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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-5000Z). 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 

 
Gangwon-

do 
Gyeonggi-do 

Gyeonsang-

do 

Jeonla 

-do 
Chungcheong-do 

Non-heated 

GS2, GS5 

 

 

CS1, DL1, 

BH1, LD2, 

BS1 

WP1, SD1, 

DB2, PG1, 

PS1, CT1 

JJ1, JJ2, 

NW1, CD1 

 

WM1, SG1, JS2, 

CW1 

 

Heated 

GS3, GS4, 

GS6 

 

WR1, WR2, 

LD1, LD3, 

BA1, SS1 

BJ1 

 

 

DS1, DS2, 

JJ3, SH1, 

GS1 

JS1, CJ1, SC1, 

SJ1, SW1 

 

 

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]. 

 

 

Figure 1. pH of commercial Makgeolli produced in different regions 
 

 

Figure 2. Total titratable acidity of commercial Makgeolli produced in different 
regions 

 

 

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 

 

 

 

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. 

 

 

 

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 
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