J. Korean Soc. Agric. Chem. Biotechnol. 45(1), 11-17 (2002)

=]
=

=

S5 M

EEX
oTI T

RN o[ #F - YRty

259 JedTta

AFE Edig A AuiFE Azl Qo) A4 Akl wE da F AL HE AL, ol FF
A EA B 7|5xe] WIS dolRuAl it AAYS AR 29 BEYE UE TEYA HE Wik
29 H7} f50) wEk 22t pH 3.7~3.8, 3.6-3.7, AT 4.2-6.5, 1.2~-1.5, F= 10.0~10.8, 5.6~6.0 "Brix, $4TF
3.50-3.83, 6.43~6.73 mg/ml, YT-L 8.1~98, 8.0-9.1%2 A, P GF&L FU1EA, pHe} FUFLE A
Aok A4S 7R GEFVE AR g SEF uE pH, A%, 3T YT S99 Wit 2R
FoIA yeastd] AKEE F7h, bacterias 7430 AU Aezn 1 AT O VRN ¢
EFE SRY T A7 $RY FR4E 4sl 4R $EE 2%2 2YT FHFY pHE 3740, A=
0.02~0.10, == 54~6.1 “Brix3it}. F7)1AE S 2= acetaldehyde, acetyl acetone, acetic acid ethyl ester,
ethyl alcohol, 2-propyl alcohol, acetone, n-propyl alcohol, butanoic acid methyl ester, 2-phenyl ethanol,
thymol, acetic acid phenyl ester, vanillic aldehyde 5°] 2202 ASHYT, 2 ¥¢] L FFH wet
thk AolE RYTh £E o159 FeAl A, Azt PolAe A U(p<0.05) Rolg B, AWkH 7]

IxMe A8 F48U(p<0.05) Aol Yt AAHo= 2
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Fig. 1. The modified traditional “Togori” for distillation of Korean
traditional sojues. A: temperature controller, B: thermometer, C:
heating mantle, D: cooling water, E: gromwell.
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Ag. B Ao ARge Enfe A0 drfle AFE A9
7 whellA 200000 Ak 2S ATk, d=Snie Mg
B E=E3golA AlFwom, EXE Saccharomyces
cerevisiae(dry wine yeast), T2 4T JEyE(H3E
1000y ARSSIGTH BE8TE TEES ARSI, TAE
o YYYoE AHE3F AAYOZE ammonium phosphate,
monobasicS AFE-3IT)

HEF AR LEF AzRe FHRAZRTEY WHo= 3%
T AU F LT 0.77%)9 (A=) 2.5%),
(Y719 140%)2 Ueg Fol 25°CelA 297 2E F, 1
9 FadxE 490 EF €518%Y 126%)9 E(QF09)
161.2%)& AF&-3l] 25°ColA 2U7F 2EAIZT. 26 Ho
A et A1 AvilEFE SREFY 30.6%)0 2uiFe
ES 378l 2717 autoclavedte] FE(@mie] 082%)F &
(B 130%)S T3t 20°ColA] 597 BEAA STle)
3 Z volume®) 47 H2E 3¢t A9 ammonium
phosphater= 2% B Al7]ol gullgke] 05%2 FA7yskd o
ZT-9} o] SFAAT

FHT Az, 2ar) B9 €52 Fg 13 2] AFE 51
|7 SFAANE olgsle] THAJT. FEFE AR o
szl 2 F 318 FHFEA A Fo] 1.26°C/minY] £5=2 7}
3t 1A} FRe FFAE F AR 10miE 2/E £
3laL, AlE9] alcohol FEHo) 0 moleo] B WE 5 TWHo
2 sivh. 23} FR/A g2 0%F ERE 23, 0%
FHAL FRE AN, TRFE ERE 359 £
2 7pz} gAsle HF 4F FHE 2%/ HES sk

pHS} A=, &5 9 SHF] pHe pH meter(Accumet
915, Fisher Scientific, USA)Z Z43lon, was = 379
THIE gt JAe AR S AFNEE AR 2miE
SHT 8mlE 3|43l H|ojAe H3kal 0.1 N NaOHZ pH
900] B W7k Z3A7)=d AHE mi5sE 7Eko] acetic
acid® JERHA.

Frol Y. FE= YEA(ATAGO Ni, Japan)E =3

N

At BRFL dinitrosalicylic acidel]l <8 HlAHo T
spectrophotometer(Beckman DU-650, USA)E o] &3] 575
mmelA FEEE A8

AL ek, LTS S gas chromatography(GO)E ©)
4319t} GC= flame ionization detector(FID)7} H-&% GC-
17A(Shimadzu, Japan)® £} 27A-& oh23} 7o) ¥4 A}
23 column® J&W Scientific DB-WAX silica fused
column(30 m< 0.53 mm)°|1F, column &% 50°C, injector <
X 230°C, detector % 250°CE 3}, carrier gas®+ He
gasS AHE-3ITE EEEE ethyl alcohol®] chromatogram
peak area B! concentration®ZHE FEFHAE ZYTIL, AR
9] chromatogram peak areaZF-H ZHke| 43 FHS A&
3Tt

% 9 AES. ERe AHTE YM agar WA E o83}
o 25°CoIM 48A17F wigsle] ABZ1 colonyE A3 Al
= PDA HIAIE o] 83le] 37°CellM 48417 wljdsle] Azl
colonyZ AlZ3}$T}.

Fuby IR B4, FEA LT fusel oile] 4
£ GCE <183tt. GC= FID7} 2% GC-17A(Shimadzu,
Japan)E AME-819 3 J&W Scientific DB-WAX silica fused
column(30 mX 0.25 mm)& A3} Column oven &L=+
40°ColA 5% BA F, 6C/minSE 100°C7HK] &8 3% wF
E ¥, B 8C/minS 2 220°C7HA] &8 2587 AXAFAT
Injector <=+ 200°C, detector 2%+ 250°CE 3}, carrier
gas2E He gasE AHE319t. 28 AJ5E 045 um membrane
filter(Waters Co., USA)E oJ34ksle] GColl ARg-atiTt. &1
B F4o AR ZFEZL HENEERE Aol A8}
At
o Lo I TV = ) e ) B el = i) o ) |
gt AFPdsta s 1089 panels o= i 7
A, HA 1oz 79 JEx Aoz HPA sisom,
Ao th3 ZAAZE SPSS(Staistical Package for Social
Science) EAIEA] Z2 WS o83l EAHEA3 Duncan?
e AR s

Ao A E

SaFe pH, A=, 3%, 899 € 4= s &
vl 014 ImjE o] R3 HEF AZXE YdME FEES
Falslo] dao FA7)7] 9% o] Easit) uehr] &
AYoME IGHH7E o83l FAEe] HAU= Eall=e
2R @E= 2 34D FF S9)F ol HulE YA
F e FES ARszA uidEe AgEdd. o 25
A gt 2ulFel &2 sl 121°C, 15 psiollA 24]
7+ B9 autoclaveT o 2H FAES] Ba|7t 7B F o]FoF
< ¢ F AT B FFoEE SeelA Axd N
52 AHSRe Aol Ao 292 YT (data not shown).

gnjet Mg o) g% wEFe wav|7k) wE pH, At
=, 3%, 393 ¢ 43¢ 3hAshe Table 13} 2o wE
7t XY gel] wE} pHe ZAasien, 2a 4Uxe 29 B
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Table 1. Changes in pH, acidity, brix degree, reducing sugar, and alcohol of mashes during fermentation

Fermentation period (days)

Mash?

0 2 4 5 6 7 8 9

o A 45 41 3.6 3.6 36 37 3.6 37

P B 45 42 3.8 38 338 3.7 38 38
Titratable acidity A 03 07 20 20 2.1 22 20 22
(acetic acid %) B 03 09 25 9.0 9.0 93 10.0 10.8
Brid A 25 46 56 538 6.0 6.0 6.0 6.0
ceree B 3 49 57 103 10.4 10.5 10.8 10.8
Reducing sugar A 738 542 473 456 452 451 4.60 443
(mg/mi) B 743 557 4.83 3.80 3.70 350 3.63 3.70
Alcohol A 0.0 26 8.0 8.1 8.7 9.0 9.1 9.1
(%) B 0.0 27 8.2 8.6 8.7 9.6 9.7 9.8

YA: Mash without nitrogen source, B: Mash with nitrogen source.

Table 2. Changes in number of yeast and bacteria of mashes
during fermentation

Table 3. pH, acidity and brix degree of sojues

Titratable acidity

- .
Fermentation Mash? Soju pH (acetic acid %) Brix degree
period Yeast (log CFU?/ml) Bacteria (log CFU/ml) A 4.0 0.02 6.1
(days) A B A B B 38 0.03 54
3.8 .04 5.8
0 7.16+£0.18® 7.18+0.18" 7.13:£0.20* 7.00£0.18° ]C) 37 886 57
2 7.23£0.18*  7.30£040° 7351025 7.26+0.18° - - -
4 7.43+032° 7.65£040° 7.80L040° 74140200 YA: Distillate from mash without nitrogen source and dilute with H,0,
. ) ’ ’ ' B: Distillate from mash without nitrogen source and dilute with tail, C:
+ 4 + b a + b ?
> 7'63“0'183 7.70= 0'18b 7.78J_r0.4Oa 7'67”0'401) Distillate from mash with nitrogen source and dilute with H,O, D: Dis-
6 7.701£0.55"  7.64£0.18" 7.89+£040° 7.67£0.40 tillate from mash with nitrogen source and dilute with tail. All sojues
7 7.72£049° 7.92+£040° 7.5610.50° 7.70£0.30° contain 22% of ethyl alcohol.
8 7.73£049* 8.05£040° 7.67+0.18 7.61+030°
9 7.95£0.30° 8.06+0.18° 7.73+£040° 7.60+0.18°

DA: Mash without nitrogen source, B: Mash with nitrogen source.

2CFU: Colony forming unit.

»Values are mean =+ standard deviations and different letters in same row
indicate significant difference at p<0.01.
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2o Wshs A A7kl wel 2zt 38 0¥ 718,
7.16 log CFU/MmI, AL A% dulE H7Me 4=
7.65, 743 log CFU/MI, ¥&7} 4EF 9Yol= 8.06, 7.95 log
CFUMmIZ Z7F519th. v Alge] 7$ols 49 A7MF
of wat Z+zt wE 02 7.00, 7.13 log CFU/mI, 49 7.41,
7.80 log CFUM/, 92 7.60, 7.73 log CFU/m/¢] ¥W3lE B
t}. o]} o] AAGS /I HE 4YFElT R Al
AT dE2A JehdEd], o124 A4ade] 7P 2R
o] AL S/MTE B AlFe] S o= Fx feojFe
2 JAANAFE € T+ UAATHPp<0.01).
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2| pH, A=, FEE Table 37 2t} A29UE M7}
e SRl SFre IHE JA3 559 A o4
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Table 4} 20}, AEFeF /7T IHYECE ethyl alcohol,
2-propyl alcohol, n-butyl alcohol, n-propyl alcohol, isobutyl
alcohol, isoamyl alcohol, mercapto ethyl alcohol, n-octyl
alcohol, 2-phenyl ethyl alcohol & alcohol 9%, acetic acid
ethyl ester, butanoic acid methyl ester, acetic acid phenyl
ester 5 esterf 3%, acetaldehyde, vanillic aldehyde &
aldehyde 7 2%, acetyl acetone, acetone, B-damascenone %
ketone i 3%, acetic acid, decanoic acid & acidfF 25,
linalool, thymol % terpencid®™ 2% phenolH<l guaiacol®]
I, vERI BHR 23F0] HEEH BT 455F ¥
7VaEel AEEATH VRS $FE 2 2aUE I
3 FEFIN 28%, AU A gk waFM 3%
o] ZZHe] 5577t ol wRAHNH a9 W7 EUL
SR SHTS FRE ANE SRF Ave 47 27
F, 33%0] ASHAL, 2aYs Ve ¥ e%E TR
sl SRt FRE M FFF A A2 3034 A
EEAT BE FHRFA Blszel @71 Eel ASEH v
A4AE AW 2hls SRl FRE AN S0 7
A 2o 71482 BTk Acetaldehyde, acetyl acetone,
acetic acid ethyl ester, ethyl alcohol, 2-propyl alcohol,
acetone, n-propyl alcohol, butanoic acid methyl ester, 2-
phenyl ethanol, thymol, acetic acid phenyl ester, vanillic
aldehyde 5-& RE LEFTY FHTIN FELE HEHA
3L, n-butyl alcohol, isoamyl alcohol, B-damascenone, acetic

acid, linalool WaEFAMT vielsith, o 9e] PR £
Fol el i xo)& B, chromatogram AollA] H]Fo]
Eo Fukro] vEA AR Edol UL ol EE A&l
A ¥ velton 53] FR5A v HAEEAT

F59] thEF 7|45 alcoholi Z ethyl alcohol peak
7} EFe 255 2tz 84.43~84.85%, 97.20~98.00%F 7F¥
2o H1&-S XAFAT}. Fusel oil 5 3121 n-propyl alcohol
& LEFYME 026-041%, TFFNME 027~034%7F 2
5o, dAUe A7 €58 FFE AFTolA =7
VEpRstth. B3 jsobutyl alcohol®} isoamyl alcohol W&ol
Atk 0.01~0.02% HEEUL, methanole VIF AEHOEN
ko] 0.1%F PA ook ks AFFAPY #8E& 8l
oJUbA] 2t}. Fusel oil® 31l npropyl alcohol ethyl
alcohol® T} WEko g F= 7 nleElolF A TFE
Ath. 3 isoamyl alcohok ZAW|SE BpUEEe R FTRYS
o 23] olm:=Ak) leucine L EHE], isobutyl alcohol> ethyl
alcohol® -AFSF qF0 2 valine 0 25E 27} ©opr]ine} ¥J}
2EA g0 s QAR E3] isobutyl alcohol2 A ()2
MR elA o] AAEHE o2 BIHo] Ut 2-phenyl
ethyl alcohol2 Fuje} HEINZ Y5 59 phenylalanine>
ZRE fEy wFe g% ¥4I 8 F P T8
FgrARcs dEA Yok a2 T 2-propyl alcohol
HEFNA 3.01~4.90%, FFTN 049~1.50%2] AFE B
R, n-butyl alcohole WEFIM 0.03~030%71 HEEAL.
U ZFFoMe Sl Yelth, B8 mercapto ethyl alcohol
F} n-octyl alcohol= g o AT 0.59~0.60%, 0.02%= AE
59}, Ethyl alcohol A2|& ‘alcoholfe T2 HEFOIA
o AZHAL SF Folle 4= S B2ied, o
alcoholF7F 2HFAANA the ARoz HIEYAY 3T&
o] W7} wj&d| ehd AsE A=)

Ester 3}32-2 Ake] methyl 2 ethyl ester/} tHF-20 =2
o) g AFAAle] guet Al FEOF esters)
so} A= FFA alcoholth ol tf] 719=7} &
t}h, E3F phenyl esters WEGO T HFo} W GRS
2 HuHy Qo0 B Ao TEF9 7S acetic acid
phenyl ester7} 0.24~0.53%% 7Fg ¥o] HAEHUL, HEo=
butanoic acid methyl ester7} 0.15~0.17%, acetic acid ethyl
ester7} 9F7H AEHUoH, AAYS AR BEaFRY 2
29L FArA g waFo o B2 gol HEFHJUT
Z2x0o] ALy acetic acid ethyl ester, butanoic acid
methyl ester, acetic acid phenyl ester7t 2F7H A& oW
7} AlB7F 2 Rfels YT

Aldehyde 371E-2 acetaldehyde®} vanillic aldehyde?t &
AFAE, BEFA 007~0.17% AESHUT, 2 %S da
4 F7PBIR @& HaFA o Btk 3 FHRFE A
2 23] njgo] AZEAUTE Acetaldehyders TEIAY 5 ethyl
alcohol®] FHoj o3t teht ohiAto B2HE Yo, &
Ft2EA 71 28 AT Etherd) 22 A3t ASHE
ERlE acetaldehyde= AT, WF, dEAFAXNE HEH
Folu} 53] "o ni&HE g Aok
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Table 4. Volatile compounds of mashes and sojues (% peak area)

Mash? Soju®
No. volatile compound
A B C D E F
1. acetaldehyde 0.17 0.07 trace trace trace trace
2. acetyl acetone 0.05 0.04 trace trace trace trace
3. unknown - - 0.02 0.03 0.02 0.02
4. acetic acid ethyl ester 0.06 0.05 0.02 0.03 0.02 0.02
5. unknown - - 0.02 0.02 trace 0.01
6. ethyl alcohol 84.43 84.85 98.00 97.20 97.51 97.70
7. 2-propy alcoholl 4.90 3.01 0.66 0.49 4.73 1.50
8. n-butyl alcohol 0.30 0.03 - trace 0.21 -
9. acetone 0.02 0.07 0.02 0.05 0.05 0.01
10. unknown - - 0.02 0.06 - 0.05
11. unknown - - 0.12 0.09 - 0.06
12. n-propyl alcohol 041 0.26 0.34 0.32 0.27 0.27
13. unknown - - 0.01 0.04 trace 0.03
14. unknown - - 0.02 - trace 0.01
15. isobutyl alcohol 0.01 0.01 0.02 - - 0.02
16. isoamy] alcohol 0.01 0.02 - - - -
17. unknown 0.55 - - - - -
18. unknown 0.43 - 0.02 0.03 0.04 0.07
19. unknown - - 0.02 0.03 0.03 0.05
20. mercapto ethy! alcohol 0.59 0.64 trace - - 0.02
21. B-damascenone 0.13 0.10 - - - -
22. n-octyl alcohol 0.02 0.02 - - - trace
23. acetic acid 0.29 029 - - - -
24. butanoic acid methyl ester 0.17 0.15 trace 0.02 0.01 0.01
25. unknown - - - 0.02 0.03 0.01
26. unknown - - 0.03 0.02 trace
27. unknown - - - 0.02 trace trace
28. linalool 0.87 0.71 - - - -
29. guaiacol 0.09 0.18 trace 0.15 - -
30. unknown 0.29 - - - - -
31. 2-phenyl ethyl alcohol 0.35 0.19 0.18 0.2t 0.05 0.20
32. unknown 0.20 0.31 - - - -
33. thymol 0.11 0.17 0.12 0.12 trace 0.09
34. unknown - - 0.14 - - 0.04
35. unknown 045 0.23 0.02 0.02 trace 0.03
36. decanoic acid 0.50 0.36 - 0.05 trace 0.05
37. unknown - - 0.09 0.20 trace 0.06
38. unknown 0.51 0.19 - - - -
39. unknown 0.21 0.23 0.05 0.09 - 0.02
40. unknown 0.23 0.19 - - - -
41. unknown 0.21 - 0.01 - trace 0.02
42. unknown 0.40 - 0.01 0.06 trace 0.01
43. acetic acid phenyl ester 0.53 0.24 0.02 0.12 0.02 0.02
~ 44. vanillic aldehyde 0.17 0.7 trace 0.04 trace trace
45. unknown 0.16 0.18 trace 0.02 - -

YA: Mash without nitrogen source, B: Mash with nitrogen source.
2C: Distillate from mash without nitrogen source and dilute with H,0, D: Distillate from mash without nitrogen source and dilute with tail, E: Distillate

from mash with nitrogen source and dilute with H,O, F: Distillate from mash with nitrogen source and dilute with tail. All sojues contain 22% of ethyl
alcohol.

Ak g SRS E ERER] 2kl B-damascenone, wa el X917 Evle] polyphenol “d&e] Fafi=o] A4

linalool, thymol, guaiacol 5°] ¥ AdoA HE=HAd =9 B-damascenone”} FFel 23] o2 Aoz WHIlglo
Carotinoidgl HHNE = 3]"/]"& B-damascenone®*"& A9l 24 ehd @atolal ABzhE . Terpencidw <! linalool 2
& F7FE BESeel AAYL FUlEkA] ke wEgSola zkt thymol-2 A1917F FrujollA] 7191g 71 E V2 linalool

0.10, 0.13%7} 73351‘}11, v%—’? o AEHA Wik, ol Ardes A7 SRS A4S A e LEFlA
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Table 5. Sensory quality of sojues

Sensory attributes
Liquor” Overall
Color Sweet taste Flavor acceptability
A 5.50+0.58"* 3.67+0.58 4.50+0.76* 3.75+1.17°
B 4331£0.52° 2.75+£0.89° 4.00£0.00® 3.00%+1.15°
C 4294049 371+£1.38° 3.60£055° 3.57+0.98°
D 429+049° 300+£1.29° 3.6710.82° 3.14+0.90°

1?A: Distillate from mash without nitrogen source and dilute with H,0,
B: Distillate from mash without nitrogen source and dilute with tail, C:
Distillate from mash with nitrogen source and dilute with H,0O, D: Dis-
tillate from mash with nitrogen source and dilute with tail. All sojues
contain 22% of ethyl alcohol.

“Values are mean + standard deviations and different letters in same col-
umn indicate significant difference at p<0.05. :
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The Development of Korean Traditional Wine Using the Fruits of Opuntia ficus-indica var. saboten

- I. Characteristics of Mashes and Sojues -

In Young Bae, Eun Ju Yoon, Jeong Min Woo, Joo-Shin Kim', Hyeon Gyu Lee* and Cha-Bum Yang (Department
of Food & Nutrition, Hanyang University, Seoul 133-791, Korea; 'Pulmuone R&D Center, Pulmuone Co. Ltd., Seoul

120-600, Korea)

Abstract: Fermentation characteristics with/without nitrogen source and quality of the fruit distillate of Opuntia ficus-
indica var. saboten were investigated during the manufacturing process of a Korean traditional liquor. As the
fermentation period increased, acidity, brix degree, and alcohol concentration increased, whereas pH and contents of
reducing sugar decreased. Acidity, pH, and brix degree were higher, whereas the content of reducing sugar lower, in
the nitrogen source-added distillate than in the distillate without nitrogen source. The growth of yeast increased, while
that of bacteria decreased; this trend was more prominent with the addition of a nitrogen source. Sojues, distilled
from two types of mashes and diluted with H,O and tails of distillate into 22% alcohol concentration, showed pH
3.7~4.0, acidity 0.02~0.10, and 5.4~6.1 °Brix. Analysis through GC using direct injection methods revealed commom
volatile flavor compounds in sojues, including acetaldehyde, acetyl acetone, acetic acid ethyl ester, ethyl alcohol, 2-
propyl alcohol, acetone, r-propyl alcohol, butanoic acid methyl ester, 2-phenyl ethanol, thymol, acetic acid phenyl
ester, and vanillic aldehyde. As revealed through the sensory evaluation, no significant difference (p>0.05) in overall
acceptability was shown among four experimental groups, while color and flavor showed significant differences

(p<0.05).

Key words: Opuntia ficus-indica var saboten, fermentation characteristics, distillation
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