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It is well known that flavour is a psychological construct. Flavour, in fact, is an example of multisensory integration, because is a

taste/odour combination. Rarely individual components are perceived independently. Manifestations of interactions include smell/taste

confusions, attribution of taste properties to odours, and the enhancement and suppression of taste by such odours. Moreover, food is

characterized by visual properties, above all colour. Colour, in fact, has a profound effect on the perception of odors.

In everyday life the existence of cross-modal association between vision and olfaction is obvious; if you are in a market and suddenly

noticed a wonderful smell of ripe strawberries you would look for a fruit that was red rather than a fruit that was orange. Even if these

associations between vision and olfaction would appear obvious, to date little research has attempted to investigate this potentially

important topic. Gottfried et al. has shown that the presentation of visual stimuli can influence olfactory information processing; but

what it is known about the contrary? Could a smell stimulus influence visual perception?

To address this complex topic, it is important to understand what the role of higher-level cognitive factors are in the appreciation and

comprehension of a smell or a taste stimulus.

In this study, we investigated, with the fMRI technique, how the citrus aroma is processed by the brain, at the cortical level. There is a

large amount of study in psychophysical literature underlying the cross-modal association between colors and odors. Many of the

odors that we come across everyday life can be readily described by means of colors. But, what happens in our brain when we smell

the citrus aroma? Does the brain elaborate the aroma just as a smell stimulus, or elaborate also others perceptual characteristics of it?

We address this issue, investigating 13 healthy subjects with fMRI technique while they were sniffing the citrus aroma.
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avenue (Ambec and Treich, 2005) but not for necessarily to control hedonic consumption (Hirschman and Holbrook 1982), but to reinforce 
goal-oriented and deliberate consumption practices.

CONCLUSION  
The study reveals that Chama is a conduit in which a number of practices interact to produce outcomes that are of interest to consumer 

research. As evidenced, consumption opportunities arise, consumption behaviours are patterned and practices (and practitioners) are config-
ured, social and cultural capital necessary for consumer practice are accrued and demonstrated, and ultimately consumption goals are met.  
By focusing on the Chama context the contribution has been in revealing that consumer collectives can be formed and thrive outside brand 
influence, reinforced by society-wide norms and practices that have implications for consumer behaviour.
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It is well known that flavour is a psychological construct. Flavour, in fact, is an example of multisensory integration, because is a taste/
odour combination. Rarely individual components are perceived independently. Manifestations of interactions include smell/taste confusions, 
attribution of taste properties to odours, and the enhancement and suppression of taste by such odours. Moreover, food is characterized by 
visual properties, above all colour. Colour, in fact, has a profound effect on the perception of odors (1). 

In everyday life the existence of cross-modal association between vision and olfaction is obvious; if you are in a market and suddenly 
noticed a wonderful smell of ripe strawberries you would look for a fruit that was red rather than a fruit that was orange. Even if these as-
sociations between vision and olfaction would appear obvious, to date little research has attempted to investigate this potentially important 
topic. Gottfried et al (2) has shown that the presentation of visual stimuli can influence olfactory information processing; but what it is known 
about the contrary? Could a smell stimulus influence visual perception?

To address this complex topic, it is important to understand which is the role of higher-level cognitive factor in the appreciation and 
comprehension of a smell or a taste stimulus.

In this study, we investigated, with the fMRI technique, how the citrus aroma is processed by the brain, at the cortical level. There is a 
large amount of study in psychophysical literature underlying the cross-modal association between colors and odors. Many of the odors that 
we come across everyday life can be readily described by means of colors. But, what happen into our brain when we smell the citrus aroma? 
Does the brain elaborate the aroma just as a smell stimulus, or elaborate also others perceptual characteristics of it? We address this issue, 
investigating 13 healthy subjects with fMRI technique while they were sniffing the citrus aroma. 

MATERIALS & METHODS
2 stimuli were chosen in this experiment: citrus fruit and neutral (pure air). 
The experiment consisted of 3 sessions of about 10 min duration each; each sessions consisted of alternation of citrus aroma and pure air.
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Participants received 2 seconds of aroma’s stimulation directly in their nose through 2 polythene tubes converging in a facial mask. 
Subjects were previously instructed to do not move and pay attention to the aroma, trying to recognize it. Timing, amount and order of pre-
sentation were controlled by an fMRI compatible, computerized, olfactometer.

Imaging  was conducted using a 1,5 Tesla fMRI scanner at the Radiology Unit of Cattinara Hospital, Trieste.
The fMRI data were analysed using SPM5 package. The images were first corrected to remove the effects of subject’s moving whilst 

in the MR scanner; then the brain images for each subject were morphed to make them all the same shape; finally we carried out statistical 
analysis to detect the particular effect that we were interested in (e.g. smelling citrus aroma compared with smelling neutral). 

The analyses were conducted for citrus aroma compared to neutral during the timing in which subjects received the aroma and the few 
seconds immediately after.

RESULTS & DISCUSSION
We demonstrated that citrus aroma stimulate cerebral regions according to its semantic characteristics; citrus is an edible stimulus, gen-

erally associated with the orange or the lemon; it is extremely scented. This stimulus is characterized by the colour, varying from orange to 
yellow (all nuances belonging to the same family of colour); in fact citrus is a typical example of colour-material colour.

Specifically, while subjects were receiving the stimulus, the brain’s response is characterized by the perceptual aspects, especially visual: 
MNI coordinates: right/left BA 17 and 18, right middle occipital gyrus, left BA 2/1; these areas are involved in the elaboration of visual and 
somatosensory aspects of stimuli, specifically BA 17 is the primary visual cortex involved in the elaboration of colour, and BA 18 is the 
secondary visual cortex involved in the elaboration of shape and implicated, also,  in visual imagery.

In the “after” period, corresponding to the few seconds after the olfactory stimulation, the cerebral response changes, becoming canoni-
cal for a smell stimulus, involving the left superior frontal gyrus and the left middle frontal gyrus, both areas involved in the cortical elabora-
tion of familiar odours.  

CONCLUSIONS
To date, all previous studies of colour-odor correspondences have required participants to make explicit matches between specific 

colours and particular odors (3;4), or how chromatic stimuli modulate odor response in the human brain (1), whereas in the present study, 
we demonstrated how a odor stimulus could produce a brain activation typically associated to visual stimuli while subjects are sniffing the 
aroma. These results, even if preliminary, underlying how certain aspects of a product could work as synesthetic cues in the human brain. 
This interest in odor-visual interactions is an example of areas where future research might be directed, particularly in terms of implications 
for the study of individual differences, the role of mental imagery, the promise of more neurocognitive approaches, and the need for more 
consideration of the multy-sensory interactions of our senses on consumption behavior. 
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We propose that independent and interdependent differ on how they manage conflicting goals. We demonstrate interdependent are more 

likely to highlight saving in two sequential choices, while independent are more likely to adopt balancing mode by preferring spending first 
and intending to achieve the saving goal at next opportunity.

Researchers in North America often focus on how to help consumers to succeed in their personal saving goals (e.g., Bayuk, Janiszewski, 
and Leboeuf 2010; Loibl 2009). However, contrary to North American’s difficulty in saving money, economic growth of some countries has 
long been hindered by their residents’ high saving rates, such as China. So understanding what factors account for such big difference in 
saving and spending across countries would be of great importance to governments, financial service firms and consumers. In this research 
we suggest that individuals with different self-construals (independent vs. interdependent) differ on how they manage conflicting saving and 
spending goals, which in turn leads to the difference described above. 

Consumers often have spending goal and saving goal at the same time. Saving is a goal with more virtue, which can provide people 
with financial safety. Spending is a temptation which can provide immediate satisfaction to consumers. Pursuing either one of them could not 
completely abandon the other. We have to save money while constantly spend. When managing two conflicting goals, people can highlight 
one goal and continue to behave in the same way consistent with this focal goal, or they might also balance between two goals and their 
behavior varies (Fishbach and Dhar 2008). Highlighting a focal goal in two sequential choices would benefit the pursuing of the focal goal, 
while balancing the focal goal and temptation by preferring the tempting option that can provide immediate satisfaction first and intending 
to choose a goal option at the next opportunity would probably hurt the achieving of the focal goal, as people might constantly postpone the 
goal-congruent choices (Fishbach and Zhang 2008).

Research on cross-cultural differences suggest that individuals with an interdependent self-construal might be better at handling intraper-
sonal conflict and mixed emotions than those with an independent self-construal (Hong and Lee 2010; Kyoungmi and Shavitt 2004; Williams 


