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Summary

In order to improve the quality of foxtail millet wine which is the traditional
Jeju cereal wine, Nuruk was prepared by selected Aspergillus sp. M6-3,
Aspergillus awamori 6970, and Aspergillus usamii mut. shirousamii 6959(KCTC),
respectively, and foxtail millet wine was brewed with the Nuruk. Zymological

properties by isolates were investigated. The results are as follows.

1. The average number of microbial populations in the Nuruks were 1.0x10"~2.0x10°
CFU(colony forming unit) of yeasts, and 1.0x10'~2.7x10° CFU of molds. Fifteen

yeasts and 15 molds which had good flavor were screened among isolates.

2. Among the 15 yeasts, Y5-1 identified as Saccharomyces sp. was the best on

ethanol production, ethanol and sugar tolerance during fermentation.

3. Among the 15 molds, strain number M6-3 identified as Aspergillus oryzae was
the best on enzyme activities of glucoamylase and B-amylase, but a-amylase

activity was similar to each other.

4. Inorganic contents of Nuruk, naked barley, glutinous foxtail millet and wheat
bran were decreased in order of P, K, Mg, Ca, Na, Fe, Zn and Cu. In glutinous
foxtail millet used to brew millet wine, P, K, Mg, Ca contents were 476.9,

278.1, 194.7, 17.79 mg%, respectively.

5. When foxtail millet wine was brewed with Nuruks inoculated by selected
microbes, 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 10.196, respectively.



6. Citric acid was only detected on 1~2 day starting fermentation, and tartaric
acid was detected on 1 day’s fermentation in only foxtail millet wine brewed
with traditional Nuruk. Oxalic acid, lactic acid and acetic acid were detected all
during fermentation. Also, 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.

7. During fermentation, Xylose, arabinose, glucose and maltose were detected.
Glucose and xylose was higher than the others. Xylose was increased, but

most of other sugar were decreased during fermentation.

8. 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.

9. On sensory evaluation, the wine made with Nuruk by Aspergillus usamii mut.
shirousamii was the best on color and taste, and most of wines were similar

on flavor except one brewed with Nuruk by Aspergillus awamori.

_iv_
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Table 1. The composition of medium used for isolation and cultivation of

microorganism
Medium Composition (g/ ¢ )
Yeast extract 3.0
Malt extract 3.0
YM agar Peptone 50
Dextrose 10.0
Agar 20.0
Yeast extract 10.0
YPD agar Peptone 20.0
Dextrose 20.0
Agar 15.0

PDA agar Potato dextrose agar (Difco) 39.0

3. #F Mu

1) 3%

(1) €¢z& WA e

dHE ARTE v wEd ZE bed P F2 7S YM Al HEst

o] 4RA17F widkE & glucose(15%)S H7F3F YM A AwlA] 100 meoll thA] 7 E 3o

72X agEtant o] MgRS TR FAHAR d32E& FHFHS F45ta, 15TE

Rl FuE YYSl 48 ARG HAusark



WL EHE YM AAuAd] ARE HFE F RS BL10%)E W7ol 3

0ColA 48217 v %Fate] 600 nmelA &3 =E SA s

(3) WA
HFAd LS glucose(15%)E H71st YM dAn|Ao] &5 E HF3dFe] 30TolA 484
A=

ol

2 skl 600 nmol A FHE=E A

2) AT
sFigE 7S ZE2ste] F(koji)E A Fs glucoamylase activity (GA), B

-amylase, a-amylase &3S 717t SA 39T

1) =r(koji)e] A=
A7 258 AZAZeaFe Y B 15mE FA7 skl 1587F 121Col A A3k

T, Fade A Eaidd A THS HES 26TCTolA 72413 vl ek Tt
(2) Glucoamylase activity(GA) =73

ZE42NE koji 1g8& 1% NaCl €9 5mlol]l &AESFe] 5CoAA 12417 9|3k
&

Aol A 3A1ZF agkete] 8000 rpm &2 107 AlE g ste] A& A S AL

7 ¥-SA1 7] tFE Somogyi-Nelson H o & Hkg-o 2o MY -3 &S =459

Glucoamylase activity(GA) unit = A4 ¥ EFE=FFH(mg) x 60/20

(REEAIZE) x 10.1(EA) x 100/10(F%=+)



(3) 239 (B-amylase) 4

a2 koji 1gol 1% NaCl &< 20mE 7hata, 30CellA 2413F &
o] 8000 rpmo = 103 A4l este] A2 A ds Abgstrh 1% 7H&A
7142 3Fe] 0.1M acetate butter(pH 5.0)¢F 714, Z& 4 M S 40Co| A 30F7¢

L e
o o
to St

2=
oo
>

7l & Somogyi-NelsonH &2 &3-S st 3 Au45 #3819 saccharogenic

power(SP)2 YJEIW o koji 1goll that @A oz FAA

o

(4) 43} (a-amylase) =4

284092 koji 5goll 1% NaCl 20mE 7Fskar 30ColAl 2A17F A" F&314
8000 rpm o= 107F gt A2 FA NS ALEedith 1% 7HEAd dES 7
A2 3lo] 0.1M acetate butter(pH 5.0)9F 713, Z2&4NE 40T 30 &3F ¥H-5-4]
2o @A AA eE AAAZ F 0AN L 20 e 7hete] 660 nmellA FFEE
=3to] 3 o] AAstl. control(thZ27)L &4 9S thAdte] T/
A& A& AT

o
~

Jl

O.D.(control) - O.D.(sample)
&4 (unit) = x 100/30(min)
O.D.(control)

—~
o
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a
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i
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1) F5 Az

121Cell A 2023 7hkadatst 271 iAol e AdE AMERt Aspergillus
oryzae M6-17} St AEF AT A FHALYKCTCO)ANA BL4E w2 Aspergillus
tol E2H7F

ol

awamori 6970, Aspergillus usamii mut. shirousamii 69595 ztz} H%

A3 A WA 26Tl wiFske] ol Aol AHgE



A Belet WSS 901 HER EFsta, 985 THE 23%l dIsteE B3
22 08% &3%std A4 19cm, F7 3cne g om wEQT 27CoAA E&
o] 40T o] =22 Al #ol H7|E ofw 7L wgstal, 32T A 293 Az

=9

o] FE& Alxsrh

FATFL TR AxdRe s, By, 2U]E, 2dan rAE FYE 9Ed
A w5 FrlE FEs SASAGY 44 AanE 54 FaEdh AR 1g

20mE 7hsko] 12413t A2l A WAF & wmekaje] whe gojo] & wjrhA]
7hEE o AEA, oAl ZAF 20mE Theke]l ANFEE AlA b ZEaEld ARE
ICP(induced couple plasma, Germany)® ¥ttt ICPe] B4z AL Table 29

2ot

Table 2. Operating condition of ICP emission spectro analyzer

Instrument Spectro plame EOP
Plasma power 1200 W
Nebulizer pressure 40 PSI
Auxiliary pressure 34 PSI
Coolant pressure 40 PSI
Total preflush time 60 sec

Fast preflush time 20 sec
Nebulizer carrier gas flow rate 0.4( ¢ /min)
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4 g5 2 MWE o Sagccharomyces% 22 FAHHA Y5-1 TwFE glucose(2
0%)E 7kt YM v =] 15meel &3kl 30Tl A 48A17F v Fst £ 100 ml <

A A ol 7247 FA ] FroA o A&t AT
7. 729 Mz F4F ctz o wg

AFAS 124 s’ =l A F 121T el A 303t SAskd . S Ak g
A4 1500 & 550meek Aol AlE s S0g, R 50mE H7Fshe]

=N
20Tl A F&o] 22T ol «=A w7 star, 6413 FAC R kst 24

SFEFFE MR o] Aspergillus orvzae® TR H M6-1, 3= H A S
4 FAALHKCTC)AA EHFS W& Aspergillus awamori 6970,
Aspergillus usamii mut. shirousamii 69595 73 £3}o] wE FF3 duk A g
Aol dvjets FERoR FAFE FxsHAH.

FET) Fxv 2EY TR 13kegd TA AFAI} 75 300g, & 245

3TCAA Hdl F20] 30C ol =24 A s 12
AP rA 0w wwketo]l 2% Wt 29 § 75 500g, A AF2 16

8¢5 H7bste] AW F=2o] 27C o] 224 &4 i 2d &=



1) pH 2 F4t
pH+ pH meter(Orion 310, USA)Z A3, T4 &S AO0.A.C (1995)H

2) 7F44 31138 E(soluble solid, °Brix)
7}84 ¥ E(soluble solid, °Brix)<e refractoanalyzer(Kyoto Electronics RA-510,
Japan) 2 S48ttt

3) AE
NEE A3 8000 romel A 1587 A4 25
JPT200F/C, Japan) 24 3he], b(Z41 %)% LpER 21 th,

&

A S color meter(Daego

das FFS TF 100l SFT 50mE ¥ol SHAA TFA 80 mel S

FE AUbste] 100z FE3 & FAAR 45 15T oz 2AsAT

g S 8000 rpmel A 1583 YA Es] A NS 045 m membrane filter2
o] }3le] Table 33 #-& ztzhe] HPLC ZAdA 714 2 Fa89dS 2430

6) T FIFE
g oS 8000 rpmel A 153 A4l st A AES 045 m membrane filter=

of #sto] GC= AT GCO %712 Table 4014 ¢} 22t}



©
e
or

AL

ATt s 30W S R, AdE ST Aspergillus awamori 6970,

Aspergillus usamii mut. shirousamii 69595 F&9 A FA| HE3dto] g%l

AT

o} ANFFEoR FF3 FAF dd WAl(aroma), M (color), BHtaste)oll thste] 7

G VSR EHo R HFHAE ST ‘vl FUE XFstd 2 VEREE
7,6, bR 1, EAL AAE Fe JIEEE 44, b APE xdEE=
NNEEE 247y 3, 2, 1doR 3§19 VRS HIAZE HASAT

Table 3. Analysis conditions of HPLC for carbohydrate and organic acid

22}

Al O
25

Instrument 1 Alliance 2690 system
(carbohydrate) Alltech evaporative light scattering detector 2000
Column Supelco carbohydrate

(3.9 mm x 300 mm ID, particle size 5ul)
Moblile phase 85% Acetonitrile

Other condition Detector : ELSD
Flow rate : 1.0 m¢/min
Sample size : 10 uf

Instrument I Spectrasystem(spectra—-physics, model LC-7000160)
(organic acid) P4000 pump, UV/Vis detector
Column Supelco GEL™ C-610H

(7.8mm x 300 mm ID)
Moblile phase 0.5% Phosphoric acid

Other condition Detector wavelength : UV 210 nm
Flow rate : 0.5 ml/min
Sample size : 50

_11_



Table 4. Analysis conditions of GC for flavor

Instrument Hewlett packeard 6890 series
Detector Flame ionization detector
Column Crosslinked polyethelene glycol

(0.53mm ID, 30 m length, 0.25 m thickness)

Temperature Injection port : 250C
Column oven : initial temp. : 45C 2 min
temp. rate : 40C/min
final temp. : 100C 1 min
Detector block : 280TC

Gas flow rate Carrier gas He : 15 m¢/min
Total flow rate : 30 ml/min

Split ratio 21
Sample size 10

_12_
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Table 5. Total viable cell numbers of Nuruk

Sample number Collected area Yeast Mold
1 Nuruk(Cheju Nat. Univ) 2.0x10° 2.7x10°
2 Guksundang 1.5%10° 1.0x10°
3 Jinju 1.0x10° 1.5%10°
4 jungang 1.0x10° 1.5%10°
5 Songhank 1.0x107 1.0x10°
6 Jeju Folk Village 6.5x10" 3.0x10"
7 Chungmu 2.0x10" 45x10°
8 Suwon 5.0%10° 45%10°
9 Chungum 2.0x10" 5.0x10°
10 Hanae 2.0x10" 1.5%10°
11 Jeju 6.5%10" 1.0x10°

sample 7, 8 - Nuruk of Fermentation Chemistry Laboratory.

sample 6, 9 — yellowish Nuruk.
sample 7, 8, 10 - whitish Nuruk.
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Table 6. Ethanol production, pH, ethanol, and sugar tolerance in YM broth

by yeasts isolated from Nuruk

Strains Ethanol(%6) pH Ethanol tolerance Sugar tolerance
Y1-3 2.4 5.71 0.066 0.210
Y1-1 2.4 5.37 8.64 0.151
Y2-1 2.7 592 0.085 0.196
Y4-2 3.6 5.80 0.057 0.151
Y4-3 3.3 5.81 0.079 0.196
Y3-3 3.5 5.35 0.029 0.350
Y2-2 2.9 5.70 0.042 0.177
Y3-2 2.9 5.62 0.042 0.163
Y2-3 3.3 476 0.047 0.131
Y1-2 2.7 593 0.073 0.159
Y5-2 44 452 0.083 0.748
Y5-1 4.6 4.22 0.311 9.58
Y3-1 2.7 5.53 0.048 0.193
Y5-3 4.3 4.56 0.120 0.728
Y4-1 3.8 5.76 0.059 0.157

Y1-1, Y1-2, Y1-3 : yeast from Nuruk(Cheju National University)
Y2-1, Y2-2, Y2-3 : yeast from Songhank Nuruk.

Y3-1, Y3-2, Y3-3 : yeast from Jinju Nuruk.

Y4-1, Y4-2, Y4-3 : yeast from Jungang Nuruk.

Y5-1, Y52, Y5-3 : yeast from Songhak Nuruk.
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1) Glucoamylase activity(GA)
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rot
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usamii= amylase % glucoamylaseS FA| = 3kt}(o], 2000).
vl 5(1995)2 F5o EAstE AT e E8l, A glucoamylase &4 0] -5
St 5 Aspergillus$rolehal 3193, o] 5(1995)2 27]E koji FEH] a4

Jm

S AHE Ad Rizopuss AED R4 glucoamylase 42 360 RSU(raw-starch
9 5

Ao GAZ} 73 TF5 Aspergilluss 22 771 unite] b Ak 7 5(1998)
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—

saccharifying unit)e] 1ttt 39 th A 5(1997)2 FHAA 283 F8&F3o
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2) 233 (B-amylase)
2T B-amylase &4 S SAsIY], §484S 93tE (saccharogenic

power, SP)Z Yetdl A3t= Fig. 1(b)olA et 2o 714 =S glucoamylase &4 S



YetW Y Aspergilluss 3= M6-3 7} 7825 unit® @3tz o] -3t v
O 2 7179 unitd] M9-1 5ol o™, glucoamylase &4 900 unit ©]o] A& M9-2
T 4089 unite 2 w2 A4S et X3 glucoamylase &4 ©] 799.2 unit

2 04 =2 245 JEiAY M5-1 #5F5 2800 unit® 7HE 2 24 S Bth

SRR R £ Fxded A (ko) E2EA, 53] FEHo] oW I
o AME S EY F a, I S AReEd 28¥HE ARY ARE 2Y F
ATHA, 1994). p-amylaser® =29 a-14 2SS HIIAY Dot glucose T2 H
B BE 9 maltoseE AASAA ZElE a-16 Ao 7)o o= zgo] AHX
ot e maltose?t $HA A E3] EAEFo] 2 dextring A A grh(el, 2000).

A 5197 FHAAA EEE 18FFE tAom 793 wdete] dEEs A

Stk 71 5198 el WAzl ME G5 WS s, grre @
F7h Alzke] Aol wher @ aEel gadrha stk BABAl R AYH 5

_18_



Glucoamylase activity(units/g koji)

M8 M4 M3 M1 M4 M3 M1 MO0K3 M1 M2 MI3 M2 M2 M1 M1

Strains
(a)

200

a ™r

9

[

%

A

=

= o}

|

a

g}

]

U aoob

(o N

M3 MO M3 M1 M1 M3 M91 MI03 M2-1 M52 MI13 M/2 M2 MB1 M4
Strains

(b)
Fig. 1. Glucoamylase activity(a) and f-amylase activity(b) of selected

isolates.

M1 : mold from Nuruk(Cheju National University).

M2 @ mold from Guksandang Nuruk. M4 : mold from Jungang Nuruk.
M5 : mold from Songhak Nuruk.

M6 : mold from Jeju Folk Village(yellowish Nuruk).

M7 : mold from Chungmu(whitish Nuruk).

M8 : mold from Suwon(whitish Nuruk).

M9 : mold from Chungmu(yellowish Nuruk).

M10 : mold from Hanae(whitish Nuruk). M11 : mold from Jeju Nuruk.
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3) 33 (a-amylase)
2 #59 932 (a-amylase)S A Ay Fig. 29 2o d3Ee& M7-2
M2-3 57} 256 AU.E

N

F7F 315 A U.(a—amylase unit)= &Ado] 714 Fgtow,

g e @48 YepgAdn 3.0AU. ol #FE THF A glucoamylase €4
2 Gt oA e FAS YetWAY Aspergilluss 3= M6-3 i+, T3+ 3.04
AUZ S Bk

N

hu)
I
i

ot
ml

o,

2=
T

o

a —amylase activity(A.U.)
BoBr NN
8 8 8 8

I
]

I
8

M-8 MI01 M2-3 M1-1 M51 M68 MO1 MIO-3 M1 M52 M11-3 M72 M92 M81 M4d
Strains

Fig. 2. a—amylase activity of selected isolates.

M1 : mold from Nuruk(Cheju National University).

M2 : mold from Guksandang Nuruk. M4 : mold from Jungang Nuruk.
M5 : mold from Songhak Nuruk.

M6 : mold from Jeju Folk Village(yellowish Nuruk).

M7 : mold from Chungmu(whitish Nuruk).

M8 : mold from Suwon(whitish Nuruk).

M9 : mold from Chungmu(yellowish Nuruk).

MI10 : mold from Hanae(whitish Nuruk). MI1 : mold from Jeju Nuruk.
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el AstE S wigdsrt SUHEel wel aAgAdo] Frbe v &, 1997).
a-amylase™ 29 14 Z2FS Y= Falst, o-1,6 AFS EalekA ks
o webA g A= F43] At dextringtgt A¥ o] U Oiws
=g, Jhge] 9o ENge HAM~HAS A FAoR Hu HITEIAHES

dextrin, maltose®} glucose®|tt. AAEH LTS a¥o]ojA] a-amylasedt E T}

oi

Aspergillus oryzae i< amylase a—amylaseE FAZ (7, 1995).

W 5(1995)8 Aukrbgol A Axg w53 A AAGAlA Fufjsts AR Al X9

Fo|l A TS ®Esle] HFHS A3 A Aspergillusol 3 FAS UE
Wt Btk Al 5(1996)2 =it (Aspergillus oryzae)3t W=t (Aspergillus
usamii mut.)& WlFste] WE T Wkl a-amylase #7445 W aLakgitt

o] g o] FHROomHEH g ARFTed dete aagds FAHI A
glucoamylase &7, B3t# g oA 538 &4S Yekd As
g M6-3 75 T35 TRHEE H5d F45Y $aEA A A}

#HF A sk

S Balo] AbE3 5 FEYES] v Ur]e agla $F2F 989l A58

Nat "=l thete] AFer =4, =4 &
wk ooy x] giAl B 7S gtk Mgt AlEY 2 4gdur A3 QilbdE 2 31gHE
Agate] Al 2do] #egith P d4E QIAAE Foll £FHO] o™ nucleotidAl XE
2BA A gl Fod 98 a1, Ke Alxd Fr7|972 EAEPEA RS 24
gtk Cat 2% 40| Yt oR Axuat Zegitt Fexs 4bsh-8kel ke 28 40] 44 El

31, Cust ZnS 2% oxygenase, alcohol dehydrogenases 2] 45 ¥4, 199%).
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Table 7. Mineral contents of Nuruk, naked barley, glutinous millet, and wheat

bran(mg/100g)

Sample

number Collected area Na Mg P K Ca Fe Cu 7Zn
o Dk . 24250 63200 609.00 7430 142 105

(Cheju Nat. Univ.)

2 Guksundang 9.15 23490 555.00 63400 4993 643 066 3.14
3 Jinju 1051 13340 257.80 359.80 4169 221 054 274
4 Jungang 6.38 15370 383.80 38340 41.01 240 054 194
5 Songhank 6.77 18480 47880 46590 4518 1.32 052 2.30
6 Jeju Folk Village 26150 808.00 465.60 27.18 6.75 057
7 Chungmu 816 28490 81500 40210 36.01 2456 048 271
8 Suwon 861 20010 627.00 36730 2194 557 050 2.69
9 Chungum 575 152.00 44690 201.10 3989 174 062 184
10 Hanae 759 10740 321.30 103.30 1240 1.8 081 4.49
11 Jeju 767 17450 44180 34470 3712 152 062 198
12 Naked barley 1278 6230 18530 166.70 2532 243 031 155
13 Glutinous millet 19470 47690 27810 1779 1.84 0.70
14 Wheat bran 2051 522.00 1262.00 900.00 103.05 643 127 5.60

Sample 7, 8 - Fermentation Chemistry Laboratory
Sample 6, 9 - yellowish Nuruk
Sample 7, 8, 10 - whitish Nuruk

_22_



= F FUE e AAFgez P > K> Mg > Ca >Na >Fe >Zn >Cu &
E A5 750l 1051mg% = Wekal, F5 =70 575
P, Fex= &% W3ro] Z2b 2849, 815, 2456 mg%

o gtgFoE M wokorn, Ko Cav =% F5o| 634, 4993 mg% = =4t Cu

o Zne ARAAAA Axste] B F FFo] 1.05 427Tmg% o FFoE Wikt
2200 T4 F 78 FHES DEaAH NN Feoltrua dEaFAe] 9

2 AR AETAY AL, d22 2R 2 dAAdA el 4 IR

2ele 4% P 1853me%, K 1667, Mg 62.3, Ca 25.32mg% ] kol Qiu}. FaF o
A=l JFAC] 7S P 4769, K 278.1, Mg 1947, Ca 17.79mg% 2] 3FeFolela, 7]
€2 P 1262, K 900, Mg 522, Ca 103.05mg% So& AxA oz 7bg we hakoldrh
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kol
Am
0x

S vF2 BYE Aspergillus oryzae M6-13 = AHFeATd FAA23
(KCTC)oNl A %S WS Aspergillus awamori 6970, W= Aspergillus usamii

mut. shirousamii 69595 Zt7F HEF3te] wE F53 dut QYA oA Bt T

oFF, BF 5 FxFA ol 85 AT YRl Aspergillusol &@Th. it

<
1994), =12 Aspergillus oryzesi= A& S3dz chulad Eajgo] Fslui(o],
2000). Aspergillus usamii © W=arwolH, 4IE& AxE SLU59 T3l o] &5
3, B9l Aspergillus awamori= Okinawa$}e] Awamori Aol o] EH (A,
1994). ol¢} 22 SAS AW 449 #FE JTT FHELE FAFE dxopo] T

EEAE doluginh
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1) pH ¥ 4

FaFe] g A4 F pH 2 A4S Fig. 3, Fig. 49149 2o 2w &5 4%
°] pH¥ 358~38Ll¢]th & 1doA 4dA/7tA 7HAske] pH7F 3.26~3.34714]
ol Httrh, wE 5YREHE &wd] FrkskAY wErh gl dE $olel e

3.29~347°1 k. pH7} dA7IZF Wol A= o= AR ARl 9% A A4

ojuvf Z4kat, Akt o] A Ko ok Ao w HRATHE, 1996).
132 i @95 A3 = Aspergillus awamori 6970 +5%7+7F pH 3.81%

7} =9kal, pH 3582 Aspergillus oryzae =i M6-1 ‘F577F 744 shkoh
kg 8¥ol= W2l Aspergillus usamii mut. shirousamii 6959 T35, 3=
1 Aspergillus oryzae M6-1 ¥, A AAFFF, S5 Aspergillus

awamori 6970 =0 2 =k},

(

FAe GF AF 041~06%clor], E TN A% Frsdvh was
71 A2 24 B E W=t Ql Aspengillus usamii-mut. shirousamii 6959 +% -7}
& Aol vl b srEe] F7h&e] Foh wErh AlFE 8Y Fo FAbE

218% = Aspergillus awamori 6970 F5 757} 7} =k3, Aspergillus usamii
mut. shirousamii 6959 =77} 1.38% 2 7} vro} 0.8%9 #olE m ¢t}
ol gt Apol= FHOAA FHEE A AAdYe Holrt Yloew HATH da

450 b FFe FHolu ARelN feHth Wat AAHPA TR AT

So WA g 4F folie] AYHEE FA FFo| SRR
1997), # A¥el A T2 dFrnnt BExvlel ¥ A FFE UEd Qe F
wet Wee GFOR BT pHIF obA Tk 9wrs] Frbsta, 4 gEel 7
S A @ S9N A 20000 HFS WEF B4 ATt AN sk
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Fig. 3. pH changes during fermentation.

-@- made from Nuruk on city market, ~O- made from Aspergillus oryzae
Nuruk, -l- made from Aspergillus awamori Nuruk, —[]- made from
Aspergillus usamii mut. shirousamii Nuruk

3.0

Total acid(%)
B M OOON
o o o [$;]

o
(3]

o
o

0 1 2 3 4 5 6 7 8
Fermentation days

Fig. 4. Acid content changes during fermentation.

symbols refer to Fig. 3.
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2) 7t 1¥=E
Haayd T FEF M8 1deS 54T A= Fig 5elAM et 2 wE 4

5 EE AgTolA 260~2.84Brix® w2 ol ol 19 Ew Vet FR
&)
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ofo
o,
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O:

o ggom A Aol T o]Folx ARE wel

Sk 502 6.35°Brixe® YWERAH Aspergillus usamii mut. shirousamii TS,

5.86°Brixe] A@ Al FF= 5.65°Brixe] Aspergillus oryzae T «o| Atk

1-0 ' ' ' ' ' ' '
0 1 2 3 4 5 6 7 8

Fermentation days

Fig. 5. Changes in soluble solids(°Brix) during fermentation.

symbols refer to Fig. 3.
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Fig. 6ol ¢} 2o &

<
45

M=
Tag 5 FEF] GAE bats 548
A=l bk A AMBAFFI Aspergillus awamori T5T7F 272 20.28% 19.13
ol At} Aspergillus oryzae T35, Aspergillus usamii mut. shirousamii %712
1456, 12280 =3t @5 A9 A= 75 o] 472 bz Blv
Al AHAFES 9 FMoR ek Ao, S Aspergillus awamori
69702 HE3 THFL TS wdtt. Aspergillus oryzaeg‘r Aspergillus usamii mut
shirousamii 69595 F&3ste] Ax3 AL FF AAQ Ao thE A FH; €31
o Skt
M= W gyl Agdde2 Zrtste] 23 8YdlE Aspergillus awamori 6970 T+
=9tom Y ABFE= 2639, Aspergillus orvzae FET7F 22.59,
mut. shirousamii 6959 “F5T-7F 21.94 oAt @w AFo] Aol
= ASFE Hof FAFO| M FF Ao Az JFs v
3} Aspergillus awamori 69702 HE3 52 UFFR3H
E-0] A5 WS AS oAt

A
7} 282602 74
Aspergillus usamii
2717k Wzt ¢l
A A=

B A

]g_.:_
1o® molt)
A B Awrt Askel

30.0

oy

25.0

4 5

Color(b)
8
o

15.0

3
Fermentation days

Fig. 6. Changes in color(b) of broth during fermentation

symbols refer to Fig. 3
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=
Fe 46~49%=, g F5(1997)9] gFgolA Y 20~3.0%HTt =UTE o]+ FE}
19 95 7I7te] 43 wgo e oz ®old Tavit T F53 Wak glo]
s Zobste] waAlR 8o 93~106%¢ olEe  FEkS  heuild)
Aspergillus  awamori 6970 HE TF577F 106%= 7FE =%kon, 10.1%9]

R

Aspergillus usamii mut. shirousamii 6959 T35 7, 9.7%2| Aspergillus oryzae T+%

T eollow, A Al FEA7F Apols A FAR 93% = 7MY Be oEhE
g5 YERATH
o gtg slfo =

HAES AL Fi7dd WE 489 Aol7p F24F 2E T
2
=

Ferel zFolzt glo

0]
u!

Fe 5 FoE AAAY. B A @G5 7] E o
U wrgr)zte] AystaA FELEHE 2FH xpolE B AT Aspergillus awamori®;
Aspergillus usamii mut. shirousamiis, ©]-&3H A& slaFo] 53 FATE A

= @ 5 92 Aotk

12

10 |

©
T

Ethanol (%)
[=2)

2 L L L L L L L
0 1 2 3 4 5 6 7 8

Fermentation days

Fig. 7. Changes in ethanol content during fermentation.

symbols refer to Fig. 3.
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FEO FTRE dEste] Axg F2Fo wE AA F, UE 1Y, 29, 49, 69, 8
Ao dFgHEs fFHste] {742 oxalic acid, citric acid, tartaric acid, lactic
acid, acetic acid®] A& <ol A3+ Table 83 -t}

oxalic acide Aspergillus oryzae T577F Wa 199 11752 ppmo 2 =$koH,
= AgFrelA ZE 296 FAAsiAnrt ta Srleke 43S Btk 2E 8ddds
Aspergillus usamii mut. shirousamii 6959 T577F 7174 %2 7951 ppme] At} citric
acid®] A-§ Aspergillus awamori T57ol4 @& 1¥€e] 25588 ppmo] AL, =] 2
71 FTolle HEHA @tk vE AT MR TE 2d7HARE AEH A

A AlBFEFAA FE 193 29 22 102.39 ppm, 73.10 ppm©] ST},

i)
o

o

Aspergillus oryzae T5TolAE 129.12ppm, 65.37 ppmol1™, Aspergillus usamii
mut. shirousamii 6959 F=7-= 301.69 ppm, 191.60 ppme]Ath. tartaric acid:= A @2 Al
I FEAA BE 1ol v 51.79 ppm HEH AL, T2 AT oAM= HEFA Lo

lactic acide= ©& f7]4tel Hlete] 7Hd we S AAE P, dE 297A =
Azl Frtetgnh g g 1ddE 2417.44~4544.29 ppmel LW, Aspergillus
lo] W g 8o
934729 ppmo. 2 7V @& Aspergillus usamii mut. shirousamii 6959 T -9
4779.31 ppm¥ B 2ol S B AT} o= Aspergillus awamori FET7F & D)
A I E v @ds] dojd AR o AXITH

acetic acide= A=FH7F e AHWE YEtl™ Aol o3 At E(F, 1996)9
4l Aspergillus usamii mut. shirousamii 6959 T E HE 1Y, 2dd= HAE
A ke, 49, 64, 84 51.06, 104.04, 96.18 ppms YENNAT}. Aspergillus
oryzae TE7T olAe L& 190W 36484 ppm HEFHJC. A ABFSTE HE
1ell 50.8 ppmell Al 23 As3she] 364.13ppme 2 7HE Bkt
Aspergillus awamori T5 75 28 299 7349 ppmoE "ot vgA] SrtskH
A kg 8Yo 169.92 ppmel At Aspergillus awamori FETE EE 2] 73.49
ppme & WolAthr} tha] Z7baEa 2 g 826 169.92 ppme] 2Lt}

awamori FETE HE 49 ¥ lactic acid o] F£3] A

ol

o
(@)
({17
o
)
_11-?
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Table 8. Organic acid contents during fermentation(ppm)

Sample fermentation Oxalic Citric Tartaric Lactic Acetic
p day acid acid acid acid acid
1 67.24 102.39 51.79 2828.84 50.80

2 46.67 73.10 ND 2608.29 7452

T 4 56.23 ND ND 4263.92 129.31
6 57.68 ND ND 4106.08 167.21

8 68.73 ND ND 6043.68 364.13

1 41.33 129.12 ND 2969.83 364.84

2 34.63 65.37 ND 1764.50 ND

0 4 31.86 ND ND 3083.26 ND
6 33.91 ND ND 3842.62 ND

8 36.34 ND ND 5947.00 ND

1 11752 255.88 ND 4544.29 116.29

2 47.49 ND ND 2574.95 73.49

A 4 55.81 ND ND 5760.78 179.07
6 72.46 ND ND 9512.62 195.95

8 74.81 ND ND 9347.96 169.92

1 74.19 301.69 ND 2471.44 ND

2 62.03 191.60 ND 2365.36 ND

U 4 65.68 ND ND 3421.01 51.06
6 72.49 ND ND 4303.68 104.04

8 79.51 ND ND 4779.31 96.18

ND : not detected

a » 04

. made from Nuruk on city market

: made from Aspergillus oryzae Nuruk

. made from Aspergillus awamory Nuruk
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6) 2%
FAF 2adA F FyH OS2 xylose, arabinose, glucose, maltose® =4

ol A= Fig. 8o A Fig. 1149 Zt}. xylose:s t2 #8934+ =24

tlo

g
=

Fa7t AP E FUtete AEFS YUY Aspergillus awamori 7S T
g 4L FE o] 5538 Ao, e AT =3 IdE 6dFH F o
2 53t wE 8Yo+= Aspergillus usamii mut. shirousamii 6959 T,
Aspergillus awamori F%7, Aspergillus oryzae FTE7, A ADBFEF <o
= Bkt

arabinose= A A FFFT9} Aspergillus awamori FETE S7MeE A4S R

3, Aspergillus oryzae T Aspergillus usamii mut. shirousamii T 1%
st waxv|o S Aspergillus awamori TE7-, Aspergillus usamii
mut. shirousamii T57, AW A FE5TF, Aspergillus oryzae TET o2 Fol

Bk,

18

16
14
12
10

Xylose(%0)

o N M O @

1 2 4 6 8
Fermentation days

Fig. 8. Changes in xylose content during fermentation

symbols refer to Fig. 3.
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Arabinose(%)
H [=2]
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T

o 'l 'l 'l
1 2 4 6 8
Fermentation days

Fig. 9. Change in arabinose content during fermentation.
symbols refer to Fig. 3.

AT}, Aspergillus oryzae

Hu

so gs vEhlou 19 o F #43 gasts 3

JehfoY. wE 2719 @

sk S Aspergillus awamori T, A Al

otk
o

5
Aspergillus usamii mut. shirousamii %7, Aspergillus oryzae T5%7 T2
wokth. maltoses Aspergillus usamii mut. shirousamii ‘%77 7V%4 A& 3=

= WEt AL, Aspergillus oryzae F57% R 8U9 o] 149 FFHT
ket

b
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Glucose(%)

0 Il Il Il
1 2 4 6 8
Fermentation days

Fig. 10. Changes in glucose content during fermentation.
symbols refer to Fig. 3.

Maltose (%)
S

N
—
&

1 ; ; ;
1 2 4 6 8
Fermentation days

Fig. 11. Changes in maltose content during fermentation.
symbols refer to Fig. 3.
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7 LR FNAEE
FAFo gy F oIy FU|AHE SR acetone, ethyl acetate, methanol,
ethanol, n-propanol, iso-butanol, iso-—amyl alcoholS #2413t A3 += Fig. 12~TFig. 18
o Ak 2ok
acetone= g 1o A AlFFEFFolA 13.83ppmo 2 7HY W2 FFoA] ®
E 8Yoll= 546 ppmlE xR, thE FET= Bavt A5 E FrsAh
A AFFHFTFe dade w2 FFe] st ASATE ethyl acetate & 1Y
o 24.43~82.18 ppmo Al TF 8] 8356~223.04ppmeE ZF 7}ttt Aspergillus
usamii mut. shirousamii FE7= T & 699 o] AA F71Ee] 223.04 ppm &
74 e F9S JEH AT methanol> A AE T M @ &S UE o]

g 1ol 3.84~7.16 ppme] laL, & 8Ul= 6.17~88 ppme| FFol At

Acetone(ppm)

0 ' '
1 2 4 6 8

Fermentation days

Fig. 12. Changes in acetone content during fermentation.

symbols refer to Fig. 3.
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g

Ethyl acetate(ppm)
8

8

o

1 2 4 6 8
Fermentation days

Fig. 13. Changes in ethyl acetate content during fermentation.

symbols refer to Fig. 3.

Methano(ppm)
o

1 2 4 6 8
Fermentation days

Fig. 14. Changes in methanol content during fermentation.

symbols refer to Fig. 3.
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ethanol& AA A8 = 718 @& gFor Wg 196 Aspergillus usamii mut.

shirousamii ‘#5577 538% 2 =¢o

o
3
fol
)
o}
ofi
o|\
N
)
_0|L
td
3
fol
o
e,
2
rr
o1
(@)}
w
X

o]l n-propanolS TE 1Yo 1.24~63.83 ppmol A TE 88Ul 24.2~82.3 ppme] it}
Aspergillus oryzae T579 Aspergillus usamii mut. shirousamii T35 7+ 3$F%o]
37.18, 63.83 ppmel A 24.2, 42.85 ppmo = 743} T

iso-butanol n-propanol® H|£=3%F  SkeFo|Q Il Aspergillus oryzae TS
Aspergillus usamii mut. shirousamii 757+ 37.47, 54.15 ppmol Al 28.94, 42.49 ppm
o2 A%l iso-amyl alcohole FulZ L wlur} oz g wgof <)
leucine. =58 A =L fusel oil®] YEFO 2 ethanold} A 2T F+ F7|dES

2=(F, 1996) &A=t ethanols Alelstis F25F 2o & 7 @wo] A4

ol

Faoh 2rE 19 110.42~26551 ppmoll A ¥F& 8ol 143.28~252.17 ppme] it}

Ethanol(%)
[4,]

2 ; ; ;
1 2 4 6 8
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Fig. 15. Changes in ethanol content during fermentation.
symbols refer to Fig. 3.

_36_



n—Propanol(ppm)

0 ' ' '
1 2 4 6 8

Fermentation days

Fig. 16. Changes in n—propanol content during fermentation.

symbols refer to Fig. 3.
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Fig. 19. Sensory evaluation of millet-wine prepared with different Nuruk.
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> made from Aspergillus awamory Nuruk
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. made from Aspergillus usamii mut. shirousamii Nuruk
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