evaluate their
intention to purchase these products. The quality of the information given to both respondents in each
experiment was controlled to be the same.
Next, the respondents from both experiments completed questionnaires regarding their UTI and
food neophobia. Finally, basic demographic and personal information about the participants were
taken in order to control the main independent variables. Information was collected about their interest
in diet, family size, whether they have a family member suﬀering from atopy, high blood pressure,
diabetes, or cancer, income, how often they cook at home, education level, and age.
3.4. Measures
Purchase intention was the main dependent variable in the study. To measure the purchase
intention of a low-sodium/low-sugar product for each experiment, three items were rated on a 5-point
scale (1 = ”very low” and 5 = ”very high”; Table 1) [54].

171

Foods 2020, 9, 351

Table 1. Items used in the purchase intention (PI) scale.
PI

Description

PI 1
PI 2

I am considering purchasing the product.
I will purchase the product as soon as possible.
if there is a chance, I have the intention to buy
the product.

PI 3

There were three main independent variables in this study: previous choice, UTI, and food
neophobia. First, in order to measure the respondents’ previous choice, we divided the respondents
into two groups based on whether they had chosen a low-sodium/low-sugar product or not. According
to their choice, we assigned a dummy variable (PC) (Table 8).
Next, to measure the participants’ intuitive belief that the less healthy the food, the better its
inferred taste, that is the UTI, they were asked to rate three items [30] on a 5-point scale (1 = “strongly
disagree” and 5 = ”strongly agree”; Table 2).
Table 2. Items used in the unhealthy = tasty intuition (UTI) scale.
UTI

Description

UTI 1
UTI 2
UTI 3

Things that are good for me rarely taste good.
There is no way to make food healthier without sacriﬁcing taste.
Healthy food is usually less tasty.

Finally, the participants answered 10 items for a food neophobia scale (FNS) [32] to measure their
reluctance to eat and/or avoidance of novel foods based on a 5-point scale (1 = “strongly disagree” and
5 = ”strongly agree”; Table 3). The higher the FNS score, the weaker the consumer’s food neophobia,
and the lower the FNS score, the stronger the food neophobia. All items were written in Korean.
Table 3. Items used in the food neophobia scale (FNS).
FNS

Description

FNS 1
FNS 2
FNS 3
FNS 4
FNS 5
FNS 6
FNS 7
FNS 8
FNS 9
FNS 10

I am constantly sampling new and diﬀerent foods.
I don’t trust new foods. (R)
if I don’t know what is in a food, I won’t try it. (R)
I like foods from diﬀerent countries.
Ethnic foods look too weird to eat. (R)
At diﬀerent parties, I will try new foods.
I am afraid to eat things I have never had before. (R)
I am very particular about the foods I will eat. (R)
I will eat almost anything.
I like to try new ethnic restaurants.
Items for which scoring is reversed are marked (R).

3.5. Data Analysis
Before conducting a multiple regression analysis to analyze the eﬀects of the independent variables
on the consumers’ purchase intention for the products of the study, the validity of each individual item
from the questionnaire was assessed. To test the validity of our constructs, we used structural equation
modeling to perform a conﬁrmatory factor analysis with SmartPLS 2.0 and a bootstrap resample
procedure [55].
Reliability was conﬁrmed with a Cronbach’s alpha. Generally, values that are greater than
0.70 represent a good measure [56]. Then, individual item loadings were used to check convergent
validity. A loading of 0.70 or higher from a partial least square method is considered adequate.
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The validity of the measurement model was evaluated by the composite reliability (CR) index, partial
least squares (PLS) factor loadings, and average variance extracted (AVE). A value greater than
0.70 CR means that a construct maintains both its internal consistency and convergent validity [57].
The recommended levels for PLS factor loadings and AVE are 0.70 and 0.50, respectively.
As can be seen in Tables 4 and 5, the constructs from both experiments passed the reliability test
since all of the Cronbach’s alpha values were higher than 0.70, indicating that the constructs have
adequate internal consistency [56]. In addition, values greater than 0.70 for CR show that the constructs
have both internal consistency and convergent validity [57].
Table 4. Reliability and validity values from the ﬁrst experiment: soy sauce products.
Constructs

Item

Factor Loading

Unhealthy = tasty
intuition (UTI)

UTI 1
UTI 2
UTI 3
FNS 2
FNS 4
FNS 5
PI 1
PI 2
PI 3

0.9021
0.9298
0.9074
0.8295
0.9131
0.7959
0.8542
0.8216
0.9201

Food neophobia (FNS)

Purchase intention for
a low-sodium soy
sauce product (PI)

Average Variance Extracted

Composite Reliability

Cronbach’s Alpha

0.8339

0.9377

0.9013

0.7184

0.8841

0.7184

0.7504

0.9000

0.7504

Table 5. Reliability and validity values from the second experiment: yogurt products.
Constructs

Item

Factor Loading

Unhealthy = tasty
intuition (UTI)

UTI 1
UTI 2
UTI 3
FNS 2
FNS 4
FNS 5
FNS 8
PI 1
PI 2
PI 3

0.9216
0.7956
0.9234
0.7278
0.8751
0.7579
0.7621
0.9055
0.9018
0.8528

Food neophobia (FNS)

Purchase intention for
a low-sodium soy
sauce product (PI)

Average Variance Extracted

Composite Reliability

Cronbach’s Alpha

0.7784

0.9129

0.8773

0.6126

0.8629

0.7882

0.7869

0.9171

0.8656

This study used the square root of AVE (Tables 6 and 7) and a cross-loading matrix to verify
the discriminant validity of the measurement model. The square root should be larger than
the correlations between the constructs [58]. The amount of variance shared between the latent
variables indicates the presence of a strong discriminant validity [59]. Tables 6 and 7 show that for
both experiments, each construct has a higher correlation with the measures than the other.
Table 6. Correlations of the latent variables and the square root of the average variance extracted from
the ﬁrst experiment: soy sauce products.

(1) Unhealthy = tasty intuition
(2) Food neophobia
(3) Purchase intention for a low-sodium soy sauce product

(1)

(2)

(3)

(0.9132)
−0.1857
−0.1482

(0.8476)
0.0983

(0.8663)

Table 7. Correlations of the latent variables and the square root of the average variance extracted from
the second experiment: yogurt products.

(1) Unhealthy = tasty intuition
(2) Food neophobia
(3) Purchase intention for a low-sodium soy sauce product
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(1)

(2)

(3)

(0.8823)
−0.1126
−0.0503

(0.7827)
0.1723

(0.8871)
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Subsequently, a multiple regression analysis was conducted with the three main independent
variables: whether the respondents had previously selected a low-sodium soy sauce or not
(previous choice), UTI, and food neophobia. Calculations were performed using RStudio version 3.4.4.
4. Results
The results from the soy sauce experiment and the yogurt experiment are as follows (Table 8).
First, the results from the soy sauce experiment revealed that among 466 respondents, those consumers
who had previously chosen a regular soy sauce over low-sodium versions tended to have a lower
purchase intention for a low-sodium product. Meanwhile, consumers who had a weaker intuition that
delicious foods are not necessarily unhealthy (lower UTI) tended to have a higher purchase intention
for a low-sodium soy sauce product. In addition, consumers who were less fearful of trying new foods
(low food neophobia) tended to have a higher purchase intention for a low-sodium soy sauce product.
These results support H1a, H2a, and H3a.
Table 8. Multiple regression analysis results.
Purchase Intention for
a Low-Sodium Soy Sauce Product

Purchase Intention for
a Low-Sugar Yogurt Product

Type

Independent Variable

Stan.B

p-Value

Stan.B

p-Value

Previous Choice
Unhealthy = tasty intuition
Food neophobia
Control Variable

PC
UTI
FNS
Age_20 a)
Age_30 a)
Age_40 a)
Income
Diet Interest
Home Cooking interest
Education
Grocery shopping
frequency
Family size

0.2905
−0.1067
0.0955
−0.2106
−0.1409
−0.0665
0.0863
0.1440
0.0365
−0.0453

0.0000 ***
0.0163 *
0.0334 *
0.0003 ***
0.0119 *
0.2195
0.0780
0.0011 **
0.4376
0.3293

0.3554
0.0007
0.1214
−0.1730
−0.0580
−0.0895
−0.0416
0.1019
0.0593
0.0225

0.0000 ***
0.9875
0.0048 **
0.0011 **
0.2756
0.0826
0.3644
0.0166 *
0.1757
0.5960

0.0492

0.2580

0.1372

0.0011 **

0.0098

0.8434

0.1364

R2
F-statistic
p-value

0.1530
8.0000
0.0000

0.0039 **
0.1851
10.1600
0.0000

*** p < 0.001, ** p < 0.01, * p < 0.05; a) Based on a dummy variable that was coded as 1 if the respondent belongs to
this age range. All control variables except for the age variables are continuous variables.

There were three control variables found in the results from the ﬁrst experiment signiﬁcant to
the purchase intention for a low-sodium soy sauce: age, income, and diet interest. Consumers in their
20s and 30s had a lower purchase intention for a low-sodium soy sauce product compared to those who
were in their 50s. on the other hand, consumers with a higher household income and consumers who
were more interested in their diet had a higher purchase intention for a low-sodium soy sauce product.
The results from the yogurt experiment show that among 485 respondents, those consumers
who had previously chosen a regular yogurt product over low-sugar versions tended to have a lower
purchase intention for a low-sugar yogurt product. In addition, consumers who were less afraid of
trying novel foods (low food neophobia) had a higher purchase intention for a low-sugar yogurt
product. However, UTI was not a signiﬁcant independent variable for the purchase intention for
a low-sugar yogurt product. Therefore, the results support H1b and H3b but do not support H2b.
in the yogurt experiment, there were four control variables signiﬁcant to the purchase intention
for a low-sugar yogurt: age, diet interest, grocery shopping frequency, and family size. Consumers
in their 20s had a lower purchase intention for a low-sugar yogurt product compared to those who were
in their 50s. Older consumers, consumers who were more interested in their diet, and consumers who
did their grocery shopping more frequently had a higher purchase intention for a low-sugar yogurt
product. In addition, the larger the size of a consumer’s family, the higher the purchase intention for
a low-sugar product.
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5. Discussion
5.1. Consumers’ Previous Choice and the Purchase Intention for a Low-Sodium/Low-Sugar Product
The results from our study demonstrate that the previous choice shapes the preference of consumers.
In other words, whether consumers had chosen a low-sodium/low-sugar product in the past or not
make a signiﬁcant impact on their purchase intention for these products. From the ﬁndings, we can
draw some important implications.
In this study, respondents were asked to choose a product ﬁrst from a choice set and were then
informed about the low-sodium/low-sugar products. They were then asked to evaluate their purchase
intention for these products. It should be noted that the presented information did not play a signiﬁcant
role in increasing the purchase intention for the low-sodium/low-sugar products. This is in line with
our conjecture that those who had chosen regular products would disregard the information as it was
dissonant with their preferences [14].
The ﬁndings suggest that governmental agencies should divide consumers into segments and
implement diﬀerent strategies. We suggest dividing consumers into segments of (1) consumers who
have never purchased sodium/sugar-based products, (2) consumers who buy low-sodium/low-sugar
products, and (3) consumers who buy regular products.
First, for the (1) consumers who have never purchased sodium/sugar-based products but are
prospective consumers, governmental agencies should consider strategies to raise awareness of these
products. It is imperative to add low-sodium/low-sugar products to the consumer choice set. Next, there
is a need to encourage (2) consumers who are already a customer of low-sodium/low-sugar products
to repurchase them. In order to do that, it is suggested that governmental agencies introduce recipes
and put labels on the products to make consumers more informed and increase their involvement.
Finally, strategies that instill dissonant cognitions to the behavior of consuming
high-sodium/low-sugar products can be considered for (3) consumers who are already consuming
regular products. Following an example used by Festinger (1957), some consumers may experience
dissonance and divert their purchasing behaviors to reduce dissonance when they are faced with
campaigns and public advertisements promoting that excessive sodium and sugar intake is bad for
their health.
5.2. Consumers’ Unhealthy = Tasty Intuition and the Purchase Intention of a Low-Sodium/Low-Sugar Product
Consumers’ UTI made a signiﬁcant impact on their purchase intention for a low-sodium soy
sauce product. However, contrary to our expectations, it did not signiﬁcantly inﬂuence the purchase
intention for a low-sugar yogurt product. There may be some explanations for this. Soy sauce
has a relatively high switching cost as it has a longer consumption period per purchase as compared to
yogurt. In addition, soy sauce is not a product that is consumed directly, but rather, it is seasoning
that adds saltiness during the cooking process. Thus, this saltiness itself is a highlight of soy sauce.
Therefore, consumers with a high UTI will tend to have a signiﬁcantly lower intention to purchase
a low-sodium soy sauce product because purchasing it entails high uncertainty. on the other hand,
yogurt is not a product eaten for sweetness alone, and therefore, UTI may not make a signiﬁcant impact
on consumer purchase intention in this case.
In addition, consumer perceptions of tastiness and healthiness can diﬀer depending on the food
product category [60]. Food products can be divided into a tastiness-associated food category and
a healthiness-associated food category [61], yet some products can be perceived as having both tasty
and healthy dimensions. In line with this idea, it is assumed that yogurt, unlike soy sauce, can be
perceived as neutral in terms of healthiness and tastiness for consumers in Korea.
We can also speculate that Korea’s market environment aﬀected the experiment results. Our data
shows that 14.90% of the respondents selected a low-sodium soy sauce product and 85.10% selected
a regular product. Meanwhile, the yogurt choices were more evenly distributed with 38.13% of
respondents having selected a low-sugar yogurt product and 61.87% having selected a regular
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product. This suggests that consumer preconceptions about the taste of low-sugar yogurt have already
disappeared or that there are already good tasting low-sugar yogurt products on the market, while there
still exist preconceptions regarding the taste of low-sodium soy sauce.
Therefore, in order to increase consumers’ purchase intention for low-sodium products, especially
for the soy sauce category, it is necessary to change the behavior of consumers in the long term by
utilizing media-based promotion strategies. For example, media promotion strategies using contents
such as speciﬁc and interesting sensory experiments and blind tests can be eﬃcacious for overcoming
consumer preconceptions that using low-sodium soy sauce will negatively aﬀect the taste of food.
5.3. Consumers’ Food Neophobia and the Purchase Intention for a Low-Sodium/Low-Sugar Product
This study assumes that when a food product with lower sodium or sugar content is introduced
by a widely accepted and long-established food brand, the consumer perceives the new product as
novel relative to the original. Based on this assumption, we hypothesized that the weaker the food
neophobia tendency of consumers, the stronger their purchase intention for low-sodium and low-sugar
products. The results conﬁrmed our hypothesis (H1a and H1b conﬁrmed). One of the implications of
this study is the interpretation of the consumer the consumption of soy sauce and yogurt products from
a diﬀerent perspective than previous studies. The study assumes that regular soy sauce and yogurt
products are familiar to consumers, but are recognized as unfamiliar to consumers when the sodium
and sugar contents are lower, respectively.
Although yogurt is a widely-consumed product category worldwide, soy-based foods, including
soy sauce, are only recently being introduced to the Western world [62]. For this reason, many
prior studies have been conducted in consideration of the factors that aﬀect Western consumers
(i.e., food neophobia) in their consumption of soy products, which would be novel foods from their
perspective [63–69]. However, soybeans are a traditional food source in East and Southeast Asia [70].
In particular, soy sauce is a product that has traditionally been used in many dishes in Korea. Therefore,
it is a more reasonable explanation that, while soy sauce itself is not a new food for Korean consumers,
low-sodium soy sauce reformulated from the original is considered a new product for Koreans.
There have been other studies that have considered consumers’ purchase intention of yogurt
products and the eﬀects of food neophobia [71]. The yogurt items considered in those studies, however,
were mainly functional products, such as probiotic yogurts [72,73]. However, the novelty covered
in this study was not a novelty from adding a new nutritional ingredient to an existing product but
rather from lowering the sugar content of a product already familiar to consumers.
The relationship between food neophobia and purchase intention for the products of our study
indicates that alleviating consumer food neophobia for low-sodium/low-sugar content products may
result in more positive consumer responses. Since a number of prior studies have demonstrated
that repeated exposure to novels foods and ﬂavors tends to enhance preferences [34–36], increasing
the amount of exposure to these products can be one way to reduce food neophobia and encourage
consumers to acquire preferences for low-sodium/low-sugar products. Therefore, giving out food
samples or, as in the case of low-sodium soy sauce, making and distributing recipe books using
the product can be suggested.
5.4. Control Variables
Control Variables that had signiﬁcant impacts on the purchase intention of low-sodium soy
sauce products were age, income, and diet interest. The result is in line with previous studies.
According to the previous research [7], sodium content is considered signiﬁcantly important in food
purchases to older and middle-high income consumers. In addition, when it comes to the perception
of low-sodium products, age, income, and family concern about diet-related problems are signiﬁcant
factors. Aged consumers with higher income levels and diet-related concerns within the family are
more likely to recognize low-sodium products [8].
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on the other hand, control variables that had signiﬁcant impacts on the purchase intention of
low-sugar yogurt products were age, diet interest, grocery shopping frequency, and family size.
While consumers in their 20s and 30s had signiﬁcantly lower purchase intention for low-sodium soy
sauce products compared to those in their 40s and 50s, only consumers in their 20s had signiﬁcantly
lower purchase intention for low-sugar yogurt product. on the other hand, consumers with bigger
family size had signiﬁcantly higher purchase intention for low-sugar yogurt product while they were
not for a low-sodium soy sauce product. According to the report from the Korea Agro-Fisheries &
Food Trade Corporation report, the ages of the yogurt product consumers are evenly distributed
compared to other dairy products [74]. As the number of family members increases, the age range
of family members will also vary. In the case of a yogurt product, since the products are consumed
by various ages compared to a soy sauce product, the increase in the number of family members
would mean the increased demand for yogurt per household. This may explain why the Family
size was a signiﬁcant variable in the purchase intention of a low-sugar yogurt product compared to
a low-sodium soy sauce product. In addition, according to a previous study, individuals who were
more interested in losing their weights consumed low-sugar carbonated drinks such as Coca-Cola
Light and Fanta Light signiﬁcantly more than those who were not [75]. It is consistent with our
ﬁnding that as consumers are more interested in their diet, their purchase intention for a low-sugar
yogurt product is signiﬁcantly higher. Furthermore, previous researches show that consumers who do
grocery shopping more often tend to buy healthier foods [76], and college students who do not do
grocery shopping tend to have poor eating habits, such as drinking more carbonated drinks or eating
high-calorie food products compared to those who do grocery shopping at a convenience store or
supermarkets [77]. These ﬁndings explain why grocery shopping frequency had a signiﬁcant impact
on the purchase intention of low-sugar yogurt products in this study.
5.5. Limitations and Further Research
Many diﬀerent factors inﬂuence consumers’ purchase intention for low-sodium/low-sugar
products, and it is impossible to consider all of these factors in a single study. This study focused
on the inﬂuence of external factors, speciﬁcally previous choice experience, and consumer-related
factors (UTI, food neophobia) on the purchase intention for these products. Other factors, such as
product-related factors, need further research.
In addition, many diﬀerent low-sodium food products exist in the sodium-based food product
category, and there are also many low-sugar food products on the market. As stimuli, the present
study used soy sauce to represent the sodium-based food product category and yogurt to represent
the sugar-based food product category. More food product categories should be considered in order to
generalize our ﬁndings in future research.
Furthermore, sodium-based and sugar-based food products diﬀer not only in their sensory
characteristics but also in the situations where they are consumed and the people who consume them.
Further research is needed to determine the factors that inﬂuence the purchase intention of low-sodium
and low-sugar food products based on the qualitative diﬀerences between these two product categories.
For instance, comparing sodium-based products and sugar-based products that are perceived in terms
of the same dimension (healthiness vs. healthiness, tastiness vs. tastiness) can be one way to consider
the qualitative diﬀerences of these two food product categories.
Moreover, in conducting online purchasing experiments and surveys with low-sodium soy sauce
and low-sugar yogurt products and analyzing the results, it was diﬃcult to control for variables such
as brand, price, and volume due to the structure of the survey. There was a trade-oﬀ between internal
validity on the one hand and external validity on the other hand in the experimental design process.
In future experiments, there is a need to control the impact of these variables on consumer choice and
purchase intention while conducting the surveys and analyzing the results.
Finally, this study was conducted mainly on the group that can be surveyed online easily due
to the nature of the online survey. Therefore, there is a possibility that the research results could be
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age-biased because the panel members who participated in the survey were limited to their 20s to 50s.
Future research needs to focus on recruiting samples to represent all ages.
6. Conclusions
This study has its originality and value in that the study has interpreted the consumer consumption
of soy sauce and yogurt products from a diﬀerent perspective than previous studies. The study begins
with the assumption that regular soy sauce and yogurt products are familiar to consumers, but are
recognized as unfamiliar to consumers when the sodium and sugar content is reformulated, respectively.
This way, the present work helps expand the view of deﬁning a new food product.
This study aimed to examine the consumer’s previous choice of low-sodium/sugar products,
unhealthy = tasty intuition and the propensity of food neophobia inﬂuence their intention to purchase
low-sodium/sugar products. The result turned out that the previous choice of regular soy sauce and
yogurt products had a negative eﬀect on the purchase intention for low-sodium soy sauce and low-sugar
yogurt products. In addition, consumer’s strong UTI had a negative inﬂuence on the purchase intention
for low-sodium soy sauce products, but no signiﬁcant inﬂuence on that of low-sugar yogurt products.
Furthermore, consumer’s stronger propensity for food neophobia had a negative eﬀect on the purchase
intention for both low-sodium soy sauce products and low-sugar products. The result also suggests
that not only consumer’s previous experience and their disposition, but also demographic factors
such as age, income, diet interest, and family size have an impact on purchase intention for these
low-sodium/sugar products. Furthermore, it can be said that the factors have diﬀerent impacts
on the purchase intention depending on the product category and whether sodium or sugar is the main
content of the product.
Author Contributions: Conceptualization, Y.P., D.L., S.P., and J.M.; methodology, Y.P. and D.L.; analysis, Y.P.;
writing—original draft preparation, Y.P.; writing—review and editing, D.L. and J.M.; supervision, J.M. All authors
have read and agreed to the published version of the manuscript.
Funding: This research received no external funding.
Conﬂicts of Interest: The authors declare no conﬂict of interest.

Appendix A

Figure A1. Soy sauce products used as stimuli in the survey.
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Figure A2. Yogurt products used as stimuli in the survey.
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Abstract: This study assesses consumer preferences during fruit and vegetable (FV) sales, considering
the sociodemographic variables of individuals together with their choice of point of purchase. A choice
experiment was conducted in two metropolitan areas in Northwest Italy. A total of 1170 consumers
were interviewed at diﬀerent FV purchase points (mass retail chains and open-air markets) using
a paper questionnaire. The relative importance assigned by consumers to 12 fruit and vegetable
product attributes, including both intrinsic and extrinsic quality cues, was assessed by using the
best–worst scaling (BWS) methodology. The BWS results showed that “origin”, “seasonality”, and
“freshness” were the most preferred attributes that Italian consumers took into account for purchases,
while no importance was given to “organic certiﬁcation”, “variety”, or “brand”. Additionally, a
latent class analysis was employed to divide the total sample into ﬁve diﬀerent clusters of consumers,
characterized by the same preferences related to FV attributes. Each group of individuals is described
on the basis of sociodemographic variables and by the declared fruit and vegetable point of purchase.
This research demonstrates that age, average annual income, and families with children are all
discriminating factors that inﬂuence consumer preference and behavior, in addition to aﬀecting which
point of purchase the consumer prefers to acquire FV products from.
Keywords: best–worst scaling; cluster analysis; consumer preferences; fruits and vegetables

1. Introduction
The fresh fruit and vegetable (FV) market is an extremely widespread, complex, and global
network. It is heterogeneous in terms of variety of products, with speciﬁc dynamics involving several
stakeholders (producer, processor, and distributor) [1]. Together with the technological, biological, and
industrial improvements that impact the FV sector, the exploration and introduction of new and diﬀerent
products has provoked a shift in this market, making it more globalized. The fruit and vegetable
supply chain is characterized by important and dynamic logistics and management systems [2], which
must respond eﬀectively and promptly to changes that are both dictated by the market and often
determined by consumer-led demands and needs. The decision-making role of consumers in deﬁning
end-product characteristics and supply-chain processes is evolving and has become one of the main
drivers that needs to be analyzed in order to create a successful product. Given the heterogeneity
and the multiplicity of the qualitative aspects that can characterize FV products, several studies have
investigated consumption and consumer behavior in this market, including a multitude of choice
attributes related to the experience and pleasure aspects of consumption [3]. One of the most debated
aspects among the quality attributes of fruits and vegetables is human health. The consumption of FV
Foods 2019, 8, 266; doi:10.3390/foods8070266
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has been linked to the prevention of several diseases [4]. It has been reported that people are currently
consuming fewer FV products than the global recommended amounts, and therefore several food
educational projects have been set up by means of national health promotion programs in schools and
at many fruit and vegetable points of purchase [4]. In addition to human health-related aspects, several
authors have analyzed the extrinsic, hedonic, and taste-related/sensory attributes that are important in
the purchasing process [5–9]. For example, in [10], extrinsic quality attributes, such as brand, price,
and packaging, were revealed to not aﬀect the process of quality perception by consumers. On the
contrary, sensory factors (i.e., intrinsic attributes of FV), such as the visual appearance, taste, freshness,
color, aroma, texture, shape, nutritional quality, and crispness (for some products) were important
attributes for fruit and vegetable quality evaluation [3,11,12]. Visual detection of fruit defects also plays
a primary role in consumer attitudes and is correlated to the rejection of future purchases [13]. The
guarantee of quality and safety standards of imported products, which is compliant with the European
food safety legislations [14,15], has become a prerequisite for consumers. Thus, environmentally
friendly quality parameters (low environmental impact, free from pesticides, socially oriented, and
sustainable agriculture) now represent important quality attributes for consumers [16,17]. Attributes
such as seasonality, locality, origin, and organic certiﬁcation play a role in the selection of products
from non-European countries where, in some cases, the use of pesticides, herbicides, and fungicides
exceeds the safety thresholds established by the parameters of the European Union [18]. Other quality
attributes such as freshness, seasonality, and price have been considered to be discriminating factors
by consumers during FV purchases [19,20]. Freshness includes sensory properties (appearance, taste,
smell, chemical, and physical) [21–24] and elements linked to the product origin (place of production,
conservation technologies and processing, and packaging) [22]. Among the other FV product quality
attributes, organic certiﬁcation has proven to be a discriminatory consumer choice [25]. Finally, the
product price is another important attribute for consumer decision making applied to all food products,
including fruit and vegetables. In addition to the intrinsic/extrinsic product characteristics, research
in the literature has also demonstrated that the consumer sociodemographic variables signiﬁcantly
discriminate their decision-making process [26,27], including the type of purchase outlet, which has
proven to be related to an individual’s behavior and preference [28,29]. The aim of this paper was the
exploration of consumer preferences and purchasing behaviors in Northern Italy, considering diﬀerent
fruit and vegetable sensory intrinsic/extrinsic attributes. The best–worst scaling methodology was
applied to measure the relative importance of each attribute and a latent class cluster analysis was used
for sample segmentation on the basis of consumer preferences. These methodologies have already
been applied in several other studies in the agri-food sector [30,31] and enable the evaluation and
comparison of the impact of the sociodemographic variables of the individual on the preferences and
the selection of the fruit and vegetable point of purchase of the consumer.
2. Materials and Methods
2.1. Data Collection and Sample Characteristics
A choice experiment was conducted between 2017 and 2018 in two metropolitan areas of the
Piedmont and Liguria regions in northwest Italy. Face-to-face interviews were conducted at six points
of purchase (two mass retail chains and four open-air markets) in these geographical areas, alternating
the day of the week (from Sunday to Saturday) and considering two time slots (from 9 a.m. to 1 p.m.
and from 4 p.m. to 8 p.m.). During the intercept survey, individuals were randomly chosen, using
the personal condition of “FV purchaser” as the only selection criterion. The ﬁrst section included
questions related to sociodemographic characteristics (gender, age, employment, education, and annual
average income). The second section focused on fruit and vegetable purchasing and consumption
behavior. In particular, this included examining the habitual points of purchase of fruit and vegetables
(green grocer, mass retail channels, open-air market, food shop, organic food shop, purchasing groups,
and producer). Consumer-declared preferences were collected in the third section, by means of the
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BWS methodological design implementation, which aimed to measure the relative importance placed
by consumers on the previously selected 12 FV intrinsic and extrinsic attributes.
2.2. Best–Worst Scaling Design
The best–worst scaling (BWS) methodology is a method for collecting declared preferences which
consists of requiring the respondent to select, among a series of attributes, the best and worst alternative
from the list of proposals [32]. In applying this methodology, 12 extrinsic and intrinsic attributes
(selection criteria) describing fruits and vegetables were selected from an in-depth literature research,
which are presented in Table 1.
Table 1. The 12 attributes of fruits and vegetables used for the best–worst scaling analysis and
associated references.
Fruit & Vegetable Quality Attributes

Brand (or seller)

Organic label

Quality certiﬁcations

Origin

Price

Oﬀer

Appearance
Local

Geographical indication label

Seasonality

Variety

Freshness

Attribute Description
Brand allows the consumer to identify and discriminate a product.
The evaluation of the brand associates “research”, in relation to
the “experience” of the characteristics of a product, together with
information about the manufacturer.
Organic certiﬁcation has been recognized, in various studies, as an
attribute that positively inﬂuences consumer choices at the time of
purchase.
This attribute is often related to greater product safety and
wholesomeness that, in FV, often results in the reduction of
pesticide risk.
Product origin is an intrinsic cue, linked to the consumer
information acquisition of product/producer identiﬁcation in
addition to product quality assessment. Consumers believe in a
higher quality of domestic food, in comparison to foreign
products.
Several studies have given evidence that the selection of fresh fruit
and vegetables is often not inﬂuenced by price. Thus, considering
a broader product category in our study, fruit and vegetables,
price becomes relevant.
The evaluation of special oﬀers (promotional prices) for fruit and
vegetables is an important tool for this category of products, often
characterized by medium–high prices. This factor often depends
on the place of purchase and seasonality.
The outward appearance of FV is one of the attributes that highly
inﬂuences decisions at the time of purchase.
Local production has a lower perception of risk, which helps to
increase loyalty to local producers and to guarantee the
sustainability of local companies.
The consumer attitude towards certiﬁed products (e.g., Protected
Designation of Origin (PDO) and Protected Geographical
Indication (PGI)) has been studied in various researches,
evaluating diﬀerent fruit and vegetable products and conﬁrming
the recognition by consumers of a higher quality compared to a
conventional or commercial product, with higher organoleptic
and taste properties.
The consumption of seasonal fruit and vegetables is associated
with consumer choice behavior oriented towards an ecological
product; one that avoids excessive packaging (such as tin and
plastic) and waste, and which is considered to have a higher
organoleptic quality and freshness.
Greater attention to this attribute diﬀers by various types of
consumers, especially in identifying targets that are more attentive
to the variety (cultivars).
Freshness is a very important quality criterion for FV acceptability.
Consumer assessment of freshness of fruit and vegetables occurs
through the analysis of sensory and visual aspects of the product
appearance during purchase, but also during/after consumption.

FV: fruit and vegetable.
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Using the Sawtooth Software (v.2.0.0.2, Orem, UT, USA), the 12 attributes were organized into four
diﬀerent versions of the questionnaire (integrated into the third section of the ﬁnal questionnaire) and
the order of the presented attributes varied in the diﬀerent sets (nine per version). Each set contained
four attributes and the single item appeared three times in the questionnaire, according to [70] and [39].
For each set of attributes, the respondent was required to indicate what was the most important (BEST)
and what was the least important (WORST) item during their FV purchase. The experimental design
followed the rule that, if the number of selected attributes is k and they are positioned in the subset C,
then there are k(k–1)/2 pairs of BW (best-worst) and k(k–1)/2 pairs of WB (worst-best) associated with
each subset [71]. Therefore, each choice set contains k(k–1) possible choice options (pairs BW and WB).
In this way, the respondent chooses two maximum diﬀerence of preferences for each attribute set by
providing more information than for single-choice options. This method is also called “maximum
diﬀerence scaling”, because the chosen attributes should maximize the diﬀerence in utility made by a
respondent on a preference scale. Finally, the BWS rating scales create an orderly ranking of items,
explaining the level of relative importance appointed by each respondent for the single attribute using
the average BW raw score (A-RS) or standard score [30,71,72]. This is calculated by dividing the BW
score (best minus worst) [32] by the number of observations and the frequency that each attribute
appeared in the four questionnaire versions. The A-RS is considered as the mean number of times each
item was chosen as the most important or the least important by a single individual [73]. Among the
main advantages, the BWS methodology allows measurement of the interview-declared preferences
rather than, for example, the revealed preference which happens in traditional conjoint analysis. The
BWS methodology allows for transformation of qualitative information into a real preference score
(quantitative), avoiding the limitations, errors, and cognitive eﬀort of the interviewed subjects, as in
the case of, instead, being asked to classify (ranking) or declare a point (rating); for example, with the
Likert scale [72,74,75].
The conﬁdence limit applied in the estimation of the attribute scores was set at 95% and the standard
deviation was used as a raw indicator of variability present within the sample. A two-tailed t-test was
used to assess whether one attribute was preferred to another within the sample of respondents [76].
The rank of preferences derived from the best–worst scaling analysis and related to the expressed
preferences of the whole sample allowed the application of latent class clustering (lClass) analysis,
where the sample was divided into ﬁve clusters, according to the weight that the individuals assigned
to the diﬀerent attributes (average raw score values). The ﬁve selected groups of consumers were
derived from the choices made between the four segmentations generated by the software. The most
appropriate was reconciled by the one corresponding to the lowest BIC (Bayesian information criterion)
value, in accordance with [42] (Table 2).
For cluster segmentation, the p-value for each attribute was calculated following a variance
homogeneity test. The SPSS.21.0 software was used for the quantitative analysis.
Table 2. Latent class clustering (lClass) analysis results: Comparison between the BIC (Bayesian
information criterion) for cluster segmentation choice.

1

Groups

Replication 1

BIC

2
3
4
5

3
4
2
4

46257.960
45162.476
44564.793
44171.250

Number of replications of data coupling performed by software, based on initial setting (replication set = 5).

3. Results and Discussions
3.1. Participant Description
A sample of 1170 respondents was collected for this study during the survey period: 684 were
interviewed at large-scale retail stores and 486 were interviewed at open-air markets (Table 3).
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Table 3. Sociodemographic characteristics of the interviewed sample population (n = 1170).
Sample (n = 1170)
Gender

Age

Education

male
female

31%
69%

≤30
31–45
46–55
56–65

9%
24%
22%
22%

>65

23%

primary school
lower secondary school
upper secondary school
master’s degree

6%
26%
49%
19%

housewife
unemployed

6%
6%

Employment

employed
self-employed
retired
student

42%
9%
34%
3%

<25,000

40%

Annual average income
(€/year)

25,000–35,000
>35,000
n.d.

33%
8%
18%

3.2. Consumer Preferences for Fruit and Vegetable Intrinsic and Extrinsic Choice Attributes
The best–worst scaling analysis results supported the identiﬁcation of the most important FV
attributes considered by all interviewed consumers during purchase decision (Table 4).
Table 4. Best–worst scaling count report (number of BEST and number of WORST), BW average raw
score (A-RS), and standard deviation for each considered attribute.
Rank
1
2
3
4
5
6
7
8
9
10
11
12
1

Attribute
Origin
(Italian/foreign)
Seasonality
Freshness
Local
Price
Oﬀer
Appearance
Geographical
indication
labels
Certiﬁcation
Brand (or
seller)
Variety
Organic

Number of
Best

Number of
Worst

BW Average
Raw Score 1

Standard
Deviation

1521

345

1.6840

1.673

1563
1489
842
902
798
704

278
305
559
685
831
914

1.6790
1.6170
0.4030
0.3700
−0.0260
−0.2960

1.394
1.052
1.461
2.003
1.913
1.520

444

1145

−0.8820

1.575

458

1102

−1.0110

1.407

400

1166

−1.0240

1.227

319
406

1133
1383

−1.0770
−1.4380

1.027
1.918

A negative BW (best-worst) average raw score value is due to the attribute not commonly chosen as the best factor.

Consumer choices during FV purchases were particularly inﬂuenced by the intrinsic factors of
fruit and vegetable products: the origin having the highest average raw score (1.684), seasonality
(average raw score 1.679), followed by the product freshness (average raw score 1.617). Other
studies conﬁrmed the importance given by consumers to the freshness attribute as a driver for
purchasing fruit and vegetables [77,78]. Therefore, our study revealed that consumers, ﬁrst and
foremost, assess and pay attention to the product origin when buying FV, a quality attribute that
focuses on the product identity and environmental and social sustainability, as well as the speciﬁc
unique organoleptic characteristics [79–81]. Origin evaluation is closely linked to the product quality
assessment, particularly since consumers generally consider a national product to be of better quality
and safer than imported products [77]. The safety aspect also emerges as a discriminating factor linked
to the origin of FV, characterized by a wide variety of products from diﬀerent countries, including
those outside the European Union. Often, in other similar studies, the analysis of the importance of
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local characteristics was carried out simultaneously with the seasonality attribute [63], together with
sustainability, conﬁrming the correlation between these quality attributes in FV products [59,82]. The
price has also been shown to be an important attribute for consumers during FV purchases, evaluated
as a quality indicator [13]. On the contrary, the worst values assigned by consumers for FV selection
were attributed to extrinsic factors: organic certiﬁcation (average raw score −1.438), variety (average
raw score −1.077), and brand (average raw score −1.024). The negative evaluation of brand and special
oﬀers has also been conﬁrmed by research in the existing literature [83,84]. However, our results
regarding the non-important attributes for FV purchases were in contrast to other references in the
literature [65,85].
3.3. Latent Class Analysis
The sample division of ﬁve clusters with diﬀerent sizes is reported in Table 5. Each consumer
group was named as a function of the most inﬂuential fruit and vegetable attributes considered during
their purchase decision-making process (ﬁve groups). Only three FV quality attributes had positive
values of average BW raw scores in all clusters (seasonality, freshness, and origin), while variety and
brand were considered not important by consumers in all the ﬁve groups. The other seven attributes
were diﬀerently considered among the diﬀerent clusters.
Table 5. The average BW raw score for each fruit and vegetable attribute resulting from the ﬁve
clusters of consumers: price sensitive, proposed loyalty, value for money, undecided consumer, and
local sensitive.
Price
Sensitive

Proposed
Loyalty

17.50%

25.50%

Cluster dimension
Attributes
Oﬀer
Geographical indication
labels
Seasonality
Appearance
Origin (Italian/foreign)
Price
Organic
Certiﬁcation
Variety
Local
Brand (or seller)
Freshness

Undecided
Consumer

Local
Sensitive

15.24%
16.50%
Average BW raw scores
−20.27
−8.80
20.99

25.26%

p-Value 1

−45.83

0.966

−30.48

18.74

−41.19

−32.70

5.71

0.548

11.91
3.22
7.92
64.25
−35.75
−26.40
−14.47
−13.97
−26.20
9.76

45.11
−11.70
20.44
−16.92
−39.25
10.66
−38.02
−28.89
−0.65
60.75

51.82
39.14
31.11
3.75
−37.70
−33.82
−7.86
−11.80
−42.33
57.67

23.17
−10.54
48.21
24.52
−51.79
−37.71
−30.22
24.61
−6.48
27.93

54.17
−39.42
50.45
−36.37
6.03
−6.84
−30.50
37.54
−32.80
37.87

0.011
0.777
0.017
0.675
0.032
0.107
0.012
0.911
0.051
0.014

50.21

1

Value for
Money

The signiﬁcant scores are highlighted in bold (p-value < 0.05).

3.3.1. Preferences and Sociodemographic Variables of Diﬀerent Consumer Clusters
Proposed Loyalty
Proposed loyalty cluster was the most highly represented group (25.5%). The sociodemographic
variables of respondents belonging to this cluster are described in Figure 1. They were mainly women
(67.6%) and were equally distributed among all age groups, with the exception of the youngest bracket.
Meanwhile, men (32.37%) were well represented, mainly individuals 65 years and older. In accordance
with the average age between individuals, this cluster mainly included employees and pensioners
(the latter, presumably, men), and especially couples or families with a child. These respondents had a
medium-high educational level, and a medium economic level. This cluster represents individuals
who most likely entrust their selection of fruit and vegetables according to the market suggestions
of what is in season, and who are attentive towards product freshness and origin. Variety, organic
certiﬁcation, local production, price, and special oﬀers were not important at the time of purchase.
These individuals expressed low importance towards the price and supply of the product, focusing their
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purchases on high-quality seasonal products. Moreover, the positive evaluation of the “certiﬁcation”
and “geographical indication labels” attributes, which occurred only in this cluster, further conﬁrms
that this attitude is oriented towards certiﬁed guarantees oﬀered by the market.

Figure 1. Sociodemographic characteristics of consumers belonging to the proposed loyalty cluster:
(a) Gender and age group proportions, (b) educational level, (c) annual average income, and (d) number
of family components.

Local Sensitive
This cluster was the second largest group (25.2% of the respondents) and had a clear majority
of women, as compared to men; however, in this case, the women were concentrated in the
middle-young age group, while the men were more mature individuals. Again, average income was
over 35,000 euros/year, with an educational level distributed between lower school and master’s degree
(Figure 2).

Figure 2. Sociodemographic characteristics of consumers belonging to the local sensitive cluster:
(a) Gender and age groups proportion, (b) educational level, (c) yearly average income bracket, and (d)
number of family components.
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The local sensitive cluster had a majority percentage of three to four family members, but single
individuals were also well-represented, in comparison to the other clusters. For these consumers,
product price and promotion were not important during the FV purchasing process; however,
seasonality linked to the proximity of production was fundamental in their choice. This was the
only group where the consumers perceived the organic attribute positively, The interaction between
“organic” and “locally grown” has also been studied and conﬁrmed in [86], in addition to the preference
of the local/organic combination by consumers [87], especially for young individuals. This was also
conﬁrmed in this cluster, since it was mostly represented by single women over 40 years old.
Price Sensitive
The consumer proﬁle of the price sensitive cluster represented 17.5% of the sample. Price sensitive
consumers were the most evenly distributed between the two genders and age groups, emerging
as the youngest cluster. Among the sociodemographic characteristics of these subjects, the average
income emerged as the lowest out of the ﬁve clusters and the educational status was also at a low level
(Figure 3).

Figure 3. Sociodemographic characteristics of consumers belonging to price sensitive cluster: (a) Gender
and age groups proportion, (b) educational level, (c) yearly average income bracket, and (d) number of
family components.

These individuals focused their attention on product price and special oﬀers/promotions during
the FV purchasing process. The average annual income was a discriminating factor for deﬁning the
behavior of these individuals, conﬁrming the correlation between economic availability and willingness
to buy [88,89]. The lack of economic independence or an inexperienced spending model (youngest
consumer) could deﬁne the individuals within this cluster. They buy only in relation to their bank
account, minimally considering quality attributes such as freshness or appearance. Among the quality
attributes of the product, these individuals are attentive to seasonality (in season products cost less),
conﬁrming the propensity to choose a convenient product.
Undecided
The undecided cluster (16.5% of the sample considered) was the cluster most represented by
women (72%) who, most likely, did not devote much time to shopping, only purchasing generic FV
products. The women were equally distributed among the diﬀerent age groups, while the men were
concentrated in the older age groups (Figure 4). The undecided individuals had a higher percentage of
retirees among individuals (men) and of two-component families. Unlike other clusters, undecided

190

Foods 2019, 8, 266

individuals mainly represented two-component households with a low average annual income [89].
The preferences expressed by consumers were diﬃcult to interpret in this group. In particular, these
individuals were characterized by a widespread homogeneity of preference among the various factors
of choice, buying what they found in the market at that particular time, looking at the origin (in some
cases), but not exalting particular qualitative aspects of the product during their choice.

Figure 4. Sociodemographic characteristics of consumers belonging to the undecided cluster: (a) Gender
and age groups proportion, (b) educational level, (c) yearly average income bracket, and (d) number of
family components.

Value for Money
The value for money cluster was the smallest group (15.2%). It consisted mainly of women in
diﬀerent age groups (from 30 to 65 years old), and mature men (over 65 years). This group had the
highest percentage of individuals with high incomes, although, on average, we deﬁned them at an
average income level. In this group, there were 20% singles, and almost 40% of the individuals had
one or two children in the household (Figure 5).

Figure 5. Sociodemographic characteristics of consumers belonging to value for money cluster:
(a) Gender and age groups proportion, (b) educational level, (c) yearly average income bracket, and (d)
number of family components.
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These consumers expressed their preferences by interpreting the quality of the products provided
by the experience, considering the freshness, appearance, and seasonality all as important, while not
neglecting the price. The latter result is in line with the consumers in this cluster with the presence of
children in households. In fact, it has been shown that special oﬀers are often negatively evaluated in
the fresh food products purchasing process, because it is perceived as a seller’s willingness to dispose
of products with a lower quality standard [46,90].
3.3.2. Fruit and Vegetable Point of Purchase Choice as a Function of Consumer-Declared Preferences
Diﬀerences between consumer choices regarding the fruit and vegetable points of purchase
emerged from habit exploration of the diﬀerent consumer clusters (Figure 6).

Local

Undecided

Value for money

Proposes loyalty

Price sensitive

0%

GAS

Convenience store

10%

Supermarket

20%

30%

F&V Producer

40%

Organic products shop

50%

Open-air market

60%

Fruit seller

Figure 6. The points of purchase of fruit and vegetables chosen by consumers belonging to the ﬁve
selected clusters.

Supermarkets were preferred by the price sensitive and undecided consumers. However, the
sociodemographic factor that discriminated these two groups from the other clusters was the average
low annual income. Therefore, it is possible to assume that the search for a product at a low price (price
sensitive cluster) and the disinterested purchase (undecided cluster) can be satisﬁed by the oﬀer from
mass retail channels. The price sensitive group had the youngest respondents represented in the sample,
conﬁrming the attitudes of millennial consumers in preferring supermarkets for food purchases [91,92].
These consumers could coincide with a proﬁle of buyers who are not attentive to locality or variety, in
addition to brands and product certiﬁcations [48,83]. The choices of the undecided cluster coincided
with the sociodemographic proﬁle of active women, representing families composed of two members
(husband and wife) who do not devote much time to shopping, but are also attentive towards the
product origin, an attribute guaranteed by large and organized distribution. In the case of the proposed
loyalty cluster, they bought FV mostly at the supermarkets, but also at open-air markets. The women
from the proposed loyalty cluster represented families with children, highlighting their propensity to
consider quality, pointing to extrinsic factors and seasonal products, relying on the proposals of the
seller to protect the health of the family [93]. This also included the choice of supermarkets as a point of
purchase for FV that guarantee information on the country of origin, the quality class, as well as higher
prices which indicates greater guarantees of overall quality [94,95]. The research contained in [29]
also pointed out that the need to satisfy consumer demand is reﬂected in an increase of shoppers at
supermarkets. Therefore, characteristics such as appearance, sizing and packaging, and fast delivery,
as well as permanent availability and a full range of products, are often requirements that cannot be
met by local producers. A part of the proposed loyalty cluster is likely composed of more mature men
who probably go to the open-air market or rely on the green grocer to buy products. In relation to the
price sensitive and undecided clusters, a comparable sociodemographic composition is in the proposed
loyalty cluster, which also has a medium to high average income as a discriminatory behavioral factor.
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Local sensitive consumers mainly bought from open-air markets and from producers, conﬁrming that
their propensity for local products is linked to a short production chain [3,96,97], but not excluding
supermarkets from their choices. Open-air markets satisfy a need for familiarity, in addition to safety
and sustainability (environmental, social, and economic) for local production [97,98]. However, the
percentage of local sensitive consumers who bought from supermarkets was signiﬁcant, because local
origin guarantees can also be provided by mass retail chain standards. In addition, these individuals
expressed a preference towards the organic attribute, conﬁrming that organic shoppers are part of
this consumer group [99]. The value for money group was distinguished by the higher percentage of
individuals who bought fruit and vegetables at open-air markets and at green grocers. The presence of
children in the family composition was also evident in this cluster. These consumers were comparable
to the proposed loyalty cluster, in the search for a quality and seasonal product, but diﬀered in the
place of purchase [100,101]. For the value for money cluster individuals, the product price was also an
important factor in the FV choice. Our results are conﬁrmed by [95], which showed that the number
of children and full-time work of the consumers are variables directly related to the evaluation of a
higher food price perceived as an indicator of guaranteed quality.
4. Conclusions
This research explored the expressed preferences of a sample of consumers in northwest Italy
towards extrinsic and intrinsic quality attributes of fruits and vegetables. In general, when choosing
fruit and vegetables, consumers were mainly inﬂuenced by intrinsic and sensory product attributes
such as origin, freshness, and seasonality.
The extrinsic aspects of fruits and vegetables were not deemed important for the choice of this
type of product. However, the importance appointed to each attribute was heterogeneous among the
diﬀerent clusters of individuals identiﬁed in this study. The consumer cluster analysis considered not
only individual preferences, but also their sociodemographic variables, allowing for an understanding
of the connection between preferences and attitude formation, the intrinsic characteristics of individuals,
and the purchasing behavior expressed at the choice of fruit and vegetable point of sale. Our results
describe the fruit and vegetable consumer as being mainly women and middle-aged men, over 55 years
of age. Through analysis of the clusters, it emerged that consumer choices are greatly inﬂuenced
by average income and age, but, above all, the presence of children in the family leads the buyer to
make more reasoned choices aimed at the search for quality, safety, and seasonality found in the local
products of outdoor markets. This last result has underlined that the guarantee of the quality of fruit
and vegetable products can also be ensured by producers, highlighting the importance of sustainability
linked to local production systems and short supply chains, as well as guarantee of freshness (an
intrinsic aspect of the product among the most important for the choice). Attributes such as local
origin, seasonality, and freshness describe a safe product, even for the youngest members of the family.
On the contrary, the economic resources of the families have proven to be discriminatory during the
purchase of FV, directing low income consumers towards the purchase of generic products with no
particular characteristics. Family consumers were also the most likely to buy fruit and vegetables in
supermarkets. The guarantee of a better quality of the product was, therefore, perceived as being
linked to a higher cost, which can be found in outdoor markets and directly from the producer.
The limitations of this research may include the selection of attributes, which could be extended
to a larger number. Although, this technique has made it possible to discriminate between the most
important (origin and seasonality) and least important (organic and variety) attributes, consumer
evaluations (credence and beliefs) could be deepened in future studies. In addition, the small
geographical area and large metropolitan areas considered for research sampling represent the limits
of our research; further research could be extended to other geographical areas to assess potential
diﬀerences between the Italian regions and to compare consumer preferences of individuals belonging
to small and large residential areas. Increased educational campaigns for school-age consumers could
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ensure a higher level of awareness of the beneﬁts of consuming fruit and vegetables, in order to increase
consumption even among younger consumers.
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Abstract: Considering the beneﬁts of the organic production system, it is recognized as one of the
main drivers of future economic development. However, the imbalance between demand and supply
at the local market level represents one of the serious obstacles that prevents its future growth.
Therefore, this article examines the key factors related to the main elements of the oﬀer that have the
strongest impact on consumer preferences and acceptance of organic food products. In that sense,
organic product, price, distribution channel, and promotion are considered the main elements of the
oﬀer and are analyzed in this paper from the consumer preferences perspective. Further, this article
provides insight into some of the sensory properties of the oﬀer that are important to consumers.
Finally, it gives recommendations for optimization of the oﬀer on the organic food market based on
the analysis of the inﬂuence of each of those elements (product, price, distribution, and promotion)
on consumer acceptance of organic products and making purchasing decisions. The data were
collected using a questionnaire, and analyzed using the structural equation model (SEM). The results
revealed that price and promotion have the strongest impact on consumer acceptance and buying
decisions. Further analysis revealed that attitudes towards organic food products, price/quality ratio,
distribution barriers, and modern media as a promotion instrument are the factors that have the most
signiﬁcant impact on consumer perception and attitudes towards the available market oﬀer. These
ﬁndings can help producers and other decision makers to better understand what creates added
value of the organic food products in consumers’ mind and therefore make an oﬀer that is in line
with their expectations and preferences, which is recognized as one of the main prerequisites for the
acceptance and purchase of organic food products.
Keywords: organic food; market; consumer preferences; product acceptance; sensory properties;
optimization

1. Introduction
Organic production, as a speciﬁc system that sustains the health of soil, ecosystems, and
people [1,2], appeared as a result of diﬀerent types of concerns, amongst which the excessive pollution
of the environment, imbalance of ecosystems, and human health protection are most important [3,4].
Compared to conventional production, it is an innovative production system that maximizes the
performance of renewable energy sources; remarkably reduces the emission of CO2 , soils, metals,
Foods 2020, 9, 259; doi:10.3390/foods9030259
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and other harmful substances into the environment; and optimizes nutrient and energy ﬂow in
agroecosystems [2]. Additionally, organic production implies the prohibition of the use of pesticides,
genetically modiﬁed organisms, food additives, and other potentially harmful substances, which
results in the production of healthy products of high nutritional value [1,2]. Therefore, fostering organic
production has a signiﬁcant contribution to solving some of the main problems of the global modern
society, including obesity (especially amongst young people), environmental pollution, unsustainable
production, and the necessity of giving assistance to local farm producers [1–5]. The organic production
development has been fostered by income growth and a growing awareness of people about the
importance of healthy lifestyles. It is based on several principles, whose implementation ensures the
production of safe and healthy products while fully preserving the environment, its natural resources,
and fostering equity, respect, and justice throughout society [2–4]. Therefore, it is recognized as one of
the main drivers of future agricultural and overall economic development on sustainable grounds in
many developing and developed countries.
Although the estimated value of the organic food market reached 97 billion US dollars in 2017, it is
characterized by signiﬁcant inequalities in growth rates, and reached a level of development in diﬀerent
countries [6]. About 90% of all organic products are sold in North America and Europe. Observed by
countries, the biggest market of these products is in the USA, followed by Germany, France, and China.
On the other hand, the vast majority of organic producers are located in less developed countries
in Asia, Africa, and Latin America [6]. An additional obstacle to the intensive development of this
sector is reﬂected in the fact that a small number of loyal consumers buy most of the total organic
products produced, while other consumers buy them less frequently and in small quantities. That is
why this market still retains some of the niche market features. These data clearly indicate that there is
a serious imbalance between supply and demand in the individual geographic markets, caused by a
misunderstanding of consumer preferences and key factors that inﬂuence the acceptance of organic
food products in the market, which is a very important obstacle to the further development of organic
food production. Therefore, harmonization of the supply with consumer preferences at the level of
local markets is imposed as a necessary prerequisite for its further development. In order to achieve
that, it is necessary to optimize the elements of the oﬀer based on the results of more detailed surveys
on consumer preferences, as well as on factors that inﬂuence the acceptance of organic food products
and the consumer decision to purchase them.
However, in order to adjust the oﬀer to the characteristics of demand in the developing organic
food market, it is necessary for producers to achieve speciﬁc knowledge of marketing policies and
marketing mix. Marketing mix optimization, among other things, includes the adjustment of product
features, price level, distribution channel strategy, and promotion to the consumer preferences. In that
sense, optimization of the oﬀer that will foster demand on the developing organic market can be
achieved through optimization of the marketing mix.
It is common in theory that product, price, distribution channels, and promotion are regarded
as the main instruments of the marketing mix in any market, including organic. That is why the
optimization of these elements can be regarded as the optimization of the total oﬀer [7,8]. Therefore, key
marketing mix elements are the focus of research in this paper. However, previous studies regarding
these instruments on the organic food market mostly included the analysis of consumers’ perception
of one of them. However, there is a lack of research comparing the relative strength of the inﬂuence of
each of these elements on consumer acceptance of organic food products and purchasing decisions,
especially in developing markets. Additionally, although there are certain studies that investigate
how diﬀerent factors (such as health consciousness, price sensitivity, buying habits, etc.) inﬂuence
consumer perception of the oﬀer on the organic market [9–13], according to the authors’ knowledge,
there is a lack of research analyzing the relative signiﬁcance of each of those factors.
Therefore, considering all the factors mentioned above, as well as the importance of fostering
local organic markets’ development, the aim of this paper was to ﬁll these two gaps. First, this research
identiﬁes some of the factors that have the strongest inﬂuence on consumer perception of each of these
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main elements of marketing on the developing organic food markets in general. Secondly, it analyzes
which of the mentioned elements (product, price, distribution, or promotion) has the strongest impact
on the acceptance of organic food products (expressed through the consumer’s decision to buy them).
Additionally, this study also gives insight into the relative importance of some of the sensory properties
of these products and their inﬂuence on consumer perception of the oﬀer and the overall acceptance of
the organic food products in developing markets.
The data analyzed in this paper were collected through a survey conducted in Montenegro.
The motive for conducting research in this country is based on two reasons. Montenegro was one
of the ﬁrst countries in the world that was declared as an ecological state [14]. This, among other
things, shows its potential for sustainable development and sustainable production, such as organic.
However, despite its great potential, the organic food market in this country is still in its early stages of
development. Therefore, it is necessary to understand what drives consumer behavior on the food
market and what the main factors that inﬂuence the acceptance of organic food products are, in order
to foster the development of this sector. Additionally, the obtained results can be useful for researchers
and decision makers in other countries with similar production possibilities and an underdeveloped
organic market.
Besides the theoretical contribution, the obtained results can help organic producers to better
understand the main factors that shape consumer behavior on the developing organic food market and
better allocate limited resources on each of the investigated elements of the oﬀer, therefore creating
more successful market strategy at the local and global level. Additionally, the obtained results can
also help policy makers to better understand factors that drive organic market growth as well as those
that prevent its further development, therefore allowing them to create and implement measures
that will have signiﬁcantly positive eﬀects. However, it should be noted that fostering organic food
production in developing markets can have signiﬁcantly positive consequences that go beyond this
economic sector. First of all, organic production is a system based on natural renewable resources that
has no negative impact on the environment [1,2]. Therefore, it encourages economic development on
sustainable grounds and a reduction of environmental pollution as one of the biggest global problems.
Secondly, fostering organic agriculture development at the local level can help to reduce the problem
of poverty and food waste, as it would increase employment rates and the production of food in the
places of its consumption [2,15]. Finally, there are recent studies indicating that frequent consumption
of organic food reduces the risk of obesity, which is also an important health issue that the global
population faces nowadays [16].
2. Literature Review
2.1. Theoretical Background
Research conducted by Kriwy et al. as well as the research of Kashani-Nazari et al. showed that
women are more prone to purchasing organic products compared to men [17,18]. On the other hand, the
study of Kokmaz et. al. obtained the opposite results, indicating that men are more prone to purchase
these products compared to women [19]. Although most of the studies showed that consumers
who are younger, highly educated, and have higher level of income are more likely to buy organic
products [17,20–23], there are some studies that revealed diﬀerent results, showing that age, profession,
and education do not have a signiﬁcant impact on consumers’ acceptance of organic food [19,24].
Considering the fact that that demographic analysis did not provide the information needed for
successful targeting of organic food consumers, many authors applied segmentation analysis in order
to identify the characteristics of diﬀerent segments of organic food consumers. The results revealed
that the same segments of organic food consumers cannot be found in all investigated markets, i.e.,
that organic food consumers have diﬀerent demographic, psychographic, and behavioral characteristics,
observed in diﬀerent markets and diﬀerent countries [9,20,25,26]. Therefore, diﬀerent studies were
conducted regarding consumer perception and barriers that prevent them from buying these products
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in order to better understand what drives the consumption of organic products. Currently, there is a
growing research body on the motives and barriers that determine the behavior of organic consumers
and inﬂuence their decision-making process. Most of those studies showed that consumers are faced
with quite similar motives and barriers when purchasing organic food products, although the degree
of their inﬂuence can signiﬁcantly diﬀer. The most important reasons for buying organic food products
can be divided into three groups [27]: Avoiding the negative properties of conventional food products
(such as the use of diﬀerent harmful chemicals in production), unbiased features of organic food
(such as safety), and positive features that consumers believe these products have (better taste, bigger
nutritional value compared to conventional products, etc.). This is conﬁrmed by most of the studies
conducted in diﬀerent markets that suggest that the most important motives for buying organic food
are related to consumer perception of these products as healthy, tasty, safe, and of high nutritional
value [9,10,20]. Additionally, consumers believe that organic production ensures protection of the
environment, animal welfare, and preservation of natural resources [9–11,13,20,28]. Additionally,
it should be pointed out that health and environmental concerns are far more important than other
reasons, as well as the fact that the relative importance of each of these reasons did not signiﬁcantly
change over time [29]. A study conducted by Kereklas [30] showed that, unlike the purchase of
conventional food products that is mostly based on personal considerations and habits, the acceptance
of organic food products is under the signiﬁcant inﬂuence of altruistic concerns, as well as under the
inﬂuence of social pressure and social approval. However, the impact of these factors is rather indirect
and is of less importance for price-conscious consumers [31,32]. Although most consumers have a
positive attitude towards organic food products, there is only a small number of them who act in
accordance with those attitudes, i.e., there is a far lower number of consumers who often buy these
products. Therefore, the link between attitudes and buying intentions is much stronger than the link
between intentions and the real behavior of consumers [33]. The reasons for such a condition can be
found in the barriers that consumers face when buying organic food. Most authors state premium
prices as the most important barrier, followed by the narrow range of products, poor availability in
stores, consumer mistrust in certiﬁcation labels, lack of time in the buying process, as well as negative
attitudes towards organic products caused by a lack of information and satisfaction with conventional
food [24,33–35].
2.2. Key Marketing Determinants Aﬀecting Organic Food Consumption
A number of authors conducted research related to consumer perception of one speciﬁc marketing
instrument as an important element of the oﬀer (product, price, distribution, or promotion), in order
to make suggestions for improvement of the oﬀer on the organic food market [36–42]. Thanks to
the speciﬁcities of organic production, organic food products have additional value that motivates
consumers to buy them. However, that additional value cannot be experientially conﬁrmed, which is
why consumers search for ways in which organic food products can be distinguished from conventional
ones [36–38]. This points out the importance of the visual cues of the product that can positively
or negatively aﬀect consumers’ senses and perceptions of the product features. However, although
certiﬁcation is very important for consumer conﬁdence, it is still uncertain which visual attributes
organic food products should have and what is the role of packaging. The study of Enax revealed
that it is of great importance to consumers, who ﬁnd products with recognizable packaging healthier
and tasty [39]. Similar results were obtained by Puelles et al. [40], emphasizing the diﬀerence between
producers’ and distributors’ brands. The producers’ brands are perceived as of better quality compared
to distributors’ brands, while distributors’ marks are directed at the group of price-conscious consumers.
A study of Aschemann-Witzel investigated the importance of nutrition and health claims visible
on packaging and their eﬀects on consumers’ perception of the sensory properties of organic food
products [41]. The results revealed that products with claims were neither signiﬁcantly more preferred
nor rejected when dealing with regular or loyal organic food consumers. However, highlighting
these claims on packaging had signiﬁcantly positive eﬀects on occasional buyers. On the other hand,
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research conducted by van Herper et al. [42] obtained the opposite results. It revealed that packaging
of any type can have negative eﬀects on organic food sales (especially on organic fruits and vegetables),
pointing out the fact that oﬀering products without packaging increases the choice of consumers and
that this eﬀect is not limited to organic products only. Considering the results of previous studies,
it still remains unclear what the visible features of organic food products that (besides of formed
attitudes) have the strongest eﬀect on consumer perception and senses are, and how much those eﬀects
are important for the acceptance of organic food products.
Price is considered to be one of the main obstacles that consumers face in the process of making
buying decisions in the organic food market [24,33–35]. Bearing in mind that these products have
premium prices due to higher production costs and limited supply [43], as well as the fact that its added
value is intangible, Iyer et al. [31] suggest that the emphasis should be placed on the promotion of
current and future beneﬁts, especially when targeting price- and value-conscious consumers. Similarly,
Bezawada et al. [44] point out that a reduction of regular prices and increasing assortments are very
eﬀective for non-core organic food consumers, and they also stimulate purchasing by core consumers.
This is especially evident in the sales of organic food products with a high purchase frequency, as well
as for those products that come directly from farms. However, promotional price cuts do not have
signiﬁcant eﬀects on the purchase frequency of this type of product [44,45]. Marian et al. obtained
similar results [46], showing that the least purchasing frequency is achieved for the most expensive
organic brands. This implies that when consumers have some other quality cue (such as an organic
certiﬁcation label), they perceive higher prices only as a cost, not as an indicator of additional product
value. Previous ﬁndings suggest that price reduction would be very eﬀective for the stimulation of
organic food purchasing. However, it still remains unclear whether consumers perceive the premium
prices of these products as unjustiﬁed, or if these prices are a purchasing barrier due to insuﬃcient
income for most consumers. Answering this question is one of the main prerequisites for creating a
successful business strategy on the organic food market.
An additional important barrier to organic food market growth is insuﬃcient development of
distribution channels [33–35]. However, diﬀerent channel types attract diﬀerent segments of consumers.
Specialized organic stores are especially important for attracting core organic consumers [47,48], as these
stores have a wide range of certiﬁed organic food products. On the other hand, although the internet
can be an eﬃcient channel for organic sales aimed at young people [48,49], the development of
conventional stores is especially important for attracting non-core organic consumers, even though
there is also a small percentage of loyal organic buyers who purchase in this type of store too [43,45].
Although consumers form an attitude towards groceries and supermarkets not only according to their
personal habits but also according to the range of products that these shops sell [50,51], including
organic products in the oﬀer can have a positive inﬂuence on retail image, through improving its
social dimension. Additionally, it can have positive eﬀects even on the image of low-pricing outlets.
According to the study of Diallo et al. [52], although organic products have premium prices, customers
do not see a link between organic products and the store price level, probably because they believe that
organic premium prices are related to production costs and high quality, and not related to the price
strategy of the store. The results of previous studies suggest that consumers perceive an insuﬃcient
development of distributive channels as one of the main barriers to further development of the organic
food market. However, the obtained results do not indicate whether consumers perceive the lack of
these products in their favorite grocery stores as the main problem, or the consumers’ inability to
ﬁnd organic food products at any other type of store despite the eﬀort they are ready to make when
purchasing these products is an even more important barrier.
Previous studies related to the promotion of organic food products were focused on creating
messages line with the motivations of organic consumers. Kereklas at al. [30] revealed that the
promotional messages featuring both altruistic and egoistic appeals are most eﬀective when targeting
organic consumers. Similar results were obtained by several other authors [53,54]. However, although
some studies suggest that social networks and other Internet-based channels could be eﬃcient
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instruments for the promotion of organic food products [49,55], it is still unclear whether consumers
prefer traditional or modern media as a source of information about this type of product and what
the relative impact of diﬀerent promotion channels on consumer preferences and acceptance of this
product type is. Considering all factors previously mentioned, this paper ﬁlls one of the literal gaps
regarding marketing mix instruments that are addressed above, as basic elements of the oﬀer on the
developing organic food market.
2.3. Conceptual Framework
The results of previous studies revealed that the existing imbalance between demand and supply
at the local market level represents a very important obstacle to the further development of the
organic food market in general [6]. Additionally, consumers state that there are signiﬁcant deﬁciencies
regarding all main elements of the oﬀer (addressed in this paper) that prevent them from buying
organic food products, despite the positive attitudes they have towards them [23,32–34]. The authors
consulted previous research in the ﬁeld in order to consider all relevant factors that can inﬂuence
consumers’ perception towards four main marketing elements and their purchasing decision, in
order to formulate the research questions and the conceptual model (some of the most important are
presented in Table A1 given in Appendix A of this paper). The previous literature review indicated
that there are many factors inﬂuencing consumer attitudes and perception of these elements, but which
of them has the prevalent role in that process has not been investigated enough. Therefore, the ﬁrst
research question in this paper is formulated as follows:
RQ1: What are the factors that have the strongest inﬂuence on consumer perception of each
segment of the oﬀer in the developing organic food market?
Additionally, although previous studies investigated consumer perception towards some of
these elements, which of them has the strongest impact on consumers’ buying decision has not been
investigated enough. Therefore, the second research question is formulated as follows:
RQ2: Which element of the oﬀer, viewed from the marketing aspect (product, price, distribution
channel, or promotion) has the strongest impact on consumer acceptance of organic food products,
expressed through the decision to buy them?
The conceptual model was formed based on the research questions and it is given in Figure 1
presented below.
Our basic structural model contains three main constructs: (1) Factors that inﬂuence consumer
perception of the stated elements of the oﬀer (product, price, distribution channels, and promotion),
(2) the consumer perception of these elements, and (3) the acceptance of products expressed through
purchasing decisions.
Attitudes towards organic food products, producer, packaging, and frequency of purchase were
identiﬁed as factors that inﬂuence consumers’ senses and perception of the organic food products as the
ﬁrst element of the oﬀer. The importance of price and the price/quality ratio were identiﬁed as factors
that inﬂuence consumer perceptions of price. The distribution barriers (understood as the inability of
consumers to ﬁnd organic products in retail outlets in general) and consumer satisfaction with shops
were identiﬁed as factors that inﬂuence consumer perceptions of distribution as an element of the oﬀer.
Finally, the modern media and the traditional media were identiﬁed as factors that inﬂuence consumer
perceptions of promotion and its eﬃciency in fostering an acceptance of organic food products. In that
sense, Internet-based media, such as social networks, email advertising, mobile marketing, pop-up
advertising, etc., are considered as modern media, while TV, radio, newspapers, magazines, ﬂyers,
etc. are considered as traditional media [56,57]. While modern media are used for direct marketing
communication and more precise targeting at relatively low prices, traditional media are still the best
way of spreading information and gaining a large number of potential consumers, but the relative
impact of these types of media varies depending on the industries of advertisers [58,59].
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Figure 1. Conceptual model of research.

Each of these factors was chosen based on the previous research in the ﬁeld related to their impact
on the consumer perception of the oﬀer on the food market. Therefore, each of them has a certain
(positive or negative) inﬂuence on consumer perceptions and attitudes towards the named elements of
the oﬀer. On the other hand, consumer perceptions and attitudes towards these elements aﬀect their
acceptance of organic food products, i.e., purchasing decision. The causality between the identiﬁed
factors and consumer perceptions and attitudes towards the four main elements of the oﬀer, as well as
the causality between consumer perceptions and attitudes towards these elements and the acceptance
of organic food products expressed through purchasing decision, is what the authors explore in this
paper. A better understanding of the causality and strength of the link that exists between these
constructs will give insight into the actions that should be taken towards optimization of the oﬀer,
in order to foster the purchasing of organic food products and their acceptance.
3. Materials and Methods
Bearing in mind the research goals, formulated research questions, methods, and results of
previous studies in this ﬁeld, as well as their previous research experience in the organic food and
marketing, the authors developed a questionnaire (which is given in Appendix B of this paper).
A pilot survey was realized to examine the validity of the content of the questionnaire and was
conducted on 40 respondents. Based on their suggestions, the ﬁnal form of the questionnaire was
prepared. It consisted of 22 questions and it was prepared in the Montenegrin and English language.
The questionnaire included two types of questions: The multiple-choice question and a 5-point Likert
scale. The questionnaire was formed considering the aims of research and the formulated research
questions, in order to provide the data needed for measurement of the inﬂuence of factors addressed
in the model. Most of the questions from the ﬁnal questionnaire (questions 6, 7, 8, 9, 10, 11, 12, 20,
21, and 22) were related to the factors that inﬂuence consumer perceptions of organic products as
a key element of the oﬀer: The attitudes towards organic food products, the producer, the product
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packaging, and the purchase frequency. Considering the fact that price is one of the most important
purchasing barriers, the questionnaire also contained questions related to factors aﬀecting consumer
perceptions of price: Price/quality ratio and the importance of price (questions 10, 11, 12, and 16).
As the development of distribution channels is one of main prerequisites for organic food purchasing,
questions 10, 12, 13, 14, 15, and 20 were related to factors aﬀecting consumer perceptions of these
channels (distribution barriers and shop satisfaction), while questions 10, 17, 18, and 19 were related
to modern and traditional media in order to determine which of them has a stronger impact on the
consumer perceptions of promotion.
In cooperation with the chamber of commerce in the mentioned country, the questionnaire
was forwarded online through the bases of corporative group mails of retail companies to the 3530
potential respondents. The poll lasted for 30 days and it was conducted in the third quarter of 2019 in
Montenegro. In total, 1634 respondents took part in the survey, which represents an answer rate of
46.3%. However, the total sample consisted of 1051 respondents. It is formed of respondents who buy
organic food products at least a few times a year and their selection was made by using a ﬁlter question
in the ﬁrst part of the questionnaire, regarding the frequency of organic food product purchasing.
So, if the questionnaire was completed by the respondent who never buys organic products, it is not
considered valid. In that sense, all 1051 accepted questionnaires are valid and represent a validity rate
of 64.3%. Based on the explanation of the sampling procedure, we can conclude that this is a stratiﬁed
random sample. The motive for this selection is found in several reasons. First of all, it is expected
that consumers who purchase organic food products at least sometimes are better informed about
the principles of organic production and the characteristics of organic food products. Secondly, these
consumers have more information on the real features of the available oﬀer in the organic food market,
and therefore can give more precise answers. Finally, compared to the non-consumers, it is easier to
encourage the existing consumers to buy these products more often and in larger quantities.
Considering the fact that based on the results of previous studies it is not possible to determine the
level of inﬂuence of education, occupation, income level, or other consumer demographic characteristics
on the purchase frequency of organic food products, the stratiﬁed random sample method was applied.
This choice of sample was also supported by the fact that there are only a few studies in Montenegro
related to the organic food consumer, and the obtained results did not create a reasonable base for
choosing another type of sample. Therefore, this method allows respondents of diﬀerent demographic
and psychographic characteristics to be represented in the sample. Additionally, considering the fact that
there is a lack of research regarding this topic in Montenegro, there are no available data about existing
speciﬁc consumer segments in the organic market that could be used as a basis for diﬀerent sampling.
Hence, the application of a random sample method provides an acceptable degree of probability that
the sample structure corresponds to the structure of the population. Additionally, we point out the fact
that national statistics body, Statistical Oﬃce of Montenegro, conducts research of a whole population
based on a sample of 1000 respondents [60], which also conﬁrms the representativeness of the sample
in this study. In terms of gender, 60.3% of the respondents were female while 39.6% of them were
male. This sample structure regarding gender is representative, considering the fact that women do
the purchasing of the food products more often compared to men. Additionally, this gender structure
of the sample is very similar to the gender structure of the population in Montenegro [60], which
also conﬁrms its reliability. Organic food products are suitable for all ages, which is why the sample
included all respondents who are over 15 years old (younger consumers rarely purchase themselves).
A more detailed overview of the respondents’ characteristics regarding their age, level of education,
level of income, and purchase frequency is given in Table 1.
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Table 1. An overview of the respondents’ characteristics.
Sample Characteristics

N

N

%

180
371

11.0
22.7

1–3 times a month
Few times a year
Never

317
183
583

19.4
11.2
35.7

Average monthly income
Less than 500 euros
500–800 euros
800–1300 euros
1300–2000 euros
More than 2000 euros

705
242
86
18
0

67.1
23.0
8.2
1.7
0

%

Gender
Male
Female

417
634

39.7
60.3

Age structure
15–25
26–40
41–60
More than 60

394
378
182
97

37.5
36.0
17.3
9.2

Level of education
Primary school
Secondary school
Bachelor
Master’s Degree
PhD

68
437
470
59
17

6.5
41.6
44.7
5.6
1.6

Sample Characteristics
Purchase frequency
Every day
At least once a week

Further data analysis was preceded by determining the reliability of the survey results obtained
on the basis of a questionnaire. The reliability coeﬃcient of the whole questionnaire is 0.868 and
represents the acceptable value of this coeﬃcient in social science research. The data were analyzed
using structural equation modeling (SEM). The validity of this model speciﬁcation can be tested using
a large number of tests. The most commonly cited tests refer to the model validity indexes: Goodness
of ﬁt index (GFI) and adjusted goodness of ﬁt index (AGFI). The obtained values of these indexes for
the model given in this paper are presented in Table 2 given below.
Table 2. Reliability indexes’ values for the model speciﬁcation.
Index

Value

Goodness of Fit Index (GFI)
Adjusted Goodness of Fit Index (AGFI)
Root Mean Square Error of Approximation (RMSEA)

0.951
0.9
0.08

In order to consider this model valid, these two indexes should have values equal or greater than
0.9. This condition is fulﬁlled for the presented model. Table 2 also gives the result of another widely
accepted test, the root mean square error of approximation (RMSEA) index, whose recommended
maximal value is 0.1. In our model it takes the value of 0.08, which is also acceptable. Thus, the results
of the structural equation model (SEM) evaluation can be taken as valid. The obtained results are
presented in the following section.
4. Results
The structural equation model (SEM) comprises a set of statistical methods designed to explain
the complex relationship between one or more independent variables and one or more dependent
variables. In this model, we used the rank-based strategy, proposed by Woods [61], to select anchor
items (variable whose path relation will have value 1 as a constraint). Through the process of estimation
of the structural equation model in this paper, 10 factors were identiﬁed that represent the elements of
the oﬀer. The factors were formed on the grounds of the joint inﬂuence of 45 independent variables,
which were derived from the questionnaire and grouped in four new factors on the basis of their
common characteristics. In evaluating the structural equation model, the factor that displays the
characteristics of the respondents had to be excluded from the model because the parameters of this
factor were not statistically signiﬁcant. Thus, the structural equation model includes 10 factors. Factors
that represent respondents’ views, producer characteristics, packaging of organic food products, and
purchase frequency were presented by their common factor named Product. Factors that indicate the
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importance of price height when buying organic food products and the price/quality ratio are presented
by a common factor Price. The factor Distribution represents the impact of barriers in the distribution of
organic food products and store satisfaction. The fourth common factor named Promotion indicates
the impact of promotional activities (using traditional or modern media) when making a decision to
buy organic food products. The regression coeﬃcients obtained in the SEM model are presented in
Figure 2, which is given below.

Attitudes
Producer

1
0.932
0.132

Product

Packaging
0.137

0.229
Purchase
frequency

Importance
of price
height

0.329
Price
1

1

Optimization of the
offer based on
influence of
marketing
determinants

Price/quality
ratio
0.194
Distribution
barriers

1
0.232

Distribution

Shop
satisfaction
1
Modern
media

1

0.342

Promotion

Traditional
media
Figure 2. Structural equation modeling results.

The values of the standardized regression coeﬃcients are given above the straight lines in the
path diagram. The higher their value, the more the speciﬁc factor is considered a good indicator of the
decision to buy organic food products and, therefore, an indicator of good product acceptance.
In order to justify the results of the SEM analysis, we examined whether the regression coeﬃcients
in SEM are statistically signiﬁcant, as well as the validity of the speciﬁcation of the deﬁned model.
The estimation results of this model are given in Table 3.
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Table 3. Estimation results of the structural equation model (SEM).
Exogenous
Variable

Path
Direction

Endogenous
Variable

Estimate

Attitudes
Producer
Packaging
Purchase frequency
Importance of price
height
Price/quality ratio
Distribution barriers
Shop store
Modern media
Traditional media
Promotion
Product
Distribution
Price

<—
<—
<—
<—

Product
Product
Product
Product

<—
<—
<—
<—
<—
<—
<—
<—
<—
<—

Standard
Error (SE)

Critical
Ratio (CR)

Probability
(P)

1.000
0.932
0.132
0.229

0.046
0.02
0.017

20,212
6,6
13.47

***
***
***

Price

0.329

0.046

7.191

***

Price
Distribution
Distribution
Promotion
Promotion
Purchasing decision
Purchasing decision
Purchasing decision
Purchasing decision

1.000
1.000
0.232
1.000
0.342
1.000
0.137
0.194
1.000

0.051

4.821

***

0.047

4.933

***

0.065

5.261

***

0.029
0.034

4.724
5.705

***
***

*** The regression coeﬃcient, which is statistically signiﬁcant with the level of signiﬁcance of 1% (two-sided test).

All the regression parameters of the estimated structural equation model are statistically signiﬁcant.
This is conﬁrmed by the corresponding probability values of the regression coeﬃcients, which are
marked with asterisks. Thus, with an error risk of 5%, all regression coeﬃcients are statistically
signiﬁcant. For the estimation of SEM for each factor, a limit is deﬁned according to which the value
of the regression coeﬃcient between the observed factors is 1. Since the value of a given regression
coeﬃcient is predeﬁned, the statistical signiﬁcance is not tested for it. In our model, value 1 is deﬁned
for the coeﬃcients that relate the impact of attitudes and product, then the impact of the distribution
barriers on the factor distribution, the inﬂuence of the factor promotion on the purchase decision, and the
eﬀect of price on the purchase decision.
Another advantage of the SEM model is the fact that it can be used to determine which factor has
the strongest inﬂuence on respondents’ decision to buy organic food products. Based on the estimated
values of the regression coeﬃcients for individual factors, it is concluded that the formation of the factor
product was inﬂuenced the most by the variable that reﬂects customer attitudes towards organic food
products. These ﬁndings are also supported by the results of the descriptive statistics in this research,
which reveal that the main motivation for buying organic food products mostly relies on positive
attitudes towards them and to a much lesser extent on the properties of these products that actually
aﬀect consumer senses (such as the visual appearance, taste, packaging, label, etc.). About two thirds
of the respondents (58%) stated that organic food products are healthier compared to conventional
ones. Additionally, 71% of them indicated the positive inﬂuence of these products on health as the
main motive for their purchase. The additional reasons for purchasing are the nutritional value of
the organic food products, environmental protection, animal welfare, and habit. On the other hand,
consumers state that the taste of the organic food has the strongest eﬀect on their perception, compared
to other features that can be experientially veriﬁed. For 11% of them, this is, at the same time, the most
important reason for purchasing. Other features of these products that can aﬀect consumer senses
(such as visual appearance, labeling, etc.) are of less signiﬁcance for the purchase decision.
For the factor price, the most signiﬁcant variable is the one that represents the price/quality ratio
of organic food products. They suggest that if consumers perceive organic products as being high
quality, they will be ready to pay premium prices for them. This points out the importance of educating
and informing consumers about all the beneﬁts of organic production for them as individuals and
for the whole society. In that sense, the results of the descriptive statistics should be pointed out,
which revealed that only 9.1% of consumers stated that they are not willing to pay premium prices for
organic food products. Most of them were ready to pay 0% to 20% higher prices for organic products,
compared to conventional (43.4% of consumers), while almost a third of respondents (28%) stated they
are willing to pay 20% to 40% higher prices for this type of food product. These results reveal that
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premium prices are not an insuperable barrier to a wider acceptance of organic food products, and its
signiﬁcance is under the inﬂuence of information and the education of consumers towards an organic
production system and all the beneﬁts of this type of food.
In the case of the factor distribution, the most important was the variable that represents distribution
barriers. Additionally, these results show that consumers do not expect that organic food products
will always be available in their favorite stores (as the regression coeﬃcient of this factor is smaller:
0.232), which means that they are ready to make an additional eﬀort of going to another store, when
purchasing these products. The descriptive statistics of the consumer preferences towards stores where
organic products should be available revealed that most of them (57.7%) consider large supermarkets
as the establishments where these products should be represented, while 20.4% of them consider that
there should be more specialized organic stores in the market.
The factor promotion is mostly deﬁned by a variable, which represents modern methods of
promotion, suggesting that the promotion of organic food products in developing markets should be
mostly conducted using modern media, such as social networks, Google adwords, banners, emails,
and other Internet-based promotion channels.
The results of the evaluation of the structural equation model, i.e., the values of the estimated
coeﬃcients in the model, showed that price and promotion have a decisive inﬂuence on the consumer
acceptance of organic food products and on the decision to buy them, while the inﬂuence of the factors
product and distribution is less signiﬁcant in developing organic food markets. These results are not
so unexpected considering the purchasing power of the respondents who participated in the survey,
the fact that organic products are currently mostly attractive to buyers with a higher income and higher
education, as well as the fact that promotional activities disseminate information about the importance,
quality, and availability of these products. Therefore, price and promotional activities must play a key
role in the process of creating consumer perception of organic food products and fostering acceptance
of these products in the society in the developing markets. On the other hand, for the buyers of
the organic food products in such markets, the most important thing is the fact that these products
meet the criteria of being truly “organic”, which is why they pay very little attention to the other
characteristics of these products, such as packaging or the manufacturer. Promotional activities in
developing markets aim to inform customers where the organic food products are available, which
is why the distribution channels also do not play such an important role in the process of making
decisions to purchase these products.
In addition to the previous analysis, the authors also conducted the SEM model in order to
test if there are diﬀerences in the signiﬁcance of the investigated factors between men and women.
The obtained results of the regression coeﬃcients are given in Table 4.
Table 4. Estimated results of the structural equation model (SEM) for women and men.
Regression Coeﬃcients
Attitudes
Producer
Packaging
Purchase frequency
Importance of price
height
Price/quality ratio
Distribution barriers
Shop store
Modern media
Traditional media
Promotion
Product
Distribution
Price

Female

Male

<—
<—
<—
<—

Product
Product
Product
Product

1.000
0.191
0.173
−0.121

1.000
0.195
0.237
1.046

<—

Price

−1.000

−1.000

<—
<—
<—
<—
<—
<—
<—
<—
<—

Price
Distribution
Distribution
Promotion
Promotion
Purchasing decision
Purchasing decision
Purchasing decision
Purchasing decision

1.532
−1.379
0.203
1.000
9.660
1.000
0.700
2.445
−4.620

3.793
−1.500
0.576
1.000
0.618
1.000
0.630
0.152
−1.644
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The results of the SEM model obtained by using the gender as a control variable indicated that
there are similarities but also certain diﬀerences in the way in which identiﬁed factors aﬀect the
purchasing decision of men and women in the organic food market. The results presented in the table
explain that male consumers are highly inﬂuenced by the frequency of consumption, price/quality
ratio, and distribution barrier when making a ﬁnal decision to buy organic food products. Therefore,
it is very important to diminish distributive barriers and explain all the beneﬁts that consumers get for
money (especially when it concerns the type of products with the biggest purchase frequency) in order
to foster men to purchase these products more often and in larger quantities. Similarly, women are
also mostly inﬂuenced by the price/quality ratio and distribution barriers, but traditional media has
a signiﬁcant impact on their purchasing decision too while it has no impact on men. Both men and
women are price sensitive, which is why price is regarded as a very important obstacle to the organic
food purchase. Additionally, they are positively inﬂuenced by promotion through modern media. This
indicates that the results of the previous general SEM model can stand for both genders, conﬁrming
its reliability.
5. Discussion
Although consumers make purchasing decisions considering all elements of the oﬀer as a whole,
the previous analysis revealed that price and promotion have the strongest inﬂuence in that process on
developing markets. The results of the structural equation model applied in this research showed that
product does not have such a strong inﬂuence, compared to price and promotion. These results are
somewhat surprising, considering the fact that earlier studies conﬁrmed the speciﬁcities of the organic
production system and objective features of organic food products (such as their nutritive value, health
beneﬁts, environmental beneﬁts, etc.) as the main motives for buying these products [9–11,13,20,28,29].
However, the explanation could be found in the analysis of the signiﬁcance of the factors that inﬂuence
consumer perception of organic food products. The previous analysis showed that attitude is the factor
that has the strongest impact, followed by producer. Such results are expected considering the fact
that previous studies have shown that consumers evaluate the value of organic products mostly on
the basis of their objective properties, resulting from the speciﬁcity of their production method (such
as health safety, nutritional value, production process that is not harmful for the environment, etc.),
so that the additional features of these products, such as the packaging and visual appearance, are not
of great importance [7–10,12,19,27,28,62,63]. These additional features gain importance mostly when
there is no reliable evidence that given food products are organic [38,64]. This reveals that consumers
view all types of organic food products as of a similar level of quality, regardless of their packaging
and other added features. Therefore, their objective characteristics that aﬀect consumer senses and that
can be experientially conﬁrmed are of less signiﬁcance. However, the most important amongst them is
the taste of the product. The information about the producer is also important, as consumers search for
cues that certain products are really organic, especially in developing organic markets where other
cues are often missing. Therefore, trust in the producer reduces their doubts. However, considering
the fact that these products have premium prices and that consumers in less developed markets do not
have enough information about these products (regarding all their beneﬁts, the available range, the
price range, or the stores where they can be found), positive attitudes towards organic food products
do not have such a signiﬁcant role in the real behavior of consumers.
The fact that price has a strong eﬀect in the process of accepting organic food products is conﬁrmed
by previous studies that revealed the price as one of the main barriers [24,33,34,65]. These results are
not surprising, considering the fact that these products are more expensive than conventional ones
and that they usually have premium prices, while on the other hand, the purchasing power of the
consumers in Montenegro is relatively modest. According to the data retrieved from Statistical Oﬃce
of Montenegro, Monstat, the minimal consumer basket for Montenegro in December 2019 amounted
to 646.70 EUR, out of which 271.2 EUR refers to expenditure on food and non-alcoholic beverages,
while 375.5 EUR refers to the expenditure on other non-food products and services [60]. On the other
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hand, the average earnings amount to 520 EUR [60], which implies that consumers are price sensitive
ﬁrst of all due to a low income. However, the analysis of factors that inﬂuence consumer perceptions
of price revealed that their perception and behavior towards these products strongly depends on the
product quality/price ratio and this factor is important for both men and women. In other words,
if they consider that the product is of high quality, they will be ready to pay higher prices. Therefore,
educating and informing consumers in Montenegro (and in other developing markets) about the
organic production concept, as well as about all the beneﬁts of the consumption of organic food
products for individuals and for the whole society, is one of the main prerequisites for accepting these
products and converting positive attitudes into real purchasing.
Although previous studies pointed out the signiﬁcance of distribution channels as one of the main
barriers in organic food purchasing [33–35,43,45,47,48] and therefore, as one of the most important
factors that inﬂuence consumer perceptions and purchasing decisions, the data analysis in our study
gave the opposite results. Although women are to a certain extent inﬂuenced by this factor, it is not of
such great importance for consumers in general. This indicates that consumers in developing organic
markets do not expect that organic food products should be available in every type of food shop
and that those consumers who intend to buy these products are ready to make additional eﬀort in
searching for specialized stores where they can ﬁnd them. However, it is important for them to know
exactly where these products can be found. The previously mentioned factor was conﬁrmed by the
analysis of the factors that inﬂuence the perception of distribution channels. The results revealed that
satisfaction with grocery stores does not have a signiﬁcant impact, while the lack of these products
in most of the stores is regarded a very signiﬁcant factor that prevents their further acceptance and
real purchasing in larger quantities. The results of the descriptive statistics showing that organic food
products should be available more in the supermarkets and specialized stores are not surprising. Poor
distribution channel development is a common problem in most developing organic food markets,
such as Serbia or Poland [66,67]. Additionally, supermarkets and specialized stores are the most
important distribution channel even in developed and mature organic food markets, such as Germany,
France, and Canada, where supermarkets oﬀer large varieties of product types and brands, while the
specialized stores are usually better adapted to special consumer segments by oﬀering a wide range of
products customized and adapted from bulk or small packing containers [42,58]. Therefore, in the
mature markets, producers can focus on in-depth development of their organic brand lines instead of
fostering the development of distribution channels and generic promotion of organic food products as
it should be the focus in emerging and developing markets [45,67,68].
The strong eﬀect of promotion on the purchasing decision of consumers is also understandable.
As Song et al. found in their research, the additional value of organic food products that makes
them diﬀerent from conventional ones cannot be experientially conﬁrmed. This is why consumers
search for ways in which organic food products can be diﬀerentiated from conventional ones [36–38].
Therefore, a very important role of promotion is to inform consumers of how they can distinguish them
from non-organic products [65]. Additionally, in underdeveloped or developing markets of organic
products, such as the market in Montenegro, it is expected that consumers are not well informed
about the concept of organic production. Hence, promotion has a very important role of educating
and informing consumers about the characteristics of organic products, the certiﬁcation process,
the available oﬀer, and all other features that could be signiﬁcant for them in the process of accepting
these products and making purchasing decisions. The analysis in this paper also revealed that modern
instruments of promotion in developing markets have a stronger eﬀect compared to traditional media.
More precisely, although traditional media has a signiﬁcant impact on women, it does not inﬂuence
the purchasing decisions of men. However, both genders are inﬂuenced by modern media, which is
why this marketing element should be the focus of producers in developing organic food markets.
These results are in line with the research of Pechrová and Jesus Medina-Viruel, [49,55], showing that
the Internet and other modern promotion tools could be eﬀective in promoting this type of product.
However, it should be noted that most respondents in the sample were younger than 40 and had high

212

Foods 2020, 9, 259

school or university education, since younger and more educated people tend to use modern media
much more than traditional ones.
Considering all previously mentioned factors, suggestions for marketing mix optimization in the
developing organic food market can be made. Although all four marketing mix instruments as main
elements of the oﬀer should be signiﬁcantly improved, the results in this paper reveal that most of the
eﬀorts should be made regarding price and promotion. Although consumers exhibit diﬀerent levels
of price sensitivity, they consider organic food prices related to the quality of products. Therefore,
decision makers should point out all the beneﬁts of organic farming and organic food consumption.
If consumers understand the value of these products, they will be ready to pay premium prices.
The fact that a signiﬁcant number of respondents in the sample had an average income or income
below the average conﬁrms that the previous conclusion holds for price-sensitive consumers as well.
However, in order to achieve the mentioned goal, promotion should be improved and conducted using
predominantly modern media. Considering the fact that in developing markets, consumers mostly
lack information about the organic production concept, promotional activities have a very important
role in educating and informing consumers about the quality of organic food products and justiﬁcation
of their premium prices. Additionally, through the education of consumers, promotion can have a
signiﬁcant impact on their attitudes towards organic food products (which is in line with our research
that promotion has a stronger impact on purchasing decisions, compared to product). Promotional
activities also inform consumers about the available oﬀer in the market, as well as about the stores
where organic food products are being sold, which explains why distribution does not have such
a strong inﬂuence on the purchasing decision of consumers. This way, the impact of the price and
distribution as two main obstacles for the acceptance of organic food products in developing markets
will be removed, or at least reduced. At the same time, by diminishing the impact of these barriers,
the prerequisites for further development of the organic market will be fulﬁlled. Considering the
speciﬁcities of organic production, the development of this sector will further have a series of positive
consequences. First of all, it will have a signiﬁcant contribution to better allocation of renewable
resources, as organic production is a system completely adjusted to natural conditions [1,2]. Secondly,
it enables food production in the places of its consumption, therefore contributing to solving problems
of food waste and poverty in rural areas that developing countries mostly face [2,15]. Thirdly, fostering
organic agriculture can contribute to the eﬀorts in promoting healthy lifestyles and especially in
solving the problem of obesity, which is a common problem of numerous countries [2,16]. Finally,
fostering the organic food market will enable economic development without a negative impact on the
environment [1,4], which is in line with the eﬀorts of many developing countries to achieve economic
development on healthy and sustainable grounds.
6. Conclusions and Future Research Recommendations
The aim of this paper was to generate recommendations for optimization of the oﬀer on developing
organic food markets, based on the analysis of the impact of four main elements of the oﬀer (product,
price, distribution, and promotion) on consumer acceptance of organic food products in developing
markets. Additionally, in order to better understand the intensity and nature of those eﬀects, this paper
investigated which factors have the biggest impact on consumer perceptions of each of these elements.
The results revealed that price and promotion have the biggest impact on the acceptance of organic
food products and consumer purchasing decisions in developing markets, while the impact of product
and distribution channels is relatively modest. These results are not so unexpected, considering the
fact that organic food products have premium prices, which makes them hardly aﬀordable compared
to conventional products. Additionally, promotion has the role of educating consumers about health,
environmental, and other beneﬁts of organic production, as well as the role of informing consumers
about all the aspects regarding the available oﬀer of these products in the market. This is especially
important in developing markets due to a lack of information about the organic production concept
and organic food beneﬁts that most of the consumers face.
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The analysis of factors that impact consumer perceptions of each of the addressed elements of
the oﬀer gave the additional explanation for such results. This analysis showed that consumers do
not make a diﬀerence between diﬀerent types of organic food products. Therefore, factors, such as
packaging or frequency of purchase, do not have an impact on their perception of organic food in
general. However, having a reliable cue that given products are really organic is very important for
consumers, which is why they look for a recognizable organic producer. This points out the signiﬁcance
of giving reliable visual cues to the consumers that will help them to diﬀerentiate organic products
from non-organic. The consumer perception of price depends on the perceived quality of products and
this is very important for both men and women. If they perceive that the product is of high quality,
they will be ready to pay premium prices, which is why additional eﬀort should be made in order to
justify the premium prices of organic food products. Although consumers do not expect organic food
products to be available in most food shops, the poor development of distributive channels is perceived
as a signiﬁcant barrier, which points out the fact that its future development is very important for
ensuring the long-term growth of this sector. On the other hand, promotion is expected to inform and
educate consumers about all important features of organic food products and therefore diminish the
deﬁciencies of the other three elements of the oﬀer. Although women are more strongly inﬂuenced by
traditional media, for the best results, it should be mostly based on modern media due to the fact that
both genders are inﬂuenced by this media type.
Apart from the theoretical factors, this paper has a signiﬁcant practical contribution. It reveals
the relative impact of the main marketing elements in developing organic food markets on consumer
purchasing decisions, therefore helping decision makers to allocate limited resources to each of them.
Additionally, it analyzed the factors that inﬂuence consumer perceptions of each of those instruments,
therefore helping the decision makers to better understand what creates the added value of the oﬀer in
the consumers’ mind and, hence, drives the acceptance of the organic food products.
Although the limits of this research are related to the fact that it was conducted only in Montenegro,
it should be noted that, according to the authors’ knowledge, it is the ﬁrst research of this type conducted
in the mentioned country. Additionally, the obtained results can be signiﬁcant for research in other
countries too, considering at least two reasons. First, the organic food market in Montenegro is
still underdeveloped, which can stand for organic food markets in many countries. Secondly, most
respondents in this survey have an average income and are price sensitive, while the segment of
price-sensitive consumers exists in every country. A further limitation of this paper arises from the
fact that there is not any diﬀerence between loyal and occasional buyers of organic food products nor
between diﬀerent consumer segments that may exist regarding their demographic or psychographic
characteristics. In order to overcome these limitations, further studies on this topic should include
respondents from several countries and analyze if there are diﬀerences in the inﬂuence of each of
the four elements of the oﬀer on the purchasing decision, observed by diﬀerent consumer segments.
Additionally, whether the relative inﬂuence of each of those four elements changes over time can
be explored. Considering the fact that optimization of the oﬀer is an indispensable prerequisite for
organic food acceptance and organic market development, similar research should be conducted not
only in developing but in developed countries as well.
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Appendix A
Table A1. Previous research undergrounding the conceptual model of research.
References

Sample

Methodology

Object of Research

Ham et al. 2016 [33]

In person survey of 411
households in Croatia

Techniques of univariate
and multivariate analysis

Relationship between organic
food purchase and purchasing
barriers (time, price, knowledge,
attitudes)

McEachern &
McClean 2002 [10]

Random sample of 200
respondents; conducted
in Scotland

Correlation and principle
component analysis

Attitudes towards organic food
products; purchasing
motivation;

Bezawada & Pauwels
2013 [44]

The store-level date
retrieved from 75 outlets
in the USA

The persistence
modeling approach

How changes in promotion,
price and product assortment
aﬀect organic and conventional
food purchase

Aschemann-Witzel et
al. 2013 [41]

A survey of 210 organic
consumers in Germany

Techniques of univariate
and multivariate analysis

How nutrition, health or risk
reduction claims visible on
product packaging aﬀect organic
food purchase

Iyer et al. 2016 [31]

Online survey of 249
respondents in the USA

Structural Equation
Modeling (SEM)

The eﬀect of economic-driven
motives (price and value
consciousness) and altruistic
motives on green purchase
intentions

Henryks & Pearson
2011 [51]

A snowball sample of 21
respondents in Australia

A grounded theory
approach

Identiﬁes the variables aﬀecting
consumer choice of retail outlet
and ﬁnds the ones that play a
signiﬁcant role in organic food
purchase

Islam, S. 2014 [50]

A survey of 646 random
shoppers visiting retail
shops in Canada

Multiple regression
analysis

Examines the choice of retail
outlet and consumers’
willingness to pay premium
prices for organic food products

Hidalgo-Baz et al.
2017 [53]

Random sample
consisting of 311
respondents in Spain

Linear regression model

Impact of diﬀerent claims on
organic food purchasing

Appendix B —Questionnaire
This survey is designed in order to investigate the speciﬁcities of the optimization of the oﬀer on
the organic food market. Please, take a few minutes to complete it. The survey is anonymous, and the
data will be used for the purpose of writing a research paper.
1. Gender:
(a)
(b)

male
female
2. Age:

(a)
(b)
(c)
(d)

15–25
26–40
41–60
more than 60
3. Your level of education:

(a)

primary school
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(b)
(c)
(d)
(e)

secondary school
Bachelor
Master’s Degree
PhD
4. Your average monthly income:

(a)
(b)
(c)
(d)
(e)

less than 500 €
500–800 €
800–1300 €
100–2000 €
more than 2000 €
5. How often you buy organic food products:

(a)
(b)
(c)
(d)
(e)

every day
at least once a week
1–3 times a month
few times a year
never

If your answer to the question no. 5 is “never”, this is the end of a questionnaire for you. If you
chose any other given answer, please proceed with questionnaire.
6. What is the type of organic food products that you buy most often:
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)

organic fruit and vegetables
organic dairy products
organic cereals
organic meat products
organic bread and pasta
organic juices and other soft drinks
organic baby food
other _______________________(Please, specify)

7. In your opinion, what type of organic food products should be more available on the market
(you can choose more answers):
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)

organic fruit and vegetables
organic dairy products
organic cereals
organic meat products
organic bread and pasta
organic juices and other soft drinks
organic baby food
other _______________________(Please, specify)

8. Rate the following characteristics of the organic food products on a scale 1–5 (1—completely
disagree, 2—disagree, 3—indiﬀerent, 4—agree, 5—completely agree):
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(a)

They are healthier than conventional products

12345

(b)

They are suitable for the prevention and treatment of certain diseases

12345

(c)

They are free from GMO, pesticides, antibiotics and other additives

12345

(d)

They have higher nutritional value than conventional products

12345

(e)

They have better taste than conventional products

12345

(f)

Their production is not harmful for the environment

12345

(g)

Organic production assures animal welfare

12345

(h)

By purchasing of organic food products you can give support to the local producers

12345

9. Which reason for purchasing organic food is most important for you:
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)

its positive impact on health
its nutritional value
taste
habit
to contribute to the environmental protection
animal welfare
I don’t know
other __________________________(Please, specify)

10. Rate the following statements on a scale 1–5 (1—completely disagree, 2—disagree, 3—indiﬀerent,
4—agree, 5—completely agree):
I do not buy organic food products in larger quantities because of:
(a)

high prices compared to my level of income

12345

(b)

high prices compared to the quality of these products

12345

(c)

they taste worse than conventional

12345

(d)

the available oﬀer is scarce (not diversiﬁed)

12345

(e)

they are not suﬃciently represented in the stores, so their purchase requires too much time

12345

(f)

I don’t know where to ﬁnd them

12345

(g)

they have worse appearance than conventional products

12345

(h)

there is no real diﬀerence between organic and conventional products

12345

(i)

I don’t have enough information about characteristics of these products

12345

11. From the items oﬀered below, select the three most important that you consider when buying
organic food products and rank them by importance from 1 to 3 (1—the most important, 2—of less
importance, 3—of the least importance)

217

Foods 2020, 9, 259

(a)

price

123

(b)

nutritional value

123

(c)

impact on health

123

(d)

taste

123

(e)

diversity of the oﬀer

123

(f)

packaging appearance

123

(g)

packaging size

123

(h)

information about producer

123

(i)

other _______________________________(Please, specify)

123

12. What would particularly encourage you to buy more organic food products:
(a)
(b)
(c)
(d)
(e)
(f)
(g)

price reduction
better quality of the products
greater diversity of the oﬀer
better representation of these products in supermarkets and other food stores
opening new stores specialized in the organic food selling
better quality and diversity of its packaging
in no case I would buy them in larger quantities than I do now
13. Where do you usually buy organic food products:

(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)

in supermarkets
in small shops
in stores specialized for selling organic food
at the markets
directly from the producer
on the organic food fairs
over the Internet
other ____________________________(Please, specify)

14. In which types of stores would you prefer organic products to be available for purchase on a
permanent basis:
(a)
(b)
(c)
(d)
(e)
(f)

in the supermarkets
in the small stores
wish there were more stores specialized in organic food selling
in the markets
internet shops
other ____________________________(Please, specify)

15. Rate the following statements on a scale 1–5 (1—not important at all, 2—not important,
3—indiﬀerent, 4—important, 5—very important)
It is very important for organic food purchasing if these products are:
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(a)

available in the shops near the place where I live

12345

(b)

available in the shops where I usually purchase food products

12345

(c)

available in the shops with long working hours

12345

(d)

available in the shops that have friendly personnel

12345

(e)

available in the shops that oﬀer high value for money

12345

(f)

available in the shops with high quality purchase services

12345

16. How much higher price of organic food products (compared to conventional ones) are you
ready to pay:
(a)
(b)
(c)
(d)
(e)
(f)

I am not ready to pay higher prices for organic food products
0%–20%
20%–40%
40%–60%
60%–80%
80%–100%
17. From which sources do you usually collect information about organic food products:

(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)

Friends and family members
TV shows
TV and radio commercials
social networks
internet portals or specialized websites
magazines
ﬂyers
other ____________________(Please, specify)

18. In your opinion, which media are more convenient for informing consumers about speciﬁcities
and beneﬁts of organic production system:
(a)
(b)
(c)

traditional media (such as TV, radio, newspapers, magazines, ﬂyer etc.)
modern media (Internet based media, such as social networks, emails, websites, pop-up
advertisement, mobile marketing etc.)
other ____________________(Please, specify)

19. In your opinion, which media are more convenient for informing consumers about available
oﬀer of the organic food products in the market:
(a)
(b)
(c)

traditional media (such as TV, radio, newspapers, magazines, ﬂyers etc.)
modern media (Internet based media, such as social networks, emails, websites or pop-up
advertisement, mobile marketing, etc.)
other ____________________(Please, specify)
20. How do you determine if food products labeled as "organic" are truly organic?

(a)

based on oﬃcial certiﬁcation mark placed on the packaging
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(b)
(c)
(d)
(e)
(f)

based on information about producer (I buy it from well-known organic producer)
based on the trust in the shop
based on the product appearance
based on label “organic”
other _______________________ (Please, specify)

21. Rate the following items on a scale 1–5 according to their signiﬁcance in purchasing organic
food products (1—not important at all, 2—not important, 3—indiﬀerent, 4—important, 5—very important):
(a)

the way organic food products are diﬀerentiated from conventional ones in the stores

12345

(b)

appearance and the size of packaging

12345

(c)

label design

12345

(d)

information displayed on the product packaging

12345

22. Rate how much important are the following items to you when choosing the organic producer
whose products you will buy (1—not important at all, 2—not important, 3—indiﬀerent, 4—important,
5—very important)
(a)

the producer possesses the appropriate product quality certiﬁcate

12345

(b)

the producer has years of experience in organic food production

12345

(c)

the producer packs its products in recognizable packaging with a speciﬁc label

12345

(d)

the producer has a variety of organic food products in its oﬀer

12345
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Renko, S.; Vignali, C.; Żakowska-Biemans, S. Polish consumer food choices and beliefs about organic food.
Br. Food J. 2011, 113, 122–137.
Gottschalk, I.; Leistner, T. Consumer reactions to the availability of organic food in discount supermarkets.
Int. J. Consum. Stud. 2013, 37, 136–142. [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/).

223

MDPI
St. Alban-Anlage 66
4052 Basel
Switzerland
Tel. +41 61 683 77 34
Fax +41 61 302 89 18
www.mdpi.com
Foods Editorial Ofﬁce
E-mail: foods@mdpi.com
www.mdpi.com/journal/foods

MDPI
St. Alban-Anlage 66
4052 Basel
Switzerland
Tel: +41 61 683 77 34
Fax: +41 61 302 89 18
www.mdpi.com

ISBN 978-3-03943-696-5

