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SUMMARY

In order to make foxtail millet wine, a traditional wine in Cheju island, properties of
raw materials, screening of mold and yeast strain, optimum brewing conditions were

investigated. The results are as follows.

1. Carbohydrate and crude fat content of glutinous foxtail millet were 71.27% and
3.47%. It needed to keep enough time for soaking and steaming millet in order to expose
fermentation source contained inner parts. High lipid content of foxtail millet will be easy
to cause lipid oxidation during fermentation.

2. Optimum reaction conditions of crude enzyme of Aspergillus oryzae on
saccharifying soluble strach were 55°C, pH 5 .6. Saccharifying activity of crude enzyme
was maintained 31.0 - 35.4% at 20 - 25°C, fermentation temperature, compared to
optimum enzyme reaction conditions. Saccharomyces cerevisiae IAM 4274 was selected
for brewing yeast strain.

3. The amount of water added to steamed millet and ethanol production in wine had a
negative linear correlation after fermentation. A adding water ratio to steamed millet had
to be maintained below 250% for keeping above 13.0% ethanol concentration in wine.

4. Sugar conumption and ethanol production were caused first for 2 days rapidly,
principal fermentation was ceased after 4 days.

5. Ethanol production were between 13.0 and 13.4% for only foxtail millet, between
14.0 and 14.3% for 90% millet and 10% rice or barley as fermentation source,
respectively.

6. Oganic acids in millet wine were mainly consisted of lactic acid, malic acid and
succinic acid, and carbohydrates were mainly consisted of xylose and oligosaccharides.
Methanol was detected trace in millet wine. The content of fusel oil was very low, and

organic acid was high.



7. Optimum conditions of millet wine-making are as follows. Glutinous foxtail millet
with 10% rice as fermentation source was to be kept enough in soaking and steaming
time. Steamed millet with adding 200v/v% of water was to ferment for 4 days at 23°C.
After principal fermentation, fermented broth was filtered with press, and was aged for 1
week. Sensory evaluation of millet wine under optimum conditions was evaluated good

for panelists as a traditional wine.
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Sauete) MEEQ Wl WEE AAHOR UVHEH wekst g4 o MY
Fob MUY WHT BAE Pol Hrh WA= 2 zjede) 7% o BE2A &
e Yuet & BT 55U Rk BXLE Bt gtonl, HysE f) I/
o] MHMEE 43} FEoT MM E: —HYU olF HEARBEA g2yl utet
clertt Zolg 23 Hoket Atulvh 2R 10-20% WHE Y ot LB, 1927).

JzUBL Aol oLt 1963dFH AggegAel o &t Ut &2 F
oz chasladnt. sArEel usiel ARl cieste d 4u)7} gasidon, A
2AE JPUg sted th #g YEE ¢ FRAZI 7Fs8tAl =&k

BHBES 71, EQ 5 AdBZe ) F2 WAt o] Fojx BAEE IFF
2 2z o, $4 4F Soldi, ol YRR ¥ +a#st olgdch MR &
o BY 7SS THARRFUEHE, BN RKES] Xto] HXolnl, MKW
(1520-21)} &) DY "MMR LK.l “mRgke +RENEE A HARE KRH
pFLmEER LAVRBRE" 2L 2|Ase] Qon, FExiRel MR, RS ol =
" FRE ER U802 J|8Eol dth¥ T, 1983). ulgty AFAGelMe FE
2alg YT 3l &% wglen, AW Fole VI (LT Zarerz (o7&,
chil7) (M), Zao) AT, WAR E= JEHATE dolZutg, Ax¥e, EA
As, Aofolg, RoptEg, Jold. e Lulxe BIEFT So]l oM = BAR
oz M3 k.

Az E&Fol Y ZARIE RESMHA FAAN 9 2732 e
ol(® 5, 1983), MEET MM Lhgolut et B4 Ex | B2 A7 F
stael o7 Basl A8 Qoo B $(1987)S REBESE Mzgsle edVlE
o METE AR e uE 42 BY A7F E3lo] WML FEAF
o] WEHRNE A= WHEMHAN H=z3}7]0] o|23lch

aau A2k MR E&RE A2YPe] BEstn A BRR 2 3gdel ¢l



oo, MBIt §ol3la, FRAEo] HoiAn], MiEE U MEHE wel S3o] o
A3 ot TP atel A AJFERI} ofa @ Aolr). olof wrel A WyE
ER3l AT ESFE PRI H APYFIR= FE UGS Y BEo] AFF
2753 olct

REEo] VY 7= 1906d I wFolM BEHE Ze NucorlBg HAR A
& (EFF) A2XE Jx}o] 24, AH2YY, YEUA 5o Q77 o]Fo Ao, 1900
Aol @ & 4042 o4 g2 Eelo 53, I3, 2, ol 3B 7|23 d37}
g on, 1960dchol FoIMAM n]BFHA, B3 @27} o]FoiAct

AEHY Bt U WLfFA] ¥oq3l= otl el a-amylase, B-amylase, gluco-
amylase®] 3HCZ IA ks 4 olon, olF 7 H4 BYL vlAE L FAE
528 RAYo] wizg} ci27] wiFol(Manner, 1962) ¥ AU E Zt= FF Ay
2 HANA AAY ¥R FRFYol mi§ Fr3ich

1941'd Tokuoka?} Aspergillus oryzae2] uwjote¥ollr{ glucoamylases] Zaj§ B 3%}
X Asp. awamori, Asp. oryzae, Asp. nigerol 2]®|A AYAtE]= glucoamylased 2tzt
el Bzl 4o ety 23} 2487 § 2 §/4& Y vl qlch(Watanabe
et al., 1965, 1966: Morita et al., 1966: Ohga et al., 1966: Lineback, 1969). I
¥ F(1969)= 5 JF=2 ARE H2YP oloid HE 4£9E EWESK= WH
Sl 258 S S AR JbUEe o) AMzRFE S v)
5&4& Ba3idrt

i olM el FYY 255 5. cerevisiae groupto] UF HA ol FuUx, U
34822 Y @Reld GRS o] AT Hol PR FuHof Ao
(&, 1970), AR WREF BEEE R71ilol 23l MK ofBARE i
€ %ol dol WA Y3} Fhol] FYL Frla tATHM, 1964: Ouchi et al.,
1967; Takeda et al., 1967). EX, FF7Nye] thyt A7 FWolo} AR WG
g4l ot AZozRE AN oehEg PAhe A=t U%on(Sakai et al.,
1986: Lee et al., 1989), IA31bg ofstg YWAIFF T A Rol= tIBYL O R ojktg
A& Lo 2JFUYFR 43 B Yol W Zymomonas mobilisE WML o]
£3= d-77} 9lolcl. (Rogers et al., 1981: Lee, 1982).

@zo] v PFHA Bl Sl FRAR] PSS TIC agar MFEOE 1 26
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Bloll uwiz} EEPUEMo) o) 831 S oi(Akiyama et al., 1967), 2=2e] 23 e
FAYLS FIY FHUAQL JI2AFEAM o]BEYHA, AR AFF ¢ u olc}
(&, 1968). Z(1967)c AT Azt W& 45 olojkilx: & 4% 39
BX 5o, Bt %(1970)2 €Y F ololikils F7HRS ZAE fUlAto FHURE W
B857] diEoln], FARe A4S Ay 7= 2ol Fay EAe} stdct

MERolM S $ES due HYPE, JRof Boishe AR Py 44,
drddols YAt AR AP BERHE ol AT AT daiA (o],
1977: o] &, 1976). EY, FZF2 AHZo QoM LA ¥ B¥pS U] A
F1B22H Q2F7L FIY U ohlet @2FY 7, Y], 2l IBEE /FRAY
4 oo, QY ARG HAEN v AANREHN JA YEFE ¢S + o
C}3l stechCruess et al., 1955). 2|3ol 4 FEE o] &3l FFAYpier §
ASAE B A3, S5 U 989 A3 (raw flavor)7l WAEHOT BT
H BwER 8717 de §Eg M2 v} dtiE F, 1990).

FatT= WHES AFAL RABEAM OMS 3¢ BARESE Al 2o
olofl thyt 712 AXHE T} ¢lo] EFfbol o2& R alrh uigly B A3
Bete] Kt EEEK BR HEHES] BAlt 5 F4LTY RANEHEAS 2
ESDZHN o|F AFAHY +HEMEAN BXHRLsh=l alc)
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1) MENE

HFEA ol PBArElE 199034t F(foxtail millet, Setaria itarica Bgauvors)
9l A}Z(glutinous millet)®} R Z(non-glutinous millet), 2|31 %H(Oryza sativa
L.). R2|#H(Hordeum vulgare L. emend. Lamark)& AHE3lon], }zg42E 23}
F(oleks )& AHE3tlTh

2) ptAmk

AFoitin sy BT A0l BEFA BELYo] Y FHolet UF
Uigo] T ARFRE AME3lAch oloE MF2|HelM HEE = XA FF(10
A), HAHE F2H3W), MM EBRARA(Z7]1E FL)olA A2 Mm(2H)E B
2 siodch EH4Y ARE B2TE YM ¥, Czapeck-Dox Wiz & o] §3lo] FAujY
Hoe ¢4Eely ThE Malt extract agar AHul|of wjgdlo] BtAEKE 3tact
(Table 1).

Table 1. Strains used in this experiments

Strains The number of strains
molds -7
Type culture
yeasts 15
molds 9
Isolated strain
yeasts 13
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1) BRH2 B

PRYEY F4, 4, HePiy] YubdE BEMe MM, 1973 BBEXBEX.
1975)0ll &3t EM3lgon], 3L 0.7N HCIZ 7}H-231¢ T} Somogyi-Nelsont
(Hatanaka and Kobara, 1980)of &j3) Aeksledn, Rchiae Micro-Kjeldahljog

2Asiach

2) EFE@nel JR

BEMENC] 2L WEELE A Ust7] Sl FAFFE YL 10gol 28
8nl& 7}sto] HAR WrIEui]o FF 3t 30°CollM 5U2F whorstaict. @r|-&3 o
thsto] 20842] FF4-& 7isl] 38°C. 3AI1L Bt £ - AR TR 6,0009904 108
Z AAEAIA 2o JA Y HERROE 31 o0, toluene InlE 71 ¥ 4°C
of B EAIAAM ARgshAct

Zu 4N Mg Mol iyt BERIEHR-S Lane-Eynonel-& WYL WY (IR,
1973)0] o8} FFsjadct 2% 7184 ME 5mie} 0.IN acetate buffer(pH 5.0) 4mloj
Zu4 MY 1mlE 718t S0°CollM 3083t ¥ESAIZcL 100C R 2N 583t
Ae|st] A4E ERGAY F Felde BULPE FY3l] ALY o] Y ¢
FFE 12 dustaleny, zpzte] 438 WPt WIlE koji 1gofl thdte 183 #
2lHe Exe mgrgF 1 wit2 EA3jAc

5o Fabol tiy MEAES ARt AFA 0.500] SR 4nlE VISl
FAR g 284 ImlE 713t S0°COlAM 3087 wHSAI ¥ AAEl= Bdua
& FY3E2H A4} PRI nAe IBE AESGC] drgAFe] g
%< Somogyi-Nelson'doll &j3) FRstolony, ZAAdel thial ¥are BSA(bovine
serum albumin, Sigma)§ ESTWA R 3lod Bradford®™ (Bradford, 1976)2.8 HA
stdch TARETHE 2R 4N Il 1R 7H3A HEol gl R 2
=ote] mg8 1 wnit2 EA|slch



zusde] AAVILEE WCHE 5C WH 02 0C/ Fy3elont o 7}
£79 ME 05018} 0.IN acetate buffer(pH 5.0) 0.4ml& 71t ¥ 2tzte] o)A 5
H3 @y ThE 2B A Mol 0.1mlg I3tATh BH 10822 WA ¥ ®el
He BT &3] 2 e iy F¥E Arigdes vehiich Z 4049
pH 8ol 4] pH 3.6-5. 641014 0.1N acetate buffer, pH 5. 6-8.0Alo]+= 0. 1M phosphate
buffer® AFE3IGOD], 50°COlAN 1023 21T ¥, gollMsh ol FFstch

Pz $omue] Mol QolME FAFFE Hayduck PAY Table 29] il
100ml (kb &, 1984: Kim et al.. 1990)ofl HF3}od 28°C 397 Fel2A vigE il
O} Wl WASHs TbvlAS] WEVE FUYSE WA, YAF 442
ojjetg ¥+ Gas Chromatograph(PYE Unicam 304, Philips)® EM3igdct 2422
& A.0.A.C.°8(15th) B Ryu2h kwon(1982)¢] AHER HE HBsHed, columE
25a Quartz capillary-FFAP(vitreous silica, liquid phase), detector= F.1.D.&
ol &3tgrt. column 2% 55°C, injection port 25 250°C, detector 2% 280CE
3t on, injection volume 0.5ul, carrier gas® F4(flow rate 6.8ml/min)& At
g3idr}t. 7H84 W E(Brix)S AbbeZA(Atago, Japan)E. pi pH meter(Orion
520A, USA)2 &3 3tsdch,

3) FEATE J= A=

Fig. 12 AZ2xe] A= 2017l 2ol ol8slE FRe] WEAES Vet
orh. W& TEol Zot URY 27| 4%t 20-30d BE FHI Rofl HolM ¥
AAA BERg DEdon, 2F 27M(8F 8¥)of MY o] 1R Frin A

sz et

Table 2. Composition of fermentation broth '

Glucose 100.0 ¢ Yeast extract 204
(NH4 )2HPO4 204 KHz2PO4 1.0 ¢
MgS04 T7H20 0.5¢ CaClz 6H0 0.05 ¢
pH 5.8 Distilled water 1.0L




HEES FUAFE I 9 9 URE BAA S4FF2 Ay
Aspergillus oryzae§ H¥ Y¥HF O =R, Saccharomyces cerevisiae 1AM 42748 U2 H
BE A AFES}o] Table 3] wix|(f, 1985)0l HEAA MEMEE ¥ Che Hwv)E
Uz EFAg ZA3Ach

B Ao Y B2k el (Fig. 1) sHIU, (19700 P& 89
of Fig. 29} Yol WIHR: AHFA7IR W71 &g 45:45:109) H 2 A Tyt Y
¥ 2% thg TUFT ERAL X3l 28°CAM 5 YAAA BHEY I

A z3}tdct.

¥heat Cereal flour(!
l |
Doughing Molding
! l
Molding Cooking
l |
Resetting Cooling
| |
Fermentation(20-30days) Seed spraying(?2
! |
Drying Fermentation (28°C, 5 day)
l |
Malted wheat Aging and Drying
| {
Storaging Kukja( formed Bun Kuk)
Fig. 1. Flowsheet of manufacture Fig. 2. Flowsheet of manufacture of
of traditional Nuruk Kukja for millet wine-making

1) Cereals flour was consisted of foxtail millet flour 45 ¢, wheat flour 45 ¢,
wheat bran 10 ¢, and tup water 80 ml.
2) Asp. oryzae isolated and S. cerevisiae 1AM 4274 was used,



4) FEAF MWEHE

MR e BB Q2] ofoE A = enrlse] METEES Fig.
3ol aefstglen, onrige] AZYYE BEolZ AlRlA 7k ESFY Al 2 33
B3& #13t Fig. 49} o] AFES FHUUYFE A zsiddc)

FA(AZ, B2)F 152 BR(20C)3t 383 BAIIES stdony, Fzapre
A 1200C. 3023 Fidted AEA THF RESITE FA} Foll FYo] 3 Eo
A= 3l EYFR:F FAHE 1:2:0.158 H[-&2 Tyslo] MBW(I0L)o] Y2 ¢
HophE ¢ thd 200CollM 5U T MmRAIA &L (primary mash)-& A zstdon, &y
o] §hare 20x2 stk

2 ez A2y 4 Tl 2l £ 718t &5 gE(main mash)&
sladon], QxR0 w}E YIuiYS Table 42} o] thrlel WA F 3Ac)

UHI|ZHF PR L& 23C t 1€ FASIEon, @2 ¥ dyPHog 4
25 M SeE, AU, pH ASE FYSIACL Mol ulE FP5E) pH
vt ¢ ¥ #RE A8l Azt

Table 3. Medium composition and cultivation condition for seed culture

Brewing yeast Saccharifying mold

(S. cerevisiae 1AM 4274) (Asp. oryzae)

Yeast extract 3¢ ¥heat bran 30 ¢
Medium Malt extract 34 Foxtail Millet 10 ¢
Composition | Peptone 53¢ ZnS04 - TH20 0.01 ¢

Glucose 50 ¢ FeS04 - 7H20 0.01 ¢

Tap water 1000 ml Tap water 40 ml

pH 5.6 - 5.8
Cultivation 30oC 30°C
Condition 3 day 7 day

-10-



MR T = HEZ o PabzhAe] o] of¢ YA 2 go] PAH o] Fol
HeEE A7IR dtd o, 200mesh UUEET U2t F C}E &7]o] A AL
oll M FgkAZict

Glutinuous foxtail millet
|
Soaking overnight
|
Drainage
!
Milling
|
Doughing
!
Molding
l
Steaming
|
Cooling
| e—— Adding malted wheat
Fermented mash
| e—— Brewing water
Fermentation(15-20days)
|
— Aging for fermented mash — Slanting — Omegi millet wine
l
Primary fermented mash
> ] Brewing water and malted wheat

Fermentation
J

Fig. 3. Flowsheet of traditional millet wine-making(Omegisul)
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Cereals (foxtail millet, barey, rice)

|
Soaking in water(15 hr)
|
Drainge
|
Boiling with steam(120°C, 30 min)
|
Cooling >
|
Adding water and malted wheat ————
|
] ¢ Primary mash
Fermentation (Aging for 5 days)
|
Screen!ng Pressing or slanting
l |
Unrefined wine Aging
|
Millet wine

Fig. 4. Flowsheet of millet wine-making
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Table 4,

Brewing method of different foxtail millet

Mash Glutinous Nonglutinous Millet(90%) | Millet(90%)
compositions millet(100%) millet(100%) + rice(10%) | + barley(10%)
Primary| cereals| G.M.* 600 ¢ | NG.M.** 600 ¢ | GM. 540 ¢ [ G.M. 540 ¢
mash rice 60 ¢ | barley 60 ¢
(20%) kuk ja 90 ¢ 90 ¢ 90 ¢ 90 ¢
vater 900 ml 900 ml 900 ml 900 ml
Main creals | G.M. 2,400 ¢ | NG.M. 2,400 ¢ | G.M. 2,160 ¢ | G.M. 2,160 ¢
mash rice 240 ¢ | barley 240 ¢
(80%) kukja 360 ¢ 360 ¢ 360 ¢ 360 ¢
water 4,800 ml 4,800 ml 4,800 ml 4,800 ml
* G.M. : Glutinous millet

** NG.M. : Nonglutinous millet

5) FUMEB B

Ao FaRE £47I3 Foll njMYt 2 o] VA=Y on, e A5
T ARE 3l EM3dch u]FL v]FAR, olghe ¥arS Gas Chromatography2}
mBiLol 23l A3t AlE 100mlo] FFH4 S0nlE 7isted ZHYes ZFo
ol 70-80m17} HH FFHT-& ZI3led 1002 P o} FAAZ FHY ¥ 15Co)
Ao BMES Balstac,

22 9 s, Q22 FAR, ol kAE(Anino acid value): Z}zt ZAA 7
374 FREY (MBREFT®EE, 1975)0] 3l EM3lgt). 4k A2 10ml
& Feladel #3le] Ex|Alel(bromothymol blue 2} neutral red)& 71t ¥ 0. 1IN
NaOH 8102 Helol succinic acid YROT B S1Lo0], WRAME A2 20nl
g 73571573 SR < 150m WolM 0.IN NaOHE N2 8 SR acetic
acid §&re 2 I}

HERE UL olkhE Yak of 5.5 MY AR miE ¥atA Aol 25k ice

-13-



batholl M W3z}t F o3¢t 3% KMnO4 2n1E 718} 3027 AP t}e JAae
NaHSO3 2 ®M3}o] 5% chromotropic acid 1mI2} &} HpSO, 15m18 743l 60-757C
BTl 1580 gAY ¥ Ysn FH4E bl somle ML R
575nmofl 4 ] ar3tedti(A.0.A.C., 1975).

gh3tE B4oll ol 292 25% HCl §918 7bslo] A FhEajit ok 2.5N
NaOH Bejo2 Z3t ¥ Bchs FPsiadon], BALL Somogyi-Nelson o2 23
3tk o g R)ate] £42 HPLC(Waters Model 246, USA)S o]&£3lddch A|g8
0.45um membrane filter2 2}A]Z ¥ ALg3lGion, E42AL Table 50 Llehfgd
THZ &, 19910 A.0.A.C, 1990: % %, 1989: = % 1984). % o §7]ate] §lare
Y ZAso A AAIY REEA2} v|aste] Yrsiact.

Faetre] BEME B7h= EXHEA(PYE Unicam PU 8650, %2)& o] &3l 660nm
AN FREE FY3l] W08 FAISIEON, piRol 23 BHEAME AsiAr).

5) BENRE

HFohdta ezt 4 o oy FolA 273 B AARE JEstn ¢z
HYEE deisto A2Y FHUTE Aasdle] AVEAAE AAsIATL. FMHEES
H@, B, st 9 FWExR FEIEOn, AR(100%)E AMRY L2 E EMRS
2 AFg3to 5%hA ciA 2] (pultiple comparison) 2.8 Brlsteict EEA|RNCH
oi¢ FThe 53, o)zt QIthE 33, pi$ Lmcls 1808 RA|stn BFAE 18}
o vlastdcl

Table 5. Operating conditions of HPLC for analysis of sugars and organic acids

Sugars Organic acids
Column Carbohydrate analysis u-Bonda pak C1g(3.9m x 30cm)
Detecctor RI-4X(R-401) W(214nm)
Mobile phase Acetonitril:¥ater(890:2). v/v)| 0.2M KH2PO4(pH 2.4)
Flow rate 1.0 ml/min 0.8 ml/min
Chart speed 0.5 cm/min 0.5 cm/min
Injection volume| 5.0 pul 2.0 ul

-14-



I KR 4 %

31 BERH2 44

MESREE AR TR UM Table 62} Ut FUS ol u)dle gh42}
2 ol Holon, 24K UFS 4t Hejue FVA=ACh £y, Yrdelst 2n
Aol chctsto] APl Hjo} FAtegE HEAUY ko] o FAo] olrl

A £l wE S RAga 243 FAlo] Yojuhy] 9] WES Yolx
Y 5 el thE dEHch 2lz7) o] o] migith ZaAy e Az} wepy
BTt 3w} FE7} wol UE Foll AjUAle] ot Alslr}t e dct

o[/l AellM T 2o vidle] FAL AXK Fol tifE T U=isgel
7t 2ciE A, 2T Fole U¥= FHUYEZ ol o] Hg&ol Hojxn,
A2 B-foll WEF A7t Yk AAL 7R3 Y& o' Nch

THe FHIET} 85CE 4 A Hede] 80CHLl 52 HE 1std FaAte
SF2(120C)ell A 3023 Meiste] T3E oldhAl stxch 4 Yate] Falvrix) =
e Aol 152(& ¥, 1990)Q) B A FuE 383 IAFIEdUE F
AR ZhE AR o] Wasigch

Table 6. Chemical compositions of cereals used in this experiments(%)

Moisture Carbohydrate Crude Crude Crude fat Ash
Cereals (non-fibrous) fibre Protein

Nonglutinous- 13.21 72.58 0.40 9.41 3.08 1.32
foxtail millet

Glutinous- 13.25 71.27 0.43 10.28 3.47 1.28
foxtail millet

Rice 12.76 78.02 0.30 7.74 0.62 0.48
Barley 13.77 73.21 0.60 9.88 1.35 0.65

-15-



o) 713 Sl BRSO R Ag&o] Holzla, W82l At FHA} &
o] EAAE MAIISNME FET HA R SRl A SHY =, THH Y
R 7Y F2p AR, JHRE wole ¥y 4 £

3.2 EFELKo R

BABKE ol &Y UG kojid] AEPEYL Table 72} Ao, PFE WY
T F ol LN FaAY W Fitol iy FHY 2 Table 82} Zrl ALY
3} of A= Trichoderma viride 1AM 51417} H]|2¥ &HotoL}, o]l Amylased]d]
cellulaseltido]l 2Jgt 2oz A=A (FE &, 1976), Fio] oy BEHP2
Aspergillus awamori 1AM 22997} 7}3F Foicl.

Table 7. Saccharifying activity of crude enzyme on soluble starch

Strain Enzyme activity* Strain Enzyme activity
Aspergillus awamori 1AM 2299 70. 65 M-243*** 63.16
Asp. awamori 86804 31.85 M-251 10.75
Asp. oryzae IAM 2603 8.00 M-258 13.64
Asp. oryzae 86804 27.96 M-259 15.62
Asp. niger 1AM 2093 18.16 M-263 10.21
Rhizopus javanicus 1AM 6028 10.90 M-264 48.23
Trichoderma viride 1AM 5141 74,52 M-271 44 35
Asp. oryzae** 122. 40 M-272 30.10

%  Enzyme activity is expressed as 1 unit liberated 1mg glucose/min
from soluble starch with 1g of cultivated wheat bran,

** Strain isolated from malted wheat of Institute of Fermentation
Chemistry(Suweon)

*** M represents mold strain isolated from malted wheat.
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it 2 () Mol Feltt @5 Aspergillus oryzae§ vl W7
£ kojigl @3io] 1A Holtony, izl jieto] Aspergillus awamori IAM 2299%.c}
storon} 2y Aude v A w3, FuYo] doME Aolr} glalrl. 28
U A3 o] mEEE ZA1 FollM el FFE ARTHY 3 F4o oigt g3
o] TN g ol on, o|F AMRdl AMZRH E&HFE Aol Woix|a FHA]
7} S = At

MEoiag Zofja] JAYAo] 4%} Aspergillus oryzae 86804, Aspergillus
oryzae, Asp. awamori IAM 22998 ujo}3} ¥ ol ZAJ A elo] 7Hgd HFof oyt Wt
2259} whg pHe| A8re Fig 59 Fig. 62} gtl ZA A2l 2o} pHojl thyt &
82 50-60°'C, pH 4.8-5.500M Zt2} Hci¥AdE Holedl, Asp. sp.7} Babdhe &
£2] 33 pH: 4.0-6.5%CHAlazard and Raimbault, 1981)& R 3of $-ystdch

Asp. awamori 1AM 22992} Asp. oryzae 86804+ 70°C2] M]3 &2 2ZoME ¥
Y4S RAIT wbd, 30°Col3t oM HAdol Ads] WoRrh R pH 7.0 o]
A oiRE AAYHL2 FAS] AIBIE o],  Asp. oryzae 86804 AMYFollM A
/3ol wolch

Table 8. Enzyme activity of crude enzyme on soluble starch and foxtail millet

Strain A. awvamori A. oryzae A. oryzae M-243 M-271 A. oryzae®
IAM 2299 86804 1AM 2603

pH 6.05 6.58 6.77 4.60 5.60 6.91

Enzyme activity** 3.87 2.59 1.51 1.12 0.71 6.12

Protein(mg/ml) 0.74 0.49 0.54 0.42 0.28 0.62

Reducing sugar(%) 19.34 13.31 12.24 572 317 19.10

liberted from millet

* Strain isolated from malted wheat of Institute of Fermentation
Chemistry(Suweon)

*% Fnzyme activity is expressed as 1 unit liberated 1mg glucose/min, ml
from soluble starch with crude enzyme solution,
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Fig. 5. Effect of reaction temperature of crude enzyme on saccharifying
activity of soluble starch
m — m Aspergillus awamori IAM 2299

+ — + A. oryzae 86804

* — % A oryzae isolated from malted wheat
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Fig. 6.

Effect of reaction pH of crude enzyme on saccharifying activity
of soluble starch
m — w Aspergillus avamori IAM 2299

+ — + A, oryzae 86804

# — % A oryzae isolated from malted wheat
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BEAFQ Aspergillus avamori 1AM 2299 LA LEQ) 20C2 25CollA WEpaA
ol AAExol ultlod ztzt 12.6x3h 18.6%00 BIABIAT Rel@Fel Aspergillus
oryzaex 31.4%9} 35 4%F K23l vl FALI} Yuis] o] Foj|= AL & 4
et AFAELRA F4RY JYL &0 MAY A7 E il A%
THF B3} onrlgd] FHY R%KE AUn, UL UMY 4 o= 72
ol ey Jee welch

upebd B Yo Y38 FF 2 Aspergillus oryzaeE J{Esiolon, speA A
of tht Gz AL 55C, pH 5.60lgict. F4etzo] A Zol: Asp. oryzaed A
Tl A2Y HMY IxE ARR3ACT

BZE AR Ay ZA2Rs Table 99t Tt FAIFFE HeFFl EE ol
dol Moo, pHrl wold R7]Ab WAYL YL & 4 ) Saccharomyces
cerevisiae 1AM 4274, S. cerevisiae IFO 0243, S. uvarum(cerevisiae)o] of€hg AVA
2 00 @&l W Ao Uelwth o] ZolA saccharomyces cerevisiae IAM
274 ZAUEF PAHE $, 1989)0l slojME 94 FFE MAs]o] 1o ey
A BAL A o 4 2on, Yo o843} RIA Mol W A 58 Tsie 2
AYolMe] MEMRE REsidct

By

A

3.3 T M

FHAF AM2E Y2YY REE 22-24C /RFl WAz EL2o] s
Fig. 72} o] WAXI|NE FA3] A5slo] 24xj7to] 2282 30°Coll =3t
oo, o]¥ URY B2& FAHAM HM3| pAsIAC).

B2 e Hio o AR Yy} AR EA YBUdof &3 YA Ho
711310, 12-482A]3F Alolofl Ti3je} w2t o) $733HA ol FolHrh WA s5URol=
P2 SES} Aol7} AR, TAIAYE T} u)S Mol WA Tute
Ut
RRol 2t GFPAoM o} 40CTIRE MELPET Y o5t ML EI} Z7}8)
L(Cysewski, 1976), Saccharomyces P38 AMR3H= WA DT e oflgS &
& 7 Ae HALALEL ool A Asjtgos Ane] Mg 32 2Hex

(<

> o

-20-



Y} w& 20-25°C2l 8ich(Stokes, 1970: Ryu and Kwon, 1982: 202} &, 1989).

Table 9. Screening of yeast for millet wine-making

Strain CO2(g) EtOH(%) Brix(® ) pH
Saccharomyces cerevisiae 1AM 4274 4,05 6.16 3.3 3.32
S. cerevisiae 1AM 4512 3.38 5.35 3.2 4.45
S. cerevisiae 1AM 42940 3.20 5.22 3.2 4.46
S. cerevisiae IFO 0243 3.50 6.05 3.2 4.65
S. cerevisiae IFQO 7056 3.43 5.44 3.2 4.33
S. uvarum IFO 1167 3.45 6.13 3.2 3.56
S. uvarum IFO 0565 3.41 6.18 3.2 3.59
S. rosei 1AM 4991 3.4 5.93 3.2 4.06
Shizosaccharomyces pombe 1AM 4863 0.81 4.85 6.7 4.13
Kluyveromyces fragilis IFO 0288 1.74 5.85 3.5 4.22
K. fragilis 1AM 12237 2.72 5.87 3.5 4.13
K. marxianus 1AM 4985 3.41 5.02 3.2 4.34
Debaryomyces cantarellii 1AM 12208 3.16 6.22 3.2 4.00
Torulopsis colliculosa 1AM 4426 4,01 6.00 3.2 4.22
Candida kefyr 1AM 12195 3.10 4.73 3.2 4.31
Y-201* 3.42 2.30 2.9 3.93
Y-202 1.69 2.99 3.2 4.01
Y-204 2.48 3.07 2.8 3.75
Y-206 1.94 2.89 3.1 3.65
Y-207 2.01 3.79 3.2 4.13
Y-209 2.72 2.05 3.0 4.07
Y-210 1.99 2.16 3.2 4.12
Y-211 1.13 1.69 4.7 2.99
Y-213 3.30 1.38 2.7 3.91
Y-215 1.29 2.32 4,2 2.77
Y-216 3.02 1.15 2.7 3.93
Y-217 3.00 2.80 2.7 3.90
Y-220 3.40 5.86 3.2 3.55

* Y represents yeast strain isolated from malted wheat.
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Fig. 7. Change of mash temperature according to room temperature

during fermentation
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apebd wEas] Bae] Wzt Ame] FAE 9isld F2He EE& BCE o}
7t WA 313 WA AT Foll 20-22CE ZAB YAIFY UE Wezdeg o
Tol 2w w1 Aol &Y Bgo st A AAHoE o}z u7o] UgtA
Aagcia sigkg oot

QzYEol ciyt kRS Welstel FUAIt Bk Fo oRtE A3} pHel W3k
Fig.832} t}h. 7l4atel Aol el ot B8L AY BVAAE Uehiglon,
oEtg EEE 13.00004 /23171 N E gl At HTE 250%ojulE & ¥
f271 etk
s ele] pHE 7H4atg 200%ol4 W& ©l HEvt Aded, ol YEe wxo 9
3 Axr} wazkge] aole] sl 2 Fakch

Tpaerg 200x2 2l ARYEL] M2lo] ukd ot 4% U Fexel FAA
M Fig, 99} Yl WEEE 12424 Witkstel U WHE Lepiglct. 27 <
o] e Bge] Z7lol utet FE3l 1243 Fol Mg rolch Pt %(1968)
o] 8A1ZH M¥Estel VYUY Yato] ArixE viehdrin I A Hri Adg Re
g o] EAsEe] 71Qshe 2og Hojof, ol EIRME 10x Hg T8 Bl
the] Mo} whE Ao ol ¢ 4 olgrh

el 100g/L o]AHA, AEE 714l A% M3E Ledl(Novak et al, 1981)
Az TgA] 110g/L, & ERA] 1220/L& RAISKE AlZbe] o} olofl thtt ¥ 14
& Roe muiHgc olgkg A44E 124% Fol 3.0-3.5%(v/v)8 WA
1 6-1.8%(v/v)ol M3 SEZ7I7E  EE HE 208 No} ARIL FSUTC] g3}
A WREME 918 W ol8dE oE wath

W 12-48A| HEQ e 110-122g/L00A 18-24g/LE AL, ot B9
3.0-3.5%0l A} 10.96-9. 64%(v/v) 2 Z78] Hsict s. cerevisiaed] ‘WA Ztel u}
= w3 oheT 110g/L71A] iR gEE ABEo] o 2489 Z715 (¥ 7,
1989), Tre] MMl At YEAEolM BYYOT MBS SERTE Tol o4
A7V olEtg s mMAsiE ool W ZAHcHBt &, 1970 Kavaharada et al.,
1970). AA4¥H <& HPLCE Byt Azt o2 glucose?l maltose o o m(Table
10), AAdule o} 4:1 o], 10% 3 TEAlo] T2 A7t 713 watch
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Fig. 8. Ethanol production and pH change according to water addition ratio
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Sugar concentration (%)

Fig. 9.
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Fermentation time (hr)
Ethanol production and sugar consumption during fermentation

Ethanol ( m ), sugar ( * ) with glutinous millet(100%)
Ethanol ( + ), sugar { 0 ) with glutinous millet(100%) and rice(10%)
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PRI oY A4A¥Y W AR ualFo] YAIITF ATl ol F

A B8 (steady-state) F4te] FAY WP JUH7} AP o, o] £BIFMo] 36
 AZolM AROE AASe] Mt 7| We) DAl Uelkn, WHEL FEOE of
g0l 2]%t A 3f(van Uden, 1985; Ingram and Buttke, 1984)7} ol At=|gjt}.

UF 4do] ke IHE &Y ur} TEARTH §& RS UHRI] QFRUFY
PRI FFY AR ololR w2 FNFAE ¥ Z2H(Nagodawithana et
al, 1976)2 Ho|n, tif7]olN ctiAldEy o] Jo 42 w2 WF 44e=
Lehlhs 332 WA 2o ok e} gA]stdct

ARE ofhE HE 11.4v/w(= 90g/L)olM FAY Aol Al Ho deA
olt}(Ghose and Tyagi, 1979). WA ¥ 48-36A1 o] We] ARZ ML Auigt HAZ B
Ao}, olgtg 442 A% F7BIA AY ot =3t & §F2 Az o
/2] 0.54%, 4 E8A] 0.44x0 o, ofghE YL 242} 12.1%, 13.2%2 T8Vt &
otomi, 713e] Hayzt B EY sVt Y4B TE T3l MR TE UEtulch

EE3F pie 5,458 A2t xloje glden, pH Y Ale=E AR FAUS
F2p7} e 4ke] A&, o] A3 /714 dE ¥ |l Aol A
&, 1970)3h= o2 YA F pHENE FYIEIA UAHNE ¢ + AAdTh

Fig. 102 WR7|F Alztel o} pHet Ate] Hdjolrt, WH 6AIF A2 He
Al pH 4.43, 8 &A= pH 4.254ct. oflgb& HRAM S. cerevisiaed] AR
pHe 4.28}32 B 3t =u(Eroshin et al.,1976), ¥ 82| E8o] gy o] Hr}
¢ A el gRE R0l H-g3td PRI APHS ¢ 4 Adch

Table 10. Sugars composition after 24hr fermentation

% Glutinous millet Glutinous millet(90%)
(100%) ‘ + Rice(10%)
Xylose 0.211 0.207
Glucose 5.382 4,364
Maltose 1. 300 1.027
Oligosaccharide 0. 206 0.362
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A2 Aol 48417 4 Aol 36270l 2}2} pH 3.55, pH 3.602=% pH
7t 743 stetony, pHrl WF A 5131H amylase ¥4do| ZrAytc}il(Takahara et al.,
1966) 3t =o, ol BERTEHC] A3}7} o= et

Aol wle] glojd FaiThEAls YA Agdo] VA3 Az3h) FIle
FZUTH= E(F, 1967)2h= | HME IaF A 2 dYdlMe g2
F717t Fastaon], ol¥ UnislA Frke B¥eldrt

WH7ITNM pHel AMBIE Y wWMAEY Ztar PZA| MU £ o 43}

2 By TRl o wARTo] AR AL AN w2 FNEEE R
A)she Zo] FRAUTL WHALL wU ok oThEY 44E Aoy wole ¥
¥olet A8zxjgict.

UFF7) o] pHHshs dFsE kK] TR, 48-96412F Alololl & ol%t
& AL MEte] gkEE AT F8E F7IA MKTH MET Rte] RE
ERE §2A]7]2] Eslo] £U44(solute transport)ol]l HHY Al(system)oll &]3}o
ofetgol Mxutee WBYH ZAzlo|n, otk BTl 1IxX(v/v)o] 3T BTEEA
proton influx?] diffusion A7} $71817] afRol olet& sx7t F7Hdel ulel pH
7} Z71%ck=s A2} dx)3tgdcHThomas et al., 1978: Nabais et al., 1988: Ledo
and van Uden, 1984).

w2 7)of pHet 4tee] Wy} £ oLt Frljol FAY Hgle]l UBY LER
§ §X3h= 2 Hol €92 MK 3 REMML S ¢ & dden], 4 E&A
7} 2= <hgA] Mo} pHel Alxe] HHI QI 3A A

3.4 FEFe] B

Y7 Bt F YA YL 100mesh LHPEES 2o}l on, oMY 1P SR
AR ke He AFAE 3ol EMARE 3t YRYUR ozl HWRES
Tha 2olrl glelen 2z E: ZRF TROT ASY A¢: FYEEI 242
13.0%2} 13.4x30ny, L=UT 10§ 23} Be|2 RHY ZA-Pols 14.3%2} 14.0%
2 wolzch
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Ethanol( w ), sugar( * ) with glutinous millet{100%)
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BHRMBHAAN Azxshs FULFo] ARl dAAFN7] H3l S48 Y
Fofl %KE 713l FASEE 117 A7} HEF AW ohy SEEHE AAT 2
= Table 1132} Yrh AF HEL S YEels YAn|B Y MUY, A2y »
Aol whe} 2jol7}t dooi(z, 1989), A4z SHY FYL 37| dol, EEE ¥t
£ 2L Ty, AFA Y FHo) dute FudFe) Mg 43Y et ol
& Zog Hth

4 sgal, QAR €l HRKE FolM @sle] Hojd o= ¢ NN
o HE(EE2} B, 1981)3} RABILch Wigo] AW3] W olft= WA/} A%
% A}(Fig. 9)olnd, A2 TgA7F &4 ¥ YL Boch A2 g U 8
4R EAM Fate] Fe HEME vidle] ¥ Holol, E=(100%)%}
Bela 10vg E8Y F7} olef o] tik wiirh

Table 11. Chemical compositions of foxtail millet wine

Fermentation Glutinous- Nonglutinous Millet(90%) Millet(90%)
source millet(100%) millet(100%) + rice(10%) + barley(10%)
Density 0.992 0.991 0.992 0.992
Ethanol(15°C, v/v%) 11.1 11.1 11.1 11.1
Total acidity as 0.49 0.53 0.47 0.55
succinic acid(x%)
Volitile acid as 0.03 0.05 0.04 0.05
acetic acid(x)
pH 3.80 3.75 3.90 3.88
Amino acid value 0.20 0.21 0.26 0.29
as glycine
Total sugar(mg/100ml) 1298.0 1050.0 1105.0 1098.0
Reducing sugar( » ) 26.0 23.8 22.6 23.8
Extracts 4,18 4.70 4.49 4.44
Methanol (v/v%) Trace Trace Trace Trace
Fusel oil(v/v%) 0.03 0.04 0.02 0.03
Tubidity(ODggo ) 0.07 0.09 0.05 0.08
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A’ && wol7] 3t UAIIE AAMe 2 Hrhe YAZBAVE UUA B
HAIEE w0 4F T MKE maskingdlZ 24 7|34 FABK: wWiyo] njgta
§ Ao = zickdc},

TR 4% olnlicito] WRILZY Yolniedlo] oy JHEE YR OT ke
2EE o8 HFe 2 50-70mpvolch= B2 (4, 1967)Rch ¥glon, njgtg
< XY A&EdAch =Y AR 93 PP Elo Bosiny, FAS
8] 748 iso-aml alcohole] 24 80-350ppmold 21 UG Uehdch
. 1987)= K19} o] FurFo] B/KE Foish= 2 st}

AP EAY of AN R AL oighg, FURY 2Mzle BBEAIA
R 4o JIEYU B} Ao GF2A Ay Aee sk dc)

HES Aol glo] BEMET &2 AT U3o] YO Jlelokol AHEIIAE Wo
meleul(L2 o], 1979), thME Fasio] ko] 23 FHL ojaigion), 4 &
A]7} ODsso 0.0522 7H3 $-2 ANE Bor}

HPLCE o] &3l 4% FHAF F2| R7]4K 2 latic acid®} malic acidgdt}
(Table 12). &=} F(1981))= ¥ HEAMEL BT T2 {7144 latic
acid, fumaric acid, succinic acidoln], WI7HE-§ YEZ § &332 )3 {7

AR succinic acidg}ir( £, 1963) 3l oL}, succnic aciditato] wlotr},

Table 12. Organic acid contents of different foxtail millet wine(%)

Organic acid Malic acid Lactic and tataric acid Succinic acid

Glutinous 0.12 0.21 0.04
millet(100%)

Nonglutinous 0.13 - 0.27 0.06
millet(100%)

Millet(90%) + 0.11 0.24 0.04
rice(10%)

Millet(90x) + 0.13 0.30 0.07
barley(10%)




o] 5(1987) ME S Wel E©F 92 Fol:= latic acid, citric acid, tartaric
acid7} W& ©FE Uehfslon], oetFel mlo] W3 AN AL &HUA Fof
citric acid7} $2 4/4317] whFo|n malic acidg To] H4AlF|E Zo| nigtz)s}
ThaL spedoh(etzt &, 1980).

2 MYl FEUFE citric acid7t RESA] Yoo, palic aciditale] ¥
otM ThE HEE H2Y GFo} FEHE SHY vt L7)A sh= R Yotn, 44
BEA §Mo| ol oz e r). 10x Bt T A7 37714 Yol
A ¥ wairy.

973 I th¥-2 PURAYQ xylosed R, 19 AUFE U AL} B
X AE W 29F F YRS W AL o YFSHE 29 Fo gias
glucose, fructose, sucrose, xylosedOmi(A, 1967), 44w RaP2 Ao ¢
odrh( &, 1963)& B39} xjolr} g},

Frutose®} sucroset= Z &2 oton, glucose?} maltoseylalo] mj9- Al Zz)
stach EY, ETRA7L vhA] Br} o] gtado] wolon, Fuiyiarcis Relwe)
Ao]7t 7]Z o] B& F= 2 LalrtHTable 13).

Table 13. Carbohydrate contents of different foxtail millet wine(%)

Carbohydrate Xylose Glucose Maltose Oligosaccharides

Glutinous 0.345 0.009 - 0.032
millet(100%)

Nonglutinous 0.220 - - 0.072
millet(100%)

Millet(90%) + 0.315 0.023 0.006 0.184
rice(10%)

Millet(90%) + 0.252 0.021 - 0.135
barley(10%)
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3.5 HENE.

QRZHUBE Weldld MRY FALFY @, o, W, FWIIEE N2=T A
2% A HMRHE A3l 5¢tA thAEn|ad(nultiple comparison)oll ¥t
HEREE AAIYC P3k= Table 1424 Yrh

Thg 928 g us FREI BoixR o EEIA Ro H E& Re
g TEY Aol sl o] F2| U RoT Ueiston], 879 RelMx ¥
YEF EL3E= ¥o| F2 Zoe BFIFEACt

22F ARy 2$ Brhe A2E AMgshe 2ol 4 BriEden], FURER 10%
Hg ER3AE drl FYNE=M 7P Folch

7H8A R URE Yol ol £EE A7IE YAZTEE FYINEEH, o AlHd
N BEmAlo] wOoU TBCH= Alnto] ozt 7Rt LG Fo] FUAFY 7=
& o7 oj=ele fdelo] HE e BoFcl

Ze dzzolels Ygel Muo mizt EHol 2 d¥E 71AE ¢ + UL
g Tedle] QR FALZI FHRES won, V|EET F2 Ao HUH
o] 282 AL SAFHM £8 wol7] MM E 4BV HE FURE 283}
L outel @ 4nlxle] 7| TS Hlel B-g3hs MFA Y LAE FUAFAN 42
&2 /s AEY Yo7t A& Heg Rch

Table 14. Sensory evaluation of millet wine

Sample Color Taste Flavor Total evaluation
115 2.59 2.85 2.56 2.74
125 4.74 3.4 3.70 4.11
135 4.06 3.37 2.70 3.11

* Sample 115: Millet wine made with 100% nonglutinous millet
Sample 125: Millet wine made with 90% glutinous millet and 10% rice
Sample 135: Millet wine made with 90% glutinous millet and 10% barley
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Vv E ®

BMLAROSH WALE FuelRe M2 AU BAKkE, 25 A, BN
NS 5 BENE S AEY BRE chest Yt

. MRS Axpze] MRAES 71.27%2 THE d2dE9 fAldtdeu kg
2] ojale B4 JIAT Qo] BR N AN FE KM Yast dded,
D &S 3.47%2 ThE Yo ulsl wold ¥z Fol A2 I BRE
Tt 3= dct

2. (2L EFJEH/KS MUY Aspergillus oryzaed] VEIEH o] tiyt HIMR
o) BARMEAL 55C, p 5.6019000], FZLE] 20 - 25ColN = RAMRIEY
o] 31.4 - 35 4%8 Sx|sldct. 2ln MEEMRIE A& Saccharomyces cerevisiae
1AM 42748 A 3tdch

3. okdke) BBl wlel FEe oixte AL &Y AVVAE vehiglen,
BRMRES 13.0%0] % Sx13b7] $j3iME GZYR| Y 7H43E 250 iE & ¥
£7} slgdch

4. MR 2ol M2 MEES ClEo] cvhe A MEBEM 2U7hx] AT
7} Qg ey, MRS 4dololct

5. GZRUTT FUL ARSI F9= TMRETE 13.0 - 134630 A B
B 10 BASIAS i 14.0 - 14.3%2 BAIE R, xpzo) 10% 2 T8}
Az 37}t 2T RN F AE BAc

6. ZAuporx Zo] 29 KM lactic acid, malic acid, succinic acid@, W
& xylose @ AWH7} ol E, o2 EX AEHAon, FARIL
A f7)ate] wol LBWEN YRS o= AFIIFH A

7. Zatelzo] BAMBHAS X2l 10x 4 B YRE AME3l FEU B
Re} ZAE AR TR 0% 3lE, 23ColN YFUT UdE Fol e}
slod MERAI7IE o] BTN F2 AE & 4 sk
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