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Gustation serves an important role in human as one specific and basic function of oral
cavity (Liu, 2002), which has been reported to be closely related to brain function. The

information and sensation gained by receptors is not only to modulate food intake but

also affect high cognitive process of human brain (Kato, 2007).

Some traditional neurobiology, neurophysiology and neuro-anatomy studies, based on
elecﬁophysiological, clinical and anatomical researches, have accumulated a lot of
knowledge and theories about taste organ, anatomic constitution of taste pathways,
transduction of taste signal and classification of tastants. However, because such
traditional fechniques are invasive and can’t be applied directly to human, the
knowledge of how the central nervous system is organized to process information of
taste is still far from complete. Recently, with the rapid development of functional
imaging techniques, the issue about the cognitive function of human brain has attracted

many researchers’ attention. Nevertheless, compared with other functions, such as

* vision, audition and olfaction, studies on gustatory cognitive processing remain scarce.

The representation of gustatory neural circuits is still in its infancy.

Functional near-infrared spectroscopy (fNIRS), as an emerging noninvasive
neuroimaging technique, is widely used to monitor the brain activation and can reveal
hemodynamic and metabolic changes (Ferrari et al., 2012). In the almost 35 year since

Jobsis firstly applied NIRS to monitor changes in tissue oxygenation (Jobsis, 1977), this

* technology has developed remarkably. Compared to other neuroimaging methods, such

as positron emission tomography (PET), functional magnetic resonance imaging (fMRI)
or magneto encephalography (MEG), fNIRS has many advantages. As we all know, the

experiments, using fMRI or another brain imaging technologies, requires the subject
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being scanned stays completely still so that it can capture a clear image. It makes the
subjebt feel stressful physiologically and/or physically. On the contrary, {NIRS only
requires compact experimental equipment and is less restrictive of subject’s movement,
allowing the brain function to be monitored under more natural conditions (Coyle et al.,
2004; Hoshi et al., 2001). So far, this technique has been widely used for some brain
research of sensory, motor and other high cognitive process. In order to answer the
question on central organization of taste, some researches have been- already conduced
" on gustation, but the results are not identical.

It is known that fNIRS can measure activity of surfaée cortex, but can’t reach the
deeper gustatory areas such as insula which is located deep inside the brain. Among the
regions which INIRS can measure, the lateral prefrontal cortex (PFC) was suggested to
be related to taste and other food-related activities (Kringelbach ét al., 2004). This
finding evoked research inte;eét in the fields associated with feeding behaviors, such as
obesity and*eating disorders (Wagner et al., 2006; Kato, 2007).

Inspired by these previous findings, we investigated the following questions: (a)
whether fNIRS can be used to research on taste-relatéd brain function; (b) whether PFC
is involved in taste processing; (c) and, if true, show where is responding to taste in the
human brain. To answer these questions, based on the evént-related design, we selected

fNIRS to monitor activation of human lateral PFC during taste processing. The primary

aim of this study is to find the region of interest (ROI) which is related to taste, and

make further understanding on the central organization of taste. We hope the
investigation would further contribute to the understanding of higher cognitive

processing on gustatory system and to provide some theoretical evidence for studying
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on taste dyspepsia and disorder.

Firstly, we used fNIRS to monitor the activation of prefrontal lobe on human brain in
sweet solution with different concentration. Based on event-related design, the
experiments were petformed with 16 volunteers by sweet taste stimulus. It was
confirmed that fNIRS provided an alternative way for studying taste-related brain
function under more natural conditions and the PFC is invol\'/ed in sweet taste
processing. In addition, the activated channels induced by the higher concentration were
more than those of lower concentration.

Then, we compared the representation of a pleasant and an aversive taste using INIRS,
so as to obtain further understanding of the taste preference mechanism. The pleasant
stimulus used was sweet taste (10% sucrose), and the unpleasant stimulus was sour taste
(1% crmc acid). Based on event-related design, the experiments were also performed
with 16 healthy volunteers using the OEG-16 fNIRS sensor. A general linear mode] was
used to analyze the collected data. For the concentration change .of oxygenated
hemoglobin; we found significant deactivation was .induced by sweetness and sourness
in parts of the frontopolar area, orbitofrontal area and dorsolateral prefrontal cortex in
bilateral hemisphere of human brain. And the right PFC showed different levels of
activation between sweetness and sourness. In addition, brain activities were more
sensitive to sourness than sweetness.

Finally, we investigated brain activation responses to aversive tastes (bitterness and
sourness) using EEG and NIR-HEG simultaneously so as to clarify the intrinsic féod
preference mechanism. A conventional delayed. response task baéed on CNV paradigm

was adopted to extract real brain response components from spontaneous background-
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signals. Results showed excessive evoked EEG potentials in both bitter and sour
responses, but not in purified water. Therefore we suggested that these potentials would
be only attributed to sour and bitter stimuli. As these potentials appeared before P3, we
considered tEat they are unconscious electro-physiological early markers for attention.
We also identified CNV in a late stage for sour stimulus and suggested it is related to
taste preference. In addition, NIR-HEG responses showed a rise for every stim1:11us and,
in particular,. sourness gave larger rise than bitterness. In spite of limitation to timing
accuracy of taste presentations, the early markers found in this study could be

fundamentals for investigating individual food preference.
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