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Abstract

The antioxidant activities of hot water and ethanol extracts from fresh, steamed and black garlic were
compared. The levels of phenolic compounds of extracts from fresh, steamed and black garlic were 0.81 ~0.99
mg/100 g and their contents were not significantly different. The contents of flavonoids in ethanol extracts,
0.96+0.05~1.06 +0.09 mg/100 g, was higher than hot water extracts. DPPH radical scavenging activity was
higher in ethanol extract. Although the highest level was 69.40+0.13% in concentration of 10 mg/mL from
black garlic ethanol extract, ethanol extracts showed 50.55+1.40% in concentration of 15 mg/mL. Reducing
power was significantly higher in black garlic extract and higher in the order of black garlic> fresh garlic>
steamed garlic in ethanol extract. Hydroxyl radical scavenging activity was higher in ethanol extract, showing
over 60% in concentration of 5 mg/mL. In oil emulsion, TBA value was significantly lower in hot water extracts
from black garlic, however ethanol extracts were not significantly different. TBA value of ethanol extract
were 1.49+0.08~2.11+£0.16 MA mg/kg and 1.33+£0.18~1.62+0.19 MA mg/kg from steamed and black garlic,
respectively. Antioxidant activity to the linoleic acid was 72.71+2.17~88.74+3.70% in 1-day storage, but its
level was increased at 4-day storage to 86.67+3.76~92.50+0.87%.

Key words: black garlic, DPPH radical scavenging activity, hydroxyl radical scavenging activity, TBA value
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M2 o A= HE

AR AHE-E
A AH 2" A
wrol Aol AL8-3F T Bt
AFELS 12 1~2 cm 7}
ul5 2bF st A7) e 53 £ JGES
AHE-3F T

Zhobs o] A9 Ag oA &2
£l 23] AH ok A Az}
s Al - dxE ArtsEs 27 AES 9
ol A 2087t 714 2 5
oA 7tE wA7IA zHdE 22" §7]
90°C7HA] =5 WA ZIEA oF 200412 /9 A171
Al wrol AFE-3FA T

7} AgE T 5 mm JEE SEloladle] AFFAax
718 o83 TAAE A7 v EHVIE E
ol7le 33 S/FE et 94 w22 v
acid emulsion®l] 2|3+ &1ksl FA48 SAsIH oW, 7 A8
d 2 dEe FEE AXE Y% M52 AEEA T

AN
=,
Ly
=

o
ofor

@+ 9 ofElg FEB0| ME
7 A2s) 95 F2EL FAAE AR 100 g ol &

4 300 mLE 7}ste] 90°C 8730l A SFwzh A|71H A
SAIZIY 23] ¥bE F&319 3, e FEEL AFFEE
I T WHOR 60°C TN vHE FET v o3
g oAds AT FH7IE olE8to] ¥ A o
T SHTE o83t AT TR 3| kst Al
AHESFAT ol FEoll ARE3E AR UL F AR
FAE SAst FE2FE&S AdSAT

= % E2EL0|=

& &% Folin-Denis(14)] w2}t 2t FE& 1
mLell Folin-Ciocalteau Al2F % 10% NaxCOs&H& 7} 1
mLA 2HHE 71g o A2 A 1A X g $ 700 nm
ol A &3 % (Optizen 2120UV, Mecasys Co. Ltd, Korea)Z
=43} ). Caffeic acid(Sigma Co., USA)E 0~100 ug/

mLel FER Azl Aush FYY PYo A
e HE PFHOENE AR F2EY 5 A= FFL
aEsa

N

ZF ZZH = o|=% Moreno 5(15)2] W) g} &5
0.5 mLell 10% aluminum nitrate 0.1 mL, 1 M potassium
acetate 0.1 mL & ethanol 4.3 mLZ X} 2 7}3te] £33}
I AL A 40%7F FAF thS 415 nmel A FREE =74

0]

= i

~100 pg/mL & MM Lol BE HHFU O R RH
F2Eo F ZeEol= S Asle

HRZ0is &Y

ZAAE %52 Blois(16)9] WS W33t 1,1-diphenyl-
2-picrylhydrazyl(DPPH)oll th3st Ax}Fo a3=2 A7
A8 s Q34T F dHFE] Al FZ9| DPPH &
NG 7hste] 10237 2 EFE v 2204 20
71 & 525 nmol|l X E3= 3|
A7brek #47be] FRE v(%)E UERR i

Jut

Oyaizu(17)9] 3ol we} S48t o A= 1 mLol| pH
6.69] 200 mM AAF =B 19%2] potassium ferricyanide
2 7t 1 mLY A& 7hshe] wnkdk 3 50°C2] 8ol A
07+ ¥ A7t} &1 7]9l 10% TCA((trichloroacetic acid)
S 1 mL 7}8te] 13500 x goll A 1583 A4 £ 2|5}

[e]

Do

do o 2

AN 1 mLol 754 9 ferric chloride 2+ 1 mL&
o &3t & 700 nmol A FHEE SHSETE A5
=
-

FEo goE Yehho.

Hydroxyl radical A1 &4

Gutteridge(18)2] W] we} A|d o] 1 mM FeSOy/
EDTA €9 0.2 mL, 10 mM 2-deoxyribose 0.2 mL, A&
0.2 mL, 0.1 M phosphate buffer(pH 7.4) 1.2 mL % 10 mM
HyO; 02 mLE A}l &2 713 vhg 37°Cell A 14]17F §Eg-A1Z]
% 28% TCAE9 1 mLE 7Fatal 95°C =8¢l A 103t
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7FER o SWAIR #5832 nmell A FE =

Alg9] hydroxyl 2HHZ 245 oL 2)d w2} A4k
Hydroxyl radical __A-0O
scavenging activity (%) ( 1 B-0 )X 100

O: Absorbance of no treatment at 532 nm
A: Absorbance of sample treatment at 532 nm

B: Absorbance of control treatment at 532 nm

Thiocyanate240f| 2|t &Hatst & =X

Buege$} Aust(19)2] %ol w2l pH 6.59 maleic acid
buffer, Tween-20 2 0.1 N HCIZ A}& F Aol A %3 oil
emulsion 0.5 mL, 50 ppm CuSO4 0.1 mL 283 A|5 05
mLE F7}ete] 37°Cell A 1A1ZF &<t WS A AT 7]
7.2% butylated hydroxytoluene(BHT) 50 uL2} trichloro-
acetic acid/thiobarhituric acid(TCA/TBA) €942 2 mL 7}
3tal 90°C F&7Fell A 1583 718 st 1—,}# W oA ¥

| St
S
Ho

T oolA 2000x g4 1587 AN R G T 4E
£ 2519 531 M EBEES 24 0}95‘0:}. olu) FHEE

TBAZtC 2 REA&ta,
Sigma-Aldrich Co. Ltd.)
o 93l 4tEsA T

TEP(1,1,3,3-tetraethoxypropane,

EFEEAE ]8T BF HFSA

o5t EntEl Y FH
FAHAXEE 510,50 & 100 mg/mLY] T2
THE o] Osawa(20)9} Kim 5(21)9] ®¥ ol w2} thiocyan—
ate &2 ZA3ATh A& 1 mL9l linoleic acid emulsion
2 0.2 M phosphate buffer(pH 7.0) Z} 2 mLE &334
37°CoAM AgsaA 19 2 444 ] 7 0.1 mLE # 3}
75% €& 4.7 mL, 30% ammonium thiocyanate 0.1 mLZ
A7kek 3 187 A2 AXAIZ] F 500 nmol A FFEE
ZA3Ath thE2T+= AlE A9 linoleic acid emulsionS
Arretdon, gitsl @42 Al 7t AFe] FFE v E
YER A

SHXZ|

7y A3e 53 o)A

SPSS 12.0&

Linoleic acid emulsionof|

7} v}

HEAYe Fohel ANE Aol
AHgstel EAANE shgom, 24219 Aol
= Jepjeleh 2 ARZel B feol

Zol 4] Duncan’s

o
=

st & p<0.05 F
=48t

£22 5 3 Oz, Z2P00ls B U 8
Ak, ks 2 Frhse] 959} owe F2E F v
=5 gEY SRirols e BAF A Table 1

7 2t = HE9 TS 0.81~0.99 mg/100 go M A
ou A ETF R FF &gt FoHQ0 T Aol flA

967

Table 1. Contents of total phenol and flavonoids of various
garlic and extracts from different processings (mg/100 g)

Extract Fresh Steamed Black

solvent garlic garlic garlic
Total phenol Water 0.81+0.18 0.87+0.13 0.88+0.08
P Ethanol 0.87+0.15 0.80+0.09 0.99+0.06
Fl d Water 0.22+0.08 056+0.07 0.55+0.08
avonoles - pthanol  0.96+0.05 1.06+0.09 1.02+0.04

All data’s have no significantly different at p<0.05.
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Fig. 1. Extract yield of hot water and ethanol from differ-
ently processed garlics.
FG: fresh garlic, SG: steamed garlic, BG: black garlic.
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Table 2. DPPH radical scavenging ability of hot water and ethanol extracts from differently processed garlics (%)
Extract solvent concentr;?teil(r)qulzle(mg /L) Fresh garlic Steamed garlic Black garlic
1 1.40+0.58" 0.28+0.07** 11.38+£1.11°°
Hot 5 3.14+ 1.26?; 0.85+ 0.49::* 4261+ 0.39'32
water 10 509+1.30" L84+1.21" 69.40+013"
15 7.2740.46° 4.09+0.62° 83.52+0.75
20 10.22+1.09% 6.59+1.00% 88.4240.17%
1 4234257 3.91+1.09* 11.54+0.94"
5 14.98+0.29" 9.84+0.95"* 12.70+1.60°
Ethanol 10 22.05+1.02® 16.81+£0.21°* 45773 +1.24"
15 31.89+0.71" 22.83+0.45™ 50.55+1.40°"
20 36.97+0.44" 27.05+0.334 84.01 +0.40%

Means with different superscripts in the same column (a-e) and the same row (A-C) are significantly different at p<0.05.

flo

£ FEEA Ao ¢ Eged, Arts 95 FEE QA Ro 7 FAHI Jeong 5(24)9) Hirt ok B AY
20 mg/mL F=oA 1022+1.09% 2 AX}FoJFo] @*go 9o Azt A ZulEe] datsl gAo] Arelsoly AvlEd

U g FEENAE 5 mg/mL FEoA 14.98+0.29% HEle]  Eold Am ZAWukg Fot A=) AAAH EZd
o] &AL Yl Arts 955582 7% 1| J 71918t vyl 2 Aew FAHHAY

2 ¢

Bg FEHEL 30% H|wto 2 gHAo] vol AutsHUE o stoya
go g Qg YN =T §o]F e Fo ===
g Mf; }jﬁjo %qu é;:Equ j l Lo 7 e ]Z} ] Avls, Huks 2 Suls E4 2 degs FE2E9 34
= .7 = < sulEC S = = N _ _
i;}\\:\d H];O o 2= ioitrfﬂ/\ Z] Z] -TLE‘—IOTE [ E_t}%—f_xos}oq = OEL}E} A= Table 37 2
TEEA NN ST TEEA GRS I TT o ae audAs ke doks el a0 o
=) == O el X [e) )
I D e AU Al giglew, Sl R2EANY o402 &
9% vepe ]‘; TEEE Bmaml 2NN o gaue duas dwe FEEANE Soke> A
= LN
0SS WAE AT SoAvks 202 B8] ek BE ARIA 7}
mE O HR A A 0 =25 3L = > =
Kim SEDE st $4 0% AGE T2E] AT 2Aga) mat augs Fp0E, S0 95 258
o W PARESE X 3 _
ASS 7k Ak i FEEE AATARANAA B o) g/l BN 18710582 71 B FREE U
Mok §4 FEHE BHTS FARL AL 4R $231 yog goias) Ankze) 39 @55EE4 Hse) o
EAE HERdTaL B vk e, ol & AR AF o 2zmoq a980] © %o} 20 mg/mL FEOIA 77
st frAkeE Aol st 0.14=0.029 0.12+0.009] F2=E JeA o o et
nES 130°CollA] 2413 B3F EA e the 53 3] 222 ME 247 086+0.017 039+0.000.2 E4%E Zt
&9 DPPHe Wigk gltjzdt 2 A S 243 A3 X o] o =9t}
& s ikl o] FAE whsd vt Fr1sS Eul5 S 50~90°CY Lo A FAZF A AstH A Az
o1 o] allyl mercaptan % methyl pyrazine 5 €2 Z go] nts AA7} ZEsEeg 7 ”—"45} HHE-2 F= ami-
Qlste] AjZo] AR AR T allyl methyl sulfide & no-carbonyl ¥F-$-d] &3 Ao =w Fnlso AR FAHAS
allyl alcohol 5 EA B2 sl o] F7ld JREES & T A 2o] AAE ZHEZ o3le] §xtE}l FAdo)
Table 3. Reducing power of hot water and ethanol extracts from differently processed garlics (O.D. value)
Extract solvent Sample(rcr?;l/crirll:t)r ations Fresh garlic Steamed garlic Black garlic
1 0.07+0.01* 0.07£0.00 0.25+0.01°"
Hot 5 0.0940.01** 0.09+0.01"* 0.89+0.02""
w ‘t)er 10 0.09+0.05™ 0.09+0.00"* 1.43+0.03"
a 15 0.11+0.00™ 0.10£0.00° 1.67+0.12"
20 0.14+0.02* 0.12+0.00* 1.87+0.58"
1 0.11£0.00™ 0.09:+0.01" 0.22+0.01°
5 0.30+0.00" 0.16+0.00"* 0.67+0.01"
Ethanol 10 0.49%0.00" 0.25+0.00°* 1.19+0.01°
15 0.72+0.01*® 0.33+£0.01** 1.4240.02%
20 0.86£0.01°" 0.39£0.00° 1.65+0.01°

Means with different superscripts in the same column (a-e) and the same row (A-C) are significantly different at p<0.05.
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Hydroxyl radical Z~7{&A

Hydroxyl radical &~ A& %

Arlso A Hi 11.09% B=

5 mg/mL FE H 18 68+0.49%, 20 mg/mL
45.33+0.37%9] &4 YEN A TH(Table 4)
&9 hydroxyl radical AAZA &
53] o} 1 mg/mL X% 33.60~37.47%
Z3E YEHH AL H 5 mg/mL ©]/%4e] FEA=
Fog gAo] 8tk 53], Avts o
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Aapitst gl wE A A=A 2H-ESkA E=H hy-
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Aoz WastAY &S E AT
S-S Ad3ty] wWEolgta BaEo] JATH(26).
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Svbse) Pzt 34

Linoleic acid emulsionol| 2|5t

Linoleic acid emulsion %ol A
EAAZE P23 FHLS 197 4

=

El3
£ Table 63} 2t} A% 190= Arts A9 Fakst 24

969

detE Thiocyanate{0ll 2|5t StAts} & &N

T4 CuSOsE g8t HHgAdA vls E4 H dete 55
= 39E o] giksl &S A A= Table 59 2t Oil emul-
sion Aol A TBA (thiobarbituric acid) A %S d4+F&E
o A% Fuks FEE0] FolHon Ygton] AU &
L =B AR f972 Folst mrsian. Arks 955
:E_j SE9) 25 20 mg/mL FEO) M fo]H 02 TBA 44
19 o] wokal, dete FEEFNAE 1 mg/mL F=A AT
oere oJHo g o] gtk Fvls Suls dEE FE25F
o ] 5hod oA TBA B4 FS 247+ 1.49+0.08~2.11+0.16 MA mg/
099 kg# 1.33+0.18~1.62+0.19 MA mg/kgl & A8 H7}%

oo ECIEE FAHL Ael7) et _
Polul A, vk, 3 2 Ak A5 L ABE FHE
TBA 34 58 G089 57} 20 ol e FE0A
2220126 )3 binding 58] t] $4atd.01} 5249
Aot GATT B RIEDE E AW A} FA

e B B
Ay e 9ol @ vhis
gl 2zt 29 A%
3 3}

Table 4. OH radical scavenging activity of hot water and ethanol extracts from differently processed garlics (%)

Extract solvent

Sample concentrations

Fresh garlic

Steamed garlic

Black garlic

(mg/mL)
1 0.80£0.20°* 2.62+0.18" 3.14£0.29%
Hot 5 3.84+0.71" 3.32+041% 18.68+0.49"
w ‘t) . 10 6.90+0.82°" 5.00+0.37" 33.68+0.23C
ate 15 8.43+0.25% 8.97+0.56 41.63+0.30™
20 10.22+0.11%* 11.09+0.43%® 45.3340.37
1 33.60+0.30" 37.47+0.88" 36.30+0.92"
5 60.60-+0.46™ 70.00+0.41" 68.75+0.57™
Ethanol 10 65.62+1.02° 7326051 71.18+0.90%
15 67.53+0.13% 75.32+0.43% 72.47+0.29%
20 68.92+0.18°* 7850+1.15® 77.61+1.20"

Means with different superscripts in the same column (a-e) and the same row (A-C) are significantly different at p<0.05.

Table 5. Thiobarbituric acid values of hot water and ethanol extracts from differently processed garlics on lipid oxidation
of oil emulsion containing CuSOg4

(MA mg/kg)

Extract solvent

Sample
concentrations (mg/mL)

Fresh garlic

Steamed garlic

Black garlic

1 2.89+0.17"% 2.90+0.10® 2.47+0.06"™
Hot 5 2.87+0.02" 2.80+0.26® 2.05+0.12*
. 10 2.81+£0.29"® 2.69+0.27"8 2.03£0.05
water 15 2.69+0.03" 2.38+0.31°"4P 1.94+0.27*
20 2.33+0.01° 2.05+0.04" 1.81+0.11*
1 2.13+0.16™ 2.11+0.16° 1.62+0.19"

5 1.88£0.04° 1.67+0.51 1.60£0.16

Ethanol 10 1.85-+0.12° 1.62+0.02 1.40+0.48
15 1.79+0.11%° 1.55+0.02% 1.33+0.16*
20 1.70+0.06™ 1.4940.08"" 1.33+0.18*

Means with different superscripts in the same column (a-e) and the same row (A-C) are significantly different at p<0.05.
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Table 6. Changes of total antioxidant activity of hot water extracts from differently processed garlics on the oxidation of

linoleic acid system

(%)

Sample concentration (mg/mL)

Storage days Samples 5 10 50 100
Fresh garlic 85.20+2.87° 86.23+3.44 87.46 +2.40 88.74+3.70
1 Steamed garlic 7271 +2.17 80.19+2.50 82.45+2.07 83.23+1.48
Black garlic 7752207 78.09£2.69" 85.66+1.55" 87.34 247"
Fresh Garlic 88.75+2.50 89.67+0.19 90.25+0.58 92.13+3.21
4 Steamed garlic 86.67+3.76 88.21+1.22 91.67+2.67 92.25+1.12
Black garlic 83.09+2.66 88.21+1.49 91.46+0.40 92.50+0.87

Means with different superscripts in the same column (a-e) and the same row (A-C) are significantly different at p<0.05.

o] 71 =ol 5 mg/mL FEANAE 8% oo &S B
on Zulse 50 mg/mL o] FxolA 859% o] &
A4 YeERRATE Arelse 100 mg/mL FEolA % &aks}
AL 83%°l Bt EAo] 71 oy A5 2
A 79 7t w2t FarEt Aol BAH faE 9l
Ak A 4el= AR 199 72.71+2.17~83.74+3.70%
o Blale] 86.67+3.76~9250+0.87% % dH4ksl EAdo] ¢
318 o Stk e AR HIlsEr)t old4E it
3l AT o Follou foHd Aole AUt
us} FEE 9] linoleic acid 2F38} A sl As=Rtt
FEOA O a¥Folgt= H(28)9 B A F 9
Ak Aggoldoy, 2 A e BAAR
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