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Physicochemical Characteristics of Korean Traditional Wine
Fermented from Foxtail Millet (Setaria italica Beauvios) and
Nuruk at Different Addition Rates

Koan Sik Woo, Jae Saeng Lee, Jee Yeon Ko, Seuk Bo Song, Byeong Geun Oh, Jong Rae Kang,
Min Hee Nam, In Soo Ryu', and Myung Chul Seo*

Department of Functional Crop, National Institute of Crop Science, Rural Development Administration
'Guardian of Korea'’s Traditional Wines and Spirits

Abstract This study was carried out to compare the physicochemical characteristics of Korean traditional wine fermented
from foxtail millet and nuruk at different mixing rates. The alcohol contents of fermented wine ranged from 12.70 to
13.38%. Two kinds of commercial nuruks, SH and BS nuruk, were used. The brix degrees of foxtail millet wine fermented
by SH and BS nuruks were 21.6 and 22.4°Bx, respectively. The pH, total acidity, and turbidity of the wines fermented by
SH and BS nuruks were 3.74 and 3.40, 1.40 and 1.51%, and 0.441 and 0.149, respectively. With an increase in the amount
of foxtail millet, brix degree, pH, turbidity, b-value and L-value decreased, and total acidity and a-value increased. Total
color difference (AEab) parameter of the wine fermented by SH nuruk were 8.58, 22.59 and 22.55, while those by BS
nuruk were 0.35, 4.08 and 7.16 in 30, 70 and 100% addition rates of foxtail millet, respectively. With an increase in the
amount added of foxtail millet, glucose content decreased. The organic acids such as lactic acid and acetic acid were
predominantly detected in the fermented wine. Finally, based on sensory evaluations, the wine fermented by BS nuruk
showed the best overall quality at the 30% addition rate of foxtail millet.
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5 lkg & 6LE Fof 3U7F A4AZ T 7)ol W& 2kg
< AlFBIY BAe = "e A HUlele thA] 59§t S84
A WEg AT = H7F HEFo| Axe S U=t
2 AL Z 100%eF 29 FEHS 70:30(%, wiw) L 30:70(%,
ww)2l H&2 FHA7kelr AlxE UEs Liww)e BIEE A7t
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EE WEIE 12 343 & AR 2 23 AFste] #2418
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100mLe] =g 243 & 43g HFTARE 438 &
(%)E A8 L5 BARE o]8sle] fFEITH(15). Tee
243 = (Spectrum Technologies Inc., Plainfield, IL, USA)YE A}
&3] wRe] FwE FAse] BxE EASIUL HEE Ryu
S(16)9] el wel UV-VIS Spectrophotometer(UV-2450, Shi-
madzu Co., Kyoto, Japan)g ©|-8-3] 600 nmollx| FAEE 574
39 Y. pHE 43492 pH meter(Model F-54, Horiba, Kyoto,
Japan)E ©]-&-3te] FAUoH, Adee FENE FIATI=
ZQ3 01N NaOHE 28 FHmLYS FAMe] Ao g FA
A7), Ve FA2 A S MAA(CM-3500d, Minolta,
Tokyo, Japan)& ©]&-3l] WUEE YeP= Lak(lightness), 24
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3]23}e] 0.45 pm syringe filter(Millipore, Billerica, MA, USA)Z
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citric acid, malic acid, succinic acid, formic acid, acetic acid,
lactic acid(Sigma-Aldrich, St. Louis, MO, USA) 5& AR89t
ZAH L Aminex Ion exclusion HPX-87HS} Aminex Cation-H
guard column(7.8x300 mm, Bio-rad Lab., Hercules, CA, USA)<
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NEZ ARSI $49717]%= HPLC(Waters 2695, Waters, New
Castle, DE, USA)E ©|&3l93, ZAYPHL  carbohydrate
analysis(4.6x250 mm, Agilent Technologies, Santa Clara, CA,
USA), ©]&54S  acetonitrile-water(85:15  viv), HZE7]&
ELSD(Waters 2420, Waters, New Castle, DE, USA), #&2 1
mL/min, FYFS 20 uLZ 3T FFEZLS fructose, glucose,
sucrose, maltose(Sigma-Aldrich) AF&-3}A ).
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o] F7kste e} 7haidhe S BAUTHFig 1). SHYA +5
9 A FZ 30, 70 2 100% F7Fe AFolM Zhz 228, 162
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Ao Zadhe 4TS HAL BSYA F52 77 202, 124
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o} BSHA FEolA 7t 374 2 34002 YERT = A7
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o] pHE 3752 thxw-3 fABH Ueldal BSYA +52& &
70% H7tolA 34302 EH FAEE FFolUT Lee 5
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Fig. 1. The ethanol contents and brix degree of Korean traditional wine added with different nuruks and different amounts of foxtail
millet. Values with different letters are significantly different at p<0.05 by Duncan’s multiple ranged test.
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Fig. 2. The pH and total acidity of Korean traditional wine added with different nuruks and different amounts of foxtail millet. Values
with different letters are significantly different at p<0.05 by Duncan’s multiple ranged test.
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nmol| Al S ¢ €4~— Fig. 33} 2t} &2 SHAAISH BSH
A F2olA 47 0441 2 01492 UER} BSYA FEE& ol &
gt ESe] guol w2 o ARG oM, 2 HUtRre] F
7¥gholl W} HAdhe Y-S B HolXe AL AT £ 9
Aok & HFEFe] S7FEE SHYAl 759 739 0.258-0.062,
BSYAl ¥ 0.132-00700 % Fodow 7Ahsls AAS B
Atk ol Fol vl Z27F A 93] Bt titiAl dejut
7] W&l o2 Azt

Az dEFE J4EE 2 AFste] L, a E bvalue® =

AL g 2EoZ MIHAEab)yE ALKt A3 Fig. 49} 7ho] o}
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Fig. 3. The turbidity of Korean traditional wine added with
different nuruks and different amounts of foxtail millet. Values
with different letters are significantly different at p<0.05 by
Duncan’s multiple ranged test.
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Fig. 4. The Hunter' L-, a-, and b-values of Korean traditional wine added with different nuruks and different amounts of foxtail millet.
Values with different letters are significantly different at p<0.05 by Duncan’s multiple ranged test. "TCD parameter: total color difference

(AEab) parameter, AEab={(L—L,)*+(a-a,)*+(b-b,)*} "*.

5 2 = Ui mE WUSFo| |fIM &E

TR TR = HAUEERS gelste] Alxg daESe] {714k
SHFS =43 A3 Table 13 72o] YElGT BFESE ALE-
3l oxalic acid, citric acid, malic acid, succinic acid, formic
acid, acetic acid 2 lactic acid S|4 oxalic acid, lactic acid &
acetic acid’t € T4 F71YE ER1T = AU SHYA
TEE o]8std Az HEF F UIRTS oxalic acid, lactic
acid 2 acetic acid7} ZHzt 0.0122, 03906 2 0.0753 mg/mLe] &
S e o™, BSYA -2 lactic acid 2 acetic acid’} Z+
7} 04757 2 0.0592 mg/mLS e 23R {7]4ke] ool
lactic acid¥-g &21& = AUTE Lee 5Q2)2 AFHI 23k
H A F2 olg3t AFRdhe 2T FUIF 2L o
FEO] lactic acid® RIAIA=T] B AFNME FARE 23E
A F AT = HA7F dES TS 8 7 f714k] oxalic

o
o
olN
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acid, lactic acid 2 acetic acid® YERES™, & 7}

£ EAT BSHA FES #Ahde Zog yehtt o)+ Fig.
2] pHS} At=e] Aol A Y pHeE SHYA F55 o83 &
EFE 7Aadte A4S WU BSHAl RS FUkelhe Aew
Yelgom, SHYA F50lA A=e T7iske 43S I
BSHA| 752 Zadte AR Usidet ol¢h 22 wjgko
Z f71ae e AR A9E e

o

5 % = i Mg UsFo Rrele E#E

ZA7FEF 9 FAE gEsi AR daFe] fEd FEe
St A3} Table 13} o] ZFFO0E AMESH fructose, glucose,
sucrose 2 maltose Z4] glucoseTte]l AEEATh ZT+S SH
AA 2 BSYA F2olA ZHzF 7.116 L 7.580%= VeSO,

Table 1. The organic acid and glucose content of Korean traditional wine added with different nuruks and different amounts of foxtail

millet
SH nuruk BS nuruk
Treatment
Organic acid content (mg/mL) Glucose Organic acid content (mg/mL) Glucose
Addition amount of ~ Oxalic Lactic Acetic Formic content Oxalic Lactic Acetic Formic content
foxtail millet (%) acid acid acid acid (%) acid acid acid acid (%)

0 0.0122 0.3906 0.0753 NDV 7.116 ND 0.4757 0.0592 ND 7.580

30 0.0359 0.3764 0.0590 ND 7.612 ND 0.7229 0.0986 ND 5.504

70 0.0483 0.4373 0.0652 0.0178 4.890 0.0376 0.5771 0.1012 ND 1.616

100 0.0537 0.4899 0.1157 ND TA? 0.0640 0.4339 0.1120 ND 1.246

UND: not detected.
ITA: Trace amount.
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Table 2. Sensory evaluation of Korean traditional wine added with different nuruks and different amounts of foxtail millet

Treatment
Addition amount of Color Flavor Taste Overall acceptance

Nuruk proso millet (%)
0 0.00£0.00" 0.00+0.00" 0.00+0.00° 0.00::0.00*
SH 30 -0.18+0.85® 0.09+1.02° 0.00+0.76" -0.09+0.81*
nuruk 70 -0.45+0.91° -0.09+0.81° -0.45+0.80® -0.36+0.66"
100 -0.45+1.10° 0.18+1.05° -0.45+1.41" -0.36+1.00
0 0.00+0.00 0.00+0.00° 0.00+0.00° 0.00:0.00*
BS 30 0.09+0.68" 0.18+0.85° -0.73£1.08" -0.45+0.80"
nuruk 70 0.27+0.63" 0.36+1.09° -0.09+1.02° 0.18+0.85"
100 0.18+0.59" 0.09+0.81° -0.45+£1.34" -0.45+0.91°

YEach value is mean+SD (n=20).

YMeans with same superscript in the same column are not significantly different (»<0.05) by Duncan’s multiple range test.

7VFe] S7VESS glucose TFS padhe ATS HAh
= 100% Z7Fete] AZ3 HaF9] glucose TS BSAA Y+
oA 1.246%, SHHA FSX = vl"F AE=AT) o= Fig.
B AN AE = H7re] VTSR dwrt iast
A3 duidgsie ASZ BRIl Joung 5(23)9] A-TolA
T4 FAEE ol&dt HFEE Ax AFlXx @] diF
£ glucose’} AAIBFIL fructose, sucrose 2 maltoses &% 7
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Row, A% EAete A2 71719 A& 7Iis Ze=
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A BB
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