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Abstract
The large quantities of meat that are consumed nowadays, poses a major problem for the increasing
environmental issues. A change in the consumption of animal protein is necessary to reduce the negative impact
on the environment. An increasing amount of meat substitutes is being developed, however a large number of
consumers are still unwilling to adopt meat substitutes into their daily diets. In this research, the underlying
mechanisms were explored with regards to the intrinsic and extrinsic sensory properties of plant-based burgers
and how this influences consumer interest. The intrinsic properties were explored within five divisions of the
senses: vision, smell, taste, touch and sound. The extrinsic properties were only explored within the division of
vision. Additionally, an experiment was conducted in which the labelling and colour features of the packaging was
manipulated. The influence of these manipulations on the perception of health and consumer interest was then
tested. Importance of several product attributes with regards to nutrition and environment were also assigned by
participants as well as their attitude towards meat substitutes and plant-based burgers.
To summarize, it was found that the intrinsic sensory inputs that arise upon presentation of a food, interact in a
complex manner and activate several physiological pathways (i.e. gustatory, olfactory etc.). These inputs arise
simultaneously and affect each other so none of these physiological pathways act secluded. However, the existing
literature with regards to the intrinsic factors of plant-based burgers is rather limited so limited conclusions can
be drawn. Further research would be required. The extrinsic sensory factors explored in this research were colour
features and labelling. With regards to colour it was found that predominantly green packaging features was
perceived as healthier as opposed to red features. With regards to labelling it was found that combining a healthrelated message and an environmental message led to the highest amount of interest in the product.
No relation was found between higher rated importance of nutritional attributes of a food and higher interest in
packaging with a health-related message. No relation was found either between higher rated importance of
environmental attributes of a food and higher interest in packaging with an environmental message. More
research would be required to explore what product attributes would influence interest in various types of
messaging. Moreover, it was found that a more positive attitude towards meat substitutes and plant-based
burgers led to higher consumer interest in the product.
Keywords: plant-based burgers, sensory factors, consumer interest
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1. Introduction
The quantities of meat that are consumed nowadays, pose a major strain on the planet (Garnett, 2013; Hedenus,
Wirsenius & Johansson, 2014). In the past decades, the consumption of animal products has risen tremendously
due to our changing consumption patterns. As a result, our earthly resources are being vastly depleted at a
terrifying pace, a pace our planet cannot keep up with. Deforestation, low animal welfare and the great amount
of land- and water use are part of the consequences, to name a few (Leip et al. 2015). The production of livestock
takes up about 30% of all land surface area and is accountable for approximately 19% of all the greenhouse gas
emissions (Penn, 2018). Vegetable-based proteins however, have a much smaller impact on the environment
(Lamb et al. 2016). A change in our production and consumption of animal products is necessary and inevitable if
we want to preserve our planet. This necessity has caused new industries to arise and new technologies to be
developed. Especially the industry of meat replacers has been booming (He, Evans, Liu, & Shao, 2020). Meat
replacers in any shape or form can be found on the grocery shelves now. The technology for creating better meat
replacers is growing quickly and even lab-grown meat is being developed. This ‘in vitro meat’ is produced by
taking a single cell of the muscle tissue of a cow for example and replicating it to produce animal tissue (Bonny,
Gardner, Pethick & Hocquette, 2015). The products are available, however a large percentage of consumers are
still unwilling to reduce their meat consumption (Tucker, 2014; Schösler, de Boer & Boersema, 2014). This could
be due to many reasons such as social norm, habit, availability, price, taste and attractiveness, amongst other
things.
In order to nudge consumers towards consuming less meat and incorporating meat replacers in their daily diet,
the underlying drivers of either consuming or not consuming meat replacers need to be understood. Both the
intrinsic factors of the food (e.g. aroma, texture, taste) and the extrinsic factors (e.g. packaging, labelling) are
determinants of the liking of the product by the consumer. Many factors play a role in the process of acceptance
of a new food; both intrinsic and extrinsic properties of the food as well as environmental cues and social norms
(Prinsen, de Ridder & de Vet, 2013). Even though these factors might play an equally vital role in the acceptance
of a food, due to the lack of time, any factors other than the intrinsic and extrinsic properties of the food will not
be taken into account in this research.
Many studies have been carried out previously about the acceptance of meat substitutes. Frequently, these meat
substitutes are plant-based burgers and as of more recent, insect-based burgers and lab-grown meat are also
being investigated for its intrinsic and extrinsic properties. However, not many studies have combined the
exploration of intrinsic- and extrinsic sensory factors. Both sensory properties of meat substitutes need to be
analyzed further in order to raise consumer interest in meat substitutes, which will be explored in this research.
The meat substitute of choice in this research will be plant-based burgers (PBBs), since this type of meat
substitutes is already more accepted by the general public over lab-grown meat or insect-based burgers (Slade,
2018). Often, PBBs have been found to have low sensory attractiveness and have too little resemblance to meat.
Numerous studies have found that improved intrinsic sensory attractiveness of PBBs increased the acceptance of
the product (Ding, Huang, Ku, Lim & Lin, 2018; Michel, Hartmann & Siegrist, 2020; Elzerman, Van Boekel & Luning,
2013). A study by Hoek et al. (2011) found that consumer perception of meat substitutes was largely determined
by the beliefs and attitudes towards meat substitutes and food neophobia (an individuals’ fear towards new
foods), as well as lower sensory attractiveness. Furthermore, social and personal values were also found to justify
one’s reluctance to reduce one’s meat intake (Macdiarmid, Ddouglas & Campbell, 2016). Further literature
research will be elaborated more thoroughly later in this research.
The selected method for this research is a literature research and conduction of an experiment. The experiment
will consist of a manipulation of the visual extrinsic properties of a PBB. Participants will be asked to fill out a
questionnaire digitally. Different manipulations will be performed which will be elaborated further in the section
“Design of the study”. The results of this experiment will be used to substantiate the theory about the intrinsicand extrinsic sensory properties of PBBs and how this influences consumer interest.
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Both the intrinsic properties of PBBs and the extrinsic factors will be recognized in influencing consumer’s
perception of PBBs in this research. The research question formulated is: How do the intrinsic and extrinsic sensory
factors of plant-based burgers influence consumer interest? The intrinsic sensory properties of the product will
only be elaborated in the literature research part of this study, as opposed to the extrinsic sensory properties,
which will be discussed in the theoretical part as well as the experimental part. To have a coherent division
between the theoretical and the empirical part of this research, the following sub questions have been created:
How do the intrinsic properties of plant-based burgers with regard to the senses (vision, smell, taste, touch and
sound) influence the perception of the product?
This sub question about the intrinsic properties will only be covered in the literature research of this study, as
opposed to the following sub questions which will be directed at specific extrinsic properties of the product in a
questionnaire. Two different focus points of the packaging will be chosen and then manipulated, namely the
predominant colour features and two different types of labelling, to determine what the effect of these
manipulations is on the perception of health and what might raise consumer interest.
Does the packaging of plant-based burgers with green features contribute to more perceived healthiness rather
than red features?
Which messaging on the packaging of plant-based burgers; either environmental messages, health-related
messages or a combination of the two, lead to higher consumer interest in the product?
Furthermore, addition of a food choice questionnaire (FCQ) according to the research of Steptoe, Pollard &
Wardle (1995) is added to the survey as well as the attitude towards plant-based burgers and meat substitutes,
thus creating three more research questions.
Do consumers who regard nutritional elements of a food as more important, have more interest in the packaging
containing a health-related message?
Do consumers who regard environmental elements of a food as more important, have more interest in the
packaging containing an environmental message?
Does a more positive attitude towards plant-based burgers or meat substitutes lead to higher consumer interest
in the product?
If both intrinsic and extrinsic factors can be analyzed and understood, manufacturers of meat substitutes could
use this information to optimize their products. If PBBs could be developed with better taste, texture, a greater
meat resemblance and more optimized packaging, the consumer interest in PBBs could be further increased. This
could help to incorporate more meat substitutes into consumers’ diets and decrease the amount of meat
consumed. Further research would be needed to investigate additional intrinsic- and extrinsic sensory properties
which have not been taken into account in this research.
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2. Sensory properties
When we are presented with a food for the first time, even before we taste it, various observations are formed
consciously and subconsciously. The way a food smells, what colour it is, what the texture looks like, are all
properties of the food that influence either our acceptance or rejection of that particular food. These properties
that are perceived by our senses are called the sensory properties of a food. These attributes can be either
intrinsic or extrinsic. Intrinsic properties represent product-related attributes that form part of the product and
cannot be altered in any way without tampering with properties of the product (Idoko, Nkamnebe, Ireneus&
Okoye, 2013). These are properties such as the texture, smell, colour composition, shape and so forth. In the case
of PBBs, resemblance to meat is also of great importance in order for consumers to replace meat on their plates
(Hoek, van Boekel, Voordouw & Luning, 2011). The extrinsic properties bear relation with the physical product
but they do not form part of the product (Idoko, Nkamnebe, Ireneus& Okoye, 2013). This can be the packaging
of the food, the labelling, the information provided and advertising, amongst other things. Both these intrinsic
and extrinsic properties of the food influence the perception of consumers and thus, either their acceptance or
rejection of the food. A few sensory properties will be elaborated and only the most important and general
properties applicable to the product in this research have been selected.

2.1. Intrinsic sensory properties
The intrinsic sensory properties of PBBs that will be explored in this research can be divided into five divisions of
the senses. These divisions are respectively: vision, smell, taste, touch and sound. Within these divisions there
will be several subdivisions which are:
-Vision: food colour, resemblance to meat
-Smell: aroma (orthonasal and retronasal olfaction)
-Taste: texture, resemblance to meat, juiciness, flavour intensity
-Touch: texture, resemblance to meat (mouthfeel), juiciness
-Sound: mastication (chewing)
These divisions will be elaborated in this section.

2.1.1.

Vision

One of the first senses that is activated when we are presented with food, is the sense of vision. Visual cues play
a key role in our perception of flavour when a meal is presented to us. Visual presentation of food is important
especially for our multisensory experience of flavour and the results of neuroimaging studies are consistent with
this conclusion (Van der Laan, De Ridder, Viergever & Smeets, 2011). In the case of a PBB, one might notice the
degree of resemblance to meat and the colour of the burger. However, visual cues are not the primary reason for
modification in flavour but rather activate other physiological pathways. Visual cues have been found to influence
the gustatory, olfactory and somatosensory attributes of a food and thus alter flavour perception in this manner
(Spence, Levitan, Shankar & Zampini, 2010). Visual cues create an expectancy which will then influence the overall
experience of eating. As Zampini & Spence (2012) formulated : Several researchers have demonstrated that
people’s expectations regarding what they are about to consume can also have a significant effect on their
perception of pleasantness of the food or drink itself. Thus attractiveness of the product plays a significant role
in the multisensory experience. Often one of the greatest barriers for people to consume meat substitutes is the
low sensory attractiveness such as appearance and taste (Weinrich, 2019).
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A study by Ding et al. (2018) found that there was a positive correlation between sensory attractiveness and
willingness to eat PBBs. The burger with higher sensory attractiveness was displayed as more moisturized/juicy
and more colourful than the burger with lower sensory attractiveness. The results of the study also implied that
participants who were more attached to meat, might be more resistant to PBBs if the presented product is not
attractive. This could suggest that improving the appearance of PBBs could increase the consumer interest in the
product, even for people who have great attachment to meat.
The colour of a food has major influence on one’s perception. Certain colours have been proven to have
associations with certain flavours (Zampini & Spence, 2012). One of the earliest studies in this field by DuBose et
al. (1980) demonstrated that participants were influenced by the colour of a beverage in perceiving what taste it
would have. Participants proved faulty in identifying a cherry-flavoured drink as such when it had an orange
colour, thinking it was orange-flavoured instead. For PBBs, one could speculate that a colour closely resembling
regular meat would lead to greater acceptance. The study by Zampini, Sanabria, Phillips & Spence (2007)
demonstrated that the inappropriate colouring of beverages led to a decreased ability to distinguish between
flavours (i.e. lime-flavoured drinks that were coloured red or orange). This indicates that appropriate colouring
of the food can play a quite significant role in flavour perception. Additionally, in the study by Ding et al. (2018),
the burger that was displayed as more colourful was found to be more attractive than a burger with less colour.
Hence not only the appropriate colour but also the colour intensity could play a role in the interest in meat
substitutes by consumers.
The acceptance of an unfamiliar food has been found to increase when the food resembles a familiar food in
one’s diet (Tuorila, Meiselman, Cardello & Lesher, 1998). Meat substitutes that resemble meat in appearance,
flavour and texture could potentially raise acceptance of the product. A study by Elzerman, Hoek, Van Boekel &
Luning (2011) demonstrated that meat substitutes which had a closer resemblance to meat or chicken pieces,
were rated as more appealing than meat substitutes with lower resemblance. However, this resemblance to meat
does not necessarily guarantee long-term acceptance (Hoek et al., 2013). The researchers found that tofu was
actually liked better over time than Quorn®, which is a meat substitute closely resembling meat, in contrast to
tofu which does not bear any resemblance of any kind. The researchers did however demonstrate that repeated
exposure indeed raised consumer acceptance of meat substitutes, both tofu and Quorn®, in a meal context.
Visual cues thus influence our perception of a food, mostly by creating expectations. These expectations serve a
powerful role in determining one’s perception of flavour when the product is actually smelled and chewed. The
perception of flavour is multi-sensory. When a food is placed on someone’s mouth, inputs (i.e. gustatory,
somatosensory and olfactory) arise simultaneously and influence/enhance each other. Thus none of these
pathways stand alone and drawing a clear distinction between them is nearly impossible. Visual cues interact
especially with olfactory inputs to create expectations before the food is consumed.
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Smell

Whenever a food or beverage enters a person’s mouth, the perception of flavour is influenced by multiple
elements such as gustatory, somatosensory and olfactory stimuli (Small & Prescott, 2005). Olfactory perception
contributes greatly to one’s flavour perception and is followed by two routes: the orthonasal and the retronasal
route. In orthonasal olfaction, odor molecules reach the olfactory epithelium via the nostrils through the nasal
cavity, thus through sniffing. The retronasal pathway is stimulated when a person chews or swallows their food.
Through chewing, odorants are released in the oral cavity and reach the olfactory epithelium and exit via the
nostrils, thus through exhaling (Sun & Halpern, 2005).

Figure 1. Orthonasal and Retronasal olfaction pathways (Dietrich, 2009)

The olfaction system is highly efficient in encoding the chemical features of each odorant and in turn, producing
an unique pattern of neural activity for each odorant (Llorens, 2004). This system can detect a vast amount of
odors, thus contributing greatly to flavour perception. Taste was thought for a long time to be the most
determining factor in flavour perception. However in the past decade, smell has been said by many researchers
to contribute the most information to one’s experience of flavour (Spence, Smith & Auvray, 2015). Aromas may
produce different sensations when they are either presented in front of the nose or when they are ingested
(Bojanowski & Hummel, 2012). Even the colour of the food or beverage has been found to increase odor intensity
when presented orthonasal, but this effect was not detected via the retronasal route (Koza, Cilmi, Dolese &
Zellner, 2005). Orthonasal olfactory together with visual cues are salient in setting our expectations before a food
is eaten (Spence, 2015c). Yet it is the retronasal aromas that are combined with gustatory cues to give rise to
flavours (Spence, 2015b). When someone pinches their nose and tastes a food, the intensity of the flavour is often
decreased. In a study by Labbe, Gilbert & Martin (2008), participants had to taste peach- and mint-flavoured
products with and without a nose clip. Without the nose clip, products were rated as more intense in taste than
with the nose clip. This indicates that olfaction, especially presented retronasally, modulates taste perception.
Odor has also been found to intensify when food is heated. This might be due to components in the food which
are below threshold levels at lower temperatures and when these components are heated they are detectable
(Delwiche, 2004). This effect of temperature does differ however across certain types of food. The viscosity of the
food also modulates odor intensity. An increase in the thickness of the food reduces the perceived odor intensity
(Bult, de Wijk & Hummel, 2007). PBBs are a semi-solid to solid food so odor intensity would be expected to be
reduced. However, they are usually heated when eaten so this would mean that this reduction in intensity is
counteracted. The literature in olfactory perception regarding meat substitutes is almost nonexistent thus one
can only draw conclusions from literature which studies other foods and beverages.
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Taste

Taste is often thought to be one of the most important factors determining either acceptance or rejection of a
food. The gustatory system is responsible for the perception of taste. When these multi-sensory aspects are
evaluated due to stimuli of the senses in the oral cavity, either ingestion or rejection of the food takes place (De
Araujo & Simon, 2009). The sensation of taste arises on the human tongue when chemicals from our food come
into contact with specialized cells.
It is accepted that there are five basic categories of taste: sweet, salty, sour, bitter and umami (Ninomiya, 2002).
The fifth category ‘umami’ was established much later and can be connotated with meaty or substantial. Hence,
the presence of umami-like flavours in PBBs might be of importance to the degree of resemblance to meat
regarding flavour. However according to Llorens (2004), the relatively small number of taste receptors and ion
channels and their expression patterns in the taste cells, indicate that the taste system is incapable of detailed
chemical analysis and only provides danger signals (too bitter, too salty or too sour) as well as signals for content
in nutritive compounds (sweet and umami tastes) and for balanced ionic content (slightly salty, moderate pH
values). Considering this, it seems that the sense of taste is merely directed at a rough analysis of the general
content of a food regarding the nutritional and potential toxic components. One could speculate from this
observation that taste might contribute less to flavour perception than smell for instance, which has a far more
extensive system of encoding a vast amount of odorants.
One of the most important reasons for semi-vegetarians to switch back to an omnivorous diet is that they miss
the taste of meat and have strong meat attachment (Barr & Chapman, 2002; Lea & Worsley, 2003; Graça, Oliveira
& Calheiros, 2015). The concern about the flavour is one of the barriers for consuming meat substitutes (Lea,
Crawford & Worsley, 2006). Willingness to eat unfamiliar novel foods is determined by many factors other than
sensory properties such as taste or texture alone, but these are nonetheless important aspects of the product to
contribute to consumer interest (Tan, Fischer, van Trijp & Stieger, 2016). Foremost, the unfamiliarity and low
sensory attractiveness has been found to implicate the acceptance of meat substitutes (Ding et al., 2018).
Therefore, meat substitutes should have close resemblance to meat regarding taste and texture. A study by
Rohall, Ballintine, Vowels, Wexler & Goto (2009) found that PBBs made from soy and rice were very well liked
amongst participants when prepared with spices. Seasoning has been shown to increase the liking of unfamiliar
foods (Prescott, Young, Zhang & Cummings, 2004). Hence seasoning PBBs appropriately could improve the taste
and overall liking.
Resemblance to meat regarding flavour and flavour intensity are taste attributes of PBBs which influence the
perceived taste and could contribute to acceptance of PBBs as a replacement of regular meat. Texture of a food
has also been found to influence taste, especially the perceived firmness of the food. A decrease in aroma and
taste perception was detected when firmness was increased (Saint-Eve et al., 2011) and is in line with findings by
Bult, de Wijk & Hummel (2007) and Tournier et al. (2009) who detected a reduction in taste intensity when
thickness of the food increased. Since PBBs are semi-solid to solid, as mentioned earlier, PBBs should be seasoned
well enough in order for the burgers to not taste bland. This could also be attributed to the sense of touch, which
will be elaborated in the next section.
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Touch

The ‘touch’ of a food influences largely the perception of response to food even though most people are not
aware of this impact. Properties such as the texture, temperature, viscosity and even the painful sensations we
experience when eating hot food (such as chilli peppers) all contribute to the multi-sensory experience of food
(Zampini & Spence, 2012). This perceived ‘mouthfeel’ of a food is the result of complex processes in the
somatosensory system and the trigeminal pathway. Food properties evoke stimuli in the oral cavity and
information is conveyed to the brain via the trigeminal pathway (Carstens et al.,2002). The somatosensory system
is responsible for our sense of touch and consists of a complex network of neurons and neural pathways. This
system is responsible for transmitting information to the brain about perceived touch, temperature, pain and
proprioception. Tactile perception (perception of touch) plays a prominent role in determining the texture of a
food as well as the taste (Kohyama, 2015).
Texture is a sensory and functional manifestation of the structural, mechanical and surface properties of foods
detected through the senses of vision, hearing, touch and kinaesthetic (Szczesniak, 2002). Receptors in the oral
cavity and nose respond to the initially ingested food and monitor the changes in the food during chewing. This
leads to perceptions of taste, odor, irritation and texture of the food (Pereira & Van der Bilt, 2016). The
appreciation of a food relies heavily on the texture of a food, just think of stale crisps or lumpy yoghurt, you
probably would not like it as much. There are a vast amount of factors that influence the texture of a food and
these are spread across multiple physiological pathways (e.g. gustatory, olfactory). As stressed before, often one
of the major complications in acceptance of PBBs has to do with sensory properties such as taste and appearance
(Weinrich, 2019). PBBs have been reported to have unpleasant sensory properties and thus lowering its
attractiveness (Hoek et al., 2011). Taste and texture are of particular importance by meat eaters, for them to
accept meat substitutes (Hoek, Luning, Stafleu & de Graaf, 2004). Improving the texture and other sensory
properties such as juiciness of PBBs, might increase the attractiveness of the burgers and thus raise consumer
interest.
The particles that are present in a food contribute to a certain degree how the texture is perceived. Changes in
the size, shape and concentration of particles result in altered perception (Engelen & Van der Bilt, 2008).
Grittiness perception has been found to increase when the size, concentration and sharpness of the particles in
foods increased (Hollins, Fox & Bishop, 2000). Unpleasant texture such as grittiness is a sensory property of PBBs
that is often detected and not valued by participants in studies. Decreasing the size of particles in PBBs could
improve the texture, making them more chewy, juicy and tender, which are normally textual properties of regular
meat that are valued (Grunert, Bredahl & Brunsø, 2004).
The temperature of the food that is presented also affects how one identifies flavour. Different products exhibit
diverse preferred intake temperatures; ice cream is considered most pleasant when eaten cold and French fries
taste the best when warm (Engelen & Van der Bilt, 2008). A study by Cruz & Green (2000) demonstrated that
temperature itself can evoke the perception of flavour. By modifying the temperature on the tongue and
detecting these changes on various regions of the tongue, they were able to evoke an array of taste sensations.
Elicitation of sensations due to temperature can possibly be explained by triggering an array of receptors and
thus induce flavour (Delwiche, 2004). Liquid foods have been found to not promote this effect (Cliff & Noble,
1990), in contrast to solid foods (in this particular study, steaks were used) where a rise in temperature did indeed
have a positive effect on flavour intensity (Olson, Caporaso & Mandigo, 1980). This indicates that temperature of
the product and oral temperature influences perception of texture and flavour. Unfortunately no studies could
be found which took the temperature of the presented PBB into account, but one could speculate that a higher
temperature of the presented PBB could positively influence flavour intensity as it did in the study by Olson,
Caporaso & Mandigo (1980), as opposed to a colder burger.
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Sound

When one thinks of senses that are involved in assessing food, the ‘sound’ of a food does not pop up immediately.
Sound is somewhat of flavour sense that is lost and forgotten. Audition is often rated as least important of the
senses in food perception (Schifferstein, 2006). The auditory system is a rather complex one and a lot of processes
occur before hearing the crackling of chips or fizzing of carbonated soda. Research that has been conducted in
the past decade indicates that auditory cues play an important role in perception of a food. When one comes to
think of it, when a crisp is not crispy and carbonated drinks do not fizz, the experience of that food/drink is altered
even before eating/drinking. What we hear while eating can contribute largely to one’s assessment of the textual
properties of a food. It turns out that modifying the sounds of mastication radically changes our in-mouth
experience and the pleasantness of a food, even though people are often not aware of the effect of sound on
their perception (Spence, 2015a).
One of the most famous studies regarding auditory cues by Zampini & Spence (2004) demonstrated that
participants’ perception of the crispiness/freshness of potato chips could be systematically modified by changing
the crisp-biting sounds that participants heard while eating. A year later, Zampini & Spence (2005) conducted the
same experiment with sparkling water and achieved the same results with the study from the previous year. A
similar study was conducted with apples and the same modification in auditory feedback resulted in altered
perception of crispiness of the apples (Demattè et al. 2014). This indicates that the textual properties of both dry
and moist foods are influenced due to auditory cues. As mentioned before, PBBs made from soy and rice were
highly liked by participants in the study by Rohall, Ballintine, Vowels, Wexler & Goto (2009) due to seasoning.
However, the elasticity, chewiness, fattiness and mouthfeel was experienced significantly lower than that of the
regular beef burger. This is related to the ‘touch’ of a food as previously elaborated, but holds connections as well
to the ‘sound’ of a food, since mastication of meat does produce particular sounds due to the textual properties.
The PBB should produce the same association during mastication of meat substitutes as regular meat, to achieve
the same satisfaction of the product. Unfortunately no studies have been conducted addressing the influence of
mastication on the liking of PBBs or meat substitutes specifically so one can only draw conclusions from the
studies conducted with other foods.
One can conclude that the senses influence the perception of a product in a multisensory manner, via visual cues
and the olfactory, gustatory and somatosensory pathways, amongst other influences. To raise consumer interest
in PBBs, sensory attractiveness should be increased as well as higher resemblance to meat regarding colour, smell,
taste, texture and ‘sound’ arisen from mastication.

2.2. Extrinsic sensory properties
The next section regarding extrinsic sensory properties will not follow the same structure as the previous section.
The extrinsic sensory properties of PBBs are only explored within one division of the senses in this research,
namely vision. The extrinsic sensory properties comprise a lot more than only the visual part, but due to lack of
time only the visual part will be included. Additionally, I have chosen to focus more on the intrinsic sensory
properties of the food in the literature research so the extrinsic properties will be discussed less thoroughly. The
information of the product which is obtained visually is the only sense discussed as an extrinsic property and is
divided into three subdivisions. These are: design of the packaging, labelling on the packaging and information
provided on the packaging. Labelling on the packaging and other information provided on the packaging are
intertwined with one another and thus will be discussed together in a combined sub section. There are many
types of information available in this field but when contemplating these properties, there will be a focus on the
role of expectations of sustainability and health derived from the labelling on the packaging, since this comprises
an important part of the motivation behind consuming meat replacers (Kalof, Dietz, Stern & Guagnano, 1999;
Barr & Chapman, 2002; De Backer & Hudders, 2014). Furthermore, the colour of the packaging and its influence
on perceived health and consumer interest will be elaborated.

12

BSc thesis

M.E. Kloosterman

The theories which substantiate these perceptions and expectations, such as construal level theory, will be
discussed as well. The information obtained from literature research in this section will lay the theoretical
foundation for the experimental part of this research, in which packaging of plant-based burgers will be
manipulated. Features of the packaging which will be manipulated in the experiment and may add to higher
consumer interest in the product, have been derived from the information of the literature research in the
upcoming section.

2.2.1.

Design of the packaging

The formation of an attitude about whether liking or not liking of a product starts before the actual food itself is
even perceived. As stated before, visual cues create an expectancy and determine more in the experience of the
overall product than one would initially think. The shape, size, volume, colour, texture and labelling of the
packaging all play a significant role in determining one’s consumption behaviour (Togawa, Park, Ishii & Deng,
2019).
The packaging also communicates the sensory features of the product such as the flavour (Krishna, Cian &
Aydınoğlu, 2017). The intrinsic properties of the product (e.g. smell and taste) are often derived from extrinsic
cues (e.g. labelling, design, colour, shape) of the product (Hurling & Shepherd, 2003). Hence the packaging of a
product is a powerful tool for manufacturers to influence consumers and their behavior and understanding this
influence is of great importance.
If we want to admit it or not, the eye prefers something fair to look at. A positive attitude towards the packaging
directly influences the perception of quality of the product (Wang, 2013). This in turn affects the satisfaction one
experiences and the intention to repurchase that particular product (Ranjbarian, Sanayei, Kaboli & Hadadian,
2012). The importance and demand of consuming healthy products is increasing, however consumers often do
not have the time or feel the motivation to read nutrition information in detail (Wansink & Sobal, 2007).
Vegetarians and consumers of meat replacers have been found to pay more attention to product information
labels and consider health and ethical motives a more important aspect of meat replacers than meat consumers.
Taking these findings into account, it was suggested by Hoek, Luning, Stafleu & de Graaf (2004) that the focus
should not solely lay on ethical and health claims in order to make meat replacers more widely accepted by nonvegetarians. The design, colour, shape and other extrinsic product cues could be of assistance for consumers to
derive health information of the product without too much effort.
Colour is probably one of the most significant cues of a package and evokes an expectation in the mind of the
consumer (Spence & Velasco, 2018). It is argued by Huang & Lu (2016) that the colour of the packaging can
potentially impact the perception of healthiness. Different colours are associated with different product
attributes. For example the colour blue and green is often associated with healthier product attributes whereas
the colour red is linked to sweetness and unhealthy product attributes (Schuldt, 2013). This interpretation of
colour does however differ across product categories, meaning that the colour red elicits different connotations
in milk than in chocolate for example (Madden, Hewett & Roth, 2000). Overall, the colour green in labelling and
packaging has tied a healthier image to it. Schuldt (2013) argues that green carries a ‘health halo’ which influences
consumers’ perception of the healthiness of a food. The presented product was perceived as healthier when the
nutrition label was coloured green instead of white, even though it contained the same information. In addition,
lighter colour intensity has been found to be perceived as healthier (Mai, Symmank & Seeberg-Elverfeldt, 2016).
According to the formulated sub question regarding colour, the following hypothesis has been phrased:
H1: Packaging of plant-based burgers with green features is perceived as healthier as opposed to packaging with
red features.
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Labelling and information on the packaging

With regard to labelling and information provided on the packaging, the aim should be to make the product more
attractive for non-consumers of meat substitutes for them to adopt these products into their daily diets. The lack
of information about vegetarian diets has been identified as one of the main barriers (Lea, Crawford & Worsley,
2006). Improving the information and labelling on meat substitutes could help consumers adopting these
products (Weinrich, 2019). This information and labelling should not be solely aimed at health and environmental
claims since these have been found not to be of enough stimulation to adopt these products by non-consumers
(Hoek, Luning, Stafleu & de Graaf, 2004). Consumers have been found to have low awareness of the
environmental consequences of consuming meat (Austgulen, Skuland, Schjøll & Alfnes, 2018; Vanhonacker, Van
Loo, Gellynck & Verbeke, 2013) as well as the use of sustainability labels on products. In general, participants
expressed their concerns for the environment but when this was related to products, this concern was diminished
(Grunert, Hieke & Wills, 2014). Results in the literature are contradicting regarding the willingness and drivers for
reducing meat consumption. Moral concerns and the interest for animal welfare was listed to be one of the
reasons for reducing meat consumption in some studies (Ruby, 2012; de Boer, Schösler & Aiking, 2017).
On the other hand, consumers seem to be generally unaware of the need and unwilling to reduce meat
consumption for health or environmental reasons or animal-welfare (Vanhonacker, Van Loo, Gellynck & Verbeke,
2013; Macdiarmid, Douglas & Campbell, 2016). Graça, Calheiros & Oliveira (2014) suggested that this might be
due a moral disconnection between meat consumption and health, the environment and animalwelfare. Apostolidis & McLeay (2016) investigated what drove consumers in buying either regular meat
compared to meat substitutes and found that environmental concerns such as carbon footprint and production
process were found to be of secondary importance. This could be explained according to the theory formulated
by Trope & Liberman (2010), namely the construal level theory. The construal level theory entails that people
form abstract mental constructions of distal objects. These mental constructions can be past memories, future
predictions or speculations that serve to transcend from the present situation and represent psychologically
distant objects. Psychological distance is a subjective experience that something is close or far away from the self,
here, and now. Psychological distance is thus egocentric: Its reference point is the self, here and now and the
different ways in which an object might be removed from that point—in time, space, social distance, and
hypotheticality—constitute different distance dimensions. Hence, people’s lack of interest about environmental
impact could be due to the perception of health concerns being more direct and thus more impactful for
consumers, as opposed to the consequences for the environment which may seem more distant and abstract
(Martin, Lange & Marette, 2020). From these findings, one could conclude that emphasizing environmental
consequences on the packaging of products alone would not be a large enough enticer for consumers to reduce
meat intake and increase meat substitute intake. Taking these findings into account, the following hypothesis has
been phrased, according to the formulated sub question:
H2: Packaging of plant-based burgers with health-related messages leads to higher consumer interest in the
product as opposed to environmental messages.
If pressing environmental concerns are not enough cause for choosing meat substitutes, then what else does?
Apostolidis & McLeay (2019) conducted another study some years later and found that more tangible information
such as fat content labels and organic labels were considered of great importance for semi-vegetarians (or meat
reducers) as well as the origin of the product and price. Furthermore, health-related reasons were the main
motives for reducing meat consumption amongst participants. The main health benefits associated with plantbased diets are reduced fat intake, increased fiber intake and less disease (Lea, Crawford & Worsley, 2006).
Attitudes towards vegetarianism have been found to be influenced positively with higher nutritional knowledge
(Pribis, Pencak & Grajales, 2010). Since meat substitutes have a healthier image than meat as found by some
studies (Elzerman, van Boekel & Luning, 2013; Povey, Wellens & Conner, 2001), it could be suggested that
labelling focused on health properties and nutritional content of the product could contribute to consumers
adopting PBBs. Martin, Lange & Marette (2020) concluded from their findings that information on packaging did
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influence the revaluation of meat substitutes, after exposing participants to combined messages concerning both
environmental and health concerns. Each of these messages alone was not enough to induce an expression of
liking towards the product, but combined these messages did show a significant effect. This indicates that multiple
messages on the package regarding both the environmental aspect and the health aspect could contribute to
consumers accepting meat substitutes. Taking these findings into account, the following sub hypothesis has been
phrased, according to the formulated sub question:
H3: Packaging of plant-based burgers with health-related messages and environmental messages combined leads
to even higher consumer interest in the product.
To conclude, packaging communicates important properties of the product and can contribute to the interest in
meat substitutes by consumers. The colour and colour intensity largely influences perception whereby the colour
green is associated with health the most. The lack of information has been identified as one of the main barriers
of consuming meat substitutes so proper labelling and information provision on the packaging could diminish this
barrier. Labelling and information should not solely be directed at environmental and health claims since this has
been found to not be of enough encouragement. Rather, multiple messages should be combined to achieve an
effect, combining both environmental and health claims as well as nutritional content.
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3. Design of the study
In the second part of this research, an experiment is conducted to further investigate the influence of sensory
properties. This experiment will be directed at the influence of the extrinsic properties on the perception of the
product. The intrinsic properties of the product will not be taken into account due to the COVID-19 pandemic,
which makes a taste experiment not possible. Thus, conclusions about the influence of intrinsic properties of the
product will be derived from literature only.
Two aspects of the packaging of a chosen PBB will be modified to see what impact this has on the perception of
consumers regarding health and interest in the product. The PBB of choice is the ‘Garden Gourmet Sensational
Burger’. The packaging will be modified with regard to labelling and colour and all combinations will be displayed
to participants. The first modification is targeted at the colour of the packaging. As previously mentioned, the
colour of the packaging largely influences the perception of the consumer about its assumed health and the
attractiveness of the product. A green colour is said to be perceived healthier, in contrast to red which holds
associations with sweetness and unhealthier products. Green is also said to carry a ‘health-halo’ which influences
the perception of healthiness of a product (Schuldt, 2013). Labelling on the product also influences the perception
of the consumer as stressed before. Environmental messages on packaging were found to not be of enough
influence to convince consumers to buy PBBs. Health-related labelling did entice more motivation in consumers
to consume these products, but combined these messages were found to be the most effective (Martin, Lange &
Marette, 2020). The environmental message of choice in this experiment is the carbon footprint of the product,
compared to the carbon footprint of a regular burger. This comparison is displayed to make consumers more
aware of the difference of the carbon offset between a plant-based choice and regular meat. Environmental
messages have been found to come across as too abstract and thus be of less influence in the buying behavior of
consumers (Vanhonacker, Van Loo, Gellynck & Verbeke, 2013; Macdiarmid, Douglas & Campbell, 2016). Carbon
footprint has also been found in the literature to be of secondary importance to consumers but is nonetheless
the most ‘tangible’ label available at the moment, as opposed to a more general message about the impact on
the environment, in order to show consumers what impact the product has on the environment (Apostolidis &
McLeay, 2016). Hence, the carbon footprint is the environmental message that has been chosen. The healthrelated message of choice is nutritional information regarding the fat content of the PBB, compared to the fat
content of a regular beef burger. The fat content has been chosen since this has been found to be of particular
importance for semi-vegeterians according to Apostolidis & McLeay (2019). All combinations of colours and
messages will be displayed to the participants (e.g. red packaging with environmental message, red package with
health message and environmental message combined, green package with environmental message) and a set of
questions will be asked after the display of each combination to determine the perceived healthiness and
consumer interest in the product.
The consciousness of the participant with regards to nutrition and environment is measured using the FCQ by
Steptoe, Pollard & Wardle (1995). The consciousness of the participants with regard to nutrition could influence
how the participant will perceive the packaging, especially the manipulated version with the health message (fat
content). If the participant thinks nutrition is highly important, the participant could be influenced more by the
packaging with the fat content label as opposed to a participant whose interest/consciousness about these
matters is less prominent. The consciousness of the participant with regards to environmental issues could
influence how the participant will perceive the packaging, especially the manipulated version with the
environmental message (carbon footprint). To answer the research questions with regard to this element of the
survey, the following two hypotheses were formed.
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H4: Consumers who regard nutritional elements of a food in the FCQ as more important have more interest in the
packaging containing a health-related message.
H5: Consumers who regard environmental elements of a food in the FCQ as more important have more interest in
the packaging containing an environmental message.
The attitude of the participants towards plant-based burgers or meat substitutes could also be of influence on
the consumer interest in the product. If participants have negative connotations or feelings with or towards plantbased burgers or meat substitutes in general, they might be less interested in the product to begin with,
regardless of the displayed information or the colour of the packaging. This is vice versa for participants who have
a positive attitude towards plant-based burgers and meat substitutes. According to the research question, the
following hypothesis was formulated.
H6: A more positive attitude towards plant-based burgers or meat substitutes leads to higher consumer interest
in the product.
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4. Materials and Methods
4.1. Research design
A 2³ full factorial design was used to conduct this experiment, thus containing two levels and three factors. A
questionnaire was assembled in the questionnaire program Qualtrics (See appendix A) and sent out to
participants digitally via social media such as Facebook and Whatsapp groups. Participants were shown all
possible combinations of the manipulated product, which will be explained in details under the section
‘Manipulation’. The details of the questionnaire will be elaborated in the sections ‘Measures’ and ‘Procedure’.

Stimuli
The manipulation of this study consisted of an original packaging of the plant-based burger ‘Garden Gourmet:
Sensational Burger’ which was then manipulated with regards to labelling and colour. The original packaging
displayed green features, which was then altered to display a packaging with predominantly red features. Then,
two types of labelling were added on both the green and the red packaging, creating different combinations. The
carbon footprint of the product was added and/or the fat content of the product, on both green and red
packaging. All other information which could be of influence, such as the nutritional , was removed from the
packaging. This creates six different combinations of packaging colours and labels. Images of these manipulations
are shown in the figures 2-7 below.

Figure 2. Packaging green + fat content label

Figure 3. Packaging green + carbon footprint label
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Figure 6. Packaging green + fat content label+
carbon footprint label
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Figure 5. Packaging red + carbon footprint label

Figure 7. Packaging red + fat content label+
carbon footprint label
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Participants
The target group of participants contained any participant between the ages of 18 and 65, gender was not of
particular importance. There were a total of 198 participants who participated in this experiment. There were a
number of participants who did not complete the survey and were thus eliminated from the data which was
analyzed. After this elimination, a total of 125 participants was left of which 62 female and 62 male and one
participant who did not want to reveal their gender. The data of these participants was used for analysis. The
questionnaire was only directed at participants who eat meat or are meat reducers. Vegetarians and vegans were
therefore not included. Further requirements for participants to participate in the study, were ability to access
the internet and ability to complete the questionnaire by themselves. Snowball sampling was used to distribute
the questionnaire. Snowball sampling is done through sending out the questionnaire on social media platforms
and asking if the questionnaire can be forwarded as well by them. The questionnaire that was proposed was done
so in Dutch to eliminate any misinterpretations of the questions due to a language barrier. All participants that
partook in the questionnaire spoke Dutch.

4.2. Measures
Several measures were used in the questionnaire to test the hypotheses. The dependent variable is the reported
consumer interest in the product. The independent variables are the manipulated features of the packaging,
namely the colour, the fat content and the carbon footprint labelling. There are several variables that moderate
or mediate the dependent variable: the interest in the product by the participant. These variables are the attitude
towards plant-based burgers and meat substitutes, the degree of perceived attractiveness and health of the
product and the consciousness of the participant with regards to nutrition and the environment. The
consciousness of nutrition and environment will be measured using the Food Choice Questionnaire (FCQ) by
Steptoe, Pollard & Wardle (1995). Control questions will be asked afterwards regarding sociodemographic factors.
These measures will be elaborated briefly.

Consumer interest
This dependent variable could be influenced by several factors, such as one’s familiarity with the product or the
attitude towards plant-based burgers in general. The consciousness of the participant with regards to nutrition
or dietary behavior and environmental issues play a role in either accepting or rejecting the product. The degree
of perceived health of the product can also influence the consumer interest in the product. This variable is
measured with the following question: “How likely would you be to purchase this product?” rated on a 5-point
scale ranging from 1 (very unlikely) to 5 (very likely).

Attitude towards plant-based burgers and meat substitutes
The attitude of the participant towards plant-based burgers and the familiarity with these products are of great
influence as well. If one has a very negative attitude towards plant-based burgers or meat substitutes in general,
one is expected to express less interest in the product compared to a participant whose attitude is positive. This
variable is measured with the following questions: “How frequently do you buy/consume plant-based burgers”
with 5 possible answers (never, 1-3 a month, once a week, 2-3 a week, more than 3 times a week), “How often
do you buy/consume other meat substitutes?” with 5 possible answers (never, 1-3 a month, once a week, 2-3 a
week, more than 3 times a week), “What is your attitude towards plant-based burgers” which is rated on a 5point scale ranging from 1 (very negative) to 5 (very positive) and “What is your attitude towards other meat
substitutes” which is rated on a 5-point scale ranging from 1 (very negative) to 5 (very positive).
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Degree of perceived attractiveness
The degree of perceived attractiveness of the packaging has also a large influence on the consumer interest in
the product. This variable is measured with the following question: “How much do you like the design of the
packaging?” rated with a 5-point scale ranging from 1 (highly dislike) to 5 (highly like).

Degree of perceived health
As seen in the literature, the healthiness of a product has become of increasing importance to consumers and
thus should be taken into account when determining consumer interest in a product. To measure hypothesis 1,
is a packaging with green features perceived as more healthy than a packaging with red features, the following
questions is formulated: “How healthy do you perceive this product to be?” on a scale ranging from 1 (very
unhealthy) to 5 (very healthy).

Consciousness of nutrition and environment (FCQ)
The questions formulated in the FCQ, as originally phrased by Steptoe, Pollard & Wardle (1995), were proposed
to participants. The FCQ consists of 68 items regarding health, price, convenience etcetera. Participants are asked
to endorse the statement “It is important to me that the food I eat on a typical day…” for each of these 68 items,
rated from 1 (not at all important) to 4 (very important). Only the items of the FCQ regarding health and
environment will be included in the questionnaire, since these items have specific focus in this research and to
include any other items would provide results of no interest for this study.

Control questions- sociodemographic factors
Participants were asked a set of sociodemographic questions in the questionnaire with regards to age and gender
and composition of their household. The three answer options for gender were: man, woman and other/do not
want to say. In addition, participants had to indicate their age. Furthermore the composition of the household of
the participant could be of influence in the buying behavior and dietary behavior. The participants were asked in
what type of household they resided with the following answers : living alone, living with a partner, living with a
family or living in a student residential.

Control questions- attentiveness to information
To check whether the participants actually observed the packaging carefully and thus the information it contained
a control question was asked. This was formulated as the following: “What information did you see?” with four
possible types of information (fat content, protein content etc.) of which two were correct and two were
incorrect.
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4.3. Procedure
In the description attached to the questionnaire, it was made clear that the experiment was only focused at meat
eaters and meat reducers and thus vegetarians and vegans would not be included in the study.
After a brief introduction of the study, participants were asked if they had any questions and if they would like to
continue with the study. Participants were also informed they could quit the study at any given moment. An
informed consent form was signed by all participants who agreed to be in the experimental study.
First, participants were proposed a short introduction where they were to imagine to be in front of the shelves
with meat substitutes in a grocery store. Then they were displayed all the manipulated products as shown in
figures 2-7. After the display of each figure, participants are asked a set of questions about the perceived
healthiness of the product and the attractiveness of the product.
Then, the attitude towards plant-based burgers and the familiarity with these products is tested according to the
formulated questions. Next, participants are asked to rate the importance of several product features referenced
to the statement: “It is important to me that the food I eat on a typical day…”.
Lastly, several control questions were asked with regards to age, gender and residential status. Additionally, some
control questions were asked to check whether the participants had actually read the packaging. After filling in
all the questions of the questionnaire, participants were debriefed about the real purpose of the study. Participants were presented with the option to leave their email addresses if they wanted to be informed about the
outcomes of the study.

4.4. Data analysis
To analyze the data statistically, R studio was used. In all the tests, an alpha value of <0,05 was regarded as
statistically significant. Requirements for analysis of Analysis of Variance (ANOVA) were all checked and
assumptions were met. The dependent variables (DV) were measured at a continuous scale. The assumptions for
DV were checked regarding the normality of the DV scores in each analysis, the equality of group sizes was
checked, the observations were assumed to be independent and the equality of variances using Levene’s test was
checked as well.
To answer the first hypothesis, a Welch’s two sample t-test was used to measure the effect of the independent
variable (IV) ‘colour’ on the DV ‘health perception’. The second hypothesis was also measured using a Welch’s
two sample t-test to measure the effect of the IV ‘info’ (either ‘nutritional message’ or ‘environmental message’)
on the DV ‘consumer interest’. The third hypothesis were analyzed using a one-way factorial ANOVA to study the
effect of the IVs ‘environmental message’ and ‘nutritional message’ on the DV ‘consumer interest’. The fourth
and the fifth hypothesis were analyzed using a Welch’s two sample t-test to determine the effect of the IVs
‘environmental message’, ‘nutritional message’, ‘environmental score’ and ‘nutritional score’ on the DV
‘consumer interest’. The scores of the FCQ that participants assigned to either environmental elements or
nutritional elements was categorized into ‘low environmental score’, ‘high environmental score’, ‘low nutritional
score’ and ‘high nutritional score’ using a median split. For the sixth and last hypothesis, a regression analysis was
used to measure the effect of the IV ‘attitude’ on the DV ‘consumer interest’.
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5. Results
5.1. Descriptive statistics
After elimination of the participants who did not complete the survey, a total of 125 participants were left of
which 62 female and 62 male and one participant who did not want to reveal their gender. The average age of
the participants was 31,90 years old (SD= 13,44). At the end of the survey, participants were asked in what type
of household they resided with the following results: 9,6 % of the participants lived alone, 16,8% with a partner,
about a third (32,8%) with a family and the largest amount of participants (40,8%) lived in a student residence or
with roommates. A control question was asked to check whether the participants carefully read the information
provided on the packaging or not. The question was formulated as the following: “What information did you see?”
with four possible types of information of which two were correct (fat content, carbon footprint) and two were
incorrect (protein content, carbohydrate content). Only half (56%) of the participants chose the two correct
answers, however almost all (96,8%) of the participants chose at least one of the correct answers.

5.2. Hypothesis testing
H1. Packaging of plant-based burgers with green features is perceived as healthier as opposed to
packaging with red features
A Welch’s two sample t-test was executed to test the effect of the colour of the packaging on the perception of
health (healthiness) by the consumer. Levene’s test indicated that there was homogeneity of variance (F=0,02,
p=0,90) and checking the Q-Q plots showed normality of distribution. All other assumptions for a two sample ttest were met. A significant effect was found for the effect of colour on health perception (p=0.0000004168)
which indicates an acceptance of the null hypothesis. Thus the packaging with green features was perceived as
significantly more healthy as opposed to the packaging that contained red features.

H2. Packaging of plant-based burgers with health-related messages leads to higher consumer interest in
the product as opposed to environmental messages
A Welch’s two sample t-test was conducted to analyze the effect of the type of messaging provided on the
packaging, on the interest in the product by the participant. It was hypothesized that health-related (nutritional)
messaging would lead to higher consumer interest as opposed to environmental messaging. Levene’s test
indicated that there was homogeneity of variance (F=0.60, p= 0.43) and checking the Q-Q plots showed normality
of distribution. All other assumptions for a Welch’s two sample t-test were met. The results showed no significant
effect (p= 0.14) of the nutritional message leading to higher consumer interest as opposed to environmental
messaging. The group means show however that there is a really small difference between the two means
(nutritional message M= 2.96, environmental message M= 3.07).
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H3. Packaging of plant-based burgers with health-related messages and environmental messages
combined leads to higher consumer interest in the product
A one-way factorial ANOVA was conducted to analyze the effect of the type of messaging provided on the
packaging, on the interest in the product by the participant. It was hypothesized that health-related (nutritional)
messaging and environmental messaging combined would lead to even higher consumer. Levene’s test indicated
that there was homogeneity of variance F (2,745)= 1.23, p= 0.29 and checking the Q-Q plots showed normality of
distribution. All other assumptions for a one-way factorial ANOVA were met. The results showed that there was
a significant difference (p= 0.03) between the groups. To determine the interrelated effects of the groups, a
Tukey’s multiple comparison of means was conducted. A boxplot was generated and is displayed below (Figure
8).

Figure 8. Influence of type of messaging on consumer interest

In the boxplot it is seen that there is an overlap in the confidence intervals of the different groups. When the
combined messaging (nutritional message + environmental message) is compared to the environmental message
alone, no significant effect is detected (p= 0.44) thus the combined messaging does not significantly increase
consumer interest in the product as opposed to the environmental message alone. When the combined
messaging (nutritional message + environmental message) is compared to the nutritional message alone, a
significant effect is indeed detected (p= 0.02) indicating that the combined messaging does increase consumer
interest in the product as opposed to the nutritional message alone. This can be seen in the boxplot as there is
no overlap in confidence intervals for the combined message as opposed to the nutritional message alone. This
shows that the hypothesis is partially true, combined messaging does lead to higher consumer interest but ties
very closely with the environmental message alone. The nutritional message shows the least strong effect on
consumer interest.

H4. Consumers who regarded nutritional elements of a food in the FCQ as more important have more
interest in the packaging containing a health-related message
Before analysis, the group was split into ‘high nutritional importance’ and ‘low nutritional importance’ where a
score of 1 (not at all important) and 2 (not important) was assigned to ‘low nutritional importance’ and a score of
3 (important) and 4 (very important) was considered ‘high nutritional importance’. About two thirds of the
participants (64%) was assigned to the group of ‘low nutritional importance’ and a third (36%) to the group of
‘high nutritional importance’. The mean of the rated importance of the group ‘high nutritional importance’ was
quite higher (M=3,30) compared to the mean of the group of ‘low nutritional importance’ (M=2,55). A Welch’s
two sample t-test was then executed to test whether participants who regarded nutritional elements as more
important would indeed have more interest in the packaging containing a health-related (nutritional) message.
Levene’s test indicated that there was homogeneity of variance (F=1.95, p=0.16) and checking the Q-Q plots
showed normality of distribution. All other assumptions for a two sample t-test were met.
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It was found that there was no significant effect (p= 0.66) for importance of nutritional elements on the interest
in the product with nutritional messaging. Looking at the mean of both groups, shows that the mean of the group
with ‘high nutritional importance’ (M= 2.99) lies really close to the mean of the group with ‘low nutritional
importance’ (M= 2.94) indicating that participants who regarded nutritional elements as more important do
indeed have more interest in the packaging containing a nutritional message, however this difference between
the two means is too small to be statistically significant.

H5. Consumers who regarded environmental elements of a food in the FCQ as more important have more
interest in the packaging containing an environmental message
Before analysis, the group was split into ‘high environmental importance’ and ‘low environmental importance’
where a score of 1 (not at all important) and 2 (not important) was assigned to ‘low environmental importance’
and a score of 3 (important) and 4 (very important) was considered ‘high environmental importance’. A rather
large part of the participants deemed environmental elements as highly important (70,4%) and only less than a
third (29,6%) was assigned to the group of ‘low environmental importance’. The mean of rated importance of the
group of ‘high environmental importance’ was quite higher (M=3,34) compared to the mean of the group of ‘low
environmental importance’ (M=2,01). A Welch’s two sample t-test was then executed to test whether
participants who regarded environmental elements as more important would indeed have more interest in the
packaging containing an environmental message. Levene’s test indicated that there was homogeneity of variance
(F= 1.49, p= 0.22) and checking the Q-Q plots showed normality of distribution. All other assumptions for a two
sample t-test were met. It was found that there was no significant effect (p= 0.12) for importance of
environmental elements on the interest in the product with environmental messaging. Looking at the mean of
both groups, shows that the mean of the group with ‘high environmental importance’ (M= 3.13) lies really close
to the mean of the group with ‘low environmental importance’ (M= 2.93) indicating that participants who
regarded environmental elements as more important do indeed have more interest in the packaging containing
an environmental message, however this difference between the two means is too small to be statistically
significant.

H6. A more positive attitude towards plant-based burgers or meat substitutes leads to higher consumer
interest in the product
From the results, it appears that the participants had neutral/slightly positive attitude towards PBBs and meat
substitutes in general (M=3,60). A regression analysis was conducted to analyze the effect of attitude on interest
in the product. In the scatter plot displayed below (Figure 9) it is shown there is a linear relationship between the
attitude towards plant-based burgers/meat substitutes and the interest in the product. A more positive attitude
does indeed lead to a higher consumer interest in the product, thus confirming the null hypothesis.

Figure 9. Relationship between attitude and consumer interest
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6. Overview of the results
In this research, the influence of the intrinsic- and extrinsic sensory properties of PBBs was studied on the
consumer interest in the product. To answer the research question, the effects of both intrinsic factors and
extrinsic sensory factors on consumer perception need to be thoroughly understood. Accordingly, the research
was divided into two parts: a theoretical part and an experimental part. In the literature research, mainly the
intrinsic sensory factors were elaborated and the underlying physiological mechanisms that influence consumer
perception. The experimental part existed of a questionnaire where participants were presented with packages
of PBBs which were manipulated in terms of colour and information display. Furthermore, participants answered
several questions with regards to their attitude towards PBBs and their preference for certain characteristics of a
food.

6.1. Intrinsic factors
The intrinsic sensory factors were divided into five main divisions, namely: vision, smell, taste, touch and sound.
Visual cues have been found to create expectancies. These expectations are very powerful in influencing the
perception of flavour and the overall multi-sensory experience of eating. Lower sensory attractiveness such as
appearance has been found to be often one of the greatest barriers of consuming PBBs (Weinrich, 2019). A
positive correlation has been found to exist between the sensory appearance of PBBs and the willingness to
consume them. Appropriate colouring and colour intensity of the burger has also been found to influence the
interest in the product (Ding et al. 2018).
Smell has been said to give the most rise to flavours (Spence, Smith & Auvray, 2015) under the influence of the
temperature of a food, the viscosity and whether presented retronasally (via the nose) or orthonasally (via the
mouth). However, research of olfactory perception with regards to PBBs or meat substitutes in general is rather
limited so one can only draw conclusions from literature that studies other foods and beverages.
Besides the appearance and smell of a food, taste has been found to be one of the most important factors in
acceptance of an unfamiliar food. It has been reported that semi-vegetarians often switch back to an omnivorous
diet due to strong meat attachment and missing the taste of meat (Barr & Chapman, 2002; Lea & Worsley, 2003;
Graça, Oliveira & Calheiros, 2015). Since lower sensory attractiveness of PBBs has been indicated as a barrier for
switching to these products, improving the taste of PBBs should be a main focus point in order to increase
consumer interest. This is in line with research by Rohall, Ballintine, Vowels, Wexler & Goto (2009) who found
that soy/rice burgers was very well liked by participants due to seasoning.
The perceived texture or ‘mouthfeel’ of a food is often overlooked but has been proven by studies to be of major
influence on one’s flavour perception and acceptance of the food (Hoek, Luning, Stafleu & de Graaf, 2004).
Grittiness has been found to be an unpleasant attribute of PBBs in contrast to properties of regular meat such as
chewiness, juiciness and tenderness (Grunert, Bredahl & Brunsø, 2004).
Lastly, mastication has been found to give rise to auditory cues that influence flavour perception as well. PBBs
were reported to not match the same textual properties as regular meat (Rohall, Ballintine, Vowels, Wexler &
Goto, 2009) and thus did not evoke the same auditory cues.
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6.2. Extrinsic factors
The colour of the packaging has shown to influence the perceived healthiness of the product. The colour green
carries a ‘health halo’ (Schuldt, 2013) and thus influences the perception of the healthiness of a product positively,
which is in line with the results of the experiment. Participants indicated they perceived the product as
significantly more healthy when the packaging contained green features as opposed to red features. Future
research could include a variety of colours as well as a variety of colour intensities, since lighter colour intensity
has been shown to influence the perception of health (Mai, Symmank & Seeberg-Elverfeldt, 2016).
Besides the colour of the packaging, the labelling on the packaging and the information that it contains has been
shown to influence consumer interest as well. Labelling or ‘messaging’ on the package has been demonstrated in
the experiment of this research to positively influence the interest in the product by the consumer. The results of
the research show that a combination of an environmental message (carbon footprint) and a health-related
message (fat content) gives rise to the highest interest in the product which is in line with the literature (Martin,
Lange & Marette, 2020). However, it was expected that the health-related message would entice more interest
as opposed to the environmental message as shown in the literature (Apostolidis & McLeay, 2016; Grunert, Hieke
& Wills, 2014; Apostolidis & McLeay, 2019) but the opposite proved to be true.
Participants were asked a set of questions with regards to the nutritional and environmental elements of a
product and their attributed rate of importance. The group was split in ‘high nutritional importance’, ‘low
environmental importance’ and ‘high environmental importance’. In contradiction to the expectations, no
correlation was found between higher assigned importance for either the nutritional elements or the
environmental elements and the consumer interest in the product.
Results of several studies implied that a more positive attitude towards PBBs would increase the acceptance of
or interest in the product (He, Evans, Liu & Shao, 2020; Pribis, Pencak & Grajales, 2010; Hoek et al. 2011). The
results of the conducted experiment are in line with the literature, showing a positive relationship between the
attitude towards PBBs and the interest in the product.
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7. Discussion
Research regarding PBBs or meat substitutes in general are a relatively new field. Thus the literature in specifically
PBBs was rather limited, especially with reference to the intrinsic and extrinsic sensory factors. As a result, only
conclusions could be drawn about the perception of the consumer using other foods and beverages from the
literature. One can not necessarily extend this conclusion to PBBs, so conclusions about consumer perception
with regard to PBBs stays rather vague. There are several limitations of this research which could have influenced
the results of the experiment that was conducted. First of all there is an occurrence of biases when collecting the
data. Only participants who consumed an omnivorous diet could fill out the questionnaire, vegans and
vegetarians were eliminated from the study. Vegans and vegetarians might have had a different attitude towards
PBBs as opposed to omnivores, as well as a different view on nutrition in general. Future research could include
vegans and vegetarians as well in their experiment to compare the different results.
The average age of the participants is relatively young (31,9 years old) and a large portion of the participants is a
student (40,8%). This could be explained due to occurrence of researcher bias, since the researcher who
conducted the experiment is a student as well. Participants could partake in the study if they were aged 18 to 65,
but the distribution of the age is skewed with a fair more amount of young participants. There were far less older
participants which might have influenced the results since a younger generation might have a different perception
towards PBBs than an older generation. The questionnaire was distributed using snowball sampling, thus mainly
the direct social environment of the researcher was part of the research sample.
Another limitation of the study is the use of using one type of PBB only and not using a variety of different PBBs.
Only one brand of PBBs was used thus participants could have been biased if they would have a certain (dis)liking
for the brand or the specific PBB of choice in the experiment, which could have influenced their answers. Future
research could include more types of PBBs and different brands. Additionally, the packages were displayed to the
participants in the same order, thus randomization of the packaging was neglected during the distribution of the
questionnaire which could have influenced the results.
Furthermore, only one type of health-related message was used and one type of environmental message, of
which the type of environmental messaging was known from literature (Apostolidis & McLeay, 2016) to not be of
much interest to consumers which proves to be another limitation of the study. Health-related reasons have been
found to be one of the most important drivers for lowering one’s meat consumption (Apostolidis & McLeay, 2019)
and thus it was expected that the health-related message would invoke higher interest in the product as opposed
to the environmental message. However, the health-related message proved to invoke the lowest amount of
interest in the product. This could be due to the chosen health-related message (fat content) not being of enough
importance to the participants however this is not in line with the literature (Apostolidis & McLeay, 2016; Grunert,
Hieke & Wills, 2014; Apostolidis & McLeay, 2019). Another possible explanation could be that lower fat content
of the PBB as opposed to regular meat was not necessarily seen as a positive food attribute. It was implied upon
choosing this health-related message that lower fat content was regarded as more beneficial to one’s health as
opposed to higher fat content, but such an assumption could prove to be faulty. Another explanation for the
rejection of the hypothesis could be simply that participants did not read the packaging carefully enough to let
different labelling influence their interest in the product. When asked about the correct information that was
displayed packaging, only about half of the participants (56%) chose the two correct answers (fat content, carbon
footprint). This indicates that even though the information was displayed quite prominently and repeatedly,
participants did not remember at the end of the questionnaire and might thus not have read the information
carefully. This could be due to the setting of this particular questionnaire or just in general the disinterest of
consumers to read information thoroughly. To study whether consumers would merely scan the packaging
instead of carefully reading the information, it would require further research in a real-life situation.

28

BSc thesis

M.E. Kloosterman

In the result it appears that only a third of the participants (36%) deem nutritional elements to be important,
compared to over two thirds of the participants (70,4%) who regard environmental elements to be important.
Thus nutritional elements of a product have been found to be less important than the environmental elements
in this experiment which is not in line with the literature (Vanhonacker, Van Loo, Gellynck & Verbeke, 2013;
Macdiarmid, Douglas & Campbell, 2016; Apostolidis & McLeay, 2019). This could be due to the pool of participants
largely being students from Wageningen University & Research who generally are thought to regard the
environment as highly important, but further studies would be required to fully substantiate this theory. In a
study by Grunert, Hieke & Wills (2014) it was found that people generally display concern for the environment
but when this concern is related to products, it diminishes. The formed hypothesis was thus a faulty assumption
and proves to be a limitation of the study. Additional research would be needed with a larger and more diverse
pool of participants to conclude what consumers deem as most important attributes of a product and what type
of messaging would influence consumer interest more positively.
Lastly, it was expected that participants who regarded nutritional elements of a product as more important would
also display more interest in the package containing the health-related message. The results of the experiment
however rejected this expectation and found no significant correlation between the rated importance of
nutritional elements and the interest in the package containing the health-related message. In fact, there was
only a very little difference in consumer interest in the product between the group of ‘low nutritional importance’
(M=2,94) and ‘high nutritional importance’ (M=2,99). The same insignificant difference appeared between the
group of ‘low environmental importance’ (M=2,93) and ‘high environmental importance’ (M=3,13). This could
indicate that assigned importance of product attributes do not significantly influence the interest in the product.
Further research would be required including more in-depth and a greater variety of questions about the
attributes of a product and what importance participants would assign to it. If it could be studied what consumers
find important attributes of a product, messaging on packaging could be applied accordingly to increase consumer
interest in PBBs.
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8. Conclusion
This research focused on the main research question: How do the intrinsic and extrinsic sensory factors of plantbased burgers influence consumer interest? To answer this question, several sub questions were formulated:


How do the intrinsic properties of plant-based burgers with regard to the senses (vision, smell, taste, touch
and sound) influence the perception of the product?

To summarize, it was found that the sensory inputs that arise upon presentation of a food, interact in a complex
manner and activate several physiological pathways (i.e. gustatory, olfactory etc.). These inputs arise
simultaneously and affect each other so none of these physiological pathways act secluded.



Does the packaging of plant-based burgers with green features contribute to more perceived healthiness
rather than red features?

The findings show that a product with a green packaging is perceived as healthier as opposed to a red packaging.
Further research is needed to study a variety of colours and a variety of colour intensities and its influence on
health perception of the product.


Which messaging on the packaging of plant-based burgers; either environmental messages, healthrelated messages or a combination of the two, lead to higher consumer interest in the product?

Packaging with a health-related message (fat content) and an environmental message (carbon footprint) gives
rise to the highest consumer interest. However, further research is needed to determine what type of combined
messaging is most efficient in increasing consumer interest.


Do consumers who regard nutritional elements of a food as more important, have more interest in the
packaging containing a health-related message?

There was no positive correlation between the rated importance of nutritional elements of a food and a higher
interest in the packaging with a health-related message. Future research is needed to study what attributes of a
product are important to consumers so appropriate messaging can be applied accordingly.


Do consumers who regard environmental elements of a food as more important, have more interest in
the packaging containing an environmental message?

There was no positive correlation between the rated importance of environmental elements of a food and a
higher interest in the packaging with an environmental message. Future research is needed to study what
attributes of a product are important to consumers so appropriate messaging can be applied accordingly.


Does a more positive attitude towards plant-based burgers or meat substitutes lead to higher consumer
interest in the product?

A more positive attitude towards PBBs has been found to lead to higher consumer interest in the product.
The results of this research might contribute to the already existing literature with regards to consumer interest
in PBBs and might serve as a stepping stone for future research to be conducted.
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