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ABSTRACT

The flavour of foods and drinks is influenced by perceptual interactions between genuine taste and odour active
compounds that are sensed retronasally. Interdisciplinary teams of plant and sensory experts have identified
specific flavour changes that influence overall favour profiles. Currently, it is unknown how retronasal
sensations might vary with measures of taste phenotype and taste function, and how such differences might
influence liking and intake of certain foods and drinks over others. Given that neural response depends not only
on the type of stimuli, but also in large part on the cognitive context, focus and state of the individual, a
conclusive determination of the food reward response triggered by retronasal olfaction is warranted.
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INTRODUCTION

The flavour of foods and drinks is influenced by perceptual
interactions between genuine taste and odour active
compounds that are sensed retronasally (Bartoshuk and
Klee, 2013). The degree of retronasal taste augmentation
is connected to the similarity of qualities of such
compounds. For example, sweet-associated odours at
below threshold levels are able to augment the perceived
sweetness of sucrose in a solution (D Labbe et al.,, 2006) as
in the case of fruit-flavoured drinks that have some
sweetness while also being sour, bitter, and astringent
(Duffy et al., 2016). Similarly, odours linked to bitterness
can also augment the intensity of a bitter taste (D. Labbe et
al.,, 2006). This augmentation is part of a matrix combining
smell, taste, chemesthesis, oral somatosensation and
visual sensory input into a multi-sensory favour
experience in the insular cortex (Gogolla, 2017) and the
orbitofrontal cortex (Rolls, 2015).

Assessed by brain imaging studies, the cerebral response
from odours perceived via the orthonasal pathway differs
from the brain activity measured during perception of
odours via the retronasal pathway (Gautam and Verhagen,
2012; Small et al, 2005). Thresholds, and the role of
texture, also differ between these two olfactory pathways
(Ruijschop et al, 2009). Currently, it is unknown how
retronasal sensations might vary with measures of taste
phenotype and taste function, and how such differences
might influence preference and intake of certain food and
drinks over others.

FINDINGS

It is well known that different external input will influence
in different manners the response of an organism. For
instance, research has been done to impede species of flies
from perceiving food odours. It was found that the
production of an intestinal protein was reduced
significantly through smelling a particular food odorant,
compared to the production of that same protein when the
insects were able to eat the food (Miller et al., 2022).

Brain activity was investigated by Sorokowska et al
(2017) comparing the response towards food odours
versus non-food odours. Aspects such as liking, intensity
level, trigeminal stimuli, weight, and hunger state of
participants were controlled. The administration route of
the odorants was through the orthonasal pathway assisted
by a controlled airflow. It was found that odours associated
to edible components activated at a significantly higher
extent specific regions of the brain associated with reward
processing compared to odours not relatable to food
(Sorokowska et al, 2017). A similar setup for the
corresponding retronasal olfaction process is currently
lacking to the best knowledge of the authors; thus, the
brain activity comparison between food odours and non-
food odours delivered retronasally warrants further
investigation.

The orbitofrontal cortex (OFC) has been associated to
processing food and reward conducts in humans. For
instance, functional magnetic resonance imaging (fMRI)
has demonstrated brain activity in specific zones of this
region linked to the degree of affinity of gustatory stimuli
(SMALL et al, 2007). Responses from visual stimuli
comparing edible and non-edible images indicated that
cerebral region activity also varies depending on the
attributes that the individuals were asked to evaluate
(Roefs et al, 2018). Thus, while visual stimuli were
explored, the influence of scent was not mentioned. The
application of fMRI techniques to retronasal olfaction
evaluation specifically remains at its infancy.

The response of the orbitofrontal cortex region is also
dependent on the retronasal or orthonasal administration
as a source of the stimuli. It was discussed in that same
study that the route-depending activation could elicit the
different phases of food reward. Moreover, the OFC plays a
large role in adapting the affinity level to food components
in accordance with satiation levels and is crucial to cease
food intake (SMALL et al., 2007).
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It is reported that not only properties related to food
influence the affective response in the OFC, but factors
such as previous exposure, emotional state and cognition
are also reflected (SMALL et al., 2007). This phenomenon
was explored further by (Roefs et al., 2018), who argued
that the brain activity which regards reward value does not
always behave the same, in addition to being highly
influenced by the focus, thoughts or motivation of an
individual more than the pleasantness linked to a specific
stimulus (Roefs et al., 2018).

DISCUSSION

Retronasal olfaction plays a major role in flavour
perception (Bult et al., 2007). Aromas from food inside the
mouth travel behind the palate and reach the nasal mucosa
through nasopharynx. This contrasts with orthonasal
olfaction, perceived during inhalation or sniffing external
odors via the nares (Schwieterman et al, 2014). The
corresponding brain functional anatomy also differs
(Hummel and Welge-Liissen, 2006). Perceptual
differences in relation to these odour routes, such as
detection thresholds, intensities and odour identification
have been observed and result in qualitatively distinct
sensory experiences (Pierce and Halpern, 1996).

Basic and translational research is needed to maximize the
consumption of certain foods and drinks given their health
benefits; this research should include sensory
optimization for increased acceptance. For example, by
understanding and modifying the bitter notes on
vegetable-based food items it may be possible to increase
their acceptance and regularity of consumption.
Interdisciplinary teams of plant and sensory experts have
identified specific flavour changes that influence overall
favour profiles (Bartoshuk and Klee, 2013; Schwieterman
et al, 2014) and most preferred characteristics (Mennella
et al,, 2017). The perception of flavour can be modified
retronasally, although how this works concretely remains
to be defined. For now, it is theorized that flavour
perception modification via retronasal olfaction might
allow for dietary behavioural modifications.

Understanding the neural basis of retronasal olfaction is
paramount because the aroma released during the oral
kinaesthetic processing of food has great impact on
appetite and satiety (Ramaekers et al., 2014).

CONCLUSION

Given that neural response depends not only on the type of
stimuli, but also in large part on the cognitive context,
focus and state of the individual, a conclusive
determination of the food reward response triggered by
retronasal olfaction is currently not existent. The
neuroscience of flavour perception is hence becoming
increasingly important to understand flavour perception
that guides food and drink selection, ingestion and
appreciation.
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