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ABSTRACT 
To clarify the intrinsic food preference mechanism, we investigated brain neurophysiological responses to un-
pleasant gustatory stimuli using electroencephalogram (EEG) and near-infrared hemoencepalogram (NIR-HEG) 
simultaneously. A conventional delayed response task based on Go/Nogo paradigm was adopted to extract real brain 
response components from spontaneous background signals. We found excessive evoked EEG potential res- 
ponses to both bitter and sour stimuli, while we didn’t find excessive changes in purified water condition. These 
potentials appeared before P3, hence, they potentially predicted unconscious attention to the gustatory stimuli. 
We also identified a late contingent negative variation (CNV) and corresponding P3 for sour stimulus. In addi-
tion, NIR-HEG responses showed relative changes for every stimulus and we considered that these NIR-HEG 
signal changes were attributed to the prefrontal cortex activity for regulating negative emotional valence against 
aversive tastes typically including sour and bitter. 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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1. Introduction 
Event-related potentials (ERPs) are a measure of neural 
activity (derived from the electroencephalogram (EEG), 
recorded from scalp electrodes) that can be recorded 
noninvasively from humans while they perform cognitive 
tasks [1]. The first successfully recorded ERP for taste, 
one of our basic senses, was published nearly half a cen-
tury ago [2]. Since then, numerous studies have been con- 
cerned with the cognitive processes related to gustatory 
system. Some have examined the effects of glucose inge- 
stion on ERP and found that glucose ingestion acutely 
influenced ERP components [3,4]. Moreover, Riby et al. 
(2008) studied neurocognitive correlates of glucose ef-
fects using ERPs and showed that the P3b component  

had a smaller amplitude, shorter latency and duration 
when participants were in the glucose condition [4]. So 
far, many researchers have done a lot of work about gus-
tatory sensation, and some knowledge of taste cognitive 
processing has been accumulated. However, early sen-
sory ERP deflections to taste have been rarely described 
and the results are also on disputed [2]. To our know-
ledge, especially, relatively little is known about the 
neural mechanisms for taste preference. The primary aim 
of the current study was to expend the previous research 
by examining the effect of the aversive taste on cognitive 
performance to get further understanding about the in-
trinsic food preference mechanism. In this study, critic 
acid and caffeine severed as aversive tastants. One im-
portant consideration for the utility of critic acid and 
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caffeine as stimuli is the role they play in cognitive faci-
litation. Caffeine is one of the most widely used stimu-
lants worldwide and is generally thought to provide ben-
efits such as enhanced mental alertness, energy and a 
sense of well-being [5], while the citric acid exists in a 
variety of fruits and vegetables and it is a key player in 
our body’s ability to create energy [6]. Furthermore, ac-
cording to a study in the Journal of Clinical Biochemistry 
and Nutrition, these two aversive tastes may reduce 
physical fatigue and lessen physiological stress. Consi-
dering their importance, although they make people feel 
uncomfortable or unpleasant, it is significant to investi-
gate the cognitive processes related to aversive taste. We 
hope the finding in this study will be effective for inves-
tigating the children’s dietary bias. 

We investigated neurophysiological responses to un-
pleasant gustatory stimuli based on S1-S2 contingent ne- 
gative variation (CNV) paradigm, to clarify the intrinsic 
food preference mechanism. The CNV was one of the 
first ERP components to be described and it is a slow ne- 
gative-going ERP elicited by a warning stimulus that re- 
quires anticipation of a target stimulus [7,8]. After disco- 
very of the CNV, Loveless and Sanford (1975) and Weerts 
and Lang (1973) suggested that the component is quanti- 
fiable into two distinct subcomponents: an “early” CNV 
and a “late” CNV [9,10]. The presence of the early CNV 
is generally thought to be a cortical reflection of control- 
led, rather than automatic, psychological processes in 
response to an S1 that requires anticipation of a subse- 
quent S2 [7,11], while the late CNV is measured just 
prior to the onset of the target stimulus, and reflects the 
additional contribution of cortical resources required for 
motor response preparation [12,13]. To date, there are 
many researches which describe what stimulus characte-
ristics can affect the characteristics of the CNV. For ex-
ample, attention and expectancy, intensity, modality, du- 
ration, stimulus rate, probability, stimulus relevance and 
pitch discrimination can affect the CNV component [14, 
15]. However, there also exist some debates regarding 
which cognitive processing the CNV is associated with. 
Considerable evidence suggested that the early compo-
nent of the CNV of the ERP, thought to reflect anticipat- 
ed cognitive effort, is sensitive to the effortful process that 
contributes to the manifestation of prejudice [16]. Since 
several patterns of cognitive processes are measurable by 
the early, late CNV may be related to the expression of 
the prejudice. In the present study, we expected that the 
S1-S2 CNV paradigm would be adapted to quantify the 
cognitive processing during taste processing for investi-
gating neural mechanisms of taste preference. 

Near-infrared hemoencephalogram (NIR-HEG) is a re- 
latively new HEG neurofeedback system. It covers the 
human prefrontal lobe and can measure changes in the 
local oxygenation level of the blood. By far, this device 
is the simplest neurofeedback system available, which 

provides you succinct, real-time feedback of your brain 
function. In addition, in macaque monkeys, the cortical 
processing of gustatory information takes place in the 
insula/operculum [17,18]. Correspondingly, the orbito-
frontal cortex (OFC) receives projections from the insula/ 
operculum and has been associated with the reward value 
of tastes [19]. Furthermore, similar results have been 
found in human, and increasing researches suggested that 
the lateral prefrontal cortex (LPFC) is closely related to 
taste and other food-related activities [20,21]. The im-
portance of LPFC in taste processing is gradually draw-
ing attention [20]. To date, some studies examined LPFC 
functions with taste and indicated that the LPFC is in-
volved in the taste processing. However, to our know-
ledge, only preliminary steps have been taken to the di-
rect investigation of the underlying neural mechanisms of 
taste, especially for food preference.  

2. Materials and Methods 
2.1. Participants 
5 right handed volunteers participated in the experiments 
(three female and two male). They were between 25 and 
50 years of age. Prior to the recording session, all partic-
ipants completed a health questionnaire and none of them 
had any past or current psychiatric and neurological dis-
eases and self-reported taste disturbance. Participants 
were instructed to fast for two hours but drink normally 
before running experiment. This study was approved by 
the Human Ethics Committee of Health Promotion and 
Education Graduate School of Human Development and 
Environment in Kobe University. Subjects gave written 
informed consent prior to the experiment. 

2.2. Stimuli 
In present study, we selected the sour solution (1% ci-
tricacid) and bitter solution (0.01% caffeine) as tastants. 
The choice of these solutions was based on our previous 
experiments where stimuli with different concentrations 
had been employed. Meanwhile, purified water was se-
lected as a control condition to minimize the artificial 
noise from somatosensory effects, swallowing effects 
and other brain function. 

2.3. Experimental Procedure and Data  
Acquisition 

Before the testing session, each subject received detailed 
instructions regarding the experiment. They were in-
structed to minimize body and brain movement as possi-
ble and asked to remain relaxed throughout the experi-
ment. In order to ensure subjects understood the task 
requirements, pre-experiments were given to practice.  

During the EEG and NIR-HEG recording session, the 
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subjects were seated in a comfortable chair in a quiet 
room (Figure 1). A conventional delayed response task 
paradigm was adopted for detecting neurological signs 
responding to gustatory stimuli. Figure 1 showed the 
experimental protocol as one trail. S1 is a warning signal 
using a click, and S2 seconds later we used another click 
as imperative signal to order the experimenter inject the 
stimulus. The subject tastes the stimulus for 3 seconds. 
Stimulus was manually injected into the subject’s mouth 
via a hand-held syringe connected to a tube in quantities 
of 0.2 ml each time. Each stimulus was presented 30 
times repeatedly and continuously. 

The ERPs were recorded using NeXus-32 and Bio- 
Trace + Software. Electrodes were placed at standard 
positions according to the International 10 - 20 EEG sys-
tem, while the NIR-HEG covered the prefrontal lobe. In 
each condition (purified water, sour solution and bitter 
solution), the EEG was recorded for 2.5 min, and signs 

 

 
(a) 

 
(b) 

Figure 1．The experimental protocol and instruments. (a) 
One trail of the experimental protocol. (b) Experimental 
conditions of EEG and NIR-HEG. 

(5s) were extracted as an average value of 30 times. Data 
was filtered offline between 0.05 Hz and 45 Hz. The in- 
tensity of the stimulus was rated by the subjects as a 
subjective evaluation on the dislike-like scale after the 
EEG session. 

3. Result 
3.1. EEG Data 
Previous research indicated that the P3 component is 
centered on the parietal and central scalp regions while 
the CNV appears most prominently at the vertex and is 
bilaterally symmetrical [15]. Therefore, our analysis fo-
cused on the Cz electrodes. Conversely, the ERP com-
ponents have been shown to be centralized on the central 
scalp. Figure 2 summarized the ERP data response to 
taste stimuli for the Cz position. After averaging the gus-
tatory ERPs recorded, two positive peaks (P1, P2) and 
two negative peaks (N1, N2) were observed in the bitter 
and sour condition. To confirm these gustatory ERPs 
were truly evoked by bitterness and sourness, we also 
examined the potentials evoked by purified water and 
compared it with the components evoked by citric acid 
and caffeine. These peaks, P1, P2, N1, N2, were not 
found in the purified water condition obviously. The am-
plitudes of these responses ranged between 5 and 15 µV, 
and the sour taste elicited responses of greater amplitude 
than bitterness. In present study, we also identified a 
CNV component in a late stage for the sour and corres-
ponding clear P3 (Figure 2(c)).  

3.2. NIR-HEG Data 
Meanwhile, in present study, we had a try to use NIR- 
HEG to monitor the activation of human prefrontal cor-
tex, which plays an important role in human higher cog-
nitive processing. The individual signal changes in he-
moglobin during tasting bitter and sour solutions were 
exhibited in Figures 3 and 4. Figure 3 showed the res-
ponses to bitter stimulus for two subjects. Although they 
showed different responses individually, in general, both 
of them showed a relative decrease of hemoglobin during 
tasting bitter solution. On the other hand, there was a 
relative increase in sour solution processing exhibited in 
Figure 4. In addition, the responses of sourness from 
NIR-HEG also showed more sensitive than those induced 
by bitterness. For statistical analysis, significances be-
tween purified water, bitter and sour solutions respec-
tively could be found in present study. 

4. Discussion 
The primary aim of the current study was to expend the 
previous research by examining the effect of the aversive 
taste on cognitive performance for investigating taste   
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Figure 2．ERPs to taste stimuli. (a) Represents the evoked potential response to water, (b) For bitter taste, and (C) For sour taste. 
  

 
Figure 3. HEG and EEG responses to bitter stimuli (Expe-
riments were performed with two participants). 
 

 
Figure 4. HEG and EEG responses to sour stimulus. (Expe-
riments were performed with four participants). 
 
preference. The results showed some electrophysiologi-
cal early markers appeared during tasting citric acid and 
caffeine, and 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 [20-24]. In 
addition, this study showed the sour taste gave larger rise 
than bitter taste. It may be due to the quality and intensi-
ty/concentration of stimulus, which have been suggested 
to affect amplitude increase of the evoked potential [24]. 

In this study, the effects of aversive taste on the CNV 
wave were assessed in order to explore the utility of the 
CNV as a marker of activity of taste preference. In line 
with the expectations, we identified CNV in a late stage 
for the sour and corresponding clear P3 (Figure 2(c)). 
Between S1 and S2, two waves can be observed, the ear-
ly and the late CNV wave [9,10]. In this study, the late 
CNV wave was investigated in sour solution condition. 
The late CNV is measured just prior to the onset of the 
target stimulus, and reflects the additional contribution of 
cortical resources required for motor response prepara-
tion [16,25]. Especially, relevant to present study, the 
late CNV was suggested to be related to the prejudice for 
sour taste, which matched the subjects’ self-reported that 
sourness made them feel more unpleasant. 

For the second part of this study, we used NIR-HEG to 
monitor the human prefrontal cortex activity during tast-
ing aversive tastes. Previous studies reported taste reward 
areas are located in different OFC region. For example, 
Roll et al. (1988) studies on the responsiveness of neu-
rons in the fontal operculum gustatory cortex and found 
the firing rates of neurons in OFC are modulated by 
hunger and satiety. It suggested the OFC region represent 
the gustatory reward value [18]. O’Doherty et al. (2001), 
using fMRI, showed the individual differences for areas 
activated glucose and salt and the group analysis indi-
cated the inferior medial OFC responds to changes in 
pleasantness associated with eating [26]. There are also 
another studies researching on the LPFC function with 
taste based on different task and design. Anyway, these 
physiological studies have focused on a variety of issues, 
but all of them reported that the OFC contains a signifi-
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cant cortical taste projection area. We believed the PFC 
plays a critical role in modulating taste information 
processing, and the experiment here indicated the pre-
frontal cortex was involved in sour and bitter taste cogni-
tive processing, which was consistent with previous 
findings. In future work, we will do more investigation to 
get more specific information of human prefrontal work 
about gustatory system. 

In present study, we used sour solution (1% citric acid) 
and bitter solution (0.01% caffeine) as gustatory stimuli. 
Future work will be needed to examine whether the am-
plitudes and latencies of the gustatory ERPs peaks are 
dependent on the taste qualities (such as sweet, salt and 
umami) or the concentration. In addition, it must be ad-
mitted that our study was performed on 5 participants 
and there is a possibility that the ERPs amplitude is un-
der the level of statistical significance. We will extend 
our experiments among more subjects to explore this 
possibility in the future. 

5. Conclusion 
Taken together, we reported an EEG study to investigate 
taste preference using aversive stimuli. The early mark- 
ers before P3 were related to sour and bitter taste and we 
considered they would be unconscious about the elec- 
trophysiological early markers for attention. Especially, 
the CNV appeared to be a biomarker for taste preference. 
Furthermore, this study gave further evidence which sup- 
ported that the prefrontal cortex was involved in taste 
cognitive processes using NIR-HEG. Since this study 
was a pilot, we would extend such investigation to fur- 
ther more participants having various food preferences. 
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