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Anti-microbial and Anti-thrombosis Activities of Lees of Sweet Potato Soju
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Sweet potato soju (SPS), a form of traditional distilled alcoholic liquor in Korea, is manufactured by the distillation of fermented
broth under normal pressure, thus providing it for a uniquely smooth taste infused with the flavor of sweet potato. After distillation,
the lees of SPS is produced as by-product and discarded. In this study, the ethanol and hot water extracts of lees of SPS, and
their subsequent organic solvent fractions using hexane, ethylacetate (EA), butanol, and water residue were prepared in an effort
at the efficient re-use of the lees of SPS. The ethanol extraction yield was 1.36-fold higher than that of the hot water extraction,
and the EA fraction revealed the highest total polyphenol content among the solvent fractions. The various extracts and solvent
fractions did not demonstrate hemolytic activity at up to 0.5 mg/ml concentrations against human red blood cells. In the bio-
activity assay, only the EA fraction displayed a broad spectrum of anti-microbial activity against different pathogenic and food
spoilage bacteria, and demonstrated significant anti-coagulation activity by inhibitions of thrombin, prothrombin and blood
coagulation factors. Furthermore, only the EA fraction from the hot water extract of the lees of SPS showed anti-platelet
aggregation activity, which is comparable to aspirin (a commercially available drug). Our results suggest that the EA fraction of
the hot water extract prepared from the lees of SPS has a high potential as a novel resource for anti-microbial and anti-

thrombosis agents.
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O AFS FAst AT Aol AR FuF AR
QFE Tt AFgFettell A Hakskal lth(voucher specimen
2012-KSD-8).

87 2y
I £F FAARY FF BYL 12 BuE
W3 FLHA WA, FE BHAE 9 2

= FAANF S ZE Staphylococcus aureus KCTC 1916,
Staphylococcus epidermidis ATCC 12228, Listeria
monocytogenes KACC 10550, Bacillus subtilis KCTC
19245, 1% S A AHF 22 Escherichia coli KCTC 1682,
Pseudomonas aeruginosa KACC 10186, Proteus vulgaris
KCTC 2433, Salmonella Typhimurium KCTC 1926, o
S 2% Candida albicans KCTC 1940% Saccharomyces
cerevisiae IF0 02335 A&ttt A&+ A H719 4
2. Nutrient broth (Difco, USA)o| 242+ A& ZEd}e
37°CO A 24A17t FF wjkRt &, ZF #55 ODgoo 0.12 £
A 5to] Nutrient agar (Difco, USA) A & Z 33l HH
petri dish (90 x 15 mm, Green Cross, Korea)] 100 ul =
B35k, 2429] A& 5 uE B disc-paper (A5 6.5 mm,
Whatsman No.2)oj| 7}}o], 37°Cof| A 24A17F 59t wlj o3}
Fom, A o= Sabouraud dextrose (Difco, USA)E
o]-g3sto] FUZ WO Z 30°Co| Al 2447 FF v g =,
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NRIEEZE FA|FAQ ampicillin?} 3F2 7421 miconazole
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prothrombin time (PT) % activated partial thromboplastin
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7 93& $38E thrombin?] AL F7HslE TTE
37°Co Al 0.5U thrombin (Sigma, MO, USA) 50 ul<}
20 mM CaCly 50 ul, ThoFst 5=9] A|& 10 ulE Amelung
coagulometer KC-1A (Amelung. Lemgo, Germany)®] &
Bo ggsto] 287 BHEAIl §, EEFZMD Pacific
Technology, China) 100 ulE #7153t & g*fo| 2118 iz}
A AtE SR, AR Q2T 2E ofATH
(Sigma, MO, USA)Z, &1 g2 22 = DMSOE A3}
%Th. Thrombin A8 /-2 33] o] ¥h&EEH A& TT A
o] A5 &l 272l DMSO TT B2 9| H|Z
et gloh14]. 3 PTE €918 AL V, VIL Y X <
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Ao} $7 BAL FUHOR ST W2, B T0u
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Table 1. Physicochemical properties of the lees of sweet
potato soju.

Parameters Lees of sweet potato soju
pH 422+0.2
brix 3.4+0.04
Water content (%) 92.9+0.8
Ethanol (% v/v) 3.4+01
Color differences L? 33.99+0.67
a? 1.69+0.05
b°) 15.36 £ 0.34
AEY 54.37 + 0.56

3] : degree of lightness (white +100-0 black).

Pa: degree of redness (red +100--80 green).

9b: degree of yellowness (yellow +70--80 black).

IAE: overall color difference (AE = J(AL)2+(Aa)?+(Ab)? ).
Data are presented as the mean + SD of three determinations.

ZE9] polyphenol $F2 38.09 mg/gC &2 4 FEHEHTH
1.888)] =ton, E3EE9] polyphenol U flavonoid &3F
BA Ail EA 28 > butanol 28 > & ZAFE > hexane
23 £02, flavonoid FF-2 butanol 8 > & IFE >
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hexane £3 > EA 23] £2° 2 el thH(Table 2). ¥HH F
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Table 2. Component analysis of the ethanol extract and its solvent fractions of the lees of sweet potato soju.

Extract/ Extraction/ Content (mg/g)

Fraction Fraction yield (%) Total flavonoid Total polyphenol Total sugar Reducing sugar
Ethanol ex? 2.2 3.4+0.14 38.09+£0.73 64.44 +0.55 23.26 £0.42
Hexane fr°) 18.74 1.48 +0.03 7.99+0.00 30.29+0.14 6.26 +0.10
Ethylacetate fr 491 1.21+£0.24 116.66 + 1.08 75.38+0.48 16.63+£0.30
Butanol fr 20.18 1.98 £0.03 39.18£0.75 59.18 £ 0.55 16.21+0.30
Water residue 56.03 1.52+0.23 19.91+£0.05 75.53 £0.41 24.75+0.12

dex: extract.
O)fr: fraction.
Data are presented as the mean + SD of three determinations.

Table 3. Component analysis of the hot water extract and its solvent fractions of the lees of sweet potato soju .

Extract/ Extraction/ Content (mg/g)

Fraction Fraction yield (%)  Total flavonoid Total polyphenol Total sugar Reducing sugar
Hot water ex® 1.62 1.92+0.10 20.23£0.11 149.70 £ 1.10 30.40£0.30
Hexane fr 0.52 4.09+0.00 20.48 £ 0.01 141.23 £2.89 29.60 +0.36
Ethylacetate fr 4.08 0.72+£0.00 22.51 £0.01 65.41 £ 0.41 12.00 £ 0.96
Butanol fr 33.26 1.69 £ 0.04 20.58 £0.30 70.57 £0.83 20.37 £0.18
Water residue 61.54 1.29+£0.00 16.19+£0.11 123.82+1.38 34.4+£0.66

dex: extract.
O)fr: fraction.
Data are presented as the mean + SD of three determinations.
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Table 4. Anti-microbial activities of the ethanol and hot water extracts, and their solvent fractions of lees of sweet potato soju
against pathogenic and food-spoilage bacteria and fungi.

Growth inhibition zone (mm)

Samples/Chemicals Gram positive bacteria Gram negative bacteria Fungi
SA?  SE LM BS EC PA PV ST CA SC
Ampicillin 180 195 21.0 20.0 9.0 100 260 125 - -
Miconazole b - - - - - - - 150 210
Ethanol extract Extract - - - - - - - - - -
Hexane ¥ - - - 8.0 - - - - - -
Ethylacetate fr 9.5 9.0 10.0 10.0 7.5 11.0 14.5 7.0 - -
Butanol fr - - - - - - - - - -
Water residue - - - - - - - - - -
Hot water extract Extract - - - - - - - - - -
Hexane fr - - - - - - - - - -
Ethylacetate fr  11.0 1.5 16.0 140 100 130 180 120 - -

Butanol fr
Water residue

ASA: Staphylococcus aureus, SE: Staphylococcus epidermidis, LM: Listeria monocytogenes, BS: Bacillus subtilis, EC: Escherichia
coli, PA: Pseudomonas aeruginosa, PV: Proteus vulgaris, ST: Salmonella Typhimurium, CA: Candida albicans, SC: Saccharomyces

cerevisiae.
b.: No inhibition.
°Kr: fraction.

The concentrations of the lees samples and antibiotics used were 500 ug/disc and 1 ug/disc, respectively. The growth inhibition
zone expressed was included size of disc-paper (6.5 mm of diameter). The data represent a classical result of three indepen-

dent determinations.

Table 5. Anti-coagulation activities of the different extracts and their solvent fractions of lees of sweet potato soju.

Anti-coagulation activity®

Samples el Ethanol extract Hot water extract

(mg/ml)

T PT aPTT T PT aPTT

DMSO - 1.0+0.0? 1.0+0.0° 1.0+0.0° 1.0+0.0° 1.0+0.0° 1.0+0.0°

Aspirin 15 26+0.1¢ 1.7+0.04 13+0.1° 2.6+0.1° 1.7 +£0.0° 13+0.1°

Extract 1.1+0.0%® 1.1+0.0° 1.1+0.0° 1.1+0.0° 1.1+0.0° 1.3+0.1°

Hexane fr? 1.0+0.0? 1.2+0.0° 1.3+0.0° 1.0+0.12 1.0+ 0.02 1.5+0.1°

Ethylacetate fr 5 >15.0° >15.0f >15.0 >15.0¢ >15.0 >15.0¢

25 1.5+0.1° 3.8+0.1° 3.1+0.1¢ 1.5+0.0° 1.7 £0.0° 2.3+0.2°

1.25 1.2+0.1° 1.2+0.0° 1.4+0.0° 1.1+0.12 1.3+0.1° 1.3+0.1°

Butanol fr 5 1.2+0.1° 1.2+0.0° 1.6+0.0° 1.5+0.0° 1.5+0.19 1.5+0.1°

Water residue 5 1.1+0.1%® 1.0+0.1° 1.6+0.1° 1.1+0.0° 1.1+0.0° 1.4+0.1°

dAnti-coagulation activity is calculated on the clotting time of sample divided by the clotting time of solvent control in blood
coagulation assay. Data are presented as the mean + SD of three determinations. The thrombin time (TT), prothrombin time
(PT) and activated partial thromboplastin time (aPTT) of solvent control (dimethylsulfoximide) were 24.0 sec, 18.6 sec and
40.5 sec, respectively. Different letters within a column differ significantly (p < 0.05).

O)r: fraction.
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Fig. 1. Diagrams of impedance changes during platelet aggregation after addition of aspirin and the extracts and solvent frac-
tions of lees of sweet potato soju in whole blood aggregometer. (A) DMSO, (B) aspirin (0.25 mg/ml), (C) aspirin (0.5 mg/ml), (D)
ethanol extract, (E)~(H) hexane fraction, ethylacetate fraction, butanol fraction and water residue of the ethanol extract prepared from lees
of sweet potato soju, (1) hot water extract, and (J)-(M) hexane fraction, ethylacetate fraction, butanol fraction and water residue of the hot
water extract prepared from lees of sweet potato soju, respectively. Platelet aggregation was induced by addition of 2.5 ul of collagen
(1 mg/ml) into cuvette containing 50 wl of washed PRP and measured the impedance changes for 12 min.
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Table 6. Platelet aggregation activities of the extracts and their solvent fractions of lees of sweet potato soju.

Ethanol extract

Hot water extract

Chemicals/Samples  Ampli

Lag

Ampli

Lag

mgm) e P tme AR AR g SoPe e Aea  PAR
(©) (sec) (@) (sec)

DMSO 22 3 16 154.3  100.0 22 3 16 154.3 100.0
Aspirin (0.25) 16 2 31 87.1 56.4 16 2 31 87.1 56.4
Aspirin (0.50) 4 0 122 26.7 17.3 4 0 122 26.7 17.3
Extract 28 4 20 2139 1386 27 6 16 238.4 154.5
Hexane fr° 28 5 28 214.5 139.0 28 5 14 227.8 147.6
Ethylacetate fr 28 4 25 193.6 125.5 17 2 31 99.1 64.2
Butanol fr 22 3 22 148.1 96.0 28 4 18 206.4 133.8
Water residue 28 5 12 228.4 148.0 27 6 15 234.8 1562.2

IPAR: Platelet Aggregation Ratio.

bfr: fraction. Data are presented as a representative result relative of independent three determinations. Amplitude is
expressed as ohms by maximum extent of platelet aggregation, and slope (rate of reaction) is determined by drawing a tangent
through the steepest part of curve. Area under is a calculated area in descent drawing during platelet aggregation.
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