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Evaluation for the Antimicrobial, Antioxidant and Anti-thrombosis Activity of Korean Traditional
Liquors. Ryu, Hee-Young, Eun-Joo Kum', Kyung-Hwa Bae, Young Kwan Kim?, In Sook Kwun, and
Ho-Yong Sohn*. Department of Food and Nutrition, Andong National University, Andong 760-749, Korea,
"Institute of Korean Medicine and Biomedical Science, Suwon, 443-270, Korea, “Gyeongbuk Institute for Bioin-
dustry, Andong 760-380, Korea — To identify the useful biological activities and the superiority in quality of
Korean traditional liquors, we prepared the alcohol-free concentrates from different types of commercial tradi-
tional liquors, Takju (T1~T3), Yakju/Cheongju (Y-1~Y-5), Fruit wine (F-1) and Soju (S-1, S-2), respectively.
We investigate their compositions as well as antimicrobial, antioxidant, and anti-thrombosis activity. Among
the 11 traditional liquors, Y-3, Y-4, Y-5 and F-1 showed higher total-polyphenol, total-flavonoids and reducing
sugars than the others. The strong antibacterial and anti-thrombosis activities were identified in Y-3, Y-4, Y-5
and F-1, and a minor antioxidant activity was found in F-1. The antibacterial activity of the Y-3, Y-4, Y-5 and
F-1 alcohol-free concentrates showed a broad-spectrum, and growth inhibition was found in gram-positive,
gram-negative, and ampicillin-resistant bacteria. The sequential solvent fractionation of Y-3, Y-4, Y-5 and F-1,
and following analysis showed that ethyl acetate fractions of Y-3, Y-4, Y-5 and F-1 possess strong antibacterial
and anti-thrombosis activity. Especially, the ethyl acetate fractions of Y-3, Y-4 and F-1 showed superior anti-
thrombosis activity compared than that of aspirin. Our results suggest that the useful substances are produced
from substrates and edible plant added during the fermentation, and the Korean traditional liquors could be
developed as strong antibacterial and anti-thrombosis agents. '
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N-1000, Eyela Co., Japan)d}e] 4TS BF A Askd %
S8 30 miE A|3=3153.2 (alcohol-free concentrates), ©| S

Table. 1. The Korean traditional liquors used in this study.
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718t ¥, FAlo] <A FHE A FFE, n-hexane, ethyl
acetate, butanolS- o]-&3le] £AH ez B351T, E 2
=& 353, 44 BEE Y | AREES YA
Z3le] £IEES A8 FARE el e, 47
e, DPPH 274% ¥ EE A8 333 24$
7hetgdet. AL HT UIY B FEFE BA) g2
A1dx1e] A2 HE ZABIl e, Y F FA] 4°ColM
5,000 g2 5% < YAEsl dAL Lelst YEst
Al 2. Bl om AIAFEA A, /A A2olA 3E
dle] ARSI

gnetd £

% ST LR Escherichia coli KCTC 16825, 18
YA T O 2= Streptococcus mutans JC-25 A3 2w,
A5 By Fo]lHA ampicillin WA 75 Pseudomonas
cepacia YAM-10 B Pseudomonas rhodesiae YAM-12 I
F2015 AHE3le AT F5A FFES 17 st
ot g 29 EHE B1sly] A% 24 YA A Folel
= Bacillus subtilis KCTC 1914, Staphylococcus aureus
KCTC 1916, Staphylococcus epidermidis ATCC 12228,
Pseudomonas aeruginosa KACC 10186, Proteus vulgaris
KCTC 2433, Salmonella typhimurium KCTC 1926, Escheri-
chia coli HT:0157 ATCC 43895 9 AFo2: daE"
Saccharomyces cerevisiae 1F0 0233, Ao} AF43 45
AN Candida albicans KCTC 1940 ¥ A& AWl FF
o] #1172l Botrytis cineria KACC 40574% A8-3151
o} WA, M2 7ol Nutrient broth (Difco Co.,
USAYl Z7he] A& AEsted 37°ColA 24412F <t i
okglt . 7z} FFE 0D 0.12 2A3}e] Nutrient agar
(Difco Co., USA) WA & E3+sl= "Hd petri dish (90x15

Classification Traditional liquors Ethanol content (%) Remark
T-1 6.0 white rice 80%, wheat 20%
Takju T-2 6.0 white rice 80%, wheat 20%, fungal fermentation
T3 6.0 white rice 40%, wheat 60%
Y-1 16.0 white rice 100%
Y-2 14.0 white rice 100%
Yakju/Cheongju Y-3 14.0 glutinous rice, medicinal herb
Y-4 14.0 glutinous rice, edible plant added
Y-5 14.0 white rice 100%, natural resource added
Fruit wine F-1 16.0 plant fructus fermentation
- M H 0,

Soju (distilled liquor) S-1 40.0 white rice 100%

S-2 45.0 white rice 100%
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mm, AR, el 100 L =S, A4e) A5F 5
o gl RIE 7 L5 Y disc-paper (A F 6.5 mm,
Whatman No.2)ell 7}sked, 37°CellA] 24A17F 52t v sl
o, z72] Aol Sabouraud dextrose HiA| S o]-8-3}ed
U3 W CE 37°ColA 24417 B9t Wi T, AR
3] @7 SRl XS HUIsISITH20, 27-29]. W
Z 3FA| 2= ampicillin (Sigma Co., USA)YS AME-3}%).2
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A% Az Jepfgist

SEd #4

Zzke] AEF w5 o FHE A 4L
thrombin times &4 sl Frlslgict. EEul A& A2
Amelung coagulometer KC-1A (Japan)E- ©]-48}e] oY %
IAZRE EAsle] Fr)s1EH 20, 25, 26). 37°CAIA 0.5 U
EE4(Sigma Co., USA) 50 pLe 20 mM CaCl, 50 L,
F3t w59 AlE 10 uLE coagulometer?] FHol &3}
fod 287 WEEAIZ F, A 100 pLE 71 F Aol
$3E W7iR9 AZHE FAE9 o, A8 YRTFEE of
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EF Aol uld 34 G4 33] oA} ukE3l A3
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DPPH free radical A7{&HA

7+ A 8.9 A3} A& DPPH (1,1-diphenyl-2-picryl
hydrazyl) radicalell AL F3le A7 S A= &
AL EAsle] FrsleloH20, 26). WA, kst FEE 3
A8k AlR 20 pLoll 99.5% ollgkg-o] £34]17] 2x104 M
DPPH £ 380 uLE 93 &jsle] 37°CellA] 308 F<9
HH-A1Zl ¥, 516 nmel|A] microplate reader (Asys Hitech,

Expert96, Asys Co., Austriays AM3-3le] FH=E 543}
Aot E&FE2%E butylhydroxytoluene, vitamin C %
vitamin E (Sigma Co., USA)S A3l w}. DPPH free
radical 24%- A8 iAo WMEEE BAE
Hom, ICse= 50% 2% vehl: S22 AAlsldr.

DPPH scavenging activity (%)
= {1 — (Sample O.D.)/(Control O.D.)} x 100

7|EEN

AR P7LS 98 BUT T3k DNS ¥[20, 25102 &
Aslglon, vhilal ke Lowryl 24122 FA 319 om,
Zg)9)E k2 Singleton 59 WP 2510 wel A &5
Fedd 400 pLell 50 pLe] Folin-ciocalteau, 100 uL*]
Na,CO; E3Hgal-S Y1 A2ojr] 1ARF ¥ F 725 nm
AM FREE SAET EFAFCEE tannic acid
(Sigma Co., USAYE AME-3l9th. & ZejR o= gk
Davisih [2510] whel 439 em, Z472ke] 2t SfFei
400 pLel] 90% diethyleneglycol 4 miE FH713}al ©H4] IN
NaOH 40 pLE 93 37°CoIA 1417k ¥k F 420 nmel|M
355 2Astddt EFAF L2 rutin (Sigma Co.,
USA)S A48l v}, Brix &4 -2 refractometer (Atago N-
1E, Japan)ys °]8-3}3ivt.
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Table 2. pH, brix and contents of sugar, protein, total polyphenol and flavonoids in the alcohol-free concentrates prepared from dif-

ferent traditional liquors.

Traditional pH Brix (%) Reducing sugar Protein Total polyphenol Total flavonoids
liquors (%, w/v) (%, wiv) (mg %, W/v) (mg %, w/v)
T-1 425 20.3 0.96 0.014 14.7 252
T2 461 20.0 0.14 0.062 36.8 9.6
T-3 4.59 13.5 0.08 0.029 15.8 8.5
Y-1 412 52.0 2.97 0.019 394 6.4
Y-2 4.03 447 1.87 0.008 11.2 2.8
Y-3 3.57 69.5 4.76 0.021 229 26.5
Y-4 3.30 76.0 7.61 0.024 35.8 26.0
Y-5 3.72 59.6 4.49 0.013 25.7 11.5
F-1 3.18 84.5 11.87 0.102 80.6 138.0
S-1 3.82 4.6 0.01 0.002 ND ND
S-2 342 0.5 0.005 0.002 ND ND

ND: Not Detected.
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Table 3. Antimicrobial, anti-thrombosis and antioxidant activity of the alcohol-free concentrates prepared from different traditional

liquors.
Traditional Antimicrobial activity (mm) Antithromt?in gctivity DPPH S(.:ayenging
liquors/chemicals P cepaci P rhodesi E coli S Fhr(?rr}t?ln time activity
> cepacia > rhodesiae . coli . mutans inhibition (%) 1Cso (ng/ml)
T-1 - - - - >2.700 > 2,000
T-2 - - - - 159 > 2,000
T-3 - - - - 104 > 2,000
Y-1 9.0 9.5 - - 412 > 2,000
Y-2 8.0 9.0 - - 287 > 2,000
Y-3 9.5 12.5 7.5 18.0 > 2,700 > 2,000
Y-4 12.0 16.0 10.0 18.0 >2,700 > 2,000
Y-5 9.5 12.0 9.0 18.0 >2,700 > 2,000
F-1 10.0 12.0 12.0 19.0 >2,700 1,000
S-1 - - - - 85 -
S-2 - - - - 37 -
ampicillin! - - 12.0 19.0 nd nd
aspirin’ nd nd nd nd 300 nd
vitamin C nd nd nd nd nd 5.0
vitamin E nd nd nd nd nd 23.7
BHT? nd nd nd nd nd 21.1

P cepacia: Pseudomonas cepacia, P. rhodesiae: Pseudomonas. rhodesiae, E. coli: Escherichia coli, S. mutans: Streptococcus mutans. - No

activity. nd: not determined. ampicillin!: 1 ug/disc, aspirin®: 1.5 mg/ml, BHT?: butylhydroxytoluene.

Table 4. Broad-spectrum of antibacterial activity of the alcohol-free concentrates prepared from Y-3, Y-4, Y-5 and F-1 traditional

liquors.
. Antimicrobial activity (mm)
Strains
Y-3 Y-4 Y-5 F-1
Bacillus subtilis 10.0 10.0 8.0 9.0
Gram (+) Staphylococcus aureus 30.0 22.0 22.0 24.0
bacteria Staphylococcus epidermidis 9.0 12.0 8.0 10.0
Streptococcus mutans 15.0 13.0 14.0 9.0
Pseudomonas aeruginosa 8.0 8.0 9.0 9.0
Proteus vulgaris 18.0 20.0 16.0 18.0
Gram (-) R

bacteria Salmonella thyphimurium 11.0 14.0 14.0 14.0
Escherichia coli H7:0157 12.0 10.0 9.0 10.0
Escherichia coli 14.0 11.0 9.0 12.0

Saccharomyces cerevisiae - - - -

Fungi Candida albicans - - - -

Botrytis cineria
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e F 2HEA Al 953 NE FAE Yehig
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Fig. 1. Thrombin inhibitory activities of the alcohol-free con-
centrates prepared from Y-3, Y-4, Y-5 and F-1 traditional
liquors and aspirin.

o, ookt 240] EAlE A Y-S 2T o F4ERS
A7} o] FoAlchE olAmH T e 733 JHFAH 8
7} Jed 4 lvkal 35l 3k DPPH &A84 3
71} 7-foll= F-1elA7E nlofst A o] et ont, =
“F-(vitamin C, vitamin E, & butylhydroxytoluene)$} B] 3
g o A gAe] JAFHA dskTh(Table 3).

Al ORE/AF(Y-3, Y4, Y-5) W BAF(F-1)2 g2
g M= ¥ 2820 &y Wi

sl A3 S8 gAde] 93k Y-3, Y4, Y-5 ¢ F-
1 A]&Z n-hexane, ethyl acetate, butanole- ©]-8-3}d £}
oz BIES A3l vH(Table 5). AH- A129] 80~95%
7} & ZAFEo EA81%.2, ethyl acetate FE9] 57|
vl 0.8~3.4%2 AR WA el 77 28+
I E ARl A3 st 84S st A9, 450 AlB
oq] B ethyl acetate F-3Eo]Aqt Ao] epton E
&) B. subtilis, P aeruginosa X S. typhimuriumol] o 3] A
= 53 AS A& e i@ vlAlA]). Ethyl
acetate L EE2 1.8~4.0% AE9 3UdFe EFslH,
0.6~0.9%2] Z=29%, 6.6~11.2%2] shAA B2 i3}
I gle], 3 E f71A 5 ookl EEES sk 9l
= Ao FZFHci(Table 5). T4 H8E52] FAEA )
o] A& ol slom, vekgl FAFIA FAT DA o)
FTUEA 7]sh= AdA el Fo . 3 772
E2HEH F 2FE g FEF FAE Y18 A
452 A8 E5F ethyl acetate F-EEolA 73 I &
o= 2w, butanol @ & AFE<rE= e AEF 5
Ed3 A9 FAkgl AN EAE VPl Siek(Z S ] AlA]).
ol 7|29 oFE HAES F¥A T3} F2 butanokd
oA viehd A= X EE(13, 25, 26], ethyl acetate
HE B0 JEFH AL ofavH v|wg A Fig 2
o] Yehlgle}. Y-5 ethyl acetate £-85-2 #|3F Y-3, Y-4
9 F-1¢] 23E 2% 15 mgmle] FE0A4 2,000% 4
2] A5 e, FYEEA 300% AHEE eRd of
29H B B3 A EAE eI 53] %S 5
Zollof| A2} 2], ethyl acetate F-3]Eol|A] FEFH A3
B V-3, F-1, Y-4, Y-59] 02 st Ao vept
o} o]g3t AFFe A2 YubAql oA Ee] JEFU

Table S. Sequential organic solvent fractionation of the alcohol-free concentrates of Y-3, Y-4, Y-5 and F-1 traditional liquors and com-

position of ethyl acetate fraction.

Traditional Fraction yield (% w/w) Composition of ethyl acetate fraction (%)
liquors Hexane Ethyl Acetate Butanol Water residue  Reducing sugar Protein Total polyphenol
Y-3 0.1 1.9 2.7 94.4 3.97 8.10 0.67
Y-4 0.1 3.4 7.8 88.4 1.86 6.62 0.65
Y-5 0.1 2.8 16.0 80.8 3.10 7.65 0.66
F-1 0.1 0.8 5.6 93.6 2.40 11.21 0.94
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Fig. 2. Thrombin inhibitory activities of the ethyl acetate frac-
tions prepared from alcohol-free concentrates of Korean tradi-
tional liquors (Y-3, Y-4, Y-5 and F-1) and aspirin.
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