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a4F. AFBFEAA Eete] Ads Aspergillus oryzae

M6-1, =TT (KCTO)N kg vk Aspergillus
awamori 6970, Aspergillus usamii mut. shirousamii 6959%
Flgo g, 33 Saccharomyces sp Y5-15 Y2HLE 7}
7} AMEEl P2 AxEGIT

2o Ax. =S /M WL wiAd Peke
77t AEsje] TR 8] A7 W7k 26°ColH e
o FEAzE 2AE 2ed U782 9:19) HIgE ERS)
3, 98 539 23%9 3 08% T=E £¥st A
19cm, 57 3cme) Aurgoz e}, 27°CAlA] 797F By
F3lT, 32°ColA 297 AXSYGTH.

FEF . AFEL 12AZFEN Bo AR F
121°CelA 3087 SABIT. ¥24 E9F SacchaiomycesZs
o2 EHE Y51 BEFFOE glucose(20%)7F F71E YM
HIR] 15 micol] BEsled 30°CellA] 48417k Mufjet ¥, 100 m/
o] ARl 72417 ZANFTH FAG HHE 150g0] B
550 mig} ZHZke] 5 50 goll Muiet 29 s0miE A7
of 20°ColN 6X7 HAoE mkEmA 247 AEEe TR
Z 3

Aspergillus  oryzae M6-1,  Aspergillus awamori 6970,
Aspergillus usamii mut. shirousamii 69598 217+ &3 E’l‘
E 23 Ao 74 rEoR FEFE IR
o} F4F gxe FR 13kgd FAT AFAH v=
300g, B 205 Ar1sl] 19 ©Fs8led, 23°Colx 12417F 7HE
oz wyksld 297t HESIHT 29 ¥ 7 F 500g SA
AEE 16kgd B 8IS FUlBlel A 22 21°CE A
33 2%k BEE sl 8U7h LABATH. '
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Table 1. Analysis conditions of HPLC for free sugar and organic
acid

Instrument I Alliance 2690 system
(free sugar) Alltech evaporative light scattering detector 2000
Column Supelco carbohydrate

(3.9 mmX 300 mm ID, particle size 5 pl)
Moblile phase 85% acetonitrile

Other conditions Detector: ELSD
Flow rate: 1.0 mi/min

Sample size: 10 m/

Instrument IT
(organic acid)

Spectrasystem
(spectra-physics LC-7000160)
P4000 pump, UV/Vis detector

Column Supelco GEL™ C-610H
(7.8 mmXx 300 mm ID)
Moblile phase 0.5% phosphoric acid
Other conditions Detector wavelength: UV 210 nm

Flow rate: 0.5 ml/min
Sample size: 5wl

Table 2. Analysis conditions of GC for flavor

Instrument Hewlett Packeard 6890 Series
Detector Flame ionization detector
Column Crosslinked polyethylene glycol
(0.53 mm ID, 30 m length, 0.25 um thickness)
Temperature Injection port: 250°C

Column oven: initial temp.: 45°C, 2 min
temp. rate: 4°C/min
final temp.: 100°C, 1 min
Detector block: 280C

Gas flow rate Carrier gas He: 15 m//min

Total flow rate: 30 m//min
Split ratio 2:1
Sample size 1w

FUF0] ABEA, pHE pH meter(Orion 310, USAE =
AL, 4 TS AOACH 9 Fshe] #4313t 7HE
A I ES refractoanalyzer(Kyoto Electronics RA-510, Japan)
2 Z2H39TE AEE 8000 gollM 1587 YAE=Ig Y
< colormeter(Daego JP7200F/C, Japan)Z 2-g3}e], b(EA%)
2 vepiizion, o] of MRS 98 A8E BARFHY b
e 056010, oEs FF LA 100miel THT
S0miE wol ERAA T/RY 0miel FFHFE H7tetd
100 mi= 88 F FGAR SATISL 15°CoMY gom B
At dadS 8000X gollAl 1587 AalEegh A
045 um membrane filter2 oI3}sled HPLCS} GCE -F7]4k
2 {9, 22la RS A7 BAsien, EMEAS
Table 154 Table 2049} 72}

A 2 FAAE. AFds s 168E R,
AdE S-pFFol Aspergillus awamori 6970, Aspergillus
usamii mut. shirousamii 6959 AFE-El] FEE AZE wo
HEsle] 23 FAT AW FFOE G FEF vt
o ), A, 9ol gEl 794 VSEHEHEYSR BFAAE
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Fig. 1. Changes in acid content of millet wine during fermentation.

-@ - made from Nuruk on city market, - O - made from Aspergillus

oryzae Nuruk, -W- made from Aspergillus awamori Nuruk, -] - made

from Aspergillus usamii mut. shirousamii Nuruk.
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Fig. 2. pH of millet wine changes during fermentation. - @ - made
from Nuruk on city market, - O - made from Aspergillus oryzae Nuruk,
‘B - made from Aspergillus awamori Nuruk, - [J - made from
Aspergillus usamii mut. shirousami Nuruk.

stk FeaARIM doizl A = SAS programs: ©]-8-510]
Randomized block design WH%¢] €13t Duncan’s multiple
range test® A7k f-2l4E AFIA

Zdn o g

223 pH. F4F9) HEy F 2 ko] Wsle Fig
1o VERIQTE. 22 BF FF9] pHE 3.58~3.810I3Uth 2R
1LollA 4U9M7EA] Zhadte] pH 3.26~334714] Holgtit, &
T 59REE e AV el /)t Fig 2). ¥R
Z719E pH 3.29-347°10th. FF HFd= Aspergillus
awamori 6970 =77} pH 381F 7VFF XL, Aspergillus
oryzae M6-1 F=77F pH 3.58% 718 Sttt W& 8doll=
Aspergillus usamii mut. shirousamii 6959 5, Aspergillus
oryzae M6-1 “F5, AN ZFET, Aspergillus awamori 6970
TOF ESiTh

Ab BFERe T A3 041-06%°10.00, g F7HA] Al
&3] Zrtstdnh. @asty] AlFe 2978 Aspergillus
usamii mut. shirousamii 6959 FE7 TRE H7o] =) A
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Fig. 3. Changes in soluble solids of millet wine during

fermentation. - @ - made from Nuruk on city market, - O - made from

Aspergillus oryzae Nuruk, -W- made from Aspergillus awamori Nuruk,
-1 - made from Aspergillus usamii mut. shirousamii Nuruk.

el F7HEo] Fnh dET AIFE 8Y Tl A gare
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7P Wtk dEvt IPEEA a5y Adg 5o e
2072 2% fi7late] AREHER 4 gEko] FotEm 0, u
B2 2 A4 S Uil RS TR wee] 9gor
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78R IBE. wEE F F4F9 7MY I¥EY W
st Fig. 39 Yt 2 A% ZE g TN
26~2.84°Brix® Wit} o] 19 B 717HEt FRe A
o2 of[ehg Aol Hol o]Fof7l A= BIrh wg YR
B 7H&A AP EL FUiete] 2E 8YUolE Aspergillus
awamori 6970 TET17; 6.63°BrixZ 7 BUYIL, Lo
6.35°BrixE FEFH Aspergillus usamii mut. shirousamii =T,
5.86°Brixe] A|¥TET, 5.65Brix2] Aspergillus oryzae M6-1
FET- ol

AE. 9&Fe] e & JFL
Havkd F FE50 T bke & A= Fig. 40014
o 2ot g7 A% FAERl bk ABYEF Aspergillus
awamori FET-7F zkz} 20283 1913010t} Aspergillus
oryzae M6-1 TS5, Aspergillus usamii mut. shirousamii &
574 1456, 12280 E=)vE BF A5 sE ¥ 2 3
Fe AZE Bt o E vehte MM e AlERE
2 He Mo YN, Aspergillus awamori 6970 HE
g 5L HeMe wdl. Aspergillus oryzae M6-19)
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e 5 AA Aol vt} ATHu Bl
FAEE Lart APLFE Frlstd 2E gdele
Aspergillus awamori 6970 FET7} 282602 71 =9kon
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Aok, T AT Mgo] &g 377 2 Wil Qe Ao
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Fig. 4. Changes in color (b) of broth in millet wine during
fermentation. - @ - made from Nuruk on city market, - O - made from
Aspergillus oryzae Nuruk, -W- made from Aspergillus awamori Nuruk,
-0 - made from Aspergillus usamii mut. shirousamii Nuruk.
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Fig. 5. Changes in: ethanol content of millet wine during
fermentation. - @ - made from Nuruk on city market, -O - made from
Aspergillus oryzae Nuruk, -B- made from Aspergillus awamori Nuruk,
- - made from Aspergillus usamii mut. shirousamii Nuruk.

2 Hof, FoF0] AMZL 75 A FFE W=
Qlct, A==} Aspergillus awamori 69705 HEg
2 Jx3 F4FE SeE ge Aurt Aslisy,
g FEFY S e Mg gtk :
qEe. LFE F ek o] Wsk= Fg 59149 2t
9 A3 &2 e 46-49%2A, EFEL Y
20-3.0%"0E g3t oy FE 19 B VI 43S
dgo g Aoz Bt a7t F H43 el glo] &
Te) Frlste] WEAIR 8Yole 9.3~106%2 AEE FHE
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E9ko™, 10.1%2 Aspergillus usamii mut. shirousamii 6959
FET, 9.7%2 Aspergillus oryzae M6-1 TS5 $ol9loH,
AFFET7L Aol A BAT 93%E R e TS
VERR AT, HES njAES] 570 WE BaEe Xo|rt F
A BE F oolEE s dFS T 0= ARG
£ AYolx SF 27le deke 3] Aoyt glov, %
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Table 3. Changes in organic acid of millet wine during fermentation (ppm)
y Fermentation periods . o L L L
Sample (day) Oxalic acid Citric acid Tartaric acid Lactic acid Acetic acid
1 67.2 102.4 51.8 2828.8 50.8
2 46.7 73.1 ND? 2608.3 74.5
T 4 56.2 ND ND 4263.9 129.3
6 577 ND ND 4106.1 167.2
8 68.7 ND ND 6043.7 364.
1 413 129.1 ND 2969.8 364.8
2 34.6 65.4 ND 1764.5 ND
0 4 319 ND ND 3083.3 ND
6 339 ND ND 3842.6 ND
8 363 ND ND 5947.0 ND
1 117.5 255.9 ND 4544.3 116.3
2 475 ND ND 2575.0 73.5
A 4 55.8 ND ND 5760.8 179.1
6 72.5 ND ND 9512.6 196.0
8 74.8 ND ND 9348.0 169.9
1 742 301.7 ND 24714 ND
2 62.0 191.6 ND 23654 ND
U 4 65.7 ND ND 3421.0 51.1
6 72.5 ND ND 4303.7 104.0
8 79.5 ND ND 4779.3 96.2

T: made from Nuruk on city market.

O: made from Aspergillus oryzae Nuruk.

A: made from Aspergillus awamory Nuruk.

U: made from Aspergillus usamii mut. shirousamii Nuruk.
IND: not detected.

F717k0] BHBIAN FETER O AfolE BT
713, 75 THE sty Az F2e HE F
o] F71%ke S4T A= Table 39049k 2t} Oxalic acide
Aspergillus oryzae M6-1 5771 2Hd 19 117.5 ppme 2
=AU, BE AEolA BE 2] At gk Fvt

= A, AT
St AYS RAY. &g 8YdT Aspergillus usamii mut,
shirousamii 6959 577} 7P & 79.5 ppmel|3irt. Citric

acid®] 7% Aspergillus awamori TEToNA wa 1€l
255.9 ppm®IUaL, WA HE77 Tl AEEA skt o

2 AFore g 297K A}
Tartaric acid™= A2 AJIFFolA 2E 1905t 51.8 ppm

o] AEHAUL, ThE A pelMe AEEA Y3}, Lactic acid
E f71Akl visted P e SRS ARSI, B
297 = s SUtekt EE 19l 24174~
4544.3 ppmO|A 2 | Aspergillus awamori TET= TE 44
F lactic acid @] F&3 st HE 8dd=
93473 ppm°| Tt T+ Aspergillus  usamii  mut.
shirousamii 6959 512 4779.3 ppm3} F2 ZolE HI}.

Acetic acid= Aspergillus usamii mut. shirousamii 6959 +
M dE 1939 2dolle AEEHA ko, 49, 64,
8ol z+zt 51.1, 1040, 962 ppmE YEMIUT}. Aspergillus
oryzae M6-1 T2 e Ha 14T 364.84 ppme] A&
ATE Al = 2R 199 508 ppmelM wE 6 Fof
53 453t 3641 ppm S E 7 WO, Aspergillus

R

1O
AT

Tl =
sl

awamori FETE WA 2990 735 ppmoE AR} oA
Z7rehar wE 8del 169.9 ppmo|Utt. o]ek ZFo] AMg-se=
4] W} frlate] FRek gl Aelrt e & = A
Qom ANIEEE AMgsE R ddE o] oJgh
7} FRFY 7ToE L& T E 02 FWAHUT.

9. 245 93 T FoRe wHeE S e
Table 401412} 7T}, Xylose® the 2193+ OhEA HaE7t
APArE F7kele AT UET ol tE d=ds

o= g 2550 Ado] RajEia 37 Aew AR,
tE pgFe fejgelr tE dog vt Aspergillus

e UE 4UTE gl §49] STk, o
APTs 2E 6dTE 2 Fo2 Frlele] EE 8dele
Aspergillus usamii mut. shirousamii 6959 T, Aspergillus
awamori “FE1-, Aspergillus oryzae M6-1 75, A|rS+
o= gol EAskint.

LR, S
awamort
=

R

Arabinose= A A TFIT9) Aspergillus awamori 5+
= Zybete ATE RU, Aspergillus oryae TS

Aspergillus usamii mut. shirousamii “FE7-= A HE
z719] ke Aspergillus awamori =1, Aspergillus usamii
mut. shirousamii F=, A ABFET, Aspergillus oryzae
M6-1 F5-7 £O0F Shgo] ugith

Glucoses= A ElF EFola wart Hgdsrs 2o
Aspergillus oryzae M6-1 757 2 1¥ol 7P
S Yepligion, davt Al 1 o) F

it
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Table 4. Changes in sugar of millet wine during fermentation (%)
Sample" Ferment(z(lit;;r; peroids Xylose Arabinose Glucose Maltose
1 1.23 2.83 10.57 4.34
2 245 5.51 471 4.02
T 4 3.74 6.67 . 213 442
6 4.44 5.38 1.79 4.44
8 6.56 5.70 1.23 5.84
1 225 242 4.03 5.76
2 3.28 3.62 221 5.30
o 4 4.00 335 1.58 4.59
6 4.26 1.20 1.17 3.56
8 10.53 1.24 0.98 3.95
1 3.13 3.37 1597 4.10
2 483 6.43 3.59 3.64
A 4 2.36 5.33 1.20 2.93
6 14.07 5.23 1.05 2.83
8 16.60 6.31 1.19 4.76
1 2.62 3.09 8.51 2.08
2 577 2.95 548 1.09
U 4 5.80 0.98 253 2.00
6 5.10 0.99 240 227
8 17.19 1.09 1.33 2.46

"T: made from Nuruk on city market.

O: made fromAspergillus oryzae Nuruk.

A: made from Aspergillus awamory Nuruk.

U: made from Aspergillus usamii mut. shirousamii Nuruk.

FE JERSIT BE 2719 S Aspergillus awamori -
-, NS, Aspergillus usamii mut. shirousamii 7=,
Aspergillus oryzae M6-1 T2 02 Bl Maltose=
Aspergillus usamii mut. shirousamii F=17} 7P AL gt
< UEMNIAL, Aspergillus oryzae M6-1 F27-4= dhg 829
o] 199 FHFET} Yol

Y PR, Fo5 2Rl F 3w S Ee
4% ATE Table 59149F 2T} Acetoned 2HE 129 A
WFEFANA 1383 ppm o2 7PE B Fepola] ukE 8o
© 546 ppmOE ZAEAL, hE FETOA = waut 28
25 S7RIGT. AdrE e BEY nE ko] Wl
7} A3l3Ith. Ethyl acetate= @& 190l 24.43~82.18 ppmoilA]
288U 8356~223.04 ppm O E F7VEFAT). Aspergillus
usamii mut. shirousamii ‘TS LI 64 o] IA =
7o, 223.04 ppmSE 7F¢ Bl Methanole 7F8 e
TS vERe] 2E 1Y) 3.84~7.16 ppmo]| R,
= 6.17~8.8 ppm<] FrolUT}.

Ethanol> & 19l Aspergillus usamii mut. shirousamii
TETE 538%0% w3oH, dasZ F FUksl] 2F 8
Aol 5.83%°1Att. npropyl alcohole & 1Yo 1.24~
63.83 ppmol X LE 8YUol| 24.2~82.3 ppmol ATt Aspergillus
oryzae M6-1 TS5} Aspergillus usamii mut. shirousamii T
s o] 3718, 63.83ppmollA] 242, 4285 ppmOE 7F
23Tt

iso-butyl alcohol> n-propyl alcohol®} B]<=dt &efo|)r,

F

g 8ol

Aspergillus oryzae M6-1 TET9 Aspergillus usamii mut.
shirousamii *F=-T 3747, 54.15 ppmolA] 28.94, 42.49 ppm
o2 ZHABIATE. iso-amyl alcohol ethanold A £]8}al, o]
109 g5 dYoMe} o] FAF BEA F 7 B
HE 1€ 11042~26551 ppmol A LE 8Ue] 143.28~
252.17 ppmOI AT}, Aspergillus usamii mut. shirousamii =T
= 2F 190 26551 ppmOE EOLF, WE 40 FE3

Asteo] da s e Wkt g XSS o) tE
FroME dR 6Yol Thdshs Aol ety = A
AF oz Fd AEo] iy 78Ik

&7 ko) =09 fusel oilFe] FHE o AL B

olzull0, B HAYPoMr dIE FFo] =& Aspergillus
awamori TS} Aspergillus usamii mut. shirousamii 27
7t fusel oilfF2] FFAE2) iso-amyl alcohol 3Hgo] E=gith,
HX B3 Aspergillus awamori®t =31 Aspergillus
usamii mut. shirousamii dFZE o]&3l FHAFE 2 A
T =2 dEE £EE 7O & UL Aoz dAndy,

AL AT s 164e tide=z zhzke w2
= ARSSle] FAFE gxEl] 2av Bl ¥ dsEE @
A= Fig 6°xet 72t Ao e H7Me Aspergillus
usamii mut. shirousamii ‘F=77} Ha 58824 TS T2
Hale] Ehry, B gho] =9 Aspergillus awamori 7=
7= B Aot Asle] #egreiA Ald v 7EeE 1
2= '

Fle s 71ZEE Yshiglen, ol Zzke My
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Table 5. Changes in flavor of millet wine during fermentation

Sample” Fermentation Acetone Ethyl acetate Methanol Ethanol n-propanol iso-butanol  iso-amyl alcohol
periods (day) (ppm) (ppm) (ppm) (%) (ppm) (ppm) (ppm)
1 13.83 82.18 5.20 3.69 15.24 26.71 11042
2 5.09 84.92 6.78 4.48 19.29 32.04 137.25
T 4 3.12 173.1 4.40 5.14 20.07 35.54 160.12
6 9.77 19843 7.53 5.83 23.01 39.90 177.06
8 5.46 132.69 723 6.18 82.3 59.64 252.17
1 1.91 2443 3.84 4.01 37.18 3747 128.06
2 5.73 51.16 6.06 549 50.58 49.15 177.39
e} 4 4.88 69.39 4.09 501 4194 39.30 152.05
6 6.35 90.27 6.78 5.81 49.05 50.70 176.10
8 6.93 84.81 6.82 5.37 24.20 28.94 143.28
1 3.05 41.52 5.44 3.96 21.02 32.77 135.14
2 4.80 56.27 7.25 493 27.46 14.53 156.51
A 4 6.72 84.99 7.21 5.89 3245 29.39 168.13
6 6.20 97.17 845 6.56 31.38 37.08 180.45
8 6.11 83.56 6.17 4.94 46.88 43.53 147.39
1 4.47 39.62 7.16 5.38 63.83 54.15 265.51
2 4.60 70.39 9.00 5.86 76.06 46.11 266.52
U 4 5.92 128.91 1047 6.91 96.69 64.16 299.24
6 4.31 123.60 8.12 6.14 77.80 62.52 254.24
8 6.92 223.04 8.80 5.83 42.85 42.49 175.26
PT: made from Nuruk on city market.
O: made fromAspergillus oryzae Nuruk.
A: made from Aspergillus awamory Nuruk.
U: made from Aspergillus usamii mut. shirousamii Nuruk.
Table 6. Sensory evaluation of millet wine made with different Nuruk
Sample” Color Aroma Taste Overall acceptability
T 4.8830.96% 4.69+1.25% 4.81£1.11® 4.94%1.12°
6] 5.06£1.65 4.94£1.18° 4.06£1.18" 4.38%£1.20°
A 2.6910.87° 3.81+1.22° 3.31£1.40° 3.25+1.39°
U 5.88+1.02* 4.63+1.54 5.19£1.47* 5.31£1.35°

UT: made from Nuruk on city market.

O: made from Aspergillus oryzae Nuruk.

A: made from Aspergillus awamori Nuruk.

U: made from Aspergillus usamii mut. shirousamii Nuruk.

PMeantSD (standard deviation) separation within column by Duncan’s multiple range test at P<0.05.

ol Saccharomyces& 2% T AdE &AW Y51 4FF
olgslol FRE Axdv] 7Q1F Zloew Hr gto] Wigt
Z|swoMe Ao sl £ 7| 5E HYUW Aspergillus
usamii mut. shirousamii “TET7F 9O, A FolM gE
e THEYE B Aspergillus awamori T5-T7F Atk A
7 st B 715 E eItk AAHSE Aspergillus
usamii mut. shirousamii =171 A, 7], Bkl digld £

713525 YeEiith.
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Zymological Properties of Foxtail Millet Wine-making by Isolated Strains from Nuruk
Cheol-Hun Yu, Sung-Yeun Hong' and Jeong-Sam Koh* (Faculty of Horticultural and Life Science, Cheju National
University, Ara-Dong, Jeju 690-756, Korea; "Woori Nong San Mul Agricultural Co., Buk-Jeju 695-905, Korea)

Abstract: In order to improve the quality of foxtail millet wine, zymological properties by isolated strains from
Nuruk were investigated. Saccharomyces sp Y5-1 as brewing yeast, Aspergillus sp. M6-3, Aspergillu& awamori 6970,
and Aspergillus usamii mut. shirousamii 6959 (KCTC) as saccharifying molds were used, respectively. Acid content,
soluble solids, color (b) and alcohol contents were increased during fermentation. Ethanol concentration of millet
wine made with Nuruk by Aspergillus awamori 6970 and Aspergillus usamii mut. shirousamii 6959 were higher than
the other; 10.6 and 10.1%, respectively. Citric acid was only detected on 1~2 day starting fermentation. Oxalic acid,
lactic acid and acetic acid of millet wine were high in the wine made-of Nuruk by Aspergillus usamii mut.
shirousamii 6959, Aspergillus awamori 6970 and traditional Nuruk, respectively. During fermentation, glucose and
xylose was higher than the others. Xylose was :increased, but most of other sugar were decreased during
fermentation. Acetone, ethyl acetate, methanol, ethanol, n-propanol, iso-buthanol and iso-amyl alcohol were detected.
In the wine made with Nuruk by Aspergillus awamori and Aspergillus usamii mut. shirousamii, iso-amyl alcohol and
ethanol were high. On sensory evaluation, the wine made with Nuruk by Aspergillus usamii mut. shirousamii was
the best on color and taste.

Key words: foxtail millet wine, zymological property, Aspergillus, Saccharomyces, Nuruk
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