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Physiological Activity and Antioxidative Effects of Aged Black Garlic
(Allium sativum L.) Extract
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Abstract In this study, black garlic was produced by aging under high temperature (70°C) and high humidity (90%
RH) conditions. Then, the physiological activity and antioxidative effects of its extract were compared to those of normal
garlic extract. The black garlic extract had a 2.5-fold higher total polyphenol content than that of the normal garlic
extract, showing levels of 10.0 mg/g and 3.7 mg/g, respectively. At the 1,000 pg/mL concentration, the black garlic and
normal garlic extracts had electron donating abilities of 101.9% and 12.9%, respectively. For their nitritescavenging
effects, the normal garlic extract showed slightly higher scavenging activity than the black garlic extract at the 5 mg/mL
concentration; whereas the black garlic extract had a slightly higher effect at concentrations above 20 mg/mL. In terms
of their superoxide dismutase activities, the black garlic extract showed a 10-fold higher activity as compared to the
normal garlic extract at the 20 mg/mL concentration. Furthermore, at 50 mg/mL., the angiotensin converting enzyme
inhibitory effects of the normal garlic and black garlic extracts were approximately 52.7% and 88.8%, respectively. These
results indicate that the antioxidant activity and ACE inhibitory effects of the black garlic extract were greater than those

of the normal garlic extract.
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BEE & A|EH oil macerate
WA Eo] dfFow HFHT Utk wFdAE
F& (aged garlic extractyS AME-3 AFo] & A1
A B 9lew, o &lo ZAzrle £, gatlic oilg 9
B2 3} oleA|Fo] 4o]H A F(dietary supplement) 2. 24 o)
b A=

thze] E58 9 2 allicindl] 913 Ao 2 delA S,
obzel allylsulfidert T20) €3] allicin®.® Waly e 7hspa
& BAE7F HolA allicin®] HiEo] vhs 5f9 554 ot
e HEA7I R O BT o RS G o8 aidd

7F "4 allicin®] EAEL FAkst B B4 xe} )
Z, Fti o|me} gmrt Z7hsh] wEo)th(10).
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wgo] 3 A7HILE vH[E dA o, ofd AFel et 7]
A Wk vhed AFRAE 282 Fdgetet 7ldg A
o= AR,

mEh E QPoNE, Lo BT 44
Shg clgslel oue FaEel o
CIER P

g AFsIA B,

=

s 9]4F "= (Daesung Uiseong Manul, Uiseong, Korea)=

Yate] ARSI aaksl A6l AME-E DPPH(L,1-diphenyl-
2-picrylhydrazyl), sulfanilic acid, naphthylamine, sodium nitrite 5
2 Sigma Chemical Co.(St. Louis, MO, USA)lX T4ttt
1 9o AFEL RS ARt Anked & uhE9
F& 4 752 3597 Joylab, Seonl, Korea)?} rotary vac-
uum evaporator(Rotavapor R-215, Biichi Labortechnik AG Flawil,
Switzerland)E 7}z AH8-31%5 ).

& Ozl M=
part AAL Frleg ZEHRIEES ol &’lt WEd Sk
g 93 g7]d) B, Eulsol 34 &A B& 479 e
L 70°CAA 240X 7F TOF 1 SAA AL —7‘_ g A o)A
AHEE 71EE AA] skl 1227 @92 8] 2 R
TES AT A2 ETL B ke 35°CE {fAEE A
< SEEAE A A ]{ U 2% AL sANFeH, 24 F
ol Y & e ¥ l%— } W 7o} 40°Ce] 2xoA &
FEE 35% H=(150-180A7hE A

{l

—u—Yl

doksn § okEe &8 M=

AR Avtsst Axs 4R & v 47 108 A
s #H sl 27|12 243t 30% ethanols 200 mL 718t
Th 80°ColA 1A7F Bt 35 WZHIXE ol&3te] FE319
. F&3 AEE AdvantecMNo. 5A, Toyo Roshi Kaisha, Ltd.,
Tokyo, Japanyd AR R ozet 3 ZRFeE718 ol8ale] 553
T 54 Ax3 AlEE ARSI

& EddE g sd

% E9E %2 AOACY Folin-Denis(13)8-S 45

v gkt 22ty vkis FEES 10mgmle
2 A5 04 mLel SF<4 3 mL, Folin-Ciocalteu reagent 02
¥e ¥ sawrated sodium carbonate(Na,CO,) 0.4 mLE
7heled SRkt &, Ao N XS H EEgEAl (BiOSPeC-
1601, Shimadzu Biotech, Kyoto, Japan)g ©]&-3led 725 nmeoll Al
$H=E 29315 Gallic acidE ol8-3F BFZAL gallic acid
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001 g& 2R = 1 =7} 0, 10, 20, 40, 60, 100, 150
wml §9%0) S TASNT g U4 Al sish 2o

WHog 725 nmoiW FREE FAst] AT FEES

Z ZOHEEHE ¢ I mg gallic acidZ YeERAIT

HXI B0fs(electron donating abilities, EDA) £X
Arlsst & uks 2529 ARTASL Blois(14)e] HES
WHsle 435 N8 FEEL vEEE 3NEe] 3

O

V22 2 318H5) 1) A 40 W Al 4 5 (2008)

0.8 mLell 0.15mM DPPH £ 02mL& 715+ th, vortex mixer
2 1027 ﬁ%ﬁ}ﬁ *‘ﬁ(om)oﬂfﬂ 3087 WX 3 517 nmel]

Mg HApgelse ol 2ol A

EDA(%)=[1-(N&H7F FF=/5- F7He] F35)1x100
Ot A7{s(nitrite-scavenging effect, NSE) 54
olAAA AT ZA)-2 Kato (15)9,] H o g A |
A A8 349 2mLo 1 mM NaNO, 1 mLg ¥ th 01N
HCLE o] gsle] pHE 128 4% o degd9 RIs
10mLE s}t o] 984G 37°CelA X7 §H3AI & HES
1mLEg #3ke] 2% acetic acid 5mL¥ Griess reagent(1% sulfa-
nilic acid: 1% naphthylamine = 1:1 in 30% acetic acid) 02 mLE
718t & vortexste] Ao 1587F WA F 520 nmollA FF
T2 2339tk YEFE Griess reagent thAl SHTE 718k

Aagon, oldae AAFE ohdlsh 2ol AN

N\

NSE(%)=(1—(A~C)/B)x 100
A: Griess A2l A5 7 3 §4% 54
B: AU S5/ ARSI FE %
C: Griess A1 Al SR/ 37t &
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Superoxide dismutase(SOD) &AM &4

vzt & s 559 SOD /2 SOD assay kit(SOD
assay kit, Wako, Osaka, Japan)E ©]-&3te] A3t FEH=E
" A E 40uLel] TAAoF £94(04 mM xanthine¥} 0.24 mM
nitroblue tetrazolium2: ¥-f-31i= 0.1 M phosphate buffer, pH 8.0)

04mLEg 718 B2, vortex mixerZ 17F &SI, 0.049 unit/
mL xanthine oxidase(0.1 M phosphate buffer) 04 mLg Y2 ¥
157 Aeksle] 37°C 25z A 2887 wkeA)71t). uk-g-allo
e A) 2k 690 mM sodium dodecyl sulfate, SDS) 80uLE& 7t
sl AgE O BFFEAE o83 560 nmollN FF=E
243 5 o9} 2ol SOD AL Al
SOD(%)=(1—-(A-B)/C)x 100

A: xanthine oxidase A% A& A7} 3 4= 24

B: xanthine oxidase A12F THA! blank buffer 37} ¥ 3= &34

C: xanthine oxidase A9 =F A7 3 FF= 25

Angiotensin Converting Enzyme (ACE) XMali&d &3

ACE A3184 24L& Cushmandt Cheung®] #3(16)% 3-8
3l ACE ZEANG A|Zsle] F33530E 0.1 M borate buffer
(PH 83)e} =< 71d 5mM HHL(hippuryl-L-histidyl-L-leucine)
2 100 uLe} ACE &AM (0.2 unitg) 100uL E AIE 50 uLE
Egslgen, dazve A8 gl SF/F 50uLE 7}6}0% 37°C
oA 3087+ ¥e-A]F)E 1N HCl 250 uLE A7ste] vke-& =
AAIH L. Blanks ACE Jii@ﬂg A7Ksl7] Hell WA 1N HC
250 ILE #Hrlsle wheE $AAZ] = ACEE F7IIAth whe-
gollol] 1.5mL2 ethyl acetateZ 7151 vortex®2 M 15%
7+ warek I B8l 3,000 pmolA SEZF AR & s
A 1mLE 105°C AZ7|A 3087 &8 A2AZ F 1mL
o] FHFE Hsk el 94611 NNHERE EEE 348
hippuric acidE 228 nmollX FF=E T2F=A (Shimadzu Bio-
tech., Kyoto, Japan)Z 574 O]'Oq A &S Attt




(C-CB)—(S-SB)

ACE A#1&(%)= C—CE) x100

S: NE H7HA Y ERe

C: dl=79 $3=

SB: A& blank®] FF=

CB: %7 blank®] &3%

ETEnE )
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=z }‘4 Az LM AxHA BEE FEO0% RIDE
FAXNTIEA B2y T SAANPORA vl E4AE B
243k A7IH, Al whsed) S BEs ofn|mAle] €3k
23 1heg SEAIF]oEA 7}45}0:‘1\:}_ ErEg 70°Co1A
SATE L nAEo] Hdy] ol meow wvtH
o] & vk ARA RFRIE SA0] Z&fﬂﬂl 2gake 72
o2 AEET Fg 12 vkse g ARles 9ize guis
ol B2 Ay 5 vl Fwkd *}{ 14 Aupse]
B2 63.9%010eH, TAA SANA Ax F v Az
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T TS Table MW Hepll= S Al Avks 37mglg, &
= 100mgglE Arksd Hety & vlee & 29dHE OF%
o] 258 ol we ZOoE JET) nhze] MLkl ut
2 F ZHEEES 25 me/eolA 182 mg/gl® EHEG o,

=

ol LI HFolM ZEjsEA RHES] Mo,

Fig. 1. Comparison of cross-section of normal garlic and black
garlic.

Table 1. Total polyphenolic compound contents in the extracts of
normal garlic and black garlic

Total polyphenolic compound” (mg/g)
3.67+£0.22
10.00+1.00

DValues represent meantSD of three measurements.

Normal garlic
Black garlic
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Electron donating ability (%)
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Concentration (ug/mL)
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Fig. 2. Electron donating ability according to concentration of

normal garlic and black garlic extracts. [, normal garlic; W,
black garlic. Each bar represents mean=SD of three measurements.
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Fig. 3. Nitrite scavenging effect according to concentration of

normal garlic and black garlic extracts. [], normal garlic; I,
black garlic. Each bar represents mean+ SD of three measurements.

o] AtH22.23). Kato B(15) oMM &2A%c] gle EZL
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£ A Arkssd 3 vks FEEA9 oA &)
o] B¢ AR FEIF ZIEEE oldAg 2ASE FUkele
o2 vyt #2894 57 10mgmlL °l5Y d= Ao}
5 vheET obEdild &A% BA UEleH, 5 mg/mL
= Avked 5 wiso] 247t 552%9 329%E Avks
ol L7 A JeRdthFig. 3). 28U 2 o9l FmolA
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SOD &4
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Sh= 2 Aoy =3ls AT 4 e TAo|th(25,26).
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9] SOD 84<& 243 A3}, Fg 49 o] 2&E9] % =7}
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Fig. 4. SOD activity according to concentration of normal garlic

and black garlic extracts. [, normal garlic; B, black garlic. Each
bar represents mean +SD of three measurements.
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Fig. 5. ACE inhibitory activity according to concentration of

normal garlic and black garlic extracts. O, normal gatlic; @,
black garlic. Each bar represents mean+ SD of three measurements.
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