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There are several methods available in measuring food taste. The sensory evaluation, for instance, is a typical method for panels
to test of taste and recognize smell with their nose by measuring the degree of taste characteristic, intensity, and pleasure. There
are many issues entailed in the traditional sensory evaluation method such as forming a panel and evaluation cost; moreover, it
is only localized in particular areas. Accordingly, this paper aimed to select food in one particular area, and compare and review
the content between sensory evaluations using a taste biological sensor, as well as presenting an analysis of brainwaves using EEG
and finally a proposal of a new method for sensory evaluation. In this paper, the researchers have conducted a sensory evaluation
whereas a maximum of nine points were accumulated by purchasing eight types of rice wine. These eight types of Makgeolli were
generalized by generating multidimensional data with the use of TS-5000z, thus learning mapping points and scaling them. The
contribution of this paper, therefore, is to overcome the disadvantages of the sensory evaluation with the usage of the suggested

taste biological sensor system.

1. Introduction

Recently, many strategic plans have been proposed to global-
ize Korean food. Yet, there were various issues to take Korean
food globally in accordance with such proposals. Not only
has the degree of taste, characteristic, intensity, and pleasure
formed the backbone of taste for the actual food, but also taste
differs depending on the country and regional environment.
Because a lot of time and cost are involved in researching and
analyzing such conditions, new alternative plan is required to
globalize Korean food [1].

In this paper, in order to overcome human limit and
economic feasibility with regard to sensory evaluation, com-
paring and analyzing evaluation results between the taste bio-
logical sensor system (TS-5000z) and sensory evaluation of
panels with physicochemical analysis have been conducted.

Subsequently, it continued to analyze the results of brain-
waves of panels to resulting materials of TS-5000z to draw
out standardized results of characteristics and intensity to a
certain degree that forms the backbone of taste.

Standardization and taste measurement are needed in
order to globalize alcoholic beverages making it commer-
cially available everywhere. In relation to the case of Euro-
pean wines, enhancing the products value and improved
productivity is regarded through its taste specialization by its
brand. Makgeolli, for thousands of years, is one of the most
marketable traditional alcoholic beverages in Korea.

There were especially made adjective-expressions for
sensory evaluation that are well developed in the Korean
language, hence, the existence of numerous adjective terms
to express the taste of Makgeolli. According to the previous
pilot research, with regard to the mutual similarities of the
pairs of terms, we can reach the realization of the hardship
of formulating complete sets with small number of adjectives
that can generally be used to express all kinds of Korean
Makgeolli.

Makgeolli is an alcoholic drink made with rice, wheat
flour, barley, corn, and sweet potato as major fermenting
materials and thereafter fermented with Koji or Nuruk [1, 2].
The physicochemical and taste qualities of this drink depend
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FIGURE 1: Type of taste information.

on the making materials, heating methods, and Nuruk, as well
as the produced area [3]. In order for this drink to maintain
its quality characteristics, Makgeolli has to be heated at 62—
65°C for 30 minutes, preventing the drink from being altered
for a long period of time to be able to keep its flavor and
balanced taste. Sterilized Makgeolli, however, has weaknesses
such as death of useful microbes, heated flavor, and a feeling
of refreshment [3, 4].

This paper, therefore, concentrates on the elicitation of
regional properties found in Makgeolli through the taste
correlation between the electroencephalographic data of
sensual test and taste biological sensor data.

Accordingly, by analyzing correlation of physicochemical
analysis and sensory evaluation of Makgeolli with TS-5000z
analysis results and by comparing analyzed results of brain-
waves of panels based on such findings, it showed that it has
the capability to replace the sensory evaluation as a scale if
complementary scale is proposed for the analyzed results of
TS-5000z.

2. Related Works

2.1. Taste-Adjectives. The taste is often described as a sensory
reaction that is caused by the chemical stimulus. In order to
recognize the taste, materials are firstly dissolved in the saliva
that stimulates gustatory cells, hence signaling the cerebrum.
Hereafter, the activity takes about a minute to taste. After
eating the food, the taste lingers for 30 seconds.

Scale describing and introducing a particular product in
qualitative and quantitative measures is called a scale method.
Four basic tastes in Figure 1 are the baseline for dimensions
in accordance with “imputed characteristic to a certain taste
(5,6]”

Here, the closer the concept of a particular adjective is to
a traditional taste, the closer that concept gets to the baseline.
However, it is difficult to argue this type of ordering as it
is affiliated with dimensions in accordance with imputed
characteristic to a certain taste.

Since quantitative description is defined with character-
istics and intensity of appearance, smell, taste, and physical
properties of a particular product, it is typical to understand
taste in terms of physiological base and taste-adjectives
formed in its semantics.

There is a point to consider when classifying the prop-
erties of Makgeolli: although a certain taste of its property
is generally classified as good, it can still be recognized
as unpleasant if it shows more than the required specific
concentration.

2.2. Clustering Algorithm. Taste evaluation scale develop-
ment using adjective pairs is extremely small and although
there have been cases of using food taste as evaluation scale,
it proved to be unsuccessful. In order to develop adjective
scale that is to be used in qualitative sensory evaluation of
actual taste, it is necessary to use correlation of adjectives
to analyze factor analysis and congregation analysis and
congregate adjectives expressing positive taste, negative taste,
food texture, and heat level. In general, congregation is
defined as follows.

Let us say that the sample S = {x;,x,,...,x,} is given,
which satisfies the below conditional equation, a subset of C =
{81,855 ..., 8.}

S;+#9, (@

Il
—
o

N2

$nS;=a, (Lj=1,...

s

i=1

@

Affiliated variables are defined in expression (2) and
congregationl number in expression (3). Each congregation
uses variables that show the degree of affiliation. Affiliated
variable m;; shows the degree of affiliation of x; toward x;.
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Affiliated variables should satisty the following conditional
equation:

=i ")

Zmij < N.
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Stirling number may be utilized to count different types
of congregations. Stirling number is a conditional number
from dividing objects of N onto K group. Therefore, Stirling
number can be defined cyclic expression as follows:

S(N,N)=1, k=1lorN

otherwise, (3)
S(N,k)=S(N-1,k—1)+kS(N - 1,k).

In this paper, termite colony algorithm is used to
congregate adjectives used to describe Makgeolli. Termite
colony algorithm is based on the probability value of termite
behavior. The aim is to find a suitable initial congregation
required for k-means congregation using termite colony
algorithm. Through termite search, estimating sample density
within congregation is possible, and this estimated initial
set suitable for density influences congregational functions
(Algorithm 1).

2.3. Samples and Analysis Biometrics. With the purpose
of experimenting, 12 commercialized Makgeolli samples
(unsterilized = 5, sterilized = 7) produced in South Korea
were purchased and maintained at 4°C refrigerator. The five
unsterilized commercial Makgeolli samples were categorized
as US1, US2, US3, US4, and US5. On the other hand, seven
sterilized samples were categorized as S, S2, S3, $4, S5, S6,
and S7 [7].

The physicochemical qualities of Makgeolli samples such
as pH, aminotype nitrogen, titratable acidity, and soluble
solid contents were tested [8, 9]. In the case of sensory testing,
graduate and undergraduate students (n = 25) from the
Department of Food Science and Technology in Chonbuk
National University were introduced with the objective and
methodology prior to the test. The samples were tested using
a 9-point hedonic scale ranging from “really like” (scale 9) to
“really dislike” (scale 1). Properties like turbidity, color, flavor,
sweetness, sourness, bitterness, thickness, cooling sensation,
and balance were evaluated for the sensory test [9].

The data was treated using the statistical analysis system
(SAS, 1998) package software for the analysis of variance and
Duncan’s test. All analyses were conducted in triplicate except
for the sensory test that was measured by 25 students. The
statistical significance was established at P < 0.05.

2.4. Brainwaves. Brainwave research with regard to human
emotional change has been relatively developed. This
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FIGURE 2: Valence-arousal emotional model.

research used a dimensional approach, derived from the
cognitive theories, which determines a person’s state of
mind in terms of dimension. The common dimensions are
determined through two types: the valence of emotion,
reflecting either positive or negative emotions, and the
arousal level of emotion, reflecting either active or passive
emotion [6, 8]. Figure 2 is a 2D valence-arousal emotional
model. The model shows more diversified and generalized
expressions compared to discrete emotion approaches.

EEG (electroencephalogram) is a brain activity classified
with brainwaves that emit electric flow which is generated
when signals are sent out into the cerebral nerves through the
nervous system. When measuring brainwaves, it is possible
to obtain an exceptionally complicated type of analogue
waveform as seen in the valence-arousal emotional model.
It is considered as the raw data of EEG. The raw data,
afterwards, were transformed into digital data [10]. The digital
data, subsequently, were transformed into a power spectrum,
whereas it was also utilized for data analysis.

Power spectral analysis is a mathematical approach
employed in order to quantify EEG. It does not, however,
provide a biophysical model of the EEG generation. The
purpose of the analysis is for the decomposition of signals into
its constituting frequency components (e.g., EEG). FFT (fast
Fourier transform), on the other hand, is known as a widely
used method in acquiring data such as the EEG spectrum [11-
13].

FFT algorithm describes signals as linear superposition
of Sines and Cosines characterized by their frequency in the
equation as seen below expression (4). Consider

x(t) = Jm X (f) e df. (4)

—00

The power spectrum, also known as power density
spectrum, demonstrates the distribution of power or variance
over the frequency components of a signal. It is also known
as a Fourier transform of the autocorrelation function.
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Input: setting of termite cluster value
Output: The initial cluster Z = {z,, z,,..., z¢} // initial value termite cluster
Begin:
Xpmean = [max (x;) - min(xi)] /2 /] center point of the entire sample
Ymean = [max (yl) - mln(y,)] /2
while (TRUE) {
Termite_Search_Path() // / probability path search
if (t; = |(x,/6) /2|) break; // t;: termite colony |(x,,/6) /2|: sample space density
for(j=1to7){
Swap (z;,t;) // swap z; to t;.
Z7 = Xpeans Ymean // @5sign center point of entire sample space to z.
Initial_Z() // initialize the colony of number of k
Z=1z,,25...,2;}
while (TRUE) {
for (i = 1ton) //x;// position at the nearest cluster center
if (old_Z = new_Z) break; // compare with the previous cluster center
for (j = 1to k) z; replace z; // setting cluster center
}
End:
ALGORITHM 1: TCA K-mean’s algorithm.
TaBLE 1: Type and feature of brainwaves.
Type Frequency  Normality -
% =8
& (delta) 0.5~4Hz  Hypnoidal :; " S, %
0 (theta) 4~7Hz Slow wave sleep Eog § %
S+ )
« (alpha) 8~12Hz Stable wave = 58
<
Mid-f (midbeta) 16~20 Hz Concentrate stable wave -
B (beta) 21~30 Hz Action stress wave ‘
y (gamma) 30~50Hz  Arousal and excitement

The degree of the brain activity causes the shape of brain-
waves to react differently. If the brain works more actively, it
produces a wider frequency bandwidth of brainwaves as seen
in Table 1.

One of the most used methods in the analysis of brain-
waves is the power spectrum analysis [12, 13]. This study,
hence, mainly utilized the power spectrum analysis since it
is a remarkably adequate method in terms of the time series
frequency analysis of the raw data.

3. Experimental Results and Discussion

3.1. Representative Taste-Adjective. Before evaluating eight
different types of Makgeolli purchased locally through sen-
sory evaluation and TS-5000z taste sensor, there was little
preliminary work that needs to be done. First was the
selection of Makgeolli that sells the most locally. Secondly,
get 20 students to sort out 87 taste-adjectives that were used
on Internet and in Korean dictionary. Thirdly, out of the
87 selected taste-adjectives, 45 of them were sorted out and
were placed into final four categories. Lastly, through factor

FIGURE 3: Four catalog of Makgeolli taste-adjectives.

analysis and congregation algorithm as well as multidimen-
sional analysis, we extracted 12 taste-adjectives for Makgeolli.
The processed result is shown in Figure 3.

The outcome of the experiment leads into four represen-
tative Makgeolli-adjectives describing taste: sweet, sour, bitter,
and savory.

As shown above, among various Makgeolli types in
adjective dimension, finding the Makgeolli that is preferred by
foreigners should help narrowing down the taste dimension
of Makgeolli from adjective dimension for exporting the
product globally.

3.2. Physicochemical Characteristics of Makgeolli. The pH
level of Makgeolli, as an alcoholic drink, is a significant factor
for its preservation and fermentation process. The pH of S1
Makgeolli sample, as seen in Figure 4, had the lowest level
with 3.88 while that of S4 sample had the highest pH with
4.49.

Titratable acidity, on the other hand, serves as a vital
indicator influencing the taste and flavor of a drink. The
lactic acid bacteria and yeast found in Makgeolli produce
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FIGURE 4: pH of 12 Makgeolli samples produced in South Korea.
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FIGURE 5: Titratable acidity of 12 Makgeolli samples produced in
South Korea.

organic acid that can be increased within the process of
fermentation [14]. The result in Figure5 shows that the
titratable acid content of the S4 sample (sterilized) had the
lowest percentage with 0.17%. Meanwhile, the US3 which got
0.56 percent had the highest percentage within the samples.

The aminotype nitrogen contents were illustrated in
Figure 6 resulting with US3 (sterilized) with 86.19 mg% being
the highest among the samples while the other samples
ranged from 13.08 to 31.06 mg%.

In Figure 7, the soluble solid contents of US3 (unsteril-
ized), S1, and S3 (sterilized) obtained 14.7, 6.4, and 6.1°Brix.

3.3. Sensory Test on Domestic Makgeolli Samples Using
Taste Biological Sensor. Taste biological sensor, an electronic
equipment, has a similar structure as the taste bud of a
human tongue and detects taste ingredient, which is sent to a
computer in corresponding electrical signal which compiles
data.

The taste was analyzed using TS-5000z, a taste biological
sensor from Japan. An available taste biological sensor system
found in Daesang Research Center from Incheon, Korea, was

100.0
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FIGURE 6: Aminotype nitrogen contents of 12 Makgeolli samples
produced in South Korea.
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FIGURE 7: Soluble solid contents of 12 Makgeolli samples produced
in South Korea.

used for equipment testing as seen in Figure 8. The system
consists of five taste biological sensors, namely, sourness,
umami, bitterness, saltiness, and astringency. There were also
three aftertaste sensors classified as bitterness, astringency,
and umami [15].

The method for converting multidimensional data mea-
sured by TS-5000z to a taste form recognized by human is
important. In other words, the required implementation of
mapping function of four (4) adjective scales of Makgeolli
abstracted and measured from TS-5000z, and in order to
verify these brainwaves of panels are used as in Figure 9.

In this paper, eight different types of Makgeolli have
been purchased that are currently sold locally to analyze
physicochemical and microbiological properties. Afterwards,
a 9-point scale sensory evaluation is conducted, and using
eight types of Makgeolli evaluated by these panels, multidi-
mensional data has been created from TS-5000z and studied
through mapping function.

Using the statistical analysis system (SAS, 1998) package
software, the data was analyzed for the analysis of variance
and Duncan’s test. All analyses were carried out in triplicate
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with the exception of the sensory evaluation that was mea-  and S2 (5.50 + 1.27) were significantly high in balance.
sured by 12 determinations. The significance was established =~ Moreover, the samples S6, S2, and S (sterilized) scored higher
at P < 0.05. with 6.40, 6.00, and 5.70 compared to other samples. The

The results on the 12 domestic Makgeolli samples using  significant differences were not observed between sterilized
the taste biological sensor system were shown in Table 2. The ~ and unsterilized samples in balance scores of sensory test
samples US2 (6.00+£2.11), US4 (5.80 +1.99), S1 (5.50 + 1.43), within the use of this system.
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FIGURE 10: Taste results by taste biological sensor on 12 Makgeolli samples produced in South Korea.



BioMed Research International

|

100

0Hz 10 20 30 40 50
(a) Raw data
Attention Meditation
60 64
60 64
43 48
43 56
47 56
44 57
54 61

(c) Excel data

100
90
80
70
60
50
40
30
20
10

123

T T T T T T T T T T T T

4 5 6 7 8 91011121314151617 1819
—— Meditation

—— Attention

(b) Power spectrum

1234567 8 91011121314151617 1819

Attention
B Meditation

(d) Digital data

F1GURE 11: Digital transformation process.

3.4. Taste Biological Sensor Analyses on Makgeolli. The taste
biological sensor was compared to a standard one. The
standard sample which showed middle score in the sensory
test was the standard sample CD1 (unsterilized). According to
taste biological sensor test results, as shown in Figure 10, the
sourness level showed significant distinction between WMI1
(7.69) and BS1 (-23.84). Meanwhile, the sourness found in an
unsterilized Makgeolli sample was generally higher than that
in sterilized ones.

The bitterness found in the samples CJ1 (5.59), SJ1 (5.56),
WR2 (5.47), WR1 (5.20), CW1(5.13), and SD1 (5.03) was high.
Umami and richness, on the other hand, found in the samples
GS5, WRI, PGI, GSI, and SJ1 were higher than the other
samples. The SD1 sample showed the highest score in umami
with 6.65 and 0.83 in richness according to the taste biological
SEensor.

3.5. Correlation. The correlation analysis between the ana-
Iytical value of physicochemical characteristics and sensory
testing of Korean Makgeolli samplesusing the taste biological
sensor was conducted.

The pH and titratable acidity (physicochemical charac-
teristics), as shown in Table 3, showed high reverse cor-
relation. The correlation analysis between physicochemical
characteristics and sensory testing of Korean Makgeolli using
the taste biological sensor showed that “titratable acidity”
and “sourness, cooling sensation, and balance” have high
correlation.

In addition, the criteria “sweetness-bitterness,” “sourness-
bitterness, thickness, cooling sensation, and balance,
“bitterness-thickness, cooling sensation, and balance,
“thickness- cooling sensation and balance;” and “cooling
sensation-balance” showed a strong correlation as shown in
Table 3. Lastly, items between physicochemical characteristic
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FIGURE 12: Analysis results of brainwaves.

analysis and taste biological sensor showed a strong correla-
tion score.

3.6. Brainwaves Detection. The EEG used in this research
was produced by the American Neuroscience. The mindset
of the said EEG has a series of advantages. Firstly, EEG
can distinguish the state of brain; in other words, it can
differentiate good state from bad state. Secondly, because

EEG can analyze brainwaves in real-time, this paper analyzed
brainwaves in a five-minute lapse after tasting Makgeolli of
the panels. Lastly, because EEG outputs brainwaves in power
spectrum form this has been digitized for utilization [16].

Analog data obtained from raw data of the panels’
brainwaves have been converted from power spectrum form
to digital data through FFT, which is then visualized through
excel data as seen in Figure 11 [16, 17].
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Power spectrum analysis shows change in the process
from good state to bad state using raw data that is generated
from time series, which is evaluated by the tasting of panels
of the eight Makgeolli samples. Since numerical analysis of
brainwaves with regard to selecting the Makgeolli changes
over time, after a five-minute lapse from tasting Makgeolli,
the intensity of taste is measured 10 times in one minute. In
other words, within just two minutes, measuring was done.
Figure 12 shows the tasting results of four panels who have
consumed eight Makgeolli samples in two minutes.

As shown in Figure 12, Makgeolli samples 1, 2, 3, and 4
show good state whereas samples 7 and 8 show bad state, and
5 and 6 show the in-between state. This experiment result was
almost in match with experiment result of TS-5000z.

4. Conclusion

It may be said that, strategically, coming up with a scale
that can evaluate food’s taste characteristic, intensity, and
pleasure is one way to globalize Korean food. In general,
representative method that evaluates taste is called sensory
evaluation, where human recognizes food taste using the
actual tongue. This however, in realistic sense, is used in
only limited cases due to issues with forming panels and cost
incurred in order to conduct sensory evaluation.

Accordingly, in this paper, artificial tongue from elec-
tronic equipment, in other words, suggests the method of
utilizing taste biological sensor system in place of sensory
evaluation. Firstly, it had chosen Makgeolli samples that are
sold locally and congregated taste-adjectives used to describe
chosen Makgeolli by applying it through termite colony
theory.

Afterwards, the results of physics and chemical character-
istic and sensory evaluation of Makgeolli have been compared
with the measured result from the taste biological sensor and
scaled abstract function in order to suggest a generalized
scale.

Therefore, the degree of contribution this paper made
was from suggesting a new paradigm that may replace
sensory evaluation with taste biological sensor and a method
that overcomes various shortcomings of sensory evaluation.
Moreover, in order to obtain precise and exact result, it had
provided a standardized scale of taste biological sensor by
comparing tasting results of Makgeolli.

This study is a pioneer in contributing through the
investigation between the correlation analysis of brainwaves
in accordance with taste biological sensor evaluation and
electroencephalographic data. For future researches, there
would be an expansion and comparison in a selection of
liquors, especially beer and wine, including the smell and
color to statistically improve the taste biological sensor
system. A foundation is established for the application of
the taste biological sensor system in a specific area as an
alternative to sensory evaluation.
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