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ABSTRACT 
A number of crossmodal associations have been described in multisensory perception 
and evaluation of food. Consumers’ decision about food selection, consumption and 
preference is highly influenced by internal and external factors. Auditory cues play an 
important role in decision process, although consumers are not necessary aware of them. 
This article reviews the latest findings about correlations between sound, flavor and 
pleasure and underlines the applicability of these findings in improving the consumer’s 
quality of life. 
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INTRODUCTION 
Food consumption is a multisensory experience that involves all the senses (Blumenthal, 
2008; Crisinel, & Spence, 2009): sight (vision), hearing (audition), touch (somato-
sensation), smell (olfaction) and taste (gustation) (Piqueras-Fiszman, & Spence, 2016). Do 
you remember the last time you heard the cracking sound of a chocolate or potato chips, 
or the popping of champagne, cutting the crispy crust of a bread loaf, and the fizzing of a 
carbonated drink? Different types of sounds are the signature feature (Spence, 2015) of 
these food products leaving a memorable impression in the mind of the consumer 
(Crisinel, & Spence, 2009, Knöferle et al., 2012).  

A number of researchers acknowledge that the sounds made by food play a 
crucial role in determining consumer expectations (Spence, 2013, Carvalho et al., 2016). 
All these sounds and the surrounding soundscape from the eating environment, became 
in the recent years the hot topic of researchers from sensory analysis, marketing, 
neurophysiology and psychology interested in the study of consumer behavior (Wilk, 
2012, Knöferle et al., 2012, Favalli et al., 2013, Spence, 2013, Spence, 2015, Carvalho et 
al., 2016). The aim of this article is to review the most recent literature data about the 
influence of sound in the multisensory perception of food and its flavor and on the overall 
enjoyment of eating experience. 
 
SOUND, FLAVOR AND PLEASURE 
Human senses give shape to one of the life’s most enjoyable experiences – eating and 
drinking (Spence, 2012, 2013). Indeed, senses enrich the quality of life, and one becomes 
more aware of that when suffering from their temporary, partial or total loss due to 
illness/accident or simply aging (Spence, 2013).  
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It is important to note that the decrease in senses’ acuity may lead to serious 
problems regarding appetite and satiation – two physiological states that stimulate or 
terminate the food consumption. In fact, senses like sight, smell and hearing serve to 
generate flavor expectations and are powerful drivers that stimulate the appetite 
(Piqueras-Fiszman & Spence, 2016). By contrast, taste and flavor perception brings 
satiation. Senses like sight, hearing and touch physically connect the consumer not only 
with the food, but in the same time, raise awareness of the physical attributes of the 
eating environment also. From this connection, sensation transference (Carvalho et al., 
2016) take place in the brain due to associations between mental representations 
(Dijksterhuis et al., 2005, Spence, 2015) modulating therefore the whole food experience.  

The senses are tightly combined in evaluation of the multisensory world that we 
live in (Crisinel & Spence, 2010) in the form of synesthesia. For example, the taste of food 
is influenced by the cutlery, plateware, background soundscape (Spence, 2013, Piqueras-
Fiszman & Spence, 2016), by the food packaging (Spence, 2012) and by the sounds 
created during eating (Spence, 2015) through biting, chewing, drinking and swallowing 
(Crisinel & Spence, 2009, Spence, 2012). Even the name of the food – the phonetic speech 
sounds – is correlated with both sensory and conceptual attributes to consumers (Spence, 
2012, Favalli et al., 2013).  

The name of the product plays an important role in its uniqueness and triggers 
specific expectations like appearance, odors, basic tastes, flavors, textures, mouth feeling 
and after-tastes (Spence, 2012). In addition, the name of the product modulates the 
salivary flow (Spence, 2011). Other findings support the view that “sweet” tastes are 
better expressed by means of rounded shapes, type surfaces, and names of low-pitched 
sounds and “sour” tastes are better conveyed by means of angular shapes, type surfaces, 
names of high-pitched sounds (Velasco et al., 2014). Such connection between sounds 
and tastes/flavors needs a deeper understanding for the benefit of consumers and 
marketing teams.  

“Sound is the forgotten flavor sense” (Spence, 2015): 140 scientists working in 
the field of food considered sound as “the least important attribute” contributing to the 
flavor of food. Similar opinions are held by regular consumers as well. Although 
consumers acknowledge that sound is highly correlated with textural attributes of the 
product and is perceived as valuable freshness indicator.  

Most textural attributes of foods, like crispy, crunchy, crackly, carbonated and 
creamy sensations, are perceived in relation with auditory cues. These attributes create 
the signature feature of the product experience - even though sometimes consumers and 
marketing teams do not necessarily realize it. Pleasantness of many foods is heavily 
influenced by the sounds of foods (Spence, 2015). However, a growing number of food 
producers, researchers and chefs pay more attention to the sounds of opening the food 
packages, the sounds created during food preparation (Spence, 2015). 
 
EFFECT OF BACKGROUND MUSIC ON FOOD PERCEPTION 
Hearing and smell are the two main senses that continuously process the information 
from environment as long as one lives (Figure 1). Therefore, it is a given truth that people 
often consume foods and beverage in the presence of background sounds (Fiegel et al., 
2014). Research findings published before 2000 (for reviews see Fiegel et al., 2014; 
Auvray & Spence, 2008; Spence 2014, 2015; Kringelbach, 2004) proved that background 
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sounds in shopping areas (music or noise) affect decisions regarding selection of foods 
(what is purchased) and food consumption (the amount consumed, the consumption 
rate), and duration of time spent in the shop (Stroebele et al., 2006). However, these 
findings missed to identify the cause of these effects.  

In the light of the current cognitive neuroscientific findings the current state of 
understanding grew considerably. Hearing and taste are both temporal stimuli (Kantono 
et al., 2016) and this explains far more about the multisensory experience of consumers 
then the purchasing and consumption behavior.  
 

 
 
Figure 1. Schematic representation of factors influencing the perception of foods and the behavioural 
consequences 

 
Taste is the most important driver for eating, and loud noise leads to decreased 
perception of taste and flavor (Woods et al., 2011), therefore it increases the need to eat 
or drink more. As a result, if the volume goes up, people consume more (Stroebele et al., 
2006). In order to have a feeling of taste and flavor even against all the background noise, 
the consumer ends up with increased waist size (Spence, 2014). Similar findings were 
reported for people exposed to loud airplane noise (waist line with about 6 cm larger, on 
average). The modern life-style and restaurant design face consumers with new 
noisemakers: wooden floors, linen-free tables, high-ceilings and lots of windows – all 
perfect conditions for echo chambers which amplify the interior sound.  It was proven 
that consumers spend more time in a location with low tempo music and eat at a lower 
rate (e.g. less bites/minute) while the fast tempo leads the patrons to spend more money 
(Fiegel et al., 2014). On contrary, silence in a restaurant is perceived by consumers as 
lacking “atmosphere” (Spence, 2014) – not at all a desirable treat.   

On contrary, standard conditions in laboratory of foods tasting are noise and odor 
free and painted in neutral colors. Food acceptance and preference testing in such 
conditions often lead to different results then food consumption in real-life situations. 
This challenges the researchers to find new ways of sensory testing in real-time 
conditions and develop applications available on mobile devices for more accurate 
responses (Piqueras-Fiszman & Spence, 2016). 
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SOUND AND TASTE / FLAVOR PAIRING 
The first steps in exploring auditory-gustatory interactions have been reported only in 
2009 by Crisinel & Spence. A number of cross-modal associations between tastes/flavors 
and different aspects of sounds (pitch, timbre, interval and tempo) have been studied 
since then (Crisinel & Spence, 2010, Spence, 2011, Favalli et al., 2013, Fiegel et al., 2014, 
Velasco et al., 2014). The findings suggested that sour and sweet tastes are preferentially 
associated with high-pitched sounds, while bitter taste is associated with low-pitch 
(Crisinel & Spence, 2010). The authors explained these results by pointing out the 
protective role of bitter and sour taste (most poisons are bitter, most altered food is sour) 
and the danger signaling power of high-pitch and low-pitch sounds (alarms are usually 
high-pitched, and predators are low-pitched).  

This matching of taste and sounds based on cross-modal associations represents  
valuable information which may lead to better understanding and choice of background 
music or sound in the context of a meal, and may help predict and create a better meal 
experience. Authors suggest that this matching could be useful to people with impaired 
gustatory functioning, allowing them to better enjoy meal through congruent sensory 
stimulation of their residual modalities. 

In addition, instrument matching with taste/flavor have also been studied 
(Crisinel & Spence, 2010, Velasco et al., 2014, Fiegel et al., 2014). The association 
between familiar tastes with familiar instruments was expected as an association 
between familiarity and liking (Crisinel & Spence, 2010). 

Researchers have found that what is usually named as “flavor” is the result of 
crossmodal associations between tastes, smells, trigeminal and tactile sensations as well 
as the visual and auditory cues that one perceives during tasting food (Auvray & Spence, 
2008). Since flavor is a perceptual model, thousands of flavors can be perceived by 
humans compared to taste, which is dependent on limited number of taste receptors and 
has only five attributes (sweet, salty, sour, bitter, umami) (Kantono et al., 2016). In the 
light of these new findings, an update of flavor definition given by ISO Standard 5492, 
2008 might be necessary (complex combination of the olfactory, gustatory and trigeminal 
sensations perceived through tasting. The flavor may be influenced by tactile, thermal, 
painful and/or kinaesthetic effects). 
   
MUSIC AND FOOD PAIRING 
Music and food always accompanied each other. Research (Table 1) has shown that 
listening to music influenced the hedonic and sensory of the gelati (Kantono et al., 2016), 
beer (Carvalho et al., 2016), milk (Crisinel & Spence 2011). It may be that the final hedonic 
judgment of the gelati is partially influenced by the hedonic valence of the music but also 
the hedonic tone of the gelati itself. Authors propose that when music and gelati are 
congruent in terms of emotion, pleasure, and/or affective dimensions, panellists' hedonic 
and pleasantness ratings of the gelati may increase.  

However, when the music and the gelati are contextually incongruent, hedonic 
and pleasantness ratings may decrease. Research findings have shown that people appear 
to favor congruency (matching) of stimuli compared to incongruency or mismatching 
(Kantono et al., 2016). Usually, liked music is associated with positive emotions and 
sweetness, while disliked music is associated with negative emotions and bitterness.  
 



37 

 

 
Table 1. Research findings on crossmodal associations between music and foods. 

 
Food item Disliked music Neutral music Liked music Reference 

Gelato  
-milk chocolate 
-chocolate 

All samples were 
perceived bitter. 
Eliminated or 
shortened sweetness. 

All samples were 
perceived sweet. 

All samples were 
perceived sweet. 
Increased 
pleasantness. 

Kantono et al., 2016 

Beer  For slightly bitter and 
alcoholic beer: more 
bitter, more sour, 
more alcoholic.  

Not tested in this 
research. 

Higher pleasantness 
and sweetness 
(sensation 
transference). 

Carvalho et al., 2016 
 

 
Crisinel & Spence, 2012a, Crisinel et al., 2012b, studied the effect of pleasantness 

on associations between taste/flavor of chocolate and pitch. Different types of chocolate 
with various pleasantness ratings (milk, dark and marzipan filled) were selected for the 
study as well as different musical instruments (piano, strings, woodwinds and brass). The 
findings confirmed the role of pleasantness in the matching of musical instruments to 
tastes/flavors.  

Fiegel et al., 2014 found out that music genre can alter flavor pleasantness and 
overall impression of food stimuli. The study was performed on emotional food (milk 
chocolate) versus non-emotional food (bell peppers) and the music choice was selected 
from four different genres: classical, jazz, hip-hop and rock. As a result, jazz music lead to 
increased perception of flavor pleasantness and overall impression of tested food. 
 
FOOD FOR THOUGHT - CONCLUSIONS 
Many factors contribute to people’s eating behavior. The crucial importance of food in 
human life is underlined by the numerous food symbols and metaphors across cultures 
(Kringelbach, 2004). Both internal factors (hormones, blood glucose, genes, pleasure, 
hunger, appetite) and external (such as environmental and social aspects like television 
viewing, background music, culture, loneliness or having a company) seem equally 
important in food choice. Recent research findings underline the necessity of holistic 
approach required to understand flavor and consumer behavior as integral parts of 
multisensory experience. Food acceptance is determined not only by liking. Factors like 
time of the day, packaging size, physiological state, consumption occasion and 
environmental sounds and smell influence the perception on food. In multisensory 
experience three main topics must be carefully examined: product, consumer mindset 
and environment. This approach will lead to good insights into the true drivers of 
consumer behavior in the presence of particular music.  

Many findings also pointed out the necessity and importance of real-life tests 
(like in a restaurant, or consumer’s home) which provide an environment difficult to 
assess in laboratory conditions. Nowadays, the trend “out of home eating” is expanding. 
In depth studies will provide more understanding of consumers’ decision process. Most 
food related decisions (above 80%) are taken unconsciously. Therefore, analysis of 
behavioral patterns might be a suitable choice for research. 
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