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Summary

In order to develop traditional millet wine, screening of mold and yeast, nuruk to
make the wine. The follwing is the summary of the compared results of the ingredients

of various millet wine, each produced with different materials.

1. The result of the fermentation with mold is that G3 mold, named Rhizopus SP.,
showed a high fermentation level in the SP analysis and the GA analysis. And in the
a-SP analysis, we found that Bl mold, which is Asp.kawachii fungus was the highest.
In the comparison analysis of the amount of generated reducing sugar, G3 and B2
showed the highest fermentation activation respectively.

2. In the analysis of pH and soluble solids to select the best ferment, similar results
showed. In the analysis of the alcohol content and weight loss, Saccharomyces
cerevisiae IAM 4274 showed the highest fermentability.

3. pH change depending on the material; In the treatment platforms through a
process of steaming grain, grains and a portion of water, the pH started to decrease
after the first day of fermentation and then, after the second day, it tended to increase.
However, in the habitat with a portion of nuruk, it tended to increase from the first day
for fermentation. Also, the more nuruk was put in, the more pH increased.

4. In the analysis of total acid content, the combined habitats of glutinous millet and
barley from the material grain treatment habitat, showed a relatively high content. And,
the more the portion of water increased, the lower the content was. As the portion of
nuruk increased, the total acid content increased.

5. In the analysis of alcohol content, the processed steamed grain group used by
autoclave, the combined group of glutinous millet and rice, and the water portion(120%5)
treatment groups showed up the most. In the groups where the treatment group of the
portion of the nuruk was put in, the alcohol content appeared higher in the 20% nuruk
treatment group than in the 15% treatment group until the 6th day of fermentation.
However, after the 7th day of fermentation, the 15% nuruk treatment group appeared
higher than in the 20% group.

6. In the analysis of soluble solids, the treatment group with material grains and
the combined groups of glutinous millet and barley appeared high, and among the
treatment groups with a portion of water, the less brewing liquid you put in, the higher
the soluble solids content was. In the treatment group with a portion of nuruk, the more
nuruk you put in, the higher the soluble solids content was.

7. In the analysis of total sugar content, if you compare all treatment groups, the
group with a portion of nuruk appeared high. Among the treatment groups with a

portion of nuruk, the more nuruk you put in, the higher the total sugar content was.



8. In the analysis of the reducing sugar content, in each group, the recucing sugar
content tended to decrease.

9. The ingredients of the odor of the clear strained rice wine and the clear strained
glutinous millet wine were mostly i—amyl alcohol, i—butyl alcohol, and n—propyl alcohol,
which all belong to the fusel oil class. In clear strained glutinous millet wine, ethylacete
was detected, which was not detected in clear strained rice wine. The ingredients of the
odor of the distilled rice liquor and the distilled glutinous millet liquor were also mostly
from the fusel oil class, and especially i—amy alcohol, i—butyl alcohol, metyl alcohol and
acetone appeared high in distilled glutinous millet liquor.

10. In the change of the odor ingredients through each stage of distillation, the more
the distillate increased, the less the amount of detected odor ingredients decreased.
Especially, in the latter distillations, nothing except acetaldehyde, acetone and metyl alco
-hol were detected in rice suldeot. And in glutinous millet suldeot, everything except

ethlyacete and n-propyl alcohol were detected. In both treatment suldeot groups, when

the alcohol content was 60~30v/v%, ethylacete was detected.
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Table 1. Condition of gas chromatographic analysis.

Detector E.ID

Column HP-INNOWAX
Injector temperature 150C

Detector temperature 150C

Column temperature 60C

Carrier gas Ny

Flow rate 30mé/min

T HETR F A S AOACH A Fdto] A6kl 7FEAd g E(

Brix)2 Refractoanalyzer(model RA-510, Kyoto Electronics, Japan)E& A}-&3fe] 2

2o =43t} pHE pH meter(model 310, Orion, USA) = =743} t}.
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AT,
4) T5 &
5 s AA dEud 2%, 5%, 10%, 15%, 20%% 2t7 2=4de & & H

A5E 283 A s dav|dE AR 2435190 pHE pH meter(model

310, Orion, USA)Z, 7} 138 E(, Brix)2 Refractoanalyzer (model RA-510,

Kyoto Electronics, Japan)& AF&3ste], F4F &3> AOACH| F3ato] 2tz 4

st 92 w8 T AS5dS FHseo 07N HCIZ 7FeEsist g9 07N
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150%¢%F 2% % sto =& HE §F dasSEs 13° 9 42°=%

Table 2. Condition of gas chromatographic analysis.

Detector F.ID
Column PEG 6000
Injector temperature 200C
Detector temperature 220C
Column temperature 120C
Carrier gas No

Flow rate 15m¢/min
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1. A& Fehtso] 2408

AES Fdldte 24v a-obddA, SFaobdebAl, WiAbd o ekAl b
Asperglllusﬁ, Rhizopus% 2258 AAbE 3 ot a-oldetAls dqsgidis
ste, Aol #Este] XY 6712 ¥ dextrin® 2 B2 TR 7oA ol
BAetE 24 FAEE HaAA A3t o FoA oL, yFols Fstzhgol vt
g 2F oA g A= AEEAY] H 3 doto] 283l glucose® A T E &
oA AEZEAE 719 100% glucose® 3 grh(e] &, 1996). ALE 53]

3
15%°] gk SP, GA ¥4 4 3= Fig. 1o YebHATH Fig. 1elA Hi= npe}p 3te],
SP9 A% Rhizopus%2. 2 4% Gl, G2 &30l T Aspergillus%:2.2 543%
G3 #FoldF7F trE ol Hlal Fstdo] v ¢S & F AT FFRA
ZaE (A7, 1997)0 R wpx e I3t T GaEoN = Aspergilluss 3t
Rhizopus% AFe] #ZFoldF7F ¢5¢s ¢ F AT GARAY Afd=
Aspergillus%2] Bl, B2 59 G3 #57 & 48 ve

Fig. 1olA49 w38 (SP)& a-amylase$} p-amylase®] &AZES e

ol

SIS

o}, dubxy o g FFolx= o il WA EE= a-amylase?t p-amylasee] H] (M)
7F d2ng 483 FEtEd A= Aol7k A7IA "rh 3, a-amylases= WA
o] °fetil p-amylaser= WAME S ZEal Ut (=AIA 7= 4, 1996). whebA Bl

A Abg o]l Agt p-amylases Wol A= - wFolE Astr] 918 a-SP
s S5k, FarTFe ARkd A=l AFao] &t TstHol ¢4
ol #FE 7] s FdTd BAFES AT A= Fig. 29 HEHAY Fig.

20l A Aspergillus kawachii M= .2 A E BlT7F v & #FET WY @
stelo] sS4 QAT e, SP, GA, a-SP #A A g A §-3trta
[e)

dE G3, Bl B2 ¥F7F #9499 AAFINE 2 284S ebUTh
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Fig. 1. Saccharifying power(a) and Glucoamylase activity(b) of selected

isolates;
B : Saccharifying power 1 : Glucoamylase activity
J - mold from Jinju Gogja S1, S2 - mold from Songhak Gogja

Cl1, C2, C3, C4 - mold from Choongang Gogja
H - mold that was sent out from a Folk Village

B1, B2 - mold that was sent out from the Fermentation Chemistry Laboratory

G1, G2, G3, G4, G5 - mold from Garayng Nuruk
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Fig. 2. Acidic saccharifying power(a) and Enzyme activity(b) of selected

isolates;
B : Acidic saccharifying power ] : Enzyme activity
J - mold from Jinju Gogja S1, S2 - mold from Songhak Gogja

Cl1, C2, C3, C4 - mold from Choongang Gogja

H - mold that was sent out from a Folk Village
B1, B2 - mold that was sent out from the Fermentation Chemistry Laboratory

Gl, G2, G3, G4, G5 - mold from Garayng Nuruk
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FETF T HwA HgHo] A3 FdFE AWty & J1, J2, J3, J4
J5, CB1, CB3, CBY, P3, P6, Saccharomyces cerevisiae 1AM 4274, Saccharomyces
cerevisiae TAM 42940, Saccharomyces uvarum IFO 1167, Saccharomyces sake,
Saccharomyces coreanus &< A3 A¥E Fig. 39 UEUAT. BE AT
oA pH% . Brix &4 5, 74 ., Brix H<olqlal, 52 wgeo uE

o Aol o AR 43 dFsS B3 A Saccharomyces 4 EH

o
%ﬁ
r.
ks}
T
W~
o1

¢l S3, S5 TF7F 53 HEFS He FRa, o] FoA Saccharomyces
cerevisiae 1AM 4274= &% a+ 5, 1989)7 AFESL FRFF
ZEAA(EF 5, 1993)d A= ¢ dF2 AgEe] 1o AAd AES & &
T oAoeH, Feo ol g4 {7k Ao

= A
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Y
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B2 3 & 1] ¢ YRER
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0 J1 J2 J3 J4 J5 CBl1 CB3 CB9 P3 P6 Fl1 S1 S2 S3 S4 S5
Strain
(a)

8,

6
o = —| =
2+

L - = L L - = = =R & E ) =N = = =4

J1 J2 J3 J4 J5 CBl1 CB3 CB9 P3 P6 Fl1 S1 S2 S3 S4 S5
Strain

(b)

Fig. 3. pH and soluble solids(a), weight loss and ethanol production(b)

after fermentation at 30 C for 24hrs on selected strains;

(a) O : pH M : Soluble solids(, Brix)
(b) [ : Weight loss(g) B : Ethanol concentration(v/v%)
J1, J2, J3, J4, J5 - yeast from Jinju Gogja CB1, CB3, CB9, P3, P6 - strain isolated from

-malted wheat of the Fermentation Chemistry Laboratory
S1 - Saccharomyces cerevisiae 1AM 4274 S2 - Saccharomyces cerevisiae IAM 42940

S3 - Saccharomyces uvarum IFO 1167 S4 - Saccharomyces sake S5 - Saccharomyces coreanus
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Fig. 4. pH change by various treatment during fermentation

at 30 C for 24hrs.

Above - fermentation characteristics of cooked conditions;

-@- : pressure chamber -l- : autoclave —A- . steam boiler

Below - fermentation characteristics of ipkuk source;

-@- : glutinous millet -l- : rice —-A- : barley
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A& FEFME e pH WIS Fig. 59 YEWAT. F5H Sl

R

2dell =M= FaHlE 140% A2 77F v AR AaFAE B, JulE
160%, wHlE& 120%, wHl& 180% A+ A= @vrdt AFAE Bt

53] FHE 120% Aol TE 397HA pH #ol Haste FAE BAle

U wagrt AYgAssE o2 g5 Tl e =2 pH S7FEAE B 75
ghegel w2 Al A s o2 Aol vlE] 2E 2¢dol% pH ko] skt giA
U 239 2

) dol Flstgir, WE 29w 49 Aol B @S
Yo AT BXYS AT 4L FANA AEL AT AR B

TS FA A7) A] Esle] &A% (solute transport)oll THEE Al (system)ell )3}

o2 Hold Aol 4FE FL7F 11%((v/v) o]Fo = o]
WA proton influx®] diffusion &+7F F713t7] wiiio] &3E& X7 571
ue} pH7F S7Fstohs ARA 3 A A5 v (Thomas et al, 1978 ; Nabais et al,
1988 ; Leao and van Uden, 1984).
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Fig. 5. pH change by water—-addition ratio and nuruk-addition ratio

during fermentation at 30'C for 24hrs.

Above - fermentation characteristics of water—addition ratio;

- : water(120%) -H- : water(140%) -A- : water(160%) -x— : water(180%)

Below - Fermentation characteristics of nuruk-addition ratio;

-@-nuruk(2%) -M-nuruk(5%) -A—nuruk(10%) —x—nuruk(15%) -@—-nuruk(20%)
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. 6. Changes in acid concentration by various treatment during

fermentation at 30 C for 24hrs.

Above - fermentation characteristics of cooked conditions;

-@- : pressure chamber -l- : autoclave —A- . steam boiler
Below - fermentation characteristics of ipkuk source;

-@- : glutinous millet -l : rice —-A- : barley
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Fig. 7. Changes in acid concentration by water—addition ratio and

nuruk-addition ratio during fermentation at 30°C for 24hrs.

Above - fermentation characteristics of water—addition ratio,
-@- : water(120%) -E- : water(140%) -A- @ water(160%) -x— @ water(180%)

Below - Fermentation characteristics of nuruk-addition ratio;

- nuruk(2%) -M-nuruk(5%) -A—nuruk(10%) -x—nuruk(15%) -@—nuruk(20%)
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Fig. 8. Changes in ethanol concentration by various treatment

during fermentation at 30 C for 24hrs.

Above - fermentation characteristics of cooked conditions;

-@- : pressure chamber -l- : autoclave —A- . steam boiler
Below - fermentation characteristics of ipkuk source;
-@- : glutinous millet -l- : rice —-A- : barley

_29_



20

[
(2]

10

Ethanol concentration(%)

5 L
0 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10
Fermentation Time(day)
20

[
(2]
)

Ethanol concentration(%)
» 5

Fermentation Time(day)

Fig. 9. Changes in ethanol concentration by water—addition ratio

and nuruk-addition ratio during fermentation at 30 C for 24hrs.

Above - fermentation characteristics of water—addition ratio;
-@- : water(120%) -E- : water(140%) -A- @ water(160%) -x— @ water(180%)
Below - Fermentation characteristics of nuruk-addition ratio;

—@-nuruk(2%) -E-nuruk(5%) -A-nuruk(10%) -—x—nuruk(15%) —-@-nuruk(20%)
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Fig. 10. Changes in soluble solids by various treatment during

fermentation at 30 C for 24hrs.

Above - fermentation characteristics of cooked conditions;

-@- : pressure chamber -l- : autoclave —A- . steam boiler
Below - fermentation characteristics of ipkuk source;
-@- : glutinous millet -l : rice -A- : barley
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Fig. 11. Changes in soluble solids by water—addition ratio and

nuruk-addition ratio during fermentation at 30'C for 24hrs.

Above - fermentation characteristics of water—addition ratio;
- : water(120%) -H- : water(140%) -A- : water(160%) -x— : water(180%)
Below - Fermentation characteristics of nuruk-addition ratio;

- nuruk(2%) -M-nuruk(5%) -A—nuruk(10%) -x—nuruk(15%) -@—nuruk(20%)
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12. Changes in total sugar by various treatment during

fermentation at 30 C for 24hrs.

Above - fermentation characteristics of cooked conditions;

-@- : pressure chamber -l- : autoclave —A- . steam boiler
Below - fermentation characteristics of ipkuk source;

-@- : glutinous millet -l- : rice —-A- : barley
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Fig. 13. Changes in total sugar by water—addition ratio and

nuruk-addition ratio during fermentation at 30'C for 24hrs.

Above - fermentation characteristics of water—addition ratio;
- : water(120%) -H- : water(140%) -A- : water(160%) -x— : water(180%)
Below - Fermentation characteristics of nuruk-addition ratio;

-@-nuruk(2%) -M-nuruk(5%) -A—nuruk(10%) —x—nuruk(15%) -@-nuruk(20%)
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Fig. 14. Changes in reducing sugar by various treatment during

fermentation at 30 C for 24hrs.

Above - fermentation characteristics of cooked conditions;

-@- : pressure chamber -l- : autoclave —A- . steam boiler
Below - fermentation characteristics of ipkuk source;

-@- : glutinous millet -l- : rice —-A- : barley
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Fig. 15. Changes in reducing sugar by water-addition ratio and

nuruk-addition ratio during fermentation at 30°C for 24hrs.

Above - fermentation characteristics of water—addition ratio,
-@- : water(120%) -E- : water(140%) -A- @ water(160%) -x— @ water(180%)
Below - Fermentation characteristics of nuruk-addition ratio;

- nuruk(2%) -E-nuruk(5%) -A—nuruk(10%) -x—nuruk(15%) -@—nuruk(20%)
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Table 3. Flavor components of rice and glutinous millet wine(ppm).

acet ethyl methyl n-propyl i-butyl i-amyl
acetone
aldehyde acetate alcohol alcohol alcohol alcohol
rice 18.04 5.75 - 139.29 24394 726.37 1185.67
glutinous
et 14.55 6.49 96.42 23.16 178.81 682.56 1455.86
mille

Table 4. Flavor components of distilled white liquor from rice wine

and glutinous millet wine(ppm).

acet methyl n-propyl i-butyl i—amyl
acetone
aldehyde alcohol alcohol alcohol alcohol
rice 19.73 6.51 151.62 224.85 665.55 1083.90
glutinous
16.53 7.43 186.37 202.80 759.92 1615.52
millet
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Table 5. Flavor components in the stage of distilled white liquor
from rice wine(ppm).

acet acetore ethyl methyl n-propyl i-butyl i-amyl

aldehyde acetate alcohol alcohol alcohol alcohol
A 122.87 55.05 - 259553 577.62 2508.42 3413.84
B-1 83.60 20.84 - 964.72  542.20 2209.02 3390.73
B-1I 31.65 8.88 - 145.16  478.24 1597.27 2633.22
B-1I 13.92 6.52 11.99 20.78 389.88 954.76 1670.35
B-IV 7.14 5.42 5.58 18.15 246.92 385.75  686.82
B-V 6.22 5.35 - 16.07 124.30 11458  196.48
B-VI 6.31 5.76 - 12.12 31.60 21.95 30.89
B-VI 5.96 5.39 - 6.04 - - 4.84
C 5.59 5.44 - 4.40 - - -

Table 6. Flavor components in the stage of distilled white liquor
from glutinous millet wine(ppm).

acet acetore ethyl methyl n-propyl i-butyl i-amyl

aldehyde acetate alcohol alcohol alcohol alcohol

A 100.20 53.00 - 3219.99 499.68 2794.81  4958.43

B-1 56.56 18.28 - 799.24 412.51 2079.60 4251.95

B-1I 16.09 7.17 32.23 30.36 324.22 1162.73  2557.63

B-1I 7.38 5.75 6.42 27.16 207.68 437.92 1014.45
B-IV 6.68 6.00 5.46 22.42 62.37 66.36 150.57
C 5.97 5.35 - 8.45 - 7.92 10.63

A - initial stage of distillation B - central stage of distillation

C - final stage of distillation
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