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Abstract

To compare different taste evaluating methods on Makgeolli, quality characteristics and
instrumental analysis on 41 commercial Makgeolli (unheated 21, heated 20) produced in
different regions of South Korea were investigated. Physicochemical characteristics including
pH, total titratable acidity, amino-type nitrogen, reducing sugar, and color of Makgeolli
samples were analyzed. Sensory characteristics including appearance (turbidity, color),
flavor (aroma), taste (sweet, sour, bitter, thick, cool), and total acceptability were evaluated.
Five tastes (umami, sour, salty, bitter, astringent) and three after tastes (umami, bitter,
astringent) were evaluated by using Taste Sensing System (TS-50002). In correlation between
analytical values of physicochemical and sensory characteristics, ‘pH, amino-type nitrogen -
sourness, refreshing, balances’ was showed high correlation. In addition, analytical items
between sensory characteristics and Taste Sensing System showed a strong correlation.
Results indicate the analytical values of quality characteristics and Taste Sensing System on
Makgeolli were highly correlated.

Keywords: Taste sensing system, Makgeolli, correlation, physicochemical and sensory
characteristics.

1. Introduction

Makgeolli is one of the most often drunk traditional alcoholic beverages in Korea for
thousands years. Makgeolli are prepared with rice, wheat flour, corn, barley, sweet potato,
and glucose as major raw materials, and fermented with koji or Nuruk. [1, 2] Physicochemical
characteristics and sensory characteristics of Makgeolli depend on raw materials used for the
preparation, Nuruk, sterilization methods, and prepared regions. [3] Qualities of Makgeolli
heated at 62-65°C for 30 min are not changed for a long time and maintained its good flavor
and harmonized taste. However, heated Makgeolli have disadvantages like as heated flavor,
death of useful microbes, and low carbon dioxide content [3, 4].

The taste sensor (electronic tongue) is a sensor, which has been developed on the basis of
mechanisms found in biological systems. [5] In a gustatory system, substances producing
taste are received by the biological membrane of gustatory cells in taste buds on the tongue.
Information on taste substances is transduced into an electric signal, which is transmitted
along the nerve fiber to the brain, where the taste is perceived [6]. In addition, correlation of
brain waves according to sensory evaluation and taste of Makgeolli was analyzed. [7]
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In this study, we investigated the correlation between analytical values of
physicochemical and sensory characteristics and Taste Sensing System on 41
commercial Makgeolli produced in different regions of South Korea.

2. Material and Methods

Commercial 41 Makgeolli samples (unheated 21, heated 20) from different regions in
South Korea were collected, kept at 4°C refrigerator, and used for the test. Numbers of
sample collected from Gangwon-do, Gyeonggi-do, Gyeongsang-do, Jeonla-do, and
Chungcheong-do regions were 5, 11, 7, 9, and 9, respectively.

Table 1. Commercial Makgeolli samples produced in different regions

Gang;von- Gyeonggi-do Gyecan;ang- Je_%rcl)la Chungcheong-do
GS2, GS5 CS1, DL1, WP1, SD1, JJ1, JJ2, WM1, SG1, JS2,
Non-heated BH1, LD2, DB2, PG1, NwW1, CD1 Cwi
BS1 PS1, CT1
GS3, G54, WR1, WR2, BJ1 DS1, DS2, JS1, CJ1, SC1,
Heated GS6 LD1, LD3, JJ3, SH1, SJ1, SW1
BAl, SS1 GS1

Physicochemical characteristics of Makgeolli samples including pH, total titratable acidity,
amino-type nitrogen, reducing sugar, color, and precipitate contents were analyzed [8, 9].

For sensory evaluation, graduate and undergraduate students (n=42) of Department of Food
Science and Technology, Chonbuk National University received an orientation about the
purpose of the test and the evaluation method prior to the evaluation. The samples were
evaluated using a 9-point hedonic scale ranging from ‘like extremely’ (scale-9) to ‘dislike
extremely’ (scale-1). Appearance (turbidity, color), flavor (aroma), taste (sweet, sour, bitter,
thick, cool), and total acceptability were evaluated for sensory evaluation [9].

Taste Sensing System (TS-5000Z, Insent Inc., Japan) in Daesang Research Center
(Icheon, Korea) was used for instrumental test. The Taste Sensing System consisting of
five taste sensors (umami, sour, salty, bitter, astringent) and three after taste sensors
(umami, bitter, astringent) [9].

The data was analyzed using the Statistic Analysis System (SAS 1998) package software
for the analysis of variance and Duncan’s test. All experiments were carried out in triplicate
except for sensory evaluation that was measured by 42 determinations. The significance was
established at P < 0.05.

3. Results and Discussion

3.1. Physicochemical characteristics of Makgeolli

The pH of Makgeolli was an important indicator of fermentation progress and alcohol
generated amount. GS5 (Gangwon-do, heated) was the lowest pH of 3.20 and BS1
(Gyeonggi-do, non-heated) was the highest pH of 4.68 [Figure 1].

Total titratable acidity was important factors affecting the drink flavor and preservation,
these came from the yeast or raw materials of fermentation agent, and as the fermentation
progress various organic acids produced by the action of microorganisms of yeast and lactic
acid bacteria can be increased. [10] The total titratable acidity of JS2 (Chungcheong-do, non-
heated) 0.64% and GS4 (Gangwon-do, non-heated) 0.56% was the highest, and SC1
(Chungcheong-do, heated) was the lowest total acidity of 0.15% [Figure 2].
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Amino-type nitrogen contents of GS4 (Gangwon-do, non-heated) was the highest content
at 86.19 mg%, and those of other Makgeolli was ranged from 10 to 20 mg% [Figure 3].

Reducing sugar contents of GS4 (Gangwon-do, non-heated) and GS1 (Jeonla-do, heated)
was the highest at 8.30% and those of GS6 (Gangwon-do, heated) and BS1 (Gyeonggi-do,
non-heated) 7.45% and 4.87%, respectively. In addition, reducing sugar contents of the other
Makgeolli was less than 1%. Soluble solid contents of GS4 (Gangwon-do, non-heated), GS1
(Jeonla-do, heated), and BS1 (Gyeonggi-do, non-heated) were higher 14.7, 12.3, and
11.5°brix, respectively, than the other samples, and these results was consistent with the reducing
sugar contents [Figure 4].
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Figure 1. pH of commercial Makgeolli produced in different regions
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Figure 2. Total titratable acidity of commercial Makgeolli produced in different
regions
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Figure 3. Amino-type nitrogen contents of commercial Makgeolli produced in
different regions
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Figure 4. Reducing sugar and soluble solid contents of commercial
Makgeolli produced in different regions

o ‘ “ | ‘

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

Balance point
w &

N

-

Figure 5. Sensory evaluation of commercial Makgeolli produced in
different regions

3.2. Sensory evaluation of Makgeolli

Sensory evaluation results on 41 kinds commercial Makgeolli were showed in [Figure 5].
GS5 (6.81+1.33), WR1 (6.27£1.12), PG1 (6.15£1.29), GS1 (6.19+1.70), and SJ1 (6.23+£1.90)
were significantly high in balance and overall acceptability. No significant differences were
observed between heated and non-heated treatments in refreshment and balance of sensory
characteristics. In addition, no difference was observed in the balance with produced regions.

3.3. Taste Sensing System analysis on Makgeolli

Used in this experiment, the Taste Sensing System TS-5000z was to set the standard and
test sample compared to the standard. In this experiment, the standard was CD1 (Jeonla-do,
non-heated), which showed intermediate value in sensory evaluation test. At the results of the
taste sensor [Figure 6], sourness showed significant difference between WM1 (7.96) ~ BS1 (-
23.84), and the value of sourness was non-heated Makgeolli was usually higher than heated
Makgeolli. Bitterness was high in WR1 (5.20), WR2 (5.47), SD1 (5.03), CW1 (5.13), SJ1
(5.56), and CJ1 (5.59). Umami and richness of Makgeolli showed high at GS5, WR1, PG1,
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GS1, and SJ1 samples. The SD1 showed the highest value (6.65) in umami and 0.83 in
richness at taste evaluation by the Taste Sensing System.
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Figure 6. Evaluation results by Taste Sensing System on commercial Makgeolli
produced in different regions. (A) Gangwon-do, (B) Gyeonggi-do, (C)
Gyeongsang-do, (D) Jeonla-do, (E) Chungcheong-do

3.4. Correlation

Correlation between analytical values of physicochemical and sensory characteristics and
Taste Sensing System on 41 kinds of commercial Makgeolli were investigated. In
physicochemical characteristics, ‘reducing sugar - amino-type nitrogen contents’, ‘sugar
content - total acidity, amino-type nitrogen, reducing sugar’ and ‘sediment contents - amino-
type nitrogen, reducing sugar, sugar contents’ showed high correlation. In correlation between
analytical values of physicochemical and sensory characteristics, ‘pH, amino-type nitrogen -
sourness, refreshing, balances’ was showed high correlation. In addition, like previous results,
analytical items between sensory characteristics and Taste Sensing System showed a strong
correlation [Table 2].
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Table 2. Correlation between analytical values of physicochemical and sensory
characteristics and Taste Sensing System on 41 kinds of commercial Makgeolli

Physicochemical propertics Semsory properties Taste semsor
Toul AT pobcis Sobbe  Ligt  Red Yelow Precipit Tubidit . T qoumes Biter Astring Astring Asterin Richoes Saltines
B iy s slid Ness  oess ogess  ame  y o PO Swet Sor Biter THek o Cool acepd T G0 e w2 pet DO g g
sitrogen biliey
pH NAU 3STC 33060 0029 AISY 418 1S6 193 072 238 -163 305 41900 20 260 -SATOW 400 _GOSMY _192 -496% (268 036 SEI 085 190
Total acidity NA 186 359 3G -40 4570 289 248 034 088 .02 138 184 155 %9 37 10 134 147 060 107 05§ .130 030 084
i‘::::;:\w NA ST G554 A58 035 255 526%% -460%% - 491%% 561% -433%% S 520%% L3540 278 4200 428 236 042 46 0T 030 234 <144 131
Physico- :‘“‘:;‘- NA OS890 138 4E0 320 ABEM L19E 005 062 11 076 D08 189 006 041 188 .00 04T 082 088 %6 .l 228
chemical
PROPTts oopttecolid NA .09 351 2% M2 28 .09 0T 0TI 088 083 13§ 05 025 208 -0I0 075 49 0% 219 144 267
Lighiness NA 0 Q1 .S000 NS 099 LS 008 084 0N 188 203 0% M 116 28 160 080 303 00 087
Redosss NA 68 101 159 268 27 3810 302 139 3600 280 299 105 091 067 -042 075 101 009 -DIS
Yellounass Na - 158 209 138 138 107 1n4 109 B 088 066 003 027 252 (1] BT
Precipitste NA 041 174 176 183 L2 306 N7 .0T6 048 098 047 046 0% .02 014
Tutidity NA T 4R 3T 4t 269 G610 33 9% 033 030 066 109 16T 029 268 048
Colir NA A IO SMe0 403 352 460 STOM 083 09 106 099 00 066 150 072
Flavor NA 7o g4 Sq0r 3510 44 730w 183 181 125 176 254 06 3200 3600
Supeiness NA  BO0** TEE S6B T26%* 900%* 184 199 151 193 78 175 309%  410%*
:::;:IH Sourness NA T75%% SBa%t B23%* BSI 117 126 107 1% 3 138 285 304
Bittemess NA e e S61e L0180 A2 ML 16T 28 13 22 309
Thickness NAOSHS 6430 007 1f 136 18 200 009 296 169
!LeF:eslm_o NA 7850 020 024 067 051 063 03 050 181
Balanced NA -062  311* 268 324 3450 084 348 4000
Soumess. NA 114 630! <043 098 076 0
Bitterness. NA 45 9564 S07 -081 94 W
Astringeacy NA S50 B3¢ 59944 g9 4
Taste  Astringescy? NA B8N 240 819
L e —— NA 0T et gEe
Unami XA -4 624
Richness NA $2400
Saltiness NA

UNA: Not analyzed; * p<0.05; ** p<0.01
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