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Fermentation and Functional Properties of
Korean Traditional Liquor, Hahyangju

Chi-Duck Park, Hee-Kyoung Jung, Dae-Ik Kim, In-Seon Lee and Joo-Heon Hong’r

Bio Industry Center, Daegu New Technology Agency, Daegu 704-230, Korea

Abstract

This research was worked out to investigate fermentation and functional properties of Hahyangju.
Hahyangju was brewed by traditional method and the changes in chemical component and microorganisms
in wine mash were evaluated during brewing. In the course of the first mash brewing, the yeast cell number
was the highest after 6 days fermentation, and contained 11% alcohol, 0.82% total acidity and 0.53% amino
acidity. The final product of Hahyangju contained 19.2% alcohol, 0.32% reducing sugar, 0.46% total acidity
and 0.24% amino acidity. The major organic acid was lactic acid containing 680.04 mg/100 mL. The total
phenolic compound contents and electron donating ability of Hahyangju were 263.16 ppm and 93.08%,
respectively. Nitrate scavenging effect was measured at various pH (1.2, 3.0, 4.2, 6.0); the highest effect was
at pH 1.2 as 90.26%. Angiotensin converting enzyme (ACE) inhibition activity and fibrinolytic activity of

Hahyangju ware 87.5% and 19.1 unit, respectively.

Key words: Hahyangju, Korean traditional liquor, fermentation, functional properties
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Mz gl ghe < S FAA FREDPEO gt A &
pHE pH meter(Mettler Toledo, Swiss)& #4319 1, At%
M= € 01 N NaOHZE %3} A4 st 4|4 0.1 N NaOH®]
E Aol ARSE A R A AT U S5 mLF2 e glem, ol At formol AW LR &
Aol 4] 2005K o) AAkE AL o] &3l o, 52 5 it d2e Feke 9 100 mLE F7/3t] FAHAE
o] 7leAFArt A A2 AL AHEsdoh o4 A o2 FA

S Z % 15°CE BAslo oEkg
gheko 7 vebuiglcl 99 g8k DNSH0)2.2 &3
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Aek BAR F5 5 ked B 12 Lol AAAA F5 A WA FF2F 20 LE Arste] Sl Fa 100303 WA
& st F23] A 2| 5 Gapede] Egste] A CEE &8 FpH ALE, i‘ 19, FLEF, oble
AE 7lelH 90U MEAA Ve Azt see RS BAIGT 2, £} obvleAl §9 242
W W U PHoR B 80 kgd AT F S FHFFF 3000 omell 4 102 AL} F, 045 um
5 kgt AAZ 78 L 283 ArhEE okalel 523 QlEE, membrane filters o] #}5}e] Table 13} 22 2714 £4
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9 Aed EFstel AF $7194 100 Bk HEAR Jlsx =4
F A8gE AAste] E4E ABE AR A]_g._'_’,&u]- A2 71 %A 248 9ste] tie wist o

=
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2917k WoFsk the HAHE colony S A%5HelcHE), Ciocalteau reagent 0.1 mL-E 7}t 2 &3 & 84 mPE]
FHTE ATE e o]l & 3u7F ARl A] AR F 1
U= UEMY F 0olstetd &Y mL 20% NaxCOz5 A7}sle] d-2elA 1417 o] ¥4 712
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Table 1. Conditions for the analysis of organic acid and amino acid of Hahyangju after fermentation for 100 days

Instrument: Alliance HT Waters 2975 (Waters Co.)
Column: Aminex HPX-87H 7.8 %300 mm
Detector: Waters 2487 (UV 210 nm)
Mobile phase: 0.008 N HzSO04
Flow late: 0.4 mL/min
Oven temp.: 35°C

Instrument: Biochrom 30 (Biochrom Ltd.)
Column: U-1631 4.6%200 mm (Biochrom Ltd.)
Sample processor: MIDAS (Spark Holland BV._Netherlands Loop volume 200 uL
Injection volume: 40 pL
Buffer: Buffer 1 Lithium citrate buffer A pH 2.8, 0.2 M
Buffer 2 Lithium citrate buffer B pH 3.0, 0.3 M
Buffer 3 Lithium citrate buffer CII pH 3.15, 0.5 M
Buffer 4 Lithium citrate buffer DIl pH 3.5, 0.9 M
Buffer 5 Lithium citrate buffer pH 355, 1.66 M
Buffer 6 Lithium hydroxide solution 03 M
Reagent: Ultra ninhydrin reagent kit (Biochrom Ltd.)
Flow late: Buffer 20 mL/hr, Ninhydrin 20 mL/hr

Organic acid

Amino acid
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1 mLZ 3}e] 37°Col A 147k HE-S-A Zit}, o] Hk-g-H-& #3}
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AAR-Fd5 54 shekFo Azlgel52 1,1 diphenyl-
2-picrylhydrazyl(DPPH)S] #9138 ©]-2-%F Kim %(13)¢]
w0 2 ZA3skglch AR 200 uLell DPPH £4(4x10*
M DPPH, ethanol 100 mLel £€-3}) 800 uL-& 7} F abso-
lute ethanol2 2 mL A 7}ale] 1027 g oh2 A4
1587 ¥F5-A1 7] 2 525 nmell A FHEE FA 55 oH, A

T AR 42 dzTet TR Aol s
st

ACE A &84 =A: ACE(angiotensin-converting en-
zyme) A AL Li 5149 W ==} F2=+= hip-
puric acid &-& &A 3t £ § A= ALY
(300 mM NaCl& #3st= 100 mM borate buffer, pH 8.3
5 mM hippuryl-L-histidyl-L-leucineS =<1 4<1) 50 uLe]]
A2 20 iLE 7Vl 2, controloll &= A& ti4] 100 mM so-
dium borate bufferE 20 ul. 713k, A¥F2} control
ol thgt blankZ+ Ztzhe] HE-g-9e] 100 mU/mL ACE 10
uLet 1 M HCI 100 ul-E o #7Fste] 37°CellA] 5#7F pre-
incubationA] # =}, Preincubation®] $+5% 3 rabbit lungel]
A F&% ACE-4<%(100 mU/mL) 10 uLE controlS’Jr sam-
pleell #71sled 37°Cell A 3087 E4MFS F 100 uL 1 M
HCIE #7hslke] wk-8-2 AR A7 2.9, controloll+= A & 20
uL%} sodium borate buffer 300 pLE A 7}31%3 32 sample>}
blankell & sodium borate buffer 320 L2 & 7}3}dc}. o]
Hhg-of o 2 R $-2]% = hippuric acid®] &3 600 uL
quinoline3} 200 uL. benzene sulfonyl chloride(BSC)E &7}
832 30°C Al ollA 30%7E g % 3,700 L ethanol-2- 7}3)
] 30°C o] Al s = ol T FollA vREA R oh
spectrophotemeter(Ultraspec  2100pro, Amersham Co,,
Sweden)E °]-8-3t] 492 nmellA FA3tdrh ACES] A 3|
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A48 &4 4 349 F4 42 Yun 5015
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Fig. 1. Change of microbial cell counts during fermentation
of the first mash for Hahyangju.
O -- O lactic acid bacteria, ®—@®: yeast.
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Fig. 2. Change of pH, acidity and amino acidity during fer-
mentation of the first mash for Hahyangju.
BN acidity, C—0: amino acidity, A — 4! pH.
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Fig. 3. Change of reducing sugar and alchol contents during
fermentation of the first mash for Hahyangiju.
O—0:! reducing sugar, @—@: alcohol.
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Rzt ¢as tlee] o|5ehA 5A1E Table 20 vieh
Art. oFLe el 192% 2 So(8)Y] AFH Tl thih A
vehon) 2 ghekl (032% 2 So(18)9b= 2 o5
GA ebded gle 9 F S 3 ole] 10047 HA
AA AR o] dlRE 2uH9ly] el Aew A
zHe o}, 3l & ALE = 046%(succinates), oF ¢ xAFE =
0.24%(glycine%)el g0 #%E pHi= 3.95% vrebyteh A
A F71AF geke 1175.02 mg/100 mLe] g2 lactic acid
7} 680.04 mg/100 mLE 71 EA4 Jelgd Alarel 247}
lactic acid¥l-& &<qlsloich 3 o}n| Ak ek 463.37 mg
/100 mLo] %l 2 proline®] 4751 mg/mL22 7}AF A ¥4
= gich(Table 3).
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Table 2. Physicochemical properties of Hahyangju after
fermentation for 100 days

Characteristics Hahyangju
pH 3.95+0.01"
Acidity (succinate %) 0.46+0.03
Reducing sugar (%) 0.32+£0.02
Alcohol (%) 19.20+0.05
Amino acidity (glycine %) 0.24%+0.02

L 95.75+0.80

Color a -2.31*t0.05

b 9.34+0.07

Citric acid 4227+1.84

Tartaric acid 32.25+1.51

Organic acid Malic acid 48.43+243
(mg/100 mL) Malonic acid 56.31£3.52
Succinic acid 315.72+8.85

Lactic acid 680.04+7.46

DValues are mean£SD (n=3).

Table 3. Amino acid components of Hahyangju after fer-
mentation for 100 days

Amino acid Contents (mg/100 mL)

Aspartic acid 2382+1.31"
Threonine 7.43%+0.92
Serine 15.22+1.03
Glutamic acid 34.31+2.08
Proline 4751+2.17
Glycine 14.93£1.06
Alanine 20.3710.64
Valine 14.36+1.35
Methionine 3.63£0.05
Isoleucine 25.02+0.13
Leucine 30.81+£1.52
Tyrosine 16.53£0.18
Phenylalanine 2742+1.27
Histidine 7.10x£0.08
Lysine 22.15+£2.09
Arginine 38.76x1.89
Total 463.37+1.11

YValues are mean£SD (n=3).
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Table 5. ACE inhibtion activity and fibrinolytic activities
of total polyphenols of Hahyangju after fermentation for 100
days

ACE inhibitory activity (%) Fibrinolyt.c acitivity (U)

87.5+2.93"
Yyalues are mean=SD (n=3).

19.1+0.54

Table 4. Nitrate-scavenging ability, electron donating ability and contents of total polyphenols of Hahyangju after fermen-

tation for 100 days

Nitrate—scavenging effect (%)

Electron donating Total phenolics

pH 1.2 pH 3.0 pH 4.2

pH 60

ability (%) corapound (ppm)

90.26+1.237 6450+ 1.08 35761+1.47

22.61+0.88

93.08+1.54 263.16£2.12

YValues are mean+SD (n=3).



s} o] WA

Kim 5(2)°] Rgk 7} #]o] AF ql&52
w29 P44 Zdo] 2 62 un
o, tf3E-0] 10 unit HES] A
7A%-E 191 wnitE FE%F
F(23) Bl tha Egke

A=) 7154 el
nit, #*] 0.9 unite] gL
vel e} shekao
12 Al S N4

Eas
voet AEFE] 48 A4

aL

()= FAbebsd et
(@] oF
- =
HEAQ] o Az st 28 9 754 54
< zAbskdeh e A s Fekel g Es) o] 53
Aol Wsts AR A A 6dA are AAF)
849x 10" CFU/mLE 714 ¥4 vehyton gdae ek
oF 11%, FAFE 0.82%, oFv) At 0.53%% veh 7lee

HA g 7|7k 649)S gl Be g 1009
T EEAZ HF s FAL JIE Fubo] 192%%
1&F2M = obh =4 Jebhgon, 39 032%, 4%
0.46%, oF7| :=AE7} 0.24%°] ek f7]4ke Akl o4
AL lactic acid”} 680.04 mg/100 mLEZ 7}# %7 ‘/}E}‘X»{'
on opn] =AM proline®] 47.51 mg/100 mL& 7F3F ©o]
EAsrd ) sl 7isA A4S #A A & Fe4A
E &3-S 26316 ppmol iz, AAFFod T 93.08% 2 vhE}
won olalaby A %L theksl pH(1.2, 3.0, 4.2, 6.0)¢1 4
Zx sl =, pH 12614 9026%% 7H4 ¥ a95 B9
t}. ACE Hsl&Ade 875%, g8 42 19.1 units®
A= ok

d

aAtel 2

B oo T AR Y X Gabd e A (FAE 5
10024441)2) &An] x| Lol o8 o] Zo)R AT AT} gx
2 oo ZAlEFH Yt

rak

Ho

1. Kim Y], Han YS. 2006. The use of Korean traditional lig—
vors and plan for encouraging it. Korean J Food Culture
21t 31-41.

2. Kim JH, Lee DH, Choi SY, Lee JS. 2002. Characterization
of physiological functionalities in Korean traditional liquors.
Korean J Food Sci Technol 34: 118-122.

3. Kim HS, Hyun JS, Kim J, Ha HP, Yu TS. 1997
Characteristic of useful fungi isolated from traditional
Korean Nuruk. J Korean Soc Food Sci Nutr 26. 767-774.

4, Yu CH, Hong SY, Koh JS. 2002. Zymological properties of
foxtail millet wine-making by isolated strains from Nuruk.
J Korean Soc Agric Chem Biotechnol 45: 138-144.

5. Shin KR, Kim BC, Yang JY, Kim YD. 1999. Characteriza~
tion of Yakju prepared with yeasts from fruits 1. Volatile
components in Yakju during fermentation. J Korean Soc
Food Sci Nutr 28: 794-800.

NE
N

6.

10.

11

12.

13.

14.

15,

16.

17.

18.

19.

20.

21.

22.

23.

A
o

469

Shin KR, Kim BC, Yang JY, Kim YD. 1999. Characterization
of Yakju prepared with yeasts from fruits 2. Quality char-
acteristics of Yakju during fermentation. J Korean Soc
Food Sci Nutr 28 801-804.

. Jung HK, Park CD, Park HH, Lee GD, Lee IS, Hong JH.

2006. Manufacturing and characteristics of Korean tradi-
tional liquor, Hahyangju prepared by Saccharomyces cer-
evisiae HA3 isolated from traditional Nuruk. Korean [
Food Sci Technol 35: 659-667.

. So MH. 1992. Changes in the chemical components and mi-

croorganisms in Sogokju-mash during brewing. Korean J
Food & Nutr 2: 69-76.

. National Tax Service. 1979. Analysis, assessment and re-

search of alcoholic beverages and brewing raw materials.
National Tax Service, Seoul. p 12-63.

Kim DG, Kim BK, Kim MH. 1994. Effect of reducing sugar
content in Chinese cabbage on kimchi fermentation. J
Korean Soc Food Nutr 23: 73-71.

Folin O, Denis W. 1912. On phosphotungstic-phosphomo-
lybdic compounds as color reagents. J Biol Chem 12: 239~
243,

Gray JI, Dugan Jr LR. 1975. Inhibition of N-nitrosamine
formation in model food system. J Food Sci 40: 981-984.
Kim KT, Kim JO, Lee GD, Kwon JH. 2005. Antioxidative
and nitrite scavenging activities of Polygonatum odoratum
physiological activities of fresh Pleurotus eryngii extracts.
J Korean Soc Food Sci Nutr 34: 439-445.

Li GH, Liu H, Shi YH, Le GW. 2005. Direct spectrophoto-
metric measurement of angiotensin I-converting enzyme
inhibitory activity for screening bioactive peptides. J
Pharmac Biomed Anal 37 219-224.

Yun GH, Lee ET, Kim SD. 2003. Purification and character-
ization of a fibrinolytic enzyme produced from Bacillus
amyloliquefaciens K42 isolated from Korean soy sauce. Kor
J Microbiol Biotechnol 31: 284-291.

Kim IH, Park WS, Koo Y]J. 1996. Comparison of fermenta-
tion characteristics of Korean traditional alcoholic bev-
erages prepared by different brewing methods and their
quality changes after aging. Korean J Dietry Culture 11:
497-506.

So MH, Lee YS, Noh WS. 1999. Changes in microorganisms
and main components during Takju brewing by a modified
Nuruk. Korean J Food & Nutr 12: 226-232.

So MH. 1999. Characteristics of a modified Nuruk made by
inoculation of traditional Nuruk microorganisms. Korean J
Food & Nutr 12: 219-225.

Rhee SJ, Lee CY, Kim MR, Lee CH. 2004. Potential anti-
oxidant peptides in rice wine. J Microbiol Biotechnol 14:
715-721.

Bae SM. 2002. Preparation Technique of Korean Traditional
Wine. Bae Sang Myun Brewery Institute, Seoul. p 160-161.
Lee SE, Bang JG, Song ], Seong NS, Park HU, Jeong HG,
Kim GS, An TJ. 2004. Inhibitory activity on angiotensin
converting enzyme (ACE) of Korean medicinal herbs.
Korean J Med Crop Sci 12¢ 73-78.

Lee DH, Kim JH, Kim NM, Pack JS, Lee JS. 2002.
Manufacture and physiological functionality of Korean tra—
ditional liquors by using Paecilomyces japonica. Korean J
Mycol 30: 142-146.

Kim JH, Lee SH, Kim NM, Choi SY, Yoo JY, Lee JS. 2000.
Manufacture and physiological functionality of Korean tra—
ditional liquors by using Dandelion (Taraxacum platy-
carpum). Kor ] Appl Microbiol Biotechnol 28. 367-371.

(20073 1€ 30 A< 20079 349 279 A=)



