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Abstract  

Introduction: Activation of brain in living environment where elders spend much of their time in daily life leads to 

nursing care prevention. Different environments would modulate the central fatigue. Meanwhile, previous studies 

suggest that music can suppress central fatigue by activating the reward system accompanied with dopaminergic 

pathways. We here neurophysiologically investigated whether this hypothesis would be feasible. 

Method: 2 kinds of experiments were carried out in this research and both of them used continuous performance 

test (CPT) included 3 types of tasks. In the first experiment, heart rate variability (HRV) was also measured. In 

the second experiment, throughout the background music presentations which were including pleasant and 

unpleasant music chosen by the subjects, we measured the EEG, Near-infrared hemoencephalogram and galvanic 

skin conductance. Before and after the CPT tasks, salivary amylase was also measured to evaluate the stress level 

changes. 

Results: In Experiment 1, it showed that the subjects gave the shortest response time under the voice environment, 

and LF/HF in the quiet environment showed the lowest which means in this environment, the participants 

suffered the smallest stress.  

In Experiment 2, throughout various back-ground music presentations, we found that higher bilateral fundamental 

brain activities (FBAs) correlated with higher work scores. The condition of providing higher FBA was entirely 

dependent on music preference of subjects. Music belonged to a specific category (jazz in this experiment) was 

more effective than the pleasant music according to subject’s choice. 

Keyword: living environment CPT HRV background music NIRS EEG 

 

Introduction  
Nowadays, superfluous stress is a serious 
problem in our society. It leads to plenty 
of health disorders and one of them is 
causes the central fatigue. From the 
previous researches, it has already been 
known that central fatigue caused by the 
stress causes the decrement serotonin 
which is related to dopamine [1,2]. 
Meanwhile, it also has other reasons 
cause central fatigue such as exercises 
which because the decrement of the 
dopamine [3]. Listening to music is a 
complex cognitive task and implicates 
processing and integration of meaningful 

elements including harmony, rhythm or 
melody [4]. Previous studies have 
reported that music can activate the 
reward-related brain network systems, 
while the most favorite music could 
increase the content of dopamine [5]. 
Before proving that whether the most 
preferable music would maintain the 
cognitive performances, it is also very 
important to evaluate the activation of 
brain functions in the proper environment. 
Therefore, in this research, 2 experiments 
were included to prove the hypothesis.  
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. Method  
1. Experiment 1 
10 healthy participants (6 males, 4 
females) aged from 23 to 38 years old 
(mean 30 years old, SD= 4 years old) had 
joined for our study, and none of them 
had previous records of serious cardiac 
diseases. 
3 environments had been prepared in this 
experiments which including quiet 
environment, voice environment which 
means human voices are in the 
background and noise environment 
The experiment was carried on between 3 
to 5 o’clock in the afternoon which was 2 
hours after the lunch.  
A simple Single Response Time (SPT) 
scheme which included in CPT 
examination was carried out in this 
experiment.  
A wearable EEG sensor (Union Tool. Co.) 
operated to monitor heart beats for 
numerically evaluating the autonomic 
nerve activities which were derived from 
a series of measured heartbeat intervals. 
 
2. Experiment 2 
7 healthy subjects (6 females, 1 male) 
whose average age is 26, (SD =3) 
participated in this pilot experiment. The 
participants had no previous record of 
both mental disorders. 
An experimental procedure was designed 
about 30 minutes once a time (Fig.1). 
EEG cap which including 16 channels, 
Near-infrared spectroscopic 
hemoencephalogram (NIRS-HEG), 
galvanic skin conductance (SC) (NeXus) 
were set up and measured during the 
entire experiments. The background 
music which including unpleasant, 
pleasant music and Jazz started and the 
subjects did a salivary amylase 
measurement (salivary amylase monitor) 

directly before the CPT test. The music 
was chosen by the subjects. After the CPT 
test which lasted 17 minutes, the subjects 
did the salivary amylase measurement 
again then had a 5 minutes rest. 

 

Fig.1 Protocol for investigating cognitive 

performance by the different background music 

 
. Results  

1. Experiment 1 

Table 1 The raw data of the response time under 

the 3 environments.  

 

From the data above, we can obviously 
find that most of the subjects gave us the 
shortest response time was in the voice 
environment (in the laboratory).  
According to the whole data, LF/HF in 
the quiet environment showed the lowest 
which means in this environment, the 
participants suffered the smallest stress. 
Furthermore, LF/HF became larger as the 
changes among quiet, voice and noisy 
environment. 
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2. Experiment 2 
Because the differently burdened stress 
between doing and without doing tasks 
when listening to the music, firstly, the 
subjects listened to the music only for the 
neurophysiological responses. Results of 
GSR and HEG were showed as follows 
(Fig.2). 
Although both increment and decrement 
were appeared during the unpleasant and 
pleasant music, it showed that under the 
unpleasant music, GSR changed larger 
than under the pleasant music.  
The figure showed that during the 
unpleasant music, the HEG was 
decreasing while during the unpleasant 
music, it was increasing.  
The results of CPT task (Table 2) showed 
that under the pleasant music, the 
response time was shorter than under the 
unpleasant music and got the statistically 
significant difference (p=0.009). 
The average value of SA showed that 
under the unpleasant music, it was larger 
(1.014) than under the pleasant music 
condition (1.0089) but it was not getting 
the statistically significant difference. 
However, we confirmed the results 
indicated that pleasant music could 
reduce the scores of SA during the CPT 
task. 

 
Fig.2 Neurophysiological responses to different 

background music  

 
 

One of the subjects did the CPT task 
under 3 kinds of music which including 
unpleasant, pleasant music and Jazz and 
the results showed as follows (Fig.3): it 
showed that under the unpleasant music, 
the right part of the occipital cortex (O2) 
was much more active compared with the 
left part (O1) and under the pleasant 
music, the right part was a little bit active 
while under the Jazz, both left and right 
were activate. 

 
Table 2 The results of CPT task and salivary 

amylase 

 
Fig.3 The changes of HEG and FBA under the 

background music 

. Discussion 
In this study, we identified the modulation 
of central fatigue under different 
background music. From the result of 
CPT task, we approved that the most 
favorite music could help the subjects 
maintained cognitive performance.  
Under the unpleasant music, HEG was 
increased because the unpleasant music 
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led to the decrement of serotonin which 
made the subjects feel painful while 
under the pleasant music, the increase of 
the content of dopamine could control the 
central fatigue.  
CPT scores were maintaining the brain 
functions and during the sustained 
attention task, the largest cluster of 
activation was found in the frontal lobe 
and, in particular, in the anterior 
cingulated cortex (ACC). The ACC plays 
a central role in attention processing by 
modulating target selection, motor 
response selection, error detection, and 
performance monitoring [6-9]. From the 
result, only under the Jazz, the activation 
both appeared in the left and right 
occipital cortex, otherwise, only the right 
part showed the activation during the task 
[10]. O1, O2 bilateral activity for Jazz 
maintain the CPT high scores are still 
unknown and we will be necessary for 
addressing this issue in the future study. 
The reason why salivary amylase 
decreased should be considered that when 
subjects did the CPT task which was a 
cognitive behavior, it needed the 
dopamine to control the central fatigue, 
on the other hand, listening to the music 
also a behavior which needed the 
dopamine, which finally led the 
decrement of the serotonin and made 
decrement of salivary amylase. 
 

. Conclusion  
The data from this experiment indicated 
that under the pleasant music, the 
response time according to the CPT task 
could be considered to maintain the 
cognitive performance. And under a 
special music (Jazz in this experiment) 
could activate the brain functions. 
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Abstract:  
The aim of this study was to investigate neurophysiologic responses to pleasant and aversive tastants using 
electroencephalogram (EEG) and functional near-infrared spectroscopy (fNIRS) to clarify the intrinsic food preference 
mechanism. The pleasant stimulus used was sweet taste and unpleasant stimuli were sour and bitter taste. We found the early 
markers before P3 were related to sour and bitter taste and considered they would be unconscious electrophysiological early 
markers for attention. And the prefrontal cortex was involved the sweet and sour taste cognitive processing.  
Keywords: electroencephalogram, functional near-infrared spectroscopy, taste preference, pleasant taste, aversive taste. 
 
Introduction 
Recently, the prevalence of taste diseases which caused by 
aging society and the changes of the diet structure, such as 
anorexia nervosa, dyspepsia and taste disorder, appears to 
be increasing[1]. Although these diseases are not 
life-threatening diseases directly, they have a strong impact 
on our quality of life. For this reason, the interest in 
understanding gustatory processing is growing, not only 
for basic science, but also for applications. 

With the rapid developments of electrophysiology or 
neuroimaging techniques, many insights have been gained 
about the sensory function of brain. So far, some 
researchers have done a lot of works about gustatory 
sensation and some knowledge of taste cognitive 
processing has been accumulated. But compared with some 
other sensory such as olfaction, vision and audition, 
relatively little is known of how the human brain process 
taste. And the results are also on disputed.  

In present study, we investigated the neurophysiological 
responses to pleasant and aversive tastants, using 
electroencephalogram (EEG) and functional near-infrared 
spectroscopy (fNIRS) to clarify the intrinsic food 
preference mechanism. 
 
Materials and methods 
Different taste-related brain function experiments were 
carried out as part of present study.  
Experiment 1 measurements were made for a group of 
five healthy subjects, aged from 26 to 28 years, using a 21 
channels electrode cap and NIR-HEG simultaneously. We 
selected the sour solution (1% citricacid) and bitter 
solution (0.01% caffeine) as tastants. Meanwhile, purified 
water was selected as a control condition to minimize the 
artificial noise from somatosensory effects, swallowing 
effects and other brain function. For the EEG and 
NIR-HEG recording session, the subjects were seated in a 
comfortable chair in a quiet room. A conventional delayed 
response task paradigm was adopted for detecting 
neurological signs responding to gustatory stimuli. The 
experiments begun with a click, a warning signal, and 2 
seconds later we used another click as imperative signal to 

order the experimenter inject the stimulus. Each stimulus 
was presented 30 times repeatedly and continuously. The 
ERPs were recorded using NeXus-32 and Bio Trace+ 
Software. In each condition (purified water, sour solution 
and bitter solution), the EEG was recorded for 2.5 min, and 
signs (5s) were extracted as an average value of 30 times. 
Data was filtered offline between 0.05Hz and 45Hz. The 
intensity of the tastants was rated by the subjects as a 
subjective evaluation on the dislike-like scale after the 
EEG session. 
Experiment 2 To investigate more information about 
higher cognitive processing of taste, an fNIRS sensor of 
OEG-16 was used to monitor the prefrontal cortex 
activation during taste processing among 16 healthy 
volunteers (Fig1). Sweetened and acidic solution was 
selected as pleasant and aversive stimuli. The subjects were 
seated in a comfortable armchair in a quiet room. During 
the experiment, the subjects were asked to try to relax for 
40 seconds. Following this, purified water, in quantities of 
8 ml, was manually injected into the subject’s mouth via a 
hand-held syringe connected to a tube. The subject held the 
stimulus in the mouth for 25 seconds. After the task, the 
subject rinsed off his/her mouth with purified water. Then 
they continued to run the same process with other two 
stimuli, sweetened and acidic solution. Oxygenated 
hemoglobin, deoxygenated hemoglobin, and total 

Fig.1 OEG-16 channels arrangement. The channels covered
inferior frontal gyrus, middle fontal gyrus, superior frontal
gyrus and the lateral orbitofrontal gyrus. 



－  －

第15回人間情報学会講演会ポスターセッション（2013.9.19）

hemoglobin 
 were calculated from the output signals. In 

this case, the  data was select for the following 
statistical processing.  
 
Results and Discussion 
Experiment 1 Fig 2 showed the ERP component to taste 
stimulus. The results showed the main or interaction effects 
were observed for the P1, N1, N2 and P2 on the bitter and 
sour condition, which are not found on the control 
condition clearly. Therefore, we suggested that these 
components we found would be only attributed to sour and 
bitter tastes. As these potentials appeared before P3, we 
considered they would be unconscious electrophysiological 
early markers for attention. The early sensory ERP 
deflections to taste found in present study were in 
agreement with previous researches, which reported P1,P2 
and N2 were observed for salt, glucose and electric taste 
[2,3]. 

We also identified a contingent negative variation (CNV) 
component in a late stage for the sour (Fig2 C). Relevant to 
present study, the late CNV was suggested to be related to 
the prejudice for sourness, which matched the subjects’ 
self-reported sourness made them feel more unpleasant [4].  
Experiment 2 with the help of analysis of variance, we 
observed different lateral prefrontal cortex areas across 
different tasks. the group analysis showed the ROI 
(tasteless-sweetness) included the regions of one part of the 
frontopolar area, orbitofrontal area and dorsolateral 
prefrontal cortex, while the ROI (tasteless-sourness) 
overlapped the area activated by sweetness (ch3, 4, 6 and 
11) and also showed some another foci (ch5, 9 ,10 and 13). 
Thus, we conclude that, in some sense, these regions in the 
prefrontal cortex of human brain are involved in the 
perception of sweetness and sourness in taste system. 
Another novel finding of this study is that the difference 
between sweet and acidic taste appeared in parts of the 
dorsolateral prefrontal cortex in the right hemisphere (ch3 
and 4), frontopolar area in the left hemisphere (ch4) and 
the orbitofrontal area in bilateral hemisphere (ch6 and 11). 
This provides new evidence to support the issue that 
human prefrontal area is involved in the discrimination of 
taste qualities. 

Up to now, the issue of cortex localization of taste 
cognitive processing is still on dispute. While many 
neuroimaging studies have shown the right prefrontal 
cortex was involved in perception and recognition of 
gustatory stimuli [5, 6], some studies have shown bilateral 

or left areas were activation [7]. Results found in this 
experiment are similar to some previous studies suggesting 
the bilateral prefrontal cortex is activated in taste system. 
However, this study has some limitations, and more 
evidence is required to clarify this issue. A future NIRS 
study may overcome the influences induced by taste 
quality, persons’ physical self to further assesse questions 
about taste cortical activation on human brain. 
 
Conclusion 
Taken together, we reported the EEG and fNIRS study to 
investigate taste preference using pleasant and aversive 
stimuli. The early markers before P3 were related to sour 
and bitter taste and we considered they would be 
unconscious electrophysiological early markers for 
attention.  And the prefrontal cortex was involved the 
sweet and sour taste high cognitive processing. In future, 
we will extend such investigation to more participants 
having various food preferences. 
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Fig.2 ERPs to taste stimuli. A represents the evoked potential response to water, B for bitter taste and C for sour taste. 
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