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Comparison of the Quality Characteristics and Antioxidant Activities of the
Commercial Black Garlic and Lab-Prepared Fermented and Aged Black Garlic
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Dept. of Food & Nutrition, Chungnam National University, Daejeon 305-764, Korea

Abstract

This study was carried out to investigate the quality characteristics and antioxidant activities of the commer-
cial black garlic (NHBG: Namhae black garlic, USBG: Uiseng black garlic, CNBG: Changnyung black garlic)
and FABG (fermented and aged black garlic). The sugar contents of NHBG, USBG, CNBG, and FABG were
42.7, 42.7, 56.7 and 54.7°Brix, respectively, whereas the reducing sugar contents were 15.0, 16.0, 23.5 and 25.9%.
The pH decreased with the processing of the fermented aged black garlic, whereas the acidity increased. In
addition, the thiol content was the highest in fermented and aged black garlic (p<0.05). The antioxidant activities
by DPPH and hydroxyl radical scavenging activity of fermented and aged black garlic were much higher than
those of the other samples. Total phenol contents of NHBG, USBG, CNBG and FABG were 0.64 mg/mL, 0.60
mg/mL, 0.68 mg/mL and 0.72 mg/mL, respectively. ABTS radical scavenging activity of fermented and aged
black garlic were much higher then those of the other samples. FRAP values of NHBG, USBG, CNBG, and
FABG were 1.7 mg/mL, 1.4 mg/mL, 1.7 mg/mL and 1.9 mg/mL, respectively. Based on these results, it is sug—
gested that the fermented and aged black garlic was appropriate for good qualities in terms of both phys-—

icochemical and antioxidative activities.
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FRAP(Ferric-reducing antioxidant potential) =&
FRAP =43¢ Benzie®} Strain(8)9] WS F113l4
A3 th FRAP reagent® 25 mL acetate buffer(300 mM,
pH 36)5 37°CollA 7F3F %, 40 mM HCIol 883k 10 mM
2,4,6-Tris(2-pyridyl)-s—triazine(TPTZ, Sigma Chemical
Co., St. Louis, MO, USA) 25 mL¥} 20 mM ferric chloride
(FeCls) 25 mLE& 718t Azt AZ% 0.9 mL FRAP
reagentoll A& 0.03 mL¥} 5F4 0.09 mLES ¥ £ 37°C
o A4 107t §F&-A171 § 593 nmell A 3=
xS AlE g2l degs Yo St
AAke 0025, 005, 0.1, 0.2, 05 2 1 mMe] 5%
243k FeSO,0] A&F2lol digste] 3ttt

ABTS EIC|IE &S
ABTS[2,2'~azinobis(3 ethybenzothiazoline-6-sulfonic
acid)] radical cation decolorization®] Z74-& Pellegrin 5
(9)9] ol 93 =43t HT. 7 mM ABTSS} 140 mM
KoS:0s& 5 mL : 83 uLZE 4] o F el 14~16A17F |
A7l & o]Z absolute ethanol¥} 1:889] HI& = 4o 734
nmol| A ZFY FFT o] 0.7+0.0027) HE== 243
ABTS solutiong AH&8tth A& &4 50 pLe} ABTS
solution 1 mLE 30% &%+ 412 ¥ 2582t incubationd} ]
734 nmoll X FFEE S431 oY Ao 3 A3 &5
Al %+t ot
Inhibition rate (%)= (1—sample O.D/control O.D) % 100

=
=

=437 Y98 F=A (Hand Refrac-
tometer, Atago, Tokyo, Japan)E ©]&3}e] =3 3}aL, “Brix
@92 AT
AT FE A A89 2& A5 DNSGB5H
dinitrosalicylic acid)ol] €]3F H]AH O 2 550 nmol A &%
52 243l TG FFoE el ZFEFHLS
glucose(Duksan pharmaceutical Co., LTD., Yonginuoop,

o whet REEAIA gkt

== 31
=

=2 -
= o —

Gyeonggido, Korea)
pH & M=
A8 5 g& TFF 30 mL# 34 410|== Bag Mixer
(Bag mixer 400, window door/porte fenetre, Humancorp,
Seoul, Korea)Z &3} (speed?, 2 min)3F &, AZAE 10
mL FH3| A AFol A&3tA Tk pHE pH meter(SP-701,
Suntex, Taipei, Taiwan)& ©]-83}¢] 33 W& ZA3}9 a1,
A== AOAC method(7)oll whet Al& &4 10 mLell pH
meter =& T3 0.1 N NaOHZ pH7} 830] 2 wj7}A]

A3t 37l 22" NaOH ¥(mL)E lactic acid

FFo Bstel N FF0)L AN

DPPH(1,1-diphenyl-2—-picryl hydrazyl) 2{C|ZH A
A& 1.5 goll methanol 50 mL& ¥-& $ 1337t blending
Fo] WHH150 rpm, 12 hr, 25°C)3F & 3,000 rpm o2 4°Ce|
A 2087 94 Bk Aol AE A8 evaporator®
L& 3dety] FEET AAY FEE 200 mg T 1 mL
methanol& F7Fsle] 200 mg/mL 529 FEE & A
Z3 T
AzE A8E& 50 uLel 1.5x10 ' mM DPPH &}
uLE 7hek & 3087 ¥k-AIZ] F 515 nmol A FF=
At ow Hd AAF(%)S e HoE A
7t w2 Yz AT g A% A 2dZ
o] 50%7t He FE ICsos TotAth
Free radical Absprrr — AbSsample
Absprrr

AF

m
= §98
= thiol &2k
A& 1 gol 0.1 M Tris buffer 10 mL-& ¥
blendingd}<] 3000 rpm &2 4°Coll A 20837+ 94
. 2o AFAS 1 mLel 20 mM DTNB(disulfide
5,5-dithiobis(2-nitrobenzoic zcid))-& < 20 uL<& 7}5 & 20
7 w8417 F 412 nmell A FEEE 439 Th

X8 L-cystein(Daejung Chemicals & Metals Co., Ltd.,
Shiheung, Korea)< A}-8-3} 3T

[e)

:;‘4

=
o

ST & 31
T

x 100

scavenging effect (%)

Hydroyl EIEIZ 2715
Al& 1.5 gl methanol 50 mLS ¥-2 $ 1%#7t blending
3Fo] WHH150 rpm, 12 hr, 25°C)3F & 3,000 rpm o2 4°Co|
A 2083 A4 stk EolRl AE
LM E sl FEET AT FE2E 20

=
20 mM PBS bufferE & 7}3}e] 200 mg/mL
LA S Az

Total phenol &tk
A&+ hydroxyl radical 2453 FL3 A|EE5 AFE3
on ZH4 25 mLel AlF 033 mL, Foline-Denis 0.16 mL,
Na,COs3 0.3 mL LA A 0% wHA) £ 760 nm
M EF=ZE =AUtk FFF4 S tannic acid(Yakuri
Pure Chemicals Co., Ltd., Kyoto, Japan)& AH&3}t.
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AzH A58 0.15 mLel buffer 0.35 mL, 3 mM deox-
yribose, 0.1 mM ascorbic acid, 0.1 mM EDTA, 0.1 mM

FeCls, 1 mM HyO» €9 0.1 mLS 2o 7& WHHSE & 37°Col]
A 1AZE Fet WA T W0l B ¥ 2% TCA 8243}
1% TBA €9 24z} 1 mL& Yo Z 42 T 100°CoNA
2087 WS & Ao Wrste MRS H A5
< F3to] 532 nmollA FREE SA A
Free radical _ AbSpiank — AbSsample %100
scavenging effect (%) AbSplank

SHXz|

A¥ Azt SPSS(Statistical Package for Social Scien-
ces, SPSS Inc., Chicago, IL, USA) software package X2
a3 FollA EAHEA(ANOVA)S At frofido] e
759l Duncan®] %% 77 (Duncan’s multiple range
test) &2 A7 ZF] FAE AF3H THp<0.05).

2T 4 skelg

Srise 2= 2 AT g Table 10 Y At
3 B5vkE, 94 53vks, 3 B35vE 2 2 A
oA AT Ao g BHE Srnise] Y 7h7) 427,
4277, 56.7, SATBrixE JEM AT Eg e Feke 247
150, 160, 235, 259% 2 £ A4 A Z3 Snfso 3
A7 ol 71 =4 dehdth Arkse 9=+ 275Brix

2 Artss Tashd gngo] dojuy, nts 559

o] AR G =7t =4 YEhd ACE A5 HY. vlE
7FEEAAM Y e A eAnkg ulo] IRkg T o] njaz
28 3} polyphenol-oxidaes(PPO)ol 23+ 42 ZHo

TRES vhs 7he Al w2 2EN = O}Ulb*}«l peptide,
Sl A 9] q-amino group® F#e] Hk-S-o o) H|EAF
2 dkg-o] 2 dodti(10). o] 3t rl=29] 7“5—8— 25,
FadE 2 Fdgd dFE v-TAD. Choi F6)2 "=
< Aol wel 3R el & Aolg EedS T
T doH, FutsolAM Y fructosed] SV FRts9 7
9} & FHdol S Aolg Bkt

Table 1. Soluble solid and reducing sugar content of black
garlic

NHBGY USBG? CNBG® FABG”
427+12° 427+12° 567+1.2* 547+1.2°

Sugar content
(°Brix)

Reducing sugar 15.0+0.1° 16.0+2.0° 235+0.2° 259+0.4%
(%)

All values are mean=+SD. * “Different superscripts are sig-
nificantly different by Duncan’s multiple range test at p<0.05.
UNHBG: Namhae black garlic.

?USBG: Uiseng black garlic.

YCNBG: Changnyung black garlic.

YFABG: Fermented and aged black garlic.

717 %)
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Table 2. pH and acidity of black garlic

NHBG USBG CNBG FABG
pH 39+0.02° 4.0%0.01° 39+0.01* 4.6+0.01°
Acidity (%) 2.2+0.1° 36+00" 3.0%0.0* 1.9+01°

All values are mean+SD. *“Different superscripts are sig-
nificantly different by Duncan’s multiple range test at p<0.05.

pH & M=
ol S5vks, o4 S3vks, A8 S3vs 2 2 AT
Aol e Axgioes whE Svkse pH B A EE
9, 40,39, 462 = %9]

Z o] z}o]= y_o:lr;].(p<0
A3 H&o] pH7F A3}s —t—rﬂ %FJ} ESTE pH7} =]
Bol A T12). A=' 77} 22, 26, 30, 1.9%E JE
Wt ol Zuks9] pHYL ot At=rt E2 O E AR
Ht} Shin 5(13)8] AFNA Zrts F5A9 HEx7]9
A== 013~0.15%F YRS, Cho 5(14)2 A8 F
o] ofmlicatel] o3| Fatwo] MKo] FHZ L 4 AYAJ o]
Z7tEta Bausigon, Suts 9o #A4 ofv|mate] g
22 1,931.13 mg/100 g & Aulsd vl & IS 7}

O

Avhar BaEJoH6). £33 Arks o] ddo] Zallo
A E 9 F B e o8| pHYF Yol L, A=t EolAl=

= thiol &H2f

F3 S5vks, oA F3vkE, 3 Bk 2 B AT
A A e Aoz vhE Suks F9 F thiol T
£ Fig. 1o Yt AT & 5552 4485 mg/g, 94
F5vs2 3500 mg/g, B9E F5Pl=L 3182 mg/g, B
APA A Z ZutsL 4787 mg/gR B A7 gk
o g AZ3 Zulse E thiol go] 74 =4 YEls:

Hp<0.05). vl& Foe vt sulfur 3tgHEo] A3
2% A allylthiol, methanethiol, glutathione % T3k
thiolo] &) 8tH(15). ThiolE2 thF & FU2ES sl A
A A SAAZ 2L3h= tE A Q thiolZ = glutathione

600

500
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400
b
b
300
200
100
0

NHBG USBG CNBG FABG

Fig. 1. Total thiol concentration in black garlics. Different let-
ters (a,b) are significantly different by Duncan’s multiple range
test at p<0.05.
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Fig. 2. Total phenol contents of black garlic.

olth. Ew=9] thiol e Avks 76.2 mg/gel Bl <F
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J A3 Fig. 20 YeRAATE 3l %3 Is, 948 &5
+d T3vs
Srls9 & Dhenol ek 717} 0.64, 0.60, 0.68, 0.72
mg/mLE B AFHA 23 Suls9] & phenol 3ol
71 =4 Uehdth Seise o]gsts Ao #t %:rLoﬂ
A et & HE g3 M =4 A
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8
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fqn e

AR gl
Suls9 AZFTAHL AAREE AA Agte] o A=
W B AFAdME Solse HEANS gEA7 3 7
548 P77 Y8l -5 2 FEE 2-3ke AxTA
S AYIAY) WEolth A EA EHEEL 3 B4 Yo
270 ©]4+€] phenolic hydroxyl(-OH) 71 & 717 ®WaE 53¢
EES FH3, AEA 553 A2E Fosia 4hgl-
g WhgolA 71A 2 et SFetR ol =9 Bide] F
H AEA EYdE EdolH, FX A, 18t JA|, I
3}, & 59 gofst A d S /HRT(6). 1HEE 2
ATFAANA AL AZHHOZ BE fﬂ} ] & phenol
geFo] Al FEutsd vs) Frkste] S kst s
7t = Ao 2 Algdnt E HE4 ﬂté‘%fi A ol A
kst g EA4S Jehlle ZoE g dAdEZRE
ditsl EAS FE3E e A7 A ER o|F oA 1 9

5512 F4 3 garst 54 vla 360
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Fig. 3. FRAP (ferric-reducing antioxidant potential) value of
black garlic.

& ZH Benzie2} Strain(8)el J3) 7l
3t WO R wre pHelA| A
of 93 ferric tripyridyltriazine(Fe* ~TPTZ) £-34) 7}
ferrous tripyridyltriazine(Fe* ~TPTZ) 2.2 #=HE A7
g o] &3 Ao E gFEe] ikeAt SddES AT §
Oe Aol Ztste] mtE ozl otk Al B AT
AolA A Z3 Eul=e] FRAP 2% 23 Fig. 39 el
At P F5vks, 9 B3vks, AE B3 2 B

AF A A AzWEoer whE Zulse FRAPS
Z4Zy 17,14, 1.7, 1.9 mg/mLE & A7 743 A=
WHog wE Zuise FRAPO] 7H4 =4 Yehgth
Sanchez-Gonzalez 5(18)2 total polyphenol contents2}
FRAP values =< A##A7F dvx BRustgsd 2
AT Ao}l Bl B gk-S o) total polyphenol contents}
FRAP value7} ®ls=3t A3& YR AT

ABTS EH;|9L A=
AT A AzT ZrtEs ABTS 8z
er% Fig 4°ﬂ JEtR AT el B35 vts,
=, 2B AFAA A A
]'TE‘ SR ]'#"] ABTS oz ICsak 7338,
E AFAA R o s Az
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-1 DPPH HI—HJJ,]_ 61-7;]] zsLA]-gl_ ;l-/ﬂ S
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Fig. 4. ABTS [2,2'-azinobis(3 ethylbenzothiazoline-6-sul-
fonic acid)] radical scavenging activity of black garlic.

DPPH EIC|Z AHs

DPPH®H 2 tocopherol, ascorbate, flavonoid & 3H&,
& ol9lF, Maillard® ZHAAE A, peptide 52 &
A4S Ueidl= A8 EF g P2 N
Jao] el )= Ao tt]—?)r A3 a e =A5t=
2 33 B2 gl 71A dubF o g AR EE S
4 e E%Z% ATH3). F1tst 445 DPPH amz;
LAATOE % gt A= Fig. 59 detdnh ds) 535
s, oA F5rks, A9 F5vts 2 B A7 g

THE Zris9] DPPH 22 27% 9

ICso(DPPH & Z-& 50% &AA7]€H Q3 F5)3k2
247} 131, 124, 12.4, 9.1 mg/mLE ¥ Aol 73t
W o R Az Suts9 ICx°] 7HF Bl ditslso] 7t
Z =A UEESh Ryu @D W2 Arpso] 5
o=ty BUT Fo] nlEe] 54 #4 F Maillard reac-
tion®] A#=E Fru-Age(N-alpha-(1-deoxy-D-fructose-
1-yD)-L-arginine)o] 2= &S AASHA Hew), o] &
9] ksl &AL ascorbic acid9} BlnE F S AL
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Fig. 5. DPPH radical scavenging activity of black garlic.

Jm

NHBG USBG CNBG FABG
Fig. 6. Hydroxy radical scavenging activity of black garlic.

g F5vks, FE S3vts B B AT AAA AL A

Q‘ﬂ%«] hydroxyl 2tZ 1C5%k2 5.2,
TAANA e o R Az
‘%"01', itslEol 71 =4 JER
t}h. Shin 52202 Svlsd Arfse] 44 % daE 25
] hydroxyl 2}6]Z 2752 Suksdld o 2oH & &
ERGE A& FEEAA &40 o E3vhal Bagh bt
1tk Hydroxyl 92 -OH)2 &4
73t AA gbste] =
(23). Manian 5(24)& hydroxyl &tz
Ao ZH &3S oA WY, AW E AE5A
& FEstA =Y, AAHs FA A wE WA A ZA
283514 == hydroxyl &tz 2 AEAEL A ZAks)
Ao AYE AP oz wajstA Y B4 E A TS
2ATOZH AMNEE A tr] WjFolgtal RIE o

4 98¢ 3

o oF

e =
2 dA7e di 505, 94 B3vls, Y 530kE
2 E Ao st AZYHOZ THE SrtEsY o]g)
st B4 9 §2sl EAS sty 47 Sulse] 3
T 427, 427, 567, 54 7°BrixE YEIA 34T e
7Yz} 150, 16.0, 235, 25.9% = £ AT A A A% Snts
o] A shefo] g =A Yehg . Al 2 B A3l
M Az da%A Frhse) pHE 39-4692 Avtsg
SrtsE s BAGoA 4At=r) =94t Thiole] a3

247y 4485, 350.0, 3182, 4787 mg/gl 2 B A A A 7t
z,—} tl]—l:H o=z xﬂ}_z}_ ,_lf‘z ]_E,] thiol 6’]-\:'/]:0] 7].;4 lr—){ 1,].1:/].1/1—
H(p<0.05). ¥ phenol 32 Z+z} 0.64, 0.60, 0.68, 0.72 mg/
mLE & AFdelM A2 Zrkse] 74 Edth FRAP
S 772y 1.7, 14, 1.7, 1.9 mg/mLZ & AFHA 73
Azyon e BESA Fuhse o] 1 B vehd
o} ABTS &2 AA L 738, 662, B8, 60%= E A+

AolA e g Axd Srks Fitstsol M =
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