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ABSTRACT 

Functional Near-Infrared Spectroscopy (fNIRS), as a non-invasive neuroimaging technique, was used to monitor the 
activation of prefrontal lobe on human brain during sweet taste processing. The primary aim of the present study was to 
find the region of interest (ROI) which is related to sweetness, and make further understanding of the central organiza- 
tion of taste. Based on event-related design, the experiments were performed with 16 volunteers by sweet taste stimulus. 
It was confirmed that the prefrontal cortex (PFC) is involved in sweet taste processing and fNIRS provided an alterna- 
tive way for studying taste-related brain function under more natural conditions. This study might be effective for de- 
tecting the accession area in the cortex of sweet taste and helpful for studying on human feeding and taste disease like 
taste dyspepsia or disorder. 
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1. Introduction 

Recently, the prevalence of taste diseases which is cau- 
sed by aging society and the changes of diet structure, 
such as anorexia nervosa, dyspepsia and taste disorder, 
appears to be increasing [1,2]. Although these diseases 
are not life-threatening diseases directly, they have a 
strong impact on our quality of life [3,4]. For this reason, 
the interest in understanding gustatory processing is 
growing, not only for basic science, but also for applica- 
tions. Some knowledge and theory about high cognitive 
processes for taste have been accumulated. However, 
owing to the complexity of human brain and limitation of 
device, by now, most questions about the central organi- 
zation of taste are still largely unanswered. 

With the development of modern neuroimaging tech- 
niques such as positron emission tomography (PET), 
functional magnetic resonance imaging (fMRI) and func- 
tional near-infrared spectroscopy (fNIRS), a wider range 
of brain and gustatory researches has been accommo- 
dated. Among these less- or non-invasive neuroimaging 
techniques, we focused on fNIRS, which is widely used 
to monitor the brain activation and measure changes in 
the hemoglobin oxygenation state in human brain [5,6]. 

Compared to other neuroimaging methods, fNIRS as a 
new neuroimaging technique, which is completely nonin- 
vasive and does not require strict motion restriction, is 
desirable [7,8]. Meanwhile, it has been low cost. It en-
ables brain studies on subjects who are difficult to ex-
amine with PET and fMRI physiologically and/or physi-
cally [9]. 

The prefrontal cortex (PFC), located in the very front 
of the brain, is in charge of abstract thinking and thought 
analysis and is also responsible for regulating behavior. 
Since the PFC regulated so many behavior and thought- 
processing pathways, it is gradually drawing the resear- 
chers’ attention. Recently, some cognitive process and 
sensory evaluation studies, using PET, MRI and another 
neuroimaging technique, have accumulated some know- 
ledge and theories about visual and auditory modalities 
for PFC functions. Subsequently, the question whether 
the PFC is also involved in taste cognitive processing is 
widely assumed. Related to this question, previous stud- 
ies found that the lateral prefrontal cortex is closely rela- 
ted to taste and other food-related activities [10-13]. Al-
though some works have been done to examine the late- 
ral PFC functions with taste, the results are not identical. 

As mentioned above, in present study, we used fNIRS 
to monitor human PFC function during taste processing *Corresponding author. 
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to find the region of interest (ROI) which is related to 
pleasant taste, and make further understanding of the 
central organization of taste. We also hope our findings 
will be helpful for studying on some taste diseases which 
are caused by aging and diet. 

The paper is organized as follows: Section 2 presents 
the stimuli, experimental procedure and data analysis in 
details. The results of present study are shown in Section 
3, followed by discussion about the results in Section 4. 
Finally, some conclusions are drawn in Section 5. 

2. Materials and Methods 

2.1. Subjects 

16 healthy right-handed subjects took part in the study. 
The average age of the subjects was 26.3 (range from 20 
to 44 year). Subjects refrained from eating for at least 2 
hours prior to running the experiment. Before the present 
experiment, the subjects were told about the experiment 
and a pilot study was done. All subjects gave informed 
consent approved by the Human Ethics Committee of 
Health Promotion and Education Graduate School of Hu- 
man Development and Environment in Kobe University. 

2.2. Stimuli 

Sweetened solution (5% and 10% solution of sucrose 
dissolved in purified water) was used as tastant in this 
study, which is a signal of energy supply and usually 
brings a pleasurable sensation. Purified water (tasteless) 
was selected as a control condition to minimize the artifi- 
cial noise from somatosensory effects, swallowing effects 
and other brain function. Samples were served at room 
temperature. 

2.3. Experimental Procedure 

During the fNIRS recording session, the subjects were 
seated in a comfortable chair in a quiet room. The event- 
related design was adopted for detecting hemodynamic 
response to gustatory stimuli. Figure 1 presented the 
schematic diagram of the protocol. The subjects were 
required to try to relax as possible for 40 seconds as base- 
line. Then stimulus, in quantities of 8 ml, was manually 
injected in to the subject’s mouth via a syringe connected 
to a tube. And the subject was asked to hold the stimulus 
in mouth and taste for 25 seconds, which was defined as 
task. Finally, they spitted it out and rinsed his/her mouth 
with purified water to prevent adaptation. In this study, 
they tasted the purified water, 5% solution of sucrose and 
10% solution of sucrose in order. Throughout the whole 
process, the subject kept closing eyes. 

After the fNIRS sessions, the intensity of tastants was 
rated by the subjects as a subjective evaluation on the 
dislike-like. 

 

Figure 1. Experimental protocol. 

2.4. fNIRS and Data Analysis 

While the subject performed the tests, we recorded activ- 
ity in the lateral PFC using a multichannel fNIRS sensor 
of OEG-16 (Spectratech Inc., Tokyo, Japan). Both 770 
nm and 840 nm wavelengths were used to measure chan- 
ges in oxyhemoglobin (ΔoxyHb) and deoxyhemoglobin 
(ΔdeoxyHb) concentration [14]. Subsequently, the total 
hemoglobin signal (ΔtotalHb) was calculated as a sum of 
ΔoxyHb and ΔdeoxyHb. The signal bandwidth of oxyHb 
and deoxyHb is 0.76 Hz. As illustrated in Figure 2(a), in 
present study two arrays of six emitters and six detectors 
were paced ate alternate points and 16 measurement 
points were available (emitter-detector distance was 3 
cm). In order to have a reliable cerebral structural corre- 
lation, the center of the probe matrix was placed on the 
Fz of the international 10 - 20 system. Since we con- 
ducted the experiment with the OEG-16 without any 
supplementary tool such as a 3D digitizer, it is difficult to 
identify the activated foci of human brain. To resolve this 
problem, we referred to the spatial registration of fNIRS 
device ETG4000 3 × 11 (manufactured by Hitachi), 
which contained the channels of spectratech OEG-16 
system. The probabilistic for each channel are listed in 
Table 1 as the standard MNI coordinates produced by 
Montreal Neurological Institute in Canada (Figure 2(b)). 

Regarding the data analysis, since data from the detec- 
tors were too noisy for analysis, data were first filtered 
with moving average (data points: 5) to eliminated 
physiological noise. Baseline correction was performed 
using linear fitting. Following this, activation of baseline 
and task for each trail was averaged. To determine the 
significantly activated channels, we firstly compared the 
baselines and tasks to examine whether the channel is 
activated by tastants. Cognitive subtraction was used to 
compare purified water with sweetened solution so as to 
identify the true activities evoked by sweet taste back- 
wardly. Statistical analyses were conducted using PAWS 
version 18.0 (SPSS Inc.). 

3. Result 

The signal changes in ΔoxyHb, ΔdeoxyHb and ΔtotalHb 
for each channel during tasting 5% sweetened solution 
were exhibited in Figure 3 and it seemed to almost 
nothing change. On the other hand, Figure 4 presented 
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(a) 

 
(b) 

Figure 2. (a) Schematic illustration of the multi-channel 
array (Spectratech OEG-16 system, 16 channels). (b) fNIRS 
channels’ estimated cortical location in MNI space. 
 
the concentration changes of oxyHb, deoxyHb and to- 
talHb in the 10% sweet solution processing and it show- 
ed a relative decrease of oxyHb, accompanied by a de- 
oxyHb increase in most channels. In addition, the totalHb 
response pattern seemed to be similar to the oxyHb. 

For statistical analysis, Analysis of variance (ANOVA) 
on the data was performed separately for ΔoxyHb, 
ΔdeoxyHb and ΔtotalHb. With the help of ANOVA, 
from the global data of 16 subjects, the results were ob- 
tained as following. The brain responses to sweet solu- 
tion with different concentrations were seen in different 
anatomical area in PFC summarized in Table 2. Fur- 
thermore, the activated channels induced by the higher 
concentration were more than that induced by the lower 
concentration in present study. Specifically, for ΔoxyHb, 
the results of statistical analysis revealed no significant 
effect of PFC except Ch7 in the lower concentration 
condition, which is closed to frontopolar area and orbi- 
tofrontal area. While the in the higher concentration con- 
dition the following nine channels revealed significance 
located in bilateral pars triangularis Broca’s area 
(Ch1and Ch16), dorsolateral PFC (Ch3, Ch4, Ch11, 
Ch13 and Ch16), frontopolar area (Ch4,Ch10,Ch11, 
Ch13), and the orbitofrontal area (Ch4, Ch6, Ch10, Ch12 
and Ch13). For ΔdeoxyHb, two channels (Ch4 and Ch6) 
showed significance for lower concentration solution 
referred to frontopolar area, dorsolateral PFC and orbi 
tofrontal area in the left hemisphere, while significance 

Table 1. Probabilistic estimation of channels’ cortical loca- 
tion in MNI coordination and corresponding anatomical 
label. 

MNI coordinate 

Position ch

x y z

SD
 

Anatomical label 
BA 

1 53 39 7 5.97
45 - pars triangularis Broca’s area 
46 - Dorsolateral PFC 

2 46 48 20 6.24
46- Dorsolateral PFC 
45 - pars triangularis Broca's area 

3 46 54 −5 5.11 46 - Dorsolateral PFC 

4 38 60 8 5.07
10 - Frontopolar area 
46 - Dorsolateral PFC 
11 - Orbitofrontal area 

5 25 65 20 5.75
10 - Frontopolar area 
46 - Dorsolateral PFC 

6 27 68 −3 4.50 11 - Orbitofrontal area 

7 15 70 9 5.03
10 - Frontopolar area 
11 - Orbitofrontal area 

8 3 66 20 7.07 10 - Frontopolar area 

9 3 68 −3 5.54
10 - Frontopolar area 
11 - Orbitofrontal area 

10 −13 70 9 4.91
10 - Frontopolar area 
11 - Orbitofrontal area 

11 −24 65 20 5.83
10 - Frontopolar area 
46 - Dorsolateral PFC 

12 −23 70 −3 4.64 11 - Orbitofrontal area 

13 −35 55 22 5.12
10 - Frontopolar area 
11 - Orbitofrontal area 
46 - Dorsolateral PFC 

14 −44 49 20 6.46
45 - pars triangularis Broca’s area 
46 - Dorsolateral PFC 

15 −43 55 −5 4.95
10 - Frontopolar area 
46 - Dorsolateral PFC 

16 −51 40 6 6.31
45 - pars triangularis Broca’s area 
46 - Dorsolateral PFC 

ch: cannel; PFC: prefrontal cortex. 

 
Table 2. Activated channels of activated channels of 
ΔoxyHb, ΔdeoxyHb and ΔtotalHb analysis. 

 5% solution of sucrose 10% solution of sucrose 

ΔoxyHb       Ch no. 7 
Ch no. 1  3  4  6  10  11 
       12  13  16 

ΔdeoxyHb       Ch no. 4  6 Ch no. 2  3  5  16 

ΔtotalHb       Ch no. 7 Ch no. 4  6  12  13  15  16

Channels that exhibited significant changes in ΔoxyHb, ΔdeoxyHb and 
ΔtotalHb are listed for the two sweetened solution with different concentra-
tion.The results represented the group analysis for 16 subjects. 

 
could be found in bilateral dorsolateral PFC, pars trian- 
gularis Broca’s area (Ch2, Ch3, Ch5, and Ch16) for the 
higher one. For ΔtotalHb, Ch7 also showed a significant 
change for the lower concentration, and six channels 
(Ch4, Ch6, Ch12, Ch13, Ch15, and Ch16) showed sig- 
nificant changes for the higher one. In addition, the indi- 
vidual analysis showed that the activated areas of brain 
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Figure 3. Grand average (16 subjects) concentration changes of oxyHb, deoxyHb and totalHb during 5% sweetened solution 
of sucrose. (Hemoglobin concentration changes are exhibited in colors lines: ΔoxyHb, red; ΔdeoxyHb, blue; ΔtotalHb, black). 
 

 

Figure 4. Grand average (16 subjects) concentration changes of oxyHb, deoxyHb and totalHb during 10% sweetened solution 
of sucrose. (Hemoglobin concentration changes are exhibited in colors lines: ΔoxyHb, red; ΔdeoxyHb, blue; ΔtotalHb, black). 
 
are different among all of the subjects under the sweet 
stimuli processing. 

lated to cell energy metabolism. While the functional area 
of human brain is stimulated and activated under some 
task condition, regional brain activation is accompanied 
by increases in regional cerebral blood flow (rCBF) and 
the regional cerebral oxygen metabolic rate (rCMRO2). It 
is widely accepted that the degree of the increases in 
rCBF exceeds that of the increase in rCMRO2 [15], whi- 
ch results in a decrease in deoxyHb in venous blood. The 
fNIRS can measures the concentration changes of oxyHb, 
deoxyHb and totalHb and to reveal the brain activation. 
Owing its strengths and advantages, fNIRS provide an al- 
ternative way to monitor taste-related brain function. The 
present study gave evidence that the fNIRS can be used to 
monitor the human prefrontal cortex activity which is 
respond to sweet taste. 

4. Discussion 

Some traditional neurophysiology and neuro-anatomy 
studies have accumulated a lot of knowledge and theories 
about taste organ, anatomic constitution of taste pathways, 
transduction of taste signal and classification of tastants. 
Most of them depended on autopsy, head injured patients 
and animal experiments. The accumulated knowledge, in 
particular to taste-related brain function, is far from com- 
plete. With the advent of modern neuroimaging tech- 
niques, a wider range of taste-related brain function can 
be monitored more objectively and effectively. Some 
studies have shown that the neuron activity is closely re-  
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In previous studies, two authorized models utilized in 
cognitive experiments using fMRI are a block design 
model and an event-related design model. The experi- 
ments using the block design are simpler to implement 
because careful randomization and spacing of different 
stimulus categories is not required [16]. However, in a 
block design, two or more conditions are alternated in 
blocks in some order, and this makes the type of stimulus 
within each block very predictable, which will interfere 
with experiment result as a consequence. Relatively, the 
latter event-related design is more complex and less se- 
lected for fMRI studies. It permits a randomized presenta- 
tion of stimuli that theoretically reduce confounds arising 
from stimulus predictability. So far, many researches usu- 
ally utilized the block design to do the fMRI experiments 
for investigating the taste-related brain function. And 
some previous studies suggested that when some taste re- 
wards are predictable, brain regions recruited during ex- 
pectation are, in part, dissociable from areas responding to 
reward receipt [17]. Therefore, in present study, the ex- 
periment performed on event-related design so that the 
interference arising from stimulus predictability could be 
avoided effectively.  

To date, the issue of cortex localization of taste cogni- 
tive processing is still on dispute. In nonhuman primate, 
behavioral, ethological and electrophysiological evidence 
suggested that the sense of taste is conveyed via nucleus 
of the solitary tract, thalamus, projected to the primary 
gustatory cortex (anterior insula/ frontal operculum), and 
then further processed in the second gustatory cortex 
which is sometimes referred to orbitofrontal cortex in 
frontal lobe [18]. Furthermore, in humans, some experi- 
ments for investigating gustatory neural circuitry also 
have been done among human and all most of them sup- 
ported the issue above and indicated these areas presented 
above are activated by taste stimuli [19-22]. Especially 
relevant to sweet taste, severed as a signal of energy 
regulation [23] and usually bringing a pleasurable sensa- 
tion, some evidences suggested glucose ingestion could 
improve cognition [24,25] and also have beneficial ef- 
fects on attentional control [26,27]. Furthermore, consid- 
ering its importance, few studies have used EEG, PET, 
fMRI or another neurophysiology and neuroimaging tech- 
niques to examine brain activation pattern associated with 
sweet taste. For instance, evidences for EEG suggests that 
clear right front central activation and caudolateral orbi- 
tofrontal cortex was specifically observed for sweet taste 
[28], while other fMRI or PET studies found increased 
rCBF values in the thalamus, the insular cortex, the ante- 
rior cingulate gyms, the parahippocampal gyrus, the lin- 
gual gyrus, the caudate nucleus, and the temporal gyri, 
especially in the left or bilateral hemisphere [11,20]. To 
summary, these studies reported above suggested that 
sweet taste processing acutely influenced the cerebral ac- 

tivity. However, the mechanism for sweet gustatory sys-
tem is still uncompleted. Hence, our study used fNIRS, a 
new noninvasive neuroimaging technique, to investigate 
the sweet taste cognitive mechanism and results suggested 
the bilateral prefrontal cortex was activated in taste sys- 
tem. To exact, parts of pars triangularis Broca’s area, 
dorsolateral PFC, frontopolar area, and the orbitofrontal 
area was acutely influenced when the participants were in 
the sweet taste condition. Significant activation in orbi- 
tofrontal cortex with subjective pleasantness is consistent 
with an important role for the orbitofrontal cortex in hu- 
man emotion and motivation. The more regions reported 
here is similar to some previous findings but also shows 
some differences for different experimental designs or 
tasks [11-13]. Admittedly, this study has some limitations 
and more evidence is required to clarify this issue. A fu- 
ture NIRS study may overcome the influences induced by 
subjects’ number, taste concentration, persons’ physical 
self [29] or another factors, to further assesse questions 
about taste cortical activation on human brain. 

5. Conclusion 

Taken together, fNIRS, a noninvasive neuroimaging tech- 
nique, created potential for studying a wider variety of 
taste-related brain function under more natural conditions. 
The present study demonstrated that the LPFC is involved 
in representing the subjective pleasantness of tastants, 
which may be important in influencing whether food is 
selected as a goal of action. We also hope the investiga- 
tion will further contribute to the understanding of sweet 
taste cognitive mechanisms and even to provide some 
theoretical evidence for studying on taste dyspepsia and 
disorder. 
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