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Antioxidation, Antimicrobial and Antithrombosis Activities of Aged Black Garlic (Allium sativum L.)

In-Chang Jung and Ho-Yong Sohn*

Department of Food and Nutrition, Andong National University, Andong 760-749, Republic of Korea

In the course of study for development of functional food ingredients from aged black garlic (ABG), heat-treated ripe bulbs of
Allium sativum L., the water extracts from raw-garlic (RG) and ABG, and the subsequent organic solvent fractions of ABG were
prepared, and their antioxidant, antimicrobial, and antithrombosis activities were compared. The extraction yield of ABG was 4-
folds higher than that of RG, and the contents of total polyphenol, total flavonoid, total sugar and reducing sugar in the ABG
extract were 4-folds, 1.56-folds, 3.36-folds and 6.75-folds higher than those of the RG extract, respectively. In antioxidation
activity assay, the extract of ABG showed minor scavenging activity against DPPH anion, but revealed strong scavenging activ-
ity against ABTS cation and nitrite. Especially, the ethylacetate fraction from the ABG extract demonstrated stronger antioxida-
tion activity than the RG extract and other fractions. Although the antimicrobial and antithrombosis activities of the RG extract
did not appear in the ABG extract, the ethylacetate fraction from the ABG extract had antibacterial activity against Staphylococ-
cus aureus and Bacillus subtilis, and strong antithrombosis activity via the inhibition of prothrombin, blood coagulation factors
and platelet aggregation. All extracts and fractions did not show any hemolytic activity against human red blood cells up to 5
mg/ml. Our results suggest that the ethylacetate fraction of ABG could be applicable to the development of functional food

ingredients for antithrombosis agents.
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Table 1. Components analysis of the extracts and organic solvent fractions of raw- and black-garlic.

Extraction or

Content (mg/g)

Samples . . - .

fraction yield (%) Total flavonoid Total polyphenol ~ Total sugar ~ Reducing sugar

Raw-garlic ~ Water extract 10.1 1.25+0.13 2.55+0.12 146.11 £ 13.00 41.79 £1.37
Black garlic Water extract 40.6 1.95+0.08 10.23+£0.19 491.57 +2.32 282.49 £ 11.59

Hexane fr.2 0.18 1.81+£0.17 7.92+0.11 336.98 £9.27 205.31£4.09

Ethylacetate fr. 0.64 39.74 £2.97 77.67 £0.05 320.81+£1.24 233.28 £5.46

Butanol fr. 31.28 1.73+£0.11 11.62 £ 0.45 704.51£2.16 333.11£6.14

Water residue 65.01 3.23+0.03 11.15+£0.45 475.73 £ 8.46 302.00+5.12

&fr: fraction. Values are means + standard deviation of triplicate determinations.
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£& 79-11.6 mg/g ¥ 1.73-3.23 mg/g2] AF o= = 9 nitrite 24 % *EU}'—‘-EE]- Q2 314t E3| nitrite
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LuUgtely B5S B8 $Seels waEn, 301
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Auotsyt Zobso] gAks BAS Blustgon I &% e 842 ethylacetate #8 oA YEoH, DPPH &
Ah Table 20 Yelfiict. ZulsS DPPH So|2o of o], ABTS ¢o]2 9 nitrite £2A%FY RCs 27
27452 HYutsrd u)okstg ok, ABTS 9%Fo]l & 27 vitamin C7} YERHLE RC50 9 1/22, 1/22 2 1/4.58 &

r°1' m}a.

20 2320 g U JAF T4

Table 2. The radical scavenging activities (RCsps) of the e N =
extracts and organic solvent fractions of raw- and black-garlic. = Auks FE=7 H2 e Ahs Table 3o et oot
Radical scavenging activity: A B2 AHE-E ampicillint miconazole = 22t -
Samples/Chemicals RCs (ug/ml) ¢ A E FA S dElTh Avks FEE2
DPPH ABTS Nitrite 71 &9 Hi[14]9}F FARSHA Aol AREEE Alat B Rt
Raw-garic  Water extract 7705 11235 2055 55 TN P Y2 YR 2y Sks 22

1= A==

Black garlic Water extract ~ 1299.8 9613  115.8 I 20l vEhAl & %?"“i HYE F ethylacetate
Hexane fr.2 >4000 14217  NAP 8)-2 Staphylococcus aureus 2 Bacillus subtilis®] g3

Ethylacetate fr. 2804 1163 735 FAIE B4= e A E}EW k=9l Zuks A

[oZ

N1
_V.‘lJ::lrﬁ',‘l_lﬁi‘
o2

Butanol fr. 2334 10815  NA® T 3, a4 B EEs 2 s Fat 24l
Water residue  >4000 14634 4377  EEE € o sl
Vitamin C 10.8 5.28 16.1
T fraction Ents £&2 Y 2ai20 HEM 4
®NA: No activity. Auks 2 Suks 2259 FEH S RS A
RCso: The concentration required for 50% scavenging  EAT 4% S AT AL A5t Hrlstgc €9
against particular free radical species. o3 A Z=AATE Table 40 Uehjjglon, Lo o

Table 3. Antimicrobial activity of the extracts and organic solvent fractions of raw- and black-garlic against pathogenic and food-
spoilage bacteria and fungi.

Growth inhibition zone (mm)
Samples/Chemicals Gram positive Gram negative Fungi
SA® SE LM BS EC PA PV ST CA SC
Raw-garlic Water extract 23.0 18.5 9.0 255 12.0 8.5 19.0 29.0 17.5 19.0

Black garlic Water extract b - - - - - - - - .

Hexane fr.° ND¢ ND ND ND ND ND ND ND ND ND
Ethylacetate fr. 11.0 - - 8.0 - - - - - -
Butanol fr. - - - - - - - - - -
Water residue - - - - - - - - - -
Ampicillin 21.0 20.5 15.0 235 9.5 11.5 29.0 21.0 - -
Miconazole - - - - - - - - 12.0. 15.0

8SA: Staphylococcus aureus, SE: Staphylococcus epidermidis, LM: Listeria monocytogenes, BS: Bacillus subtilis, EC: Esche-
richia coli, PA: Pseudomonas aeruginosa, PV: Proteus vulgaris, ST. Salmonella typhimurium, CA: Candida albicans, SC: Sac-
charomyces cerevisiae.

b_: No inhibition.

%fr: fraction.

IND: Not determined.

The concentrations of the extracts and antibiotics used were 0.5 mg/disc and 1 pg/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.
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%3¢ DMSOY TT, PT, aPTT SXA| 7+ Z+7t 2
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Table 4. Anticoagulation activity of the extracts and organic
solvent fractions of raw- and black-garlic.

) Anticoagulation activity
Samples/Chemicals

(xcontrol)
(mg/ml)
TT PT aPTT
DMSO 1.0+£0.0 1.0+0.0 1.0+£0.0
Aspirin (1.5) 19+£01 1.7+£0.1 1.9£0.1

1.5+0.1 1.1+0.0 1.3+£0.0
1.0£01 1.0+£0.1 1.1+0.0
0.9£0.1 NDP ND
1.2+0.1 44+02 >15
Butanol fr. 0.8+01 1.0+0.1 1.1+£0.0
Water residue 0.8+0.1 1.0£0.1 1.0+0.0

Raw-garlic (5.0)
Black garlic Water extract
(5.0)  Hexane fr?

Ethylacetate fr.

&fr: fraction.

®ND: Not determined.

TT:. Thrombin Time, PT. Prothrombin Time, aPTT: Activated
Partial Thromboplastin Time.

of vls A9 XY A7t M7t YettA] grof 38
A ggo] JIAERA gokon, Znuts FEEY EYEA
L& ethylacetate #2& A&t U2 £ E = FE
A AL A =R 4oth Ethylacetate 232 4 4u) &
ZE PT Zxe} Zo] EEVIETY Z2EERIY| gt A
ol ZHgstglon, £3] 158 o] AXE aPTT Aot 2
o] HZ1RIA} A& o] mi-¢- =T Eelstith(Table
4). 0]¢} Z& ZulE ethylacetate 8 9] 7t g1
Aoz GrbAQl oAy [20], s 2F(2], A2 [3] ok $%
YR, oA AL FAHE ARGE L Yl AR Al
85, Lz 5 fARE A 2ot} [20]. wekA St
= 5 FEEY ethylacetate £8 2 FF =49 4
Aot A FEAARZ AE 7Hsstel et BaE.

¢ Sk daw 3 AME Brstded, 1 An
& Table 59 ettt WA ofAg YL 5= JEHO
2 A7t daw SH& AsstE e, 0.25 mg/ml F=of|A
4% FHEE FH7HF v 46.6%5 UERH ST A
s 25 9A F& YEFH o= FEe SHANE UE
loew, £3] 0.08 mg/ml xEAE FH7F29 16.4%,
0.16 mg/ml FEo|A FA7}19] 10.8%9 4T =
£ Ut 28y Suhs $EE(0.25 mg/ml)> 4
o SHAN S0 e g, BYE FolA=
ethylacetate ¥2(0.25 mg/ml)o| A 39.1%2] B4 <7,
butanol E2(0.25 mg/ml)o A 66.7%2] 2F o] e
ethylacetate £8lo] 23 o SHANEHS /M
& 5 U A7Y A=, HE Suhs FEES TEA
/o] noFstt, Zubs FEE Y ethylacetate £

Table 5. Platelet aggregation activity of the extracts and organic solvent fractions of raw- and black-garlic.

Samples/Chemicals Amplitude Slope Lag time Area PAAZ
(mg/ml) (ohm) (ohm/min) (sec) under (%)

DMSO 18 4 52 1321 100.0

Aspirin (0.5) 5 1 96 26.6 201

Aspirin (0.25) 10 2 38 61.6 46.6

Raw-garlic Water extract (0.64) 2 0 132 9.5 4.2

Water extract (0.32) 2 0 56 18.8 8.3

Water extract (0.16) 4 1 54 24.4 10.8

Water extract (0.08) 5 1 42 371 16.4

Black garlic Water extract (0.25) 22 4 43 154.2 116.7
Ethylacetate fr.® (0.25) 8 1 54 51.7 39.1

Ethylacetate fr. (0.12) 12 2 52 76.0 57.5

Butanol fr. (0.25) 13 2 56 88.1 66.7

Water residue (0.25) 22 4 23 161.0 121.9

aPAA: Platelet Aggregation Activity.
bfr: fraction.
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Table 6. Hemolytic activities of the extracts and organic sol-
vent fractions of raw- and black-garlic against human red
blood cell.

Samples/Chemicals Hemolysis against

(mg/ml) human RBC (%)
DMSO 0.0+1.9
Triton X-100 (1.0%) 99.9+0.7
Raw-garlic (5.0) 24109
Black garlic (5.0) Water extract 25+£03
Hexane fr.2 05+14
Ethylacetate fr. -0.5+04
Butanol fr. 1.8+0.7
Water residue 24104

&fr: fraction.

triton X-100 (1 mg/mly 99 9% o|Ato] &

lom, &uf g2 AFEE DMSO (2%)=
EFA] ESTH(Table 6). Hvks 9 SuhsY FEE3 0|9
Y EEL2 5 mg/ml FE=7HA| §EEA o] YA ¢hgt
o o] A=, ZutsY THESATA Foll g &
g A8 2 AT AT St A, s 24
4 FEH =49 377 debgE A8, E3] St
= —".‘—%%9] ethylacetate 52 g At 4 3
= 7t

5 7154 ALE 242

ofr et M

o .
—_ hal 2

g & vlastgen, 013? Eﬂ% FEEY &4 &
i £2E& A8k *é golstazl s+t Sup

5 2 ool e BRE et
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2t 3364 @ 6758 Z7bE\ ek st @ W} 23k 5
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