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Electric tastes can present various taste modulation effects using stimulation waveforms.
Presenting and stopping cathodal stimulation or presenting anodal stimulation, for example,
can enhance the saltiness of foods and drinks. If the taste of low-sodium foods improves
because of these effects, it can provide low-sodium dieters with both mental satisfaction and
nutritional health benefits. However, no studies on the effect of saltiness enhancement on
electric taste in low-sodium dieters have been conducted. In this study, we first designed and
investigated a stimulation waveform suitable for saltiness enhancement of low-sodium foods.
This stimulation waveform combined the effects of presenting and stopping cathodal
stimulation and presenting anodal stimulation and showed a saltier enhancement than the
existing waveforms. Next, we conducted an experiment with individuals whowere or had been
on a low-sodium diet. In this experiment, the effect of saltiness enhancement on the proposed
stimulation waveform was investigated using saltwater gel samples with the same saltiness as
low-sodium and ordinary foods. The results suggest that presenting the proposed stimulation
waveform when eating foods with a 30% reduction in salt content can present a saltiness
equivalent to that of ordinary foods. Furthermore, the discomfort causedby electrical stimulation
was not severe enough to be a problem for most participants. Finally, assuming the use of
electric tastes in daily life, this study attempted to qualitatively analyze the changes in saltiness
intensity and flavor of low-sodium miso soup.
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1 INTRODUCTION

Electric tastes can present various taste modulation effects by developing stimulation waveforms or
presentation methods. The use of electric tastes to control saltiness has been extensively studied. For
example, Ranasinghe et al. showed that by placing both cathode and anode electrodes on the tongue and
applying a square pulse wave, saltiness is presented (Ranasinghe et al., 2012). Furthermore, by
incorporating the same stimulation presentation mechanism into cups, chopsticks, and bowls, they
could enhance the saltiness of food and drinks (Ranasinghe et al., 2017; Ranasinghe et al., 2019). Nakamura
and Miyashita proposed a method for enhancing saltiness using cathodal stimulation by placing the
cathode near the tongue and anode on the human body, such as the hand or arm (Nakamura and
Miyashita, 2013b). Cathodal stimulation suppresses saltiness during presentation and increases saltiness at
the time of stopping (Nakamura and Miyashita, 2013a). Additionally, cathodal stimulation with
continuous square waves can enhance saltiness (Sakurai et al., 2017). The mechanism of taste change
induced by cathodal stimulation is thought to involve ion migration (Aoyama et al., 2017; Sakurai et al.,
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2017). In contrast, anodal stimulation, in which the anode is placed
near the tongue whole the cathode is placed on the human body, can
enhance saltiness (Nakamura et al., 2021). Furthermore, anodal
stimulation has a significant effect on saltiness enhancement than
continuous square waves cathodal stimulation. Aruga and Koike also
showed that anodal stimulation during soup eating can enhance the
saltiness (Aruga and Koike, 2015). Saltiness can be enhanced using
various electrical taste methods.

If the taste of low-sodium foods is enhanced using the above-
mentioned salty enhancement effect of electric taste, it can provide low-
sodium dieters with both mental satisfaction and nutritional health
benefits. However, no studies on the effect of saltiness enhancement on
electric taste in low-sodium dieters have been conducted.

In this study, we designed and investigated a stimulation
waveform suitable for saltiness enhancement of low-sodium foods
and demonstrated it in low-sodium dieters. First, we designed a new
stimulation waveform combining the effect of presenting and
stopping cathodal stimulation with the effect of presenting anodal
stimulation and tested it. The results showed that the proposed
stimulation waveform had a higher saltiness enhancement effect than
the conventional stimulation waveform. Following that, we
conducted an experiment with 36 participants (43–65 years old,
2–300months of salt reduction) who were currently or had
previously followed a low-sodium diet. The participants were
asked to use a visual analog scale (VAS) to rate the intensity of
saltiness with and without electric taste using saltwater gel samples
with the same saltiness as low-sodium and ordinary foods. On a 5-
point scale, they were also asked to rate the discomfort caused by
electrical stimulation. As a result, presenting electric taste to a
saltwater gel sample simulating low-sodium food significantly
increased the saltiness of the food. Additionally, the saltiness
intensity was comparable to a saltwater gel sample with the same
saltiness as ordinary foods. Furthermore, for more than 80% of the
participants, the level of discomfort caused by the electrical
stimulation was not at a level that would pose a practical
problem. Moreover, this study attempted to qualitatively analyze
the changes in saltiness intensity and flavor of low-sodiummiso soup,
assuming the use of electric tastes in daily life. As a result, not only did
the saltiness increase, but the taste was also enhanced.

The contributions of this study are as follows.

1) Design and investigation of a new stimulation waveform
suitable for enhancing the saltiness of low-sodium foods.

2) An experiment on the saltiness enhancement effect of electric
tastes on saltiness in low-sodium dieters. Demonstration that
electric taste can reduce salt by 30%, and that discomfort from
electric stimulation is not a practical problem for more than
80% of participants.

3) Qualitative evaluation of the saltiness enhancement effect of
electric taste using a low-sodium miso soup.

2 MATERIALS AND METHODS

In this section, we describe the design of an electrical stimulation
waveform that enhances the saltiness of low-sodium foods, a
preliminary study, and a demonstration of low-sodium dieters.

2.1 Design of Electrical Stimulation
Waveform
In this study, we designed an electrical stimulation waveform that
switches from cathodal to anodal stimulation to enhance the
saltiness of low-sodium foods. The waveforms are shown in
Figure 1. Two types of stimulation waveforms were prepared
with a maximum current of 0.5 and 0.3 mA. Participants in
Experiments 1 and 2 used the stimulation waveform with a
maximum current of 0.3 mA if they felt that a discomfort
caused by the stimulation waveform with a maximum current
of 0.5 mA was strong.

The intent of the stimulation waveform design and possible taste
modulation effects are described in the order of the time scales. First,
cathodal stimulation was presented at 0.3 s of ease-in. This is done to
avoid pain stimulus from sudden changes in current by gradually
presenting electrical stimulation. Next, a cathodal stimulation was
presented for 0.5 s, followed by 0.4 s reversal to anodal stimulation. At
this point, the saltiness enhancement effect caused by presenting and
stopping cathodal stimulation and presenting anodal stimulation
occurred sequentially. This resulted in a stronger saltiness
enhancement effect at the reversal time of 1.2 s. We also designed
a gradual current change of 0.4 s during the reversal stimulation from
cathodal to anodal. This was to prevent pain stimulus caused by a
sudden change in the current value by presenting the electrical
stimulation gradually as well as the ease-in.

2.2 Preliminary Experiments
In this section, we describe the preliminary experiments on
the electrical stimulation waveform proposed in Section 2.1
(proposed waveform). The goal of the preliminary experiment
is to confirm the proposed waveform’s effectiveness. As a
result, we compared the saltiness enhancement effect and
discomfort caused by electric stimulation between the
proposed and conventional waveforms. Two preliminary
experiments were conducted with the three authors of this
study, who were familiar with the principles and effects of
electric tastes. In preliminary Experiments 1 and 2, only the
experimental conditions differed among the designs described
in Section 2.2.3.

FIGURE 1 | Proposed stimulation waveform. 0.3 s ease-in was followed
by a 0.5 mA (0.3 mA) cathodal stimulation for 0.5 s. Then, 0.5 mA (0.3 mA)
anodal stimulation was presented.
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2.2.1 Equipment
We used the TasteSynth system (Kaji and Miyashita, 2021). The
configuration of the system is shown in Figure 2. The system is
composed of PC software and a current output device that can
output and stop the electrical stimulation waveform using the PC
software. The current output unit is a constant current circuit
with noise-reduction circuit.

A chopstick-shaped device was used to present the electrical
stimulation waveforms. The device and its structure are shown in
Figure 3. The chopstick device had a copper electrode on the
hand side and a titanium electrode on the mouth side, and each
electrode was connected to the current output device
independently. When food is ingested, a circuit is formed in

the human body, and electrical stimulation can be applied to the
tongue.

2.2.2 Task
Participants placed a saltwater gel sample on their tongue using a
chopstick device and evaluated the saltiness intensity and
discomfort caused by the electrical stimulation at the time
cued by the experimenter. A 100 mm VAS was used to
evaluate the saltiness intensity (Figure 4). The VAS was set as
follows: water gel sample at the left end, 0.56% saltwater gel
sample at the center, and 1.12% saltwater gel sample at the right
end. Participants were asked to check the saltiness of the samples
in advance. The participants were instructed to draw a line on the
VAS sheet by hand, where the salty taste was closest to the one
they perceived at the time the experimenter signaled.
Additionally, the participants were asked to rate the
discomfort on a 5-point scale as follows: 1: none, 2: low (not
bothersome), 3: mild (bothersome in daily life, but not
unbearable), 4: moderate (bearable in tests, but unbearable in
daily life), 5: severe (unbearable). During the evaluation, it was
possible to check the taste as many times as was desired. However,
the gel sample that was used once for taste check was not used
again, and a new gel sample was used each time.

2.2.3 Design
The following eight conditions were used in the preliminary
Experiment 1.

1) 0.56% saltwater gel sample [proposed waveform (0.5 mA)]
2) 0.56% saltwater gel sample [proposed waveform (0.3 mA)]
3) 0.56% saltwater gel sample [reversed from cathode to anode

(0.5 mA)]
4) 0.56% saltwater gel sample [presenting and stopping cathodal

stimulation (0.5 mA)]
5) 0.56% saltwater gel sample [presenting anodal stimulation

(0.5 mA)]
6) 0.56% saltwater gel sample [cathodal stimulation with

continuous square wave (0.5 mA, 10 Hz)]
7) 0.56% saltwater gel sample (no stimulation)
8) 0.80% saltwater gel sample (no stimulation)

Three sets (18 trials) of eight conditions were conducted. In
each set, the above conditions were performed in order from top
to bottom, because the participants had an understanding of
electric taste and could perceive the conditions.

Additionally, the following two conditions were used in the
preliminary Experiment 2.

1) 0.56% saltwater gel sample [proposed waveform (0.8 mA)]

FIGURE 2 | Current output device configuration (Kaji and Miyashita,
2021).

FIGURE 3 |Chopstick device and its structure. (A)Chopstick device. (B)
Structure of a chopstick device (Kaji and Miyashita, 2021).

FIGURE 4 | Visual analog scale (VAS) used in the experiment.
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2) 0.56% saltwater gel sample [reversed from cathode to anode
(0.8 mA)]

Three sets (six trials) of two conditions were conducted. As in
preliminary Experiment 1, the above conditions were performed
from top to bottom.

The saltwater gel samples were cubes of approximately 1.5 cm
per side at room temperature and were provided on white paper
plates. The concentrations of the saltwater gel samples were
determined by referring to the literature (Makino, 1998;
Matsuda, 2017), 0.56% saltwater gel sample was set as the salt
concentration of low-sodium food, and 0.80% saltwater gel
sample was set as the salt concentration of ordinary food. The
saltwater gel samples were prepared by boiling and dissolving a
solution of 0.80 wt% or 0.56 wt% sodium chloride and 0.80 wt%
agar (“powdered agar S-7”manufactured by Ina Food Industries),
and then cutting into 1.5 cm squares.

The waveform, as shown in Figure 1, Figure 5, was used for
the electrical stimulation. In preliminary Experiment 1, we
presented the proposed waveform, the waveform that reverses
from the cathode to the anode (without the ease-in process and
gradual stimulation process of the proposed waveform), and the
conventional waveform that was used in related studies. In
preliminary Experiment 2, the proposed waveform with the

maximum current set to 0.8 mA and the waveform that
reverses from the cathode to the anode (without the ease-in
process and gradual stimulation process of the proposed
waveform) are presented.

In the electrical stimulation conditions, the stimulation was
presented in the following order. First, the experimenter
confirmed that the participant placed the saltwater gel sample
on the tongue correctly and then began the output of the electrical
stimulation. Second, the experimenter signaled the participants at
approximately 1.2 s after the start of the stimulation waveform
presentation to evaluate the taste. In the no stimulation condition,
the experimenter cued the participants when approximately 1.2 s
had elapsed after confirming that they had placed the gel sample
correctly on their tongue and asked them to evaluate the taste of
the timing.

2.2.4 Procedure
First, the participants checked the saltiness of the three VAS
reference points. Subsequently, the task was initiated. When
evaluating saltiness, participants were instructed to stick
chopsticks into the gel, keep the food on their tongue, and lick
it without chewing. The 0.56% saltwater gel sample, which was
the center of the VAS, could be tasted at any time during the
experiment. Participants were instructed to drink water between
each task to prevent confusion.

2.3 Results of Preliminary Experiments
2.3.1 Results of Preliminary Experiment 1
The results of the evaluation of the saltiness intensity for each
condition are shown in Figure 6. The bar graph shows each
participant’s average value of the evaluation for each condition.
The results of the discomfort caused by electrical stimulation are
shown in Figure 7.

2.3.2 Results of Preliminary Experiment 2
The results of the evaluation of the saltiness intensity for each
condition are shown in Figure 8. The bar graph shows each
participant’s average value of the evaluation for each condition.
The results of the discomfort caused by electrical stimulation are
shown in Figure 9.

2.4 Discussion of Preliminary Experiments
In preliminary Experiment 1 (Figure 6), the saltiness intensity of
the 0.56% saltwater gel sample [proposed waveform (0.5 mA)]
condition had the highest among all conditions for all three
participants. Furthermore, in all trials, the evaluation of electrical
stimulation discomfort (Figure 7) was less than three: mild
(bothering in daily life, but not unbearable). Therefore, we
believe that the proposed waveform (0.5 mA) is best for
enhancing the saltiness of low-sodium foods.

According to preliminary Experiment 1 (Figure 6), all three
participants preferred the salty taste of the 0.56% saltwater gel
sample [proposed waveform (0.3 mA)] condition to the 0.56%
saltwater gel sample (no stimulation) condition. Additionally, the
0.56% saltwater gel sample [proposed waveform (0.3 mA)] had a
higher saltiness evaluation than that of the 0.80% saltwater gel
sample (no stimulation). Therefore, the proposed waveform

FIGURE 5 | Waveform used in the preliminary Experiments. (A) and (B)
Preliminary Experiment 1, (C) Preliminary Experiment 2.
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(0.3 mA) is suitable for enhancing the saltiness of low-
sodium foods.

Additionally, for evaluating the discomfort caused by electrical
stimulation in preliminary Experiment 2 (Figure 9), the proposed
waveform (0.8 mA) condition was evaluated to be lower than the
waveform reversed from the cathode to the anode (0.8 mA) in

seven out of nine sets. The evaluations were equal in the
remaining two sets. From these results, we believe that the
ease-in or gradual current change in the proposed waveform
could alleviate the discomfort caused by electric stimulation.

Based on these results, we decided to conduct this experiment
using the proposed waveform (0.5 mA) and proposed waveform

FIGURE 6 | Evaluation results of saltiness intensity in preliminary study 1. The bar graph shows the average value of the evaluation of each condition for each
participant.

FIGURE 7 | Evaluation results of discomfort for each condition in the preliminary experiment 1. The numerical values indicate 1: none, 2: low (not bothersome), 3:
mild (bothersome in daily life, but not unbearable), 4: moderate (bearable in testing, but unbearable in daily life), and 5: severe (unbearable).
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(0.3 mA). In this experiment, the proposed waveform (0.3 mA)
was used for participants whose discomfort from electric
stimulation was high in the proposed waveform (0.5 mA).

2.5 Experiment 1
This experiment aimed to investigate the effect of salt reduction
on people who follow a low-sodium diet using the salt
enhancement effect of the electric taste. In this study, we
quantitatively investigated the saltiness enhancement effect of
electric taste using salt-water gel samples with the same saltiness
as low-sodium and ordinary foods. The equipment and task are
the same as in Section 2.2.1, Section 2.2.2, respectively.

2.5.1 Participants
This study was conducted with the approval of the Research
Ethics Committee for Research Involving Human Subjects of
Meiji University Educational Corporation and the Research
Ethical Review Committee of Kirin Holdings Company, Ltd.
Before the experiment, the participants were fully informed
about the purpose of the study, and written consent was
obtained. Participants were allowed to withdraw their consent
at any time during the experiment and discontinue the study.

Participants self-reported that they were currently or had been
following a low-sodium diet in their daily lives. The experimental
lasted from the middle of August to the beginning of October.
Participants were recruited from the registered monitors of a

research company. The total number of participants in the
experiment was 36 (age range 43–65 years, mean age
58.3 years, 23 males and 13 females, duration of salt reduction
2–300 months). One participant had missing data, and four had
problems in performing the experiment, such as not being able to
eat with chopsticks or licking gel samples; therefore, the
experiment was stopped before the start of Experiment 1.
Thus, 31 participants were included in Experiments 1 and 2.
Participants were paid 5,000 yen as an honorarium.

2.5.2 Design
The following three conditions were used.

1) 0.80% saltwater gel sample (no stimulation)
2) 0.56% saltwater gel sample (no stimulation)
3) 0.56% saltwater gel sample (electrical stimulation)

The participants performed six sets (18 trials), each with three
conditions. To account for order effects, each condition was
evaluated an equal number of times for all possible orders.
These conditions were not disclosed to participants during the
experiment. The salt water gel samples were subjected to the same
conditions as described in Section 2.2.3.

For electrical stimulation, we used the stimulation waveform
described in Section 2.1. Participants experienced the proposed
waveform (0.5 mA) before performing the task. If the participants

FIGURE 8 | Evaluation results of saltiness intensity in preliminary study 1. The bar graph shows the average value of the evaluation of each condition for each
participant.

FIGURE 9 | Evaluation results of discomfort for each condition in the preliminary experiment 1. The numerical values indicate 1: none, 2: low (not bothersome), 3:
mild (bothersome in daily life, but not unbearable), 4: moderate (bearable in testing, but unbearable in daily life), and 5: severe (unbearable).
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did not experience any severe discomfort, they performed the
experiment using the proposed waveform (0.5 mA). However,
when the participants stated that the electric stimulation caused
them severe discomfort, the experiment was conducted using the
proposed waveform (0.3 mA). The presentation method of the
electric stimulation was the same as that described in
Section 2.2.3.

2.5.3Procedure
The participants were trained on the timing of the evaluation and
how to describe their taste. First, the participants experienced
three salty taste points, which were the criteria for the VAS. Next,
the participants experienced a 0.56% saltwater gel sample (with
electrical stimulation) under the same conditions as in this test
and then performed the task. When evaluating saltiness,
participants were instructed to stick chopsticks into the gel,
keep the food on their tongue, and lick it without chewing.
After a 3-min break, the task of this experiment was started.
In this experiment, a 3-min break was provided for every two sets.
The 0.56% saltwater gel sample, which was the center of the VAS,
could be tasted at any time during the experiment. Participants
were instructed to drink water between each task to prevent
confusion.

2.6 Experiment 2
The purpose of Experiment 2 was to qualitatively evaluate the
saltiness enhancement effect and the change in flavor that can be
obtained by presenting an electric taste sensation when eating or
drinking low-sodium food. Therefore, we conducted an
experiment using low-sodium miso soup. The equipment and
participants were identical to those in Section 2.2.1 and Section
2.5.1, respectively.

2.6.1 Task
Participants dipped the tip of the chopstick device into a cup of
low-sodium miso soup and sipped it, evaluating the discomfort
caused by electrical stimulation at the time the experimenter
signaled. Additionally, they freely described the overall taste and
deliciousness of food at that time. The evaluation method for
discomfort was the same as that described in Section 2.2.2.

2.6.2 Design
The following two conditions were used.

1) no stimulation
2) electrical stimulation

The electrical stimulation and presentation methods were the
same as those described in Section 2.5.2. Participants evaluated
each condition once. The experiment was conducted in the
following order: no stimulation followed by electrical
stimulation. These conditions were not disclosed to
participants during the experiment.

For the low-sodium miso soup, we used commercially
available miso soup diluted to 1.5 × the prescribed amount
(using seasoned miso from “low-salt miso soup supervised by
Tanita Shokudo” manufactured by Marukome). The salt

concentration of the miso soup was measured using a salt
meter (“SO-304 Electronic Salt Meter” manufactured by
TANITA), and the salt concentration was 0.30%. Miso soup
was served at room temperature in a white-paper cup.

2.6.3 Procedure
Participants were given instructions, then asked to perform the
task before writing a comment about their experience. The
instructions were as follows. First, the participants placed the
tip of the chopstick device on the miso soup in the cup. The
miso soup was then sipped from the cup. The participants were
then instructed to taste the miso soup while maintaining the
miso soup in the cup connected to their mouths. The
participants were asked to comment on the experience by
answering two questions: 1) whether there was any change
in taste or deliciousness between two conditions and 2) how
they felt after tasting the miso soup. The total duration of
Experiments 1 and 2 approximately 1 h.

3 RESULTS

In this section, we describe the results of Experiments 1 and 2.

3.1 Results of Experiment 1
Figure 10 shows the results of the saltiness intensity evaluation
for each condition. The results were analyzed using the average
value for each condition for each participant. IBM SPSS was used
for the analysis. Repeated measures analysis of variance showed a
main effect (F1.37,41.0 = 21.1, p < 0.001, η2 = 0.413). Because
Mauchly’s sphericity test did not hold, the degrees of freedom and
p-values were corrected using the Greenhouse-Geisser method.
Multiple comparisons for each condition were performed using
the Bonferroni method. The results showed that there was a
significant difference (p < 0.05) between the 0.80% saltwater gel
samples (no stimulation) and 0.56% saltwater gel samples (no
stimulation) conditions, and between the 0.56% saltwater gel
samples (with electrical stimulation) and 0.56% saltwater gel
samples (no stimulation) conditions. Additionally, the ratings
of discomfort caused by electrical stimulation for each condition
in all trials are shown in Figure 11. In the 0.56% saltwater gel
samples (with electrical stimulation) condition, 14.5% of all
participants scored four or higher, and 85.5% scored three or
lower. In the 0.80% saltwater gel samples (no stimulation) and
0.56% saltwater gel samples (no stimulation) conditions, 24.7 and
19.4% of all participants scored two or more points, respectively.

3.2 Results of Experiment 2
The results of the evaluation of discomfort caused by electrical
stimulation for each condition in all trials are shown in
Figure 12. In the electrical stimulation condition, 19.4% of the
participants scored four points or higher, while 80.6% scored
three points or less. Even in the no stimulation condition, 19.4%
of the participants scored two or higher. The qualitative evaluation
results of Experiment 2 are presented in Table 1. In this section, the
evaluation of the change in taste and deliciousness in the condition
with electrical stimulation and comments about the experience are
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classified based on the evaluation of the saltiness of miso soup (no
stimulation).

4 DISCUSSION

The results of Experiment 1 showed that saltiness was significantly
enhanced using the proposed waveform. Additionally, the saltiness
intensity of the 0.56% saltwater gel samples (with electrical
stimulation) condition was comparable to that of the 0.80%
saltwater gel samples (no stimulation) condition. The results
suggest that when the proposed waveform is presented at the time
of consumption of a food with 30% less salt, we can perceive saltiness
equivalent to that of a normal meal.

In Experiment 2, in which the proposed waveform was
presented during the consumption of low-sodium miso soup,

the effect of saltiness enhancement was also observed in the
qualitative evaluation. Additionally, many participants
commented on how better the food tasted and felt. The results
indicate that electrical stimulation may have affected the umami
taste as well, and that saltiness may have been enhanced, resulting
in a better taste balance. However, there were evaluations that the
saltiness of the miso soup became too strong by the electric
stimulation. According to the pre-experiment questionnaire, this
result was probably because many participants eat a less salty diet
daily. There were also negative comments such as bitterness,
minerality, and irritation. These responses are thought to be
caused by the high intensity of electrical stimulation. In this
experiment, the intensity of the electrical stimulation was set to
two levels. However, in the future, it will be necessary to adjust the
intensity of the electrical stimulation according to individual
preferences and foodstuffs.

FIGURE 10 | Evaluation results of saltiness intensity in Experiment 1 (* indicates p < 0.05). The one-dimensional scatterplot shows the mean value for each
participant.

FIGURE 11 | Evaluation results of discomfort for each condition in the
experiment 1. The numerical values indicate 1: none, 2: low (not bothersome),
3: mild (bothersome in daily life, but not unbearable), 4: moderate (bearable in
testing, but unbearable in daily life), and 5: severe (unbearable).

FIGURE 12 | Evaluation results of discomfort for each condition in the
experiment 2. The numerical values indicate 1: none, 2: low (not bothersome),
3: mild (bothersome in daily life, but not unbearable), 4: moderate (bearable in
testing, but unbearable in daily life), and 5: severe (unbearable).
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In Experiment 1, 14.5% of the cases rated the electrical
stimulation as “bearable in tests, but unbearable in daily life”
or higher (four points or higher). In Experiment 2, this percentage
was 19.4% of the total. These results suggest that for more than
80% of the participants, the intensity of the electrical stimulation
was at least acceptable for daily use. However, approximately
10–20% of participants reported experiencing discomfort that
was “unbearable in daily life,” suggesting that there were
significant individual differences in how they felt discomfort.
These uncomfortable sensations may be caused by unstable
contact areas between the tongue and food or electrodes,
contact of the electrodes with the teeth, or tingling stimulation
because of the high intensity of the electric current. In the future,
it will be necessary to search for stimulation waveforms, design
devices, and calibrate currents for each individual to suppress the
discomfort caused by electric stimulation while maintaining the
taste-enhancing effect of the electric taste.

5 CONCLUSION

In this study, we designed and evaluated a stimulation waveform that
enhances the saltiness of low-sodium foods and demonstrated its
effects on low-sodium dieters. The proposed waveform, which
combined the effects of presenting and stopping cathodal
stimulation and presenting anodal stimulation, had a higher
saltiness enhancement effect than the conventional stimulation
waveform. Furthermore, in an experiment with low-sodium
dieters, it was suggested that presenting a proposed waveform
when consuming foods with a 30% reduction in salt could
provide a salty taste equivalent to that of ordinary foods. The level
of discomfort caused by the electrical stimulation was not a problem
for most participants. Additionally, the results of the experiment
using low-sodium miso soup showed that the saltiness effect was
enhanced as well as the overall taste of the miso soup.
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TABLE 1 | Evaluation of the change in taste and flavor and experience in the condition with electrical stimulation in Experiment 2.

–

Participants who do not feel that the presented miso soup (no
stimulation) is too thin

• It was not a change in the saltiness, but a change in the taste itself, and the soup stock seemed to
have become stronger

• I felt that it became tastier. I felt that the depth and breadth of the flavor had increased
• I could taste not only saltiness but also sweetness. I felt that the soup stock was effective
• It was too salty
• I felt something like a bitter taste
• It felt mineral and uncomfortable

Participants who feel that the presented miso soup (no stimulation) is
thin

• The taste became stronger and richer
• I could feel the broth and umami
• I felt like it tasted better because it was thicker
• I felt it was well-balanced as a miso soup
• The saltiness increased, but the taste remained the same because it was thinner than the miso

soup I usually drink
• I felt some stimulation
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