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Preparation of Korean Traditional Alcoholic Beverage (Yakju) by a Protoplast
Fusion Yeast Strain Utilizing Starch and its Quality Characteristics

Min No Ju, Sung Wook Hong, Kwan Tae Kim', Sung Kwan Yum', Gye Won Kim', and Kun Sub Chung*

Division of Biological Science and Technology, Yonsei University
'Kooksoondang Brewery Co. Ltd.

Abstract The objectives of this study were to evaluate the physico-chemical and sensory characteristics of a Korean
traditional alcoholic beverage (yakju) prepared using different nuruk (Korean-style koji) concentrations and yeasts such as
the fusant FA776 and Saccharomyces cerevisiae KOY-1, respectively. The fusant FA776, which has alcohol-fermenting and
starch-utilizing properties, was formed by Saccharomyces cerevisiae KOY-1 and Saccharomyces diastaticus KCTC1804.
The fermentation trial was conducted in a 5L lab-scale jar at 25°C. The maximum alcohol production of the K-100 and
F-50 reached levels of 135.0 mg/mL and 119.4 mg/mL, respectively. The pH values were in a range of 4.3-4.5. Total
acidity was in a range of 0.47-0.60%. Organic acids and amino acids were analyzed in order to evaluate variations in its
composition and content via HPLC analysis. Organic acids including lactic acid, citric acid, malic acid, and pyruvic acid,
and 16 kinds of amino acids, including aspartic acid, were detected in all treatments. K-100 showed the highest amino
acid contents, whereas F-50 exhibited the lowest amino acid contents. Volatile flavor components such as phenylethyl
alcohol, isoamyl alcohol, 2-methylthiophane, isobutyl alcohol, and ethyl succinate were detected as a major component in
all treatments, as determined via gas chromatography. The results of our sensory evaluation demonstrated that Yakju
fermented by the FA776 fusant yielded more favorable results than S. cerevisiae KOY-1.
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| Glutinous rice 1 kg |

\:
| Soaking for 2 hr |

{ Steaming for 40 min

| Steamed rice |

{ Cooling at 25°C

Water 1.6 L
Yeast 1.5x107 cell/mL
Nuruk 1.2 g (100%)

{ Fermentation at 25°C

| Filtering |
\:
| Yakiu |

Fig. 1. The processing procedure of Yakju fermentation.

Table 1. Amount of Nuruk added and strains in Yakju

Name Strains Amount of Nuruk used
K-100 KOY-1" 1.2 g of nuruk/1 kg of rice (100%)
K-50 KOY-1" 0.6 g of nuruk/1 kg of rice (50%)
F-100 FA 776% 1.2 g of nuruk/1 kg of rice (100%)
F-50 FA 776” 0.6 g of nuruk/1 kg of rice (50%)

YKOY-1: Saccharomyces cerevisiae KOY-1
2FA776: Fusant FA 776
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300 uLS €3 3]493ke] AccQ Tag amino acid columng ARE-3
HPLC(Waters Co., Milford, MA, USA)E #2415 $3)3}9]t}.

Parameters Conditions

Column AccQ Tag amino acid analysis column
(3.9x150 mm, 4 pm)

Detector Flame ionization detector
(ex: 250 nm, em: 395 nm)

Mobile phase A Waters AccQ Tag Eluent A (WAT052890)

Mobile phase B 60% acetonitrile

Flow rate 1.0 mL/min

Column temp 40°C
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I 459S 045 um membrane filter(Advantec, Toyo Roshikai-
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Parameters Conditions
Column Alltech prevail organic acid (4.6x150 mm, 3 pum)
Detector UV detector, 210 nm (2487 UVD)
Mobile phase 25 mM phosphate buffer (pH 2.5)
Flow rate 0.5 mL/min

Columntemp  40°C
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71 F-S headspace samplerS 423k gas chromatograph
(5975B, Agilent, Technologies Inc., Santa Clara, CA, USA)E A}
gate] BAEIATE A8 20mLE vialell B3 3715 HAAE A
33k 3, 40°C water bathollA] 3087F HPA|F|IL gastight
syringeZ headspace gas 0.5 mL2 33} DB-WAX columne A}
43k GCE2 B4t AR 4 peak®] retension timeZ}
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Parameters Conditions

Instrument HP-5975B GC series with autosampler
Column DB-WAX (30 mx0.53 mm I.D., 1.2 pm)
Carrier gas He
Flow rate 1.0 mL/min
Oven Temp. 40°C/3 min—10°C/min—>210°C/3 min
Injection Temp. 230°C
Detector Flame ionization detector (FID)
Detector Temp. 300°C
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Fig. 2. Changes of physico-chemical characteristics in Yakju. (A)
pH, (B) total acidity, (C) alcohol content, (D) residue sugar
content. - O-, K-100, Saccharomyces cerevisiae KOY-1, 1.2 g of
nuruk/kg of rice. -[1-, K-50, Saccharomyces cerevisiae KOY-1, 0.6
g of nuruk/kg of rice. -@-, F-100, Fusant FA 776, 1.2 g of nuruk/kg
of rice. -l-, F-50, Fusant FA 776, 0.6 g of nuruk/kg of rice
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Table 2. Composition and content of amino acids in Yakju by HPLC analysis

Fermentation (pmol/mL)
Amino acid
K-100" K-50? F-100% F-50%

Asp 70.27+1.89 27.41+0.23 24.95+2.35 20.94+0.20
Ser 100.34+1.07 52.50+3.12 32.82+0.22 17.15+0.85
Glu 139.61+2.43 70.75+2.02 67.11+1.24 62.92+1.80
Gly 85.62+2.89 55.76+3.29 49.14+3.84 47.13+0.34
His 60.84+0.14 42.37+1.12 48.214+2.45 40.84+3.85
Arg 93.62+4.87 64.91+1.29 94.63+3.12 69.92+4.21
Thr 34.12+0.86 24.94+1.52 31.42+1.38 14.07+4.39
Ala 238.91+1.12 164.96+0.83 99.69+3.18 107.33+1.67
Pro 153.84+4.81 123.924+4.12 86.44+3.83 69.83+2.36
Tyr 50.32+0.85 50.61+0.57 54.29+1.12 43.34+0.32
Val 67.40+3.22 45.13+0.86 36.77+1.47 33.21+2.14
Met 41.98+1.24 36.15+1.73 40.14+1.82 30.78+0.74
Lys 154.21+0.12 100.88+1.54 134.42+0.42 112.83+1.41
Ile 53.17+4.81 37.28+0.89 33.84+1.21 26.58+1.84
Leu 49.16+2.12 78.10+1.81 80.18+1.26 63.55+0.45
Phe 58.62+0.21 45.32+1.12 48.31+0.82 34.78+1.27

YK-100; Saccharomyces cerevisiae KOY-1, 1.2 g of nuruk/kg of rice
YK-50; Saccharomyces cerevisiae KOY-1, 0.6 g of nuruk/kg of rice
JF-100; Fusant FA 776, 1.2 g of nuruk/kg of rice

PF-50; Fusant FA 776, 0.6 g of nuruk/kg of rice

K-100(135.0 mg/mL), F-100(1322 mg/mL), K-50(125.3 mg/mL),
F-50(119.4 mg/mL)2] M2 LIS Fifo] AU JE &
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HPLC 45 &8 28+ {7148 243 32 Table 3
I} 7Fo] pyruvic acid, malic acid, lactic acid, citric acid, fumaric
acid, succinic acid 5°] HEHUth. FEH7IF e {714k
T ARFAA FA 7765 ARESI] Az FEFA S
cerevisiae KOY-12 ARE-3l] Azt WtaFHT {7kl &
A JeRiRITE 2E e oA lactic acid(2,090+2.3-2,608+4.9 g/
mL)%} citric acid(1,805+4.8-2,314+4.2 g/mL)e] ko] 7} wok
3 53 aREHA FA 7765 AHEE LEFOAE fumaric
acid(2+0.3-2+1.8 g/mL)9} succinic acid(60+3.2-88+4.2 g/mL)7} &
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2T Chang 5212 5, 75 2 #5794 lactic acid,
oxalic acid, malonic acid, fumaric acid, succinic acid, malic
acid, citric acid 5°] HAZENL, Y= (koji)o I = lactic acid,
oxalic acid, fumaric acid, succinic acid, citric acid 52| F7]2FS-
AF 2 A EYsidvk Baskloh 28]al Lee $(22)
Aspergillus niger, Aspergillus shirousamii, Aspergillus kawachii=
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Table 3. Composition and content of organic acids in Yakju by
HPLC analysis

Fermentation (g/mL)
K-100" K-50? F-100” F-50%
Pyruvic acid 60+2.8 45+0.3 201+£2.3 174+0.2
Malic acid 248+4.2 354+1.9 457+£2.8 388+1.2
Lactic acid 2608+4.9 2229+2 .4 2404+1.4 2090+2.3
Citric acid 1825+1.4 1805+4.8 2314+4.2 1954+4.7
Fumaric acid nd® nd® 2+1.8 2+0.3
Succinic acid nd® nd® 88+4.2 60+3.2

YK-100; Saccharomyces cerevisiae KOY-1, 1.2 g of nuruk/kg of rice
IK-50; Saccharomyces cerevisiae KOY-1, 0.6 g of nuruk/kg of rice
JF-100; Fusant FA 776, 1.2 g of nuruk/kg of rice

YF-50; Fusant FA 776, 0.6 g of nuruk/kg of rice

9nd; not detected

AZF ZoA 9} FEL T e ESdl] @I gFug 3
A FoIA citric acid, tartaric acid, pyruric acid, malic acid, lac-
tic acid, acetic acid’} HEEA M, o] Fol|A] lactic acid’t 7FF
%ol FHRE ATk BaEgiEd), o= B AFAHe} AL
g A e

EE 24

L] e B4 Table 49 VRN 3
F7|dEe RE wra oA phenylethyl alcohol(50.60-58.88%),
isoamyl  alcohol(31.86-38.10%),  2-methylthiophane(2.81-4.56%),

isobutyl alcohol(1.33-2.07%), ethyl succinate(0.45-0.96%) 52 &+

A% el Azsh A
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ZFoz FAEe] S-S FESIITE. Phenylethyl alcohol?} isoamyl
alcohole RE Hz]7ollA Fa FrdEes gRlEgoen, &
=, W, AT ToA 8% FPAESE LEX isoamyl
alcohol¥} isobutyl alcohol®] & % &aw|7} wrgo] &3} o
o 2 JgS F= ZeE HrR Y &l isoamyl alcohok iso
pentyl alcoholo]2} E2]71% 31H, leucineS HFAZ sled A
H= fusel oile] dFSE FZ vl zh= WHH, isobutyl
alcohol2 valine® ZH-E] AT 3L ethanold} FAFSH #54 EA
< e Aoz BuEo] QIth2,2324,25). SR FolA
isobutyl alcohol, isoamyl alcohol, 1-butanol, ethyl caproate, 1-

butanamine-nitro, 3-(methyl thio)-1-propanol, 2-methylthiophane -5
L2 S cerevisice KOY-120F 283 FA 7762 o83 g
oA o B2 TS Jeile ZeR ERIF. Hady F
of AAE 714k shgo] BerE LIS WSSl estersH
o] FnPEL v SUkete AR Algdnh 3, A
a0l wE HEaFo FuEge JIFE F= R IRIEHA
=), o= So 56y B AFUFot oZHES e
Teg 3R Hrieke TS5l uet dAAd] vEve dFERY
oF FrARE A%E UEepsde

ZHSZA

Saccharomyces cerevisiaze KOY-13} 283 FA 7762 A&
StaL Zt7ke] FEA7IES 100%9F 50%2 HEate] 25°CellA 10
AFt Az LaFo| el T, A, A, FFH 71sze] A
EE SR o] Heed(148)s R HeAE A
A3k A3K(Table 5), B F-1003 F-50 A&7} 3.008 22 &

2 A e, Az 7)o He-E F-50 A2T7F 3.408

Table 4. Composition and content of volatile flavor compounds in Yakju by GC analysis

RT Compound

Fermentation (unit: peak area%)

K-100" K-50% F-100” F-50"

1 5.103 ethyl butyrate 0.12 0.13 0.12 0.09

2 52 1-propanol 0.34 0.81 0.36 0.82

3 6.112 isobuty! alcohol 1.33 1.85 1.97 2.07

4 6.619 isoamyl acetate 0.64 0.95 0.74 0.98

5 7.04 1-butanol 0.11 0.14 0.54 0.72

6 8.094 isoamyl alcohol 31.86 38.10 37.25 37.93

7 8.485 ethyl caproate 0.07 0.00 0.08 0.07

8 10.137 1-butanamine-N, nitro 0.00 0.09 0.00 0.14

9 10.65 3-ethoxy-1-propanol 0.32 041 0.29 0.47

10 11.428 ethyl caprylate 0.08 0.00 0.03 0.09
11 12.55 ethyl-3-hydroxy butanoate 0.24 0.26 0.00 0.00
12 12.81 2-buten-1-ol,propanoate 0.00 0.59 0.00 0.21
13 13.26 1,3-butanediol 0.00 0.21 0.03 0.11
14 14.383 propanol, 3-methoxy 0.12 0.13 0.00 0.00
15 14.453 ethyl succinate 0.85 0.54 0.96 0.45
16 14.975 1-propanol,3-methyl thio 0.34 0.31 0.69 0.44
17 15.189 1,6-dideoxydulcital 0.81 0.65 0.74 0.61
18 15.922 2-methylthiophane 2.83 2.81 4.56 4.05
19 16.08 phenylethyl acetate 0.47 0.52 033 0.56
20 16.349 caproic acid 0.60 0.22 0.20 0.19
21 17.11 phenylethyl alcohol 58.88 51.28 51.13 50.60

YK-100; Saccharomyces cerevisiae KOY-1, 1.2 g of nuruk/kg of rice
YK-50; Saccharomyces cerevisiae KOY-1, 0.6 g of nuruk/kg of rice
9F-100; Fusant FA 776, 1.2 g of nuruk/kg of rice

YF-50; Fusant FA 776, 0.6 g of nuruk/kg of rice
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Table 5. Sensory evaluation of Yakju

Fermentation
K-100" K-507 F-100” F-50"
Taste 2.80° 2.00™ 3.00° 3.00°
Color 1.80¢ 2.20° 2.20° 3.40°
Flavor 2.60™ 2.80° 3.00° 3.60"
Overall acceptance ~ 2.20™ 2.40" 3.00° 4,00

Each value indicates the average of the sensory scores in the range of
1 (dislike extremely) to 5 (like extremely) tested by 14 panels. In a
column, means followed by the same latter are not significantly
different at the 5% level.

YK-100; Saccharomyces cerevisiae KOY-1, 1.2 g of Nuruk/kg of rice
IK-50; Saccharomyces cerevisiae KOY-1, 0.6 g of Nuruk/kg of rice

JF-100; Fusant FA 776, 1.2 g of Nuruk/kg of rice

YF-50; Fusant FA 776, 0.6 g of Nuruk/kg of rice
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