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Characteristics of 7Takju (a Cloudy Korean Rice Wine) Prepared with
Nuruk (a Traditional Korean Rice Wine Fermentation Starter),
and Identification of Lactic Acid Bacteria in Nuruk

Ji-Hee Park and Chang-Ho Chung*
Department of Culinary Science and FoodService Management, Sejong University

Abstract Five takju prepared using four types of nuruk (a traditional Korean fermentation starter made of malted wheat;
non-cooked, naturally inoculated) labeled SH, SS, JJ, and SJ, and one type of koji (cooked, inoculated with an inoculum)
labeled MN, were compared. Titratable acidity, pH, sugars, ethanol, amino acids, organic acids, and microbial changes in
samples were measured, and the sensory properties were evaluated. Titratable acidity, alcohol, and organic acid content
increased as sugar contents decreased. The overall ethanol concentration of all fakju increased over time, reaching a
maximum of 13.08-14.96% (w/v) at 7-21 days. The total amino acid contents of fakju prepared with nuruk, except for
one (SJ), were higher than the fakju prepared with koji (MN). Lactic acid bacteria were also isolated from the starters.
Sequence analysis of 16S rRNA genes (500 - 600 bp) of 223 isolates revealed that the major strains were in the genera

of Leuconostoc, Weissella, Pediococcus, and Lactobacillus.
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Table 1. Formula of takju

Ingredients

Takju Nuruk" amount ~ Yeast Rice Water
(& (2 (& (mL)

T-SH SH/ 120 5 1,000 1,200
T-J) 11/120 5 1,000 1,200

T-SS SS /120 5 1,000 1,200
T-SJ SJ/120 5 1,000 1,200

T-MN MN /25 5 1,000 1,200

USH, JJ, SS, and SJ were Korean traditional type (non-cooked,
naturally inoculated). MN was a type of semi-traditional (cooked,
inoculated with an inoculum). The adding amount were decided to
give an equivalent of saccharifying activity to rice wines.

‘ Sweet rice |

v

l Washing ’
y

[ Soaking 8 h) |

¥ Medium heat (40 min)
| }
Water spraying (100 mL)

v !

|<— High heat (20 min)

‘ Draining (10 min)

‘ Steaming

v

[ Cooling (10 min) |
¢ Adding
Traditional nuruk (120 g) /
Modified nuruk (25 g),
¢ yeast (5 g),
Water 1,200 mL

l Mixing (5 min) ’ D —

l Put into a pot |

v

‘ Fermentation

| < 25T, 1 day

¢ l
‘ ‘ 18C, 20 days
Takju

Fig. 1. Preparation procedure of takju.
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Table 2. Definition of sensory properties and standard recipe on the descriptive analysis for takju (14)

Standard recipes

chjg;igrir};tic Definition

Aroma attributes
Fruit aroma The smell associated with ripe fruits similar to pears
Grain aroma The smell associated with crushed barley and other grains
Nurukaroma  The smell associated with nuruk

Crushed pear 15 g/100 mL distilled water
Crushed unpolished rice and barely 4 g/20 mL distilled water
Crushed nuruk 10 g/100 mL distilled water

Flavor/taste attributes

Sucrose 6% (W/v)
Anhydride caffeine 0.1% (w/v)

Sweet taste Basic taste descriptor characterized by a solution of sucrose

Bitter taste Basic taste characterized by a solution of caffein

Sour taste Basic taste descriptor characterized by a solution of organic acid Citric acid 0.25% (w/v)
Grain taste Flavor similar to Crushed barley and other grains

Alcohol taste Alcohol

Crushed unpolished rice and barley 4 g/20 mL distilled water
25% (w/v) Ethanol
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Leconostoc amelobiosum (X53963.1)

Leuconostoc citreum (AF111948.1)
Leuconostoc holzaprelii (AM600682)
Leuconostoc argentinum (AF175403.1)
qg | Leuconostoc lactis (AB023968)

75l MNT4 (JX026035. 1)

29 Leuconostoc paimae (AM940225)
Leuconostoc carnosum (AB022925.1)
Leuconostoc kim chii (AF173986)

Leuconostoc miyukkimchii (HQ263024)

40

1001 Leuconostoc gelidum (AF175402)

37 Leuconostoc inhae (AF439560)
Leuconostoc pseudomesenteroides (AB023237)

SH9 (HM218732.1)

Leuconostoc mesenteroides subsp. swonicum (HM443957)
Leuconostoc cremoris (AB023247)

Leuconostoc dextranicum (AB023244)

Leuconostoc mesenteroides (CP000414)

Leuconostoc mesenteroides subsp. cremoris (AB023247)
Leuconostoc mesenteroides subsp. dextranicum (AB023244)

a2 Leuconostoc mesenteroides subsp. mesenteroides (CP000414)

oo Leuconostoc durionis (AJ780981)

Leuconostoc fructosum (AF360737)
{ Leuconostoc ficulneum (AF360736)
100 Leuconostoc pseudoficulneum (AY 169967)

Leuconostoc rfallax (AF360738)

80

——————— Leuconostoc paramesenteroides (AB023238)
MNT (JX026036.1)

MN9 (JX026037.1)

5528 (JX536122.1)

SS29 (JN853602.1)

SS30 (JN128641.1)

Leuconostoc oeni (AB022924)

100

—
0.01

Fig. 2. Phylogenetic consensus tree of the composition of the Leuconostoc (A), Weissella (B), Pediococcus (C), and Lactobacillus (D).
Numbers at the nodes indicated the bootstrap values on neighbor-joining analyses of 1000 resampled data sets. Bar, 1 % sequence divergence.

Z1} gl nEt MNOXE & 1452 F5F 5 Leuconostoc % 3&3 Weissella <5
11%°] 4= Ak(Table 3).
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8526 (GQ117000.1)
S825, MN12 (AB510746.1)
8524 (GU138598.1)
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SS3 (AB682328.1)

582 (AB671281.1)

JJ4, SS1 (JX402126.1)
Werissella cibaria (AJ295989.1)
MN3 (JX402126.1)
Weissellz confusa (AB023241)
MMN2 (AB494723.1)

MN4 (EF107614.1)

MMN5 (JX188072.1)

MMNE (AB425970.1)

MN7 (HQO009757.1)

MMN8 (EU807755.1)

MMN10 (JQB0O5675.1)

MMN11 (ABB71281.1)

MMN13 (EUB07756.1)

a9

99

thail 15is (AB023838.1)

499‘—&’559//3 helenica (S67831)
as Weissella paramesenteroides (AB023238)

soli (AY028260)
g ceti (FN813251)

= z Halotolerans (AB022926)
\?‘—‘j Weisselia minor (AB022920)
as Weissells viridescens (AB023236)

Weisseliz kandieri (AB022922)

koreensis (AY035891)
— Weissells beninensis (EU439435)

66

ag l—r Weissells fabaria(FM179678)
9s Weissellz ghanensis (AM882997)

SH5 (JQ446471.1)
SH7, SJ5 (AB682485.1)

SJ6 (JQ446485.1)

SJ4 (JX134608.1)

157

SH8 (JX490164.1)
SH4, SJ3 (JX232607.1)
SH3, JJ1 (JX272058.1)
SH2, JJ2 (AB598975.1)
SH1, JJ3 (CP000422.1)

93

63

30| | | SH6, JJ5 (FR873989.1)

Pediococcus stilesii (AJ973157.1)

100 L Pediococcus lolii (AB362985.1)

Pediococcus cellicola (AY956788.1)
Pediococcus parvulus (D88528.1)
Pediococcus damnosus (AJ318414.1)
Pediococcus inopinatus (AJ271383.1)

Pediococcus claussenii (AJ621555.1)
Pediococcus ethanolidurans (AY956789.1)
Pediococcus siamensis (AB258357.1)

t Pediococcus pentosaceus (AJ305321.1)

Pediococcus argentinicus (AM709786.1)

Pediococcus acidilactici (AJ305320.1)

Lactobacillus dextrinicus (D87679.1)

99

Tetragenococcus halophila (D88668.1)

o0m
Fig. 2. Continued.
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Pediococcus urinaeequi (D87677.1)
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S518 (JQ228531.1)
S516 (JN247629.1)
5814 (AB510751.1)
S817 (AY383631.1)

SS8 (JX134607.1)

Lactobacillus plantarum (AJ640078.1)

AN EASEA A 46 A A 2 F (014)

Lactobacillus pentosus(D79211.1)
- SS9 (HQ728334.1)

SS10 (JN247633.1)
SS811 (JN247629.1)
8812 (HQ293067.1)
S813 (HQ259237.1)
6z

Lactobacilus arizonensis (AJI65482.1)
Lactobacillus arizonensis (AJ965487.1)

Lactobacillus paraplantarum (AJ306297.1)

SS7 (UX270774.1)

SS20 (JQ046409.1)
100
oo 1| S521 (JQ013418.1)

L 8819, SJ2 (JF268321.1)

SJ1 (GQ359860.1)

Lactobadailus fabifermentans (AM9305388.1)

Lactobacilius sp. 3.1.1 (HM443954

1)

Lactobacillus senmaizukel (AB297927.1)

oo

—

4,>_w|:r_adobao‘7/us hammesii (AJ632219.1)
70

Lactobacillus parabrevis (AM158249.1)
Lactobacillus brevis (M58810.1)
SS15 (JX545342 1)

os

oo

001

Fig. 2. Continued.
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Table 3. List of lactic acid bacteria isolated from SH, JJ, SJ and MN nuruks

Nuruk origin Strain No. Accession No. Identified species Similarity (%)
SH1 CP000422.1 Pediococcus pentosaceus 98%
SH2 AB598975.1 Pediococcus pentosaceus 97%
SH3 JX272058.1 Pediococcus pentosaceus 99%
SH4 JX232607.1 Pediococcus pentosaceus 97%
SH SHS JQ446471.1 Pediococcus pentosaceus 97%
SH6 FR873989.1 Pediococcus pentosaceus 98%
SH7 AB682485.1 Pediococcus sp. NBRC 107186 97%
SHS JX490164.1 Pediococcus pentosaceus 99%
SH9 HM218732.1 Leuconostoc mesenteroides 97%
m JX272058.1 Pediococcus pentosaceus 98%
132 AB598975.1 Pediococcus pentosaceus 98%
1 113 CP000422.1 Pediococcus pentosaceus 99%
114 JX402126.1 Weissella sp. Wikim SHO05 97%
115 FR873989.1 Pediococcus pentosaceus 97%
N GQ359860.1 Lactobacillus sp. 0-C-2 98%
SJ2 JF268321.1 Lactobacillus paraplantarum 97%
SJ3 JX232607.1 Pediococcus pentosaceus 99%
SJ SJ4 JX134608.1 Pediococcus pentosaceus 97%
SIS AB682485.1 Pediococcus sp. NBRC 107186 97%
SJ6 JQ446485.1 Pediococcus pentosaceus 98%
MNI JX026036.1 Leuconostoc sp. MEC9 98%
MN2 AB494723.1 Weissella confusa 97%
MN3 JX402126.1 Weissella sp. Wikim SHO05 99%
MN4 EF107614.1 Weissella sp. Rrt5 97%
MN5 JX188072.1 Weissella confusa 97%
MN6 AB425970.1 Weissella confusa 98%
MN MN7 HQ009757.1 Weissella cibaria 97%
MNS8 EU807755.1 Weissella confusa s 99%
MN9 JX026037.1 Leuconostoc sp. MEBE2 16S 97%
MNI10 JQ805675.1 Weissella confusa 99%
MNI11 AB671281.1 Weissella sp. A52 97%
MN12 AB510746.1 Weissella cibaria 97%
MNI13 EU807756.1 Weissella confusa 98%
MN14 JX026035.1 Leuconostoc sp. MEC8 97%

ako] kol thek A= Table 59 Z2th HFS TJ, TSS, T-
SH, T-MN, T-S] &ellem F8 ofv|:=4ke Valine, Glutamic
acid, Alanine, Tyrosine, Phenylalanine, Arginine, Leucine 5] 7
Z9Jtl. "= o=kl Threonine, Lysine, Methionine &%= 73
Z5HAoH Lysine> A2 9] ol F23F, Methionine>
A AL X8 7o Ak A-3] 25k, Aoy 74
AstE oishs AR dHA Uk 4TS e Zom ¢
A% glutamic acid, @3S WER= threonine, serine 3! glycine
o] FHL TJ7F 104.157 mg/100 g, 42.855mg/100 g, 69.715 mg/
100 g, 53.035mg/100 g2 = 74 =%o™ T-SJ7F 48212 mg/100
g, 16.707mg/100 g, 28338 mg/100g, 24.963mg/100 g = 713
v 3HE VERlSITE @t 285ks SAlY JERE proline®t
methionine, <3S LFER= leucine, isocleucine, phenylalanine %
arginine®] ¥ A Tt 7P =3 TSI7F 7R v e o
ERRiTh E3E AFFE 459 ZE 7UA] opuxat ek
= 1949} Hlaste] 2v) STRFRAAIRE ANFFES 2fole wH]
gt A2 Jelth TSIE AQgh AFAx e F5& 9

pal

rd S~ =1 MR

L
g

gajo] AT BYFINE 1914
MNZE} thae] ofpliite] Ak S
sk vgEe] Hopgom AF Bud Ralvt o $us I
ol Rom ETh b AL ol ohulwmto] AE T-

TFHTE st AxT T-
=t ol AEF=lA 7

Sie] AE SIFsAE A ve rEE 9] dx 3 $47]
7k glo] #mjEtka sk Ravh IAEU(30) o8 2HT 9

SA3717k0] Aol mE 752 ASe] thE A ET vA
9] gekdo]l 7] WEo =z FtE thunpublished data). ©]4
o] AAE FeH 971708 $83] ARl FES AT A

S QY DBERS AT AMgdle] AT WEF W) O
TFE wolut $ sk AERE ANT + YL A0 Bl
. ES o METES o8l FRTE AxvA AF
FRe Apst Aol aAHY Aoz Yz,

710 B
WEY F RE

T BE ABA g5 F8 f714R lactic acid,
acetic acid, succinic acid, citric acid &% <=2 Yeptow 1
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Table 4. List of lactic acid bacteria isolated from SS nuruk

Nuruk origin Strain No. Accession No. Identified species Similarity (%)
SS1 1X402126.1 Weissella sp. Wikim SH005 98%
SS2 AB671281.1 Weissella sp. AS52 97%
SS3 AB682328.1 Weissella sp. NBRC 106026 99%
Ss4 AB682568.1 Weissella sp. NBRC 107272 97%
SS5 FJ611786.1 Weissella sp. PSMS4-4 16S 97%
SS6 IX402125.1 Weissella sp. Wikim SHO04 98%
SS7 JX270774.1 Lactobacillus sp. PC-3 16S 97%
SS8 JX134607.1 Lactobacillus plantarum 99%
SS9 HQ728334.1 Lactobacillus sp. SXVIII10 97%
SS10 JIN247633.1 Lactobacillus plantarum 99%
SS11 IN247629.1 Lactobacillus plantarum 97%
SS12 HQ293067.1 Lactobacillus plantarum 97%
SS13 HQ259237.1 Lactobacillus sp. 70811 98%
SS14 AB510751.1 Lactobacillus plantarum 97%
SS15 JX545342.1 Lactobacillus brevis 99%
S8 SS16 IN247629.1 Lactobacillus plantarum 97%
SS17 AY383631.1 Lactobacillus plantarum 97%
SS18 JQ228531.1 Lactobacillus plantarum 98%
SS19 JF268321.1 Lactobacillus paraplantarum 97%
SS20 JQ046409.1 Lactobacillus sp. WX212 98%
SS21 JQO013418.1 Lactobacillus sp. THK-W4 99%
SS22 1X402126.1 Weissella sp. Wikim SH0O05 97%
SS23 AB671281.1 Weissella sp. AS52 97%
SS24 GUI138598.1 Weissella cibaria 98%
SS25 AB510746.1 Weissella cibaria 97%
SS26 GQ117000.1 Weissella sp. NTU-112 99%
SS27 AB510745.1 Weissella cibaria 97%
SS28 JX536122.1 Leuconostoc mesenteroides 97%
SS29 IN853602.1 Leuconostoc mesenteroides 98%
SS30 IN128641.1 Leuconostoc sp. THK-W39 97%
6.0 08
% —»— TSJ
551 —o— TSH
—v— TV
—— TSS =
—&— TMN 2
50 %
x °
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45 £
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Fig. 3. pH changes of takju during fermentation.

A= Table 69F 7t} Tartaric acid, malic acid, oxalic acid &
T 2 s AHdAY] HETFO] 60mg/100 g ©|3F= FTF S
2 mF AEHAJT Lactic acid®] 3¢ 2 BErt 2arsh A
el wl 7kt en TSS7F 7P =2 3kl 153738 mg/
100g &2 UElsit) ol g5 @ glo] 2Hikte] A&e

Fig. 4. Titratable acidity changes of takju during fermentation.
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Fig. 5. Changes in maltose concentration of fakju during
fermentation.
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Fig. 6. Changes in glucose concentration of fakju during
fermentation.

EAo| A succinic acide] EFo] W 7|7F & AR S8
e B2l Lee(31)e] A} 222 Ao|t}. Citric acid®] 7
g 197 F43] STk o taglon dEds
AR 7 OAl Zrkeke 43S UERiYh frElobrlieite B
o] F/AELS &3S Uele 23 AR 5 shield 7+ &
713FE0] AR EAG A "$F ud FL Eole 9¥e
IR YF acetic acid’t TFF EAISHA =W Ha oA L FE o
UFLAE] 2bslz Q3] ZAbdE AR FIPHem FHL
A7) 2lo] Huf B Ao e] acetic acid TS T3
717ke] RYDFE Srtele AFE YERINLH o] Woo &
(32)2] AFelM LR EFolM 500mg/100g © AEH 2
HuE we glog obgd Wyl dojd Ae & § gtk
Oxalic acid, tartaric acide 2 ¥@a g AZEeH 1
< w714 e T T-SS, T 71 228621 my/
100g, 1983.5mg/100g 22 714 £L g Yeplisley T
SIe] & shEFe 1621.55mg/100 g & olm|i=Al & ghefa) 7o)
7V e 3s JeEhdh

o rlr o

el FREA 161

Ethanol concentration(% wiv)
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Fig. 7. Changes in ethanol concentration of takju during
fermentation.

A A= Fig. 83 7o)
AZbo] A g FA3] 5719
g 71 & 2arvt Bue 219
7R Az Aaske e JERGT 28 194 AdTE 5
7¥ke] 7.8x107-12x10° CFUMLL.Z YeRd & Wy 2dx]el &=
a7) 7Aasted 1.7x107-5.1x107 CFU/mLEZ YEluz g 14
AR 1 log cycle A= 7Agh 5 @g 2190 HA 7.5%10°
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A=tk Ruet Xk AdS Jeiglch g dE 4
F £ AR5 23 AFE Fig 99 2tk 97 Z7)d=
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HATH34). ol & A¥A HE F 7¢A 2R U A
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Table 5. Amino acid concentration of takju during fermentation

T Amino acid (mg/100 g)
Sample ¢ io- i .
P (day)  valine serine Me_thlo Glutapll Lysine G_ly A.la Proline Tyrosine Pheqy la Arginine Leucine lsqleu Total
nine  cacid -cine  -nine -lanine cine
0 232 055 024  3.00 0.66 122 3.60 939 1.86  2.11 3.70 1.73 0.80 3935
S~ 1 11.26 569 291 2423 787 631 21.15 2655 7.95 7.89 2340 1195 492 201.58
) 7 3490 26.10 1126 51.79 2244 20.56 44.89 4528 26.03 29.73 4775 4095 19.02 532.65
21 79.89 69.72 2677 1042 5929 53.04 9635 8586 61.74 69.10 9926 98.68 48.72 1208.38
0 232 055 024  3.00 0.66 1.22 3.60 939 1.86  2.11 3.70 1.73 0.80 39.35
T.SS 1 9.68 426 236 21.71 8.88 6.53 21.15 2332 7.89 877 2239 1228 434 194.30
) 7 28.69 20.84 9.52 43.18 2227 17.16 43.16 3544 2353 2730 3444 38.69 1670 458.94
21 7480 64.53 2458 91.87 5772 4951 9848 6547 58.19 6335 72.00 93.09 47.20 1100.24
0 232 055 024  3.00 0.66 122 3.60 939 1.86  2.11 3.70 1.73 0.80 3935
ST 1 3.46 1.99 1.11  10.99 324 3.3 637 1338 2.18 242 1058 3.77 141 81.65
) 7 837 435 1.99 19.73 10.01 7.84 2028 22.02 8.49 826 2120 1041 3.69 195.26
21 32.14 2834 1244 4821 2675 2496 4751 3846 28.09 3153 5066 4279 18.62 567.18
0 232 055 024  3.00 0.66 1.22 3.60 939 1.86  2.11 3.70 1.73 0.80 39.35
T.SH 1 6.43 3.29 1.62 17.80 5.61 493 1378 2076 396  4.04 1528 6.45 2.53 134.62
) 7 23.06 16.08 643 3472 1785 1417 34.09 3625 1880 20.76 2821 30.18 12.58 373.71
21 71.18 62.89 2338 8345 5460 4833 9126 7480 5577 60.75 6793 89.53 4544 1061.37
0 134 026 020 1.27 0.12  0.65 1.86 1.62 1.16 1.41 0.61 1.09 048 16.25
TMN 1 1039 502 205 1854 630 746 1981 1232 7.0 743 2819 1096 4.85 177.80
i 7 8.82 340 175 1955 1047  9.01 1884 22.89 879 831 3057 1083 3.63 201.65
21 47.61 4430 1748 7323 39.08 37.02 6444 48.04 4296 4931 75.06 6570 27.08 814.48
Table 6. Organic acid concentration of zakju during fermentation
Time Organic acid (mg/100 g)
Sample T . . . YT T .
(day) Oxalicacid Citricacid Tartaricacid Malicacid Succinic acid Lacticacid  Acetic acid Total
0 14.10 29.92 15.08 41.07 49.72 95.03 5031 295.23
LT 1 7.12 77.01 36.46 57.98 127.03 361.04 267.78 934.42
i 7 6.21 58.03 8.98 43.38 123.21 762.26 278.71 1280.78
21 6.02 76.90 16.73 45.79 166.38 1306.40 365.28 1983.50
0 14.10 29.92 15.08 41.07 49.72 95.03 50.31 295.23
I.SS 1 425 88.06 37.22 30.12 106.71 398.59 185.59 850.54
) 7 4.28 72.56 39.81 36.72 103.31 981.74 219.57 1457.99
21 443 94.19 41.92 53.98 179.71 1537.38 374.60 2286.21
0 14.10 29.92 15.08 41.07 49.72 95.03 5031 295.23
L] 1 5.73 85.37 35.95 72.88 13235 202.90 259.26 794.44
) 7 5.38 62.37 30.92 55.26 150.19 415.19 296.60 1015.91
21 5.22 81.29 29.28 77.90 146.94 907.29 373.63 1621.55
0 14.10 29.92 15.08 41.07 49.72 95.03 50.31 295.23
T.SH 1 4.79 68.88 47.85 4435 125.71 210.53 243.51 745.62
) 7 5.55 54.59 34.84 73.84 126.59 588.07 253.88 1137.36
21 4.12 71.22 30.25 39.25 134.68 1102.65 300.67 1682.84
0 14.10 29.92 15.08 41.07 49.72 95.03 5031 295.23
TMN 1 5.88 54.66 38.75 53.81 109.96 199.11 175.50 637.67
) 7 4.43 44.45 14.90 60.19 92.78 489.66 247.23 953.64
21 4.01 50.81 22.68 41.61 141.96 1230.31 346.15 1837.53
Z7] B #57F 26x10° CFUmL 2 7P =& 2& & 5 9 = 57t v %E}D}l‘c Aot vz AFE B ANF
th So (35)¢] Hio| wEH HEFRoR gFE "duils FEMN)S ARSSIAE Wl 3Y o]l F43] APdste] 49 o]
o FE 29 HIAE B F A3 FAstAA T 8U7HA] o= HEHA %?9}5}*— Aol tE Zd3E eI
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Fig. 8. Changes in total viable cell counts of takju during
fermentation.
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Fig. 9. Changes in yeast cell counts of zakju during fermentation.
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Table 7. Profile of sensory characteristics of takju®
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Fig. 10. Changes in lactic acid bacteria cell counts of takju during
fermentation.

I e FIEFS UM, w7k ik g ol|2=E (Decanoic acid ethyl
ester; Ethyl caparatey= 2al, 2U-Ul AR EXdo] Qlo] o
A8k A g PYuMe Fege nngs FE Qe o
HA Ak36). ole AF 7t AIFELR AxE LaEFo| o
g A4 B4 IrdREde] 48 B8 o A7
US AR HRIh e 32 BE AR Tl fo4 Aolrt
YehA] gkon FEa2 TSS7F 7MY =2 e Ye
MNo| frojxog 7P vke 7hs VeIt ©uke TSS7t &
ojHog 7MY =2 e YERHIR MNO| ol 7P wistth
ABke TMNe| 7P &9kow Ji7F fexoz 7P v ke
etk =32 SS9 ghol freAer P E=%e™ T,
TSIt frold oz 7 v ks vehlislon gyt &
B2 AR Zhell frolERl ztel7h yehA] gkt dEE skt

o

>

=2
we B5EA F 7 B G UshiE e o) g
NS ERhglY AR AR dne FEo] FL5E 25
BB ebl AFee] e

ry

e FrlEe 2oz et
o ok
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2 AFe Gt TS IS RMN)E AlEES AEAz
2oz AzH 4579 WEFESH, SS, 1, and SHE 743
g Az o5 VYR WEEHS v B8R

3 B3] pHE BF HF5E 2447
7 FA3] Fidte AEE BIAA, APNEE S48 STkt

Sensory characteristic” T-J1 T-SS T-SJ T-SH T-MN F-value
Fruit aroma 4.44 5.00° 4.50° 6.72* 5.17° 4.252%*
Grain aroma 5.78? 5.39° 6.28" 6.06 5.83° 0.515%
Nuruk aroma 5.11% 6.11° 5.39% 5.33% 4.61° 1.551*
Sweet taste 4.00® 4.50° 4.06® 4.22% 3.17° 1.996*
Bitter taste 6.61° 6.83* 6.28" 6.78" 6.28" 2.909**
Sour taste 438° 4.44° 5.00® 4.50° 6.39" 2.106*
Grain taste 5.56" 6.94* 5.61° 6.17* 5.78® 4.259%*
Alcohol taste 7.56 6.94* 7.22% 7.06* 5.56 0.416*

Y9 point scale (1: very weak, 5: normal, 9: very strong)
IMean, *p<0.05 **p<0.01 ***p<0.001

’Means in a column by different superscripts are significantly different at 5% significance level by Duncan’s multiple range test.
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ATh Maltose 32 FF 2ol 049-2.68% (Wv)HIL, glu-
cose®] FTHFES 1.03-2.07% (wv)SE LFERITE T-SHE T-SS¢]
ethanol &o] 79714 =2 7S YEMIATE A4 ethanol
9] S 12A7FRE] ethanole] EHigo] F7tslr] AlRtglom, d

B 7YRE 2197HA 13.08-14.96% (w2 FAEA. dazt
7‘3 Z fEolux=4t = B4 A3} glutamic acid, threonine,
serine?} glycine ¥F4S ZH7; T-JJ2 104.157, 42.855, 69.715, and
53.035mg/100 g2 7P =t} g5 ]ﬂ-&i lactic acid,
citric acid, succinic acid, acetic acid’} & 7|2k 2 YEGS
w71 HS TSS, T 7t 2286.21mg/100 g, 1983.5mg/
100g w22 /M =2 e et Sd5, 2T, &%
T BT AlZre] RGeS 48] Fkeltyt LE 19l 4Ast
=5 %‘ﬂ?& Z7F F Zavt s 2197 Ha) gaeke vl
g &S JeRlATh S5 AAE S $YdS TSH, ©uke T
S, Al TSS7F 718 =skom 4383, 43, 22Uk A
FFe)H o=z Apolrt LPEMX] B3kt w}ﬂw gAxReR A
O 7 g 59 opnAt gt {714 gkl

2 P2 g olwit gguc £ A
[¢) ol Ek
o < 5

L

[}
|
B\’C_‘

9]

o
g Bl okl s AAIEES 1 & U
LBk 7 FEEe S BEeledcdied 2EE 3
ANHO 2 Leuconostoc, Weissella, Pediococcus® Lactobacillusss

aAlel =

PAR-IE=VS B RN

= 5 SR A A SR (8] 9443 s
LI ATHA L] A =] (11-1541000-001766-01)°]l
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