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Antioxidant activity optimization of black garlic
extract based on uniform design

LIU Rui-shan, LIANG Zhi-jun, ZHOU Wen-quan, QI Qiang-qiang
(He'nan Miaoyu Beverage Co. ,Lid. ,Jiaozuo 454191, China)

Abstract ; With DPPH radical-scavenging rate as the indicator, the effects of temperature, time, pH value
and substrates mass ratio on the antioxidant activity of black garlic extract were studied by using the uni-
form design. The result showed that the pH value had a significant influence (p <0.05) on the antioxidant
retention
125 (g : mL). Under these
conditions, the DPPH radical-scavenging rate was 92.65% , which had a relative error of 3.59% to the

activity of black garlic extract, and the optimal extracting conditions were temperature 40 °C ,

time 30 min, pH =3.0 and mass ratio of black garlic to deionized water 1

theoretical value.

Key words : black garlic ;antioxidant activity ;uniform design

0 51F
K, XM Wlws, e 0 A AR FAEY)
3t T 525, Rt e G A M2y A R E AL

TAERAE D7 s, A R P0 B P B L B I
G AN 1 [N 100 N 11 = 2 o/ R |
Bt T REASIG LA b g 3 e 5 1 Sk
5’*3#@%[6 -

TR T RE e B e F Hop R i vE AL 5

W B #A:2014 - 01 - 09
PEEE A X351 (1975—) , 5B

JHEA B YRR SR G, T
L L5 A BB , M P i R 2 BRI (S — he kit
— L — PPtz R R ) 5 200 5T v i s R (S -
I TN B F e 2 I I B, ) A 38, 7 75 2 TR T 1 A TR AR
AT, 5Rg B2 5 Ak o Kas 28 ( 0 N R A QI s 1R
Bif) , KA, it — P K= (=
IR ALY ) KRR (RN = Ay
TR g s 25 2 Rl MLBR Ak .

KRG —E X0 R B S |, A TR AT

B, Tl B RATA, T8 ARARBRDARAE ZRF, TRALT QA LR IRE



- 16 - BMBEITLZRZHR(BARRMFMW)

2014 4

IR, UL PR O BA AR R B R, itk
e I ) SRR R O 1T, 1T BRI I, B 5
A WA KGR PTREA BB A Bk T HL AR BT g
KA. PR, B HAA R i P AL RE T, R
CTEHEIOR )R A ) B AL T (SOD) 1% 7 L3 %4k
LB BRBE T R 2 B i 43 i) e B e R B O 1Y)
13 47510 A58 7 45, BABRITLALARE S A&
SCHARAZK A B 711, 1) 3 50 8 3 11 F 9 £ L
LR BFR] pH DL R R R e SR R R BOR BT A A T
PERIFZI , LU Ry 50 i i — 25 0 5% OO R S it —
FE M ERIS A 5.

L PR i

1.1 #Rt5NEE

Ko, M DPPH B3k ( 1,1 - -3 -2 -
TERE A L) ol BB TR (i) A BR A
AP

HS — 800 HU{ i fH 1A , 7 ot 28 b 10 B 4
A PR E] ™ HH - S6 T B RK VA 5, T e 4 T
I 8 A R 5 UV - 2102PC 5640 A) 1L 43t
GRS, JUesT (i) AR A R 2 H] 7 PHS - 3C
K% pH i1, FIAE % Bl A FR A | 77 5 ALI04
HLFA0 M RO, MR — $C R 208 Rl A BR A
AP
1.2 XLWHE
1.2.1 ERpHEE

FHR*#-ZHRF R >BRNE T 58—
65 C, 4 X 18 £ 70% % B 60 d— R H i F a0 %k —
ol
1.2.2 BEFRRE KRR ERBUAE SRR 5N
TEEAL NHE 2 pH AN 5 U2, AN 25 2
.

1) JRLEEZ : 4 IMERR AR 5 ¢ 5T 250 mL =
FrP AR TE L 1220 (g mb) AL B FK,
F 6 mol/L ) NaOH 8% pH 24 6.0, % £ )5 47
2% F 20 °C,30 C,40 °C,50 C,60 C,70 C,
80 °C #1190 °CH /K ¥ 5y 42 HL 60 min. 42 HLZS
Je B RE L TG B Tk OK R A SRR AT g, U8
W T VKRR R A T

2) PRI - A3 HIVER AR 5 ¢ BT 250 mL =
FAH TR 1020 (g @ mL) MMAZEFK,
i 6 mol/L ) NaOH #3375 pH 4 6.0, % 5 &
F 60 CIEE/KBES FHEEL 10 min,30 min,60 min,

90 min, 120 min, 150 min,180 min A1 210 min. $£H
S5 RE A CE T KK R A, SR e 2R AT
B, UBTRCE T KA v e .

3)pH A 435 ERI AR S ¢ s T 250 mL =
f BB 1520 (g ¢ mL) A BT,
439 A 4 mol/L 11 HCI I A1 6 mol/L 1) NaOH
Ty pH 4 3. 0,4.0,5.0,6.0,7.0,8.0,9.0,
10.0,11.0 1 12.0, % EH 5 E T 60 CHEIEKHHH
FEI 60 min. FEHEE HE A AE Sl T oK H %
AR A TRNUE , UERCE T UKAR TR e A .

4) i LA s I HEF AR S ¢ YRR T
250 mL=ffiffi & BiEE L 1 2 10,1 15,1 20,
1:25811:30 (g:mL) IIAEET /K, 6 mol/L
() NaOH B3 pH o8 6.0, % J5 85 T 60 CHE
/K e H2 X 60 min. $i UZE o3 5 R0 o s
TR HD, AR5 AT RIE , DB A T OKAE R
£ .
1.2.3 DPPH EHEFRENHWMZE LI DPPH
FI T BR AR S PR AR R IO T A AR TR TR I R4
Ehn, L E 2% S H. Kim 2570 1905 36 BU 1 mL
RSV 4 mL 0.2 mmol/Li¥) DPPH T4 7 , i1
SRS TS MR G5, BT R B AT
[ 30 min. SRJGTES1T n 54T I ROGREME 12l
As. MHFERAES00E R, DL 1T mL 2288 Tk AQ AR i v
W, VE P2, 0 HAESTT nm Z5 40N AW O B2
1B, 1C A, B4R OB DPPH [ Hy KL 1 B 3 1 L
TARIE

DPPH B i 2 7& IR 3/ % =

2 B 550

2.1 BEHRREER

DPPH H 3 & —Fh & & A k&9, vl LA
TFLE 5P ARG Y 5T B2 A Y LR T 4R U R
FaE i) DPPH—H 43+, DU 3K 2035 B B | 309 H
g BN AR P R SRR B PR T P AR
e 1—E 4 frR.

B 1—E 4 o] UL, R AL, DR R 4R O T
DPPH [ Hy 55114 15 B 238 i £ SO B2 7 o v T 35 K5
IFRIZH , 7E T 60 min P, B ws B UK T A A0 T M
i i 1) A2 177 42 14 58, %0 DPPHL [ pl 6 1935 B %
i 15.53% 3403 56.37% |, 5 V) fifi £ 5 b)) £ 928
KIMZAE K pH 4, R g BOR A R b B

A -A

1 = x 100




2 4

X i, 5 A R B R L B AR IR BUR By AL E

c17 -

A PR TE Y 2 pH > 7.0 B, BEE pH (1
B, PRI 1 BT AL RE 1 BRI R I, I AE pH
=10.0 Bk EPUAARE T ; PR EL 4L, 2 Bs 5 &
BTKIIBR LR 1210 (g2 mL) B, 3REORAIHT
AACTE PR R

601

DPPH [ H 3 15 bR /%
W iy wn
(=} [=) (=]

[So3
=
T

40 50 60 70 80 90
7c

AT SRR BUR LB E M6 R vh

10 20 30

A1

~
(=)
1

(=)
(=)
T

DPPH [ 1 L3 B %/ %
W F-S wn
=] =] [ =]

[5o3
S

r'd

0 30

—
S

90 120 150 180 210
#/min

B 18] &F 2 AR PR BUR LB E 6w

60
A2

90
80 F
70F ™
60
50
40+
30

DPPH i ph 335 5 5/%

20+
10 ]

0 1 1 1 1 1 1 J

B3 pH *F 2 3RH R0k 4 A5 0 7 v

2.2 5

2.2.1 HEKBERKFEET AU LREE
SEEGEESE, DL DPPH [ 3635 bR R 545 , LAR
JE X, ifE] X, pH A X, ARG S A8 FKBTE L
X, NIRZER U™ (6) " AR R Z KT W& 1.

LI R % %
w
O

DPPH

.

2

1:10 1:

15 1:20 1:25

1:30 1:35 1:40
HERS RKB KB L (gimL)

A4 e ZAaRBUR R E R

A1 U (64X R EKEA
KFE X/C X,/min X, X,/(g:mL)
1 40(1) 60(2) 5(3) 1:35(6)
2 50(2) 120(4) 8(6) 1:30(5)
3 60(3) 180(6) 4(2) 1:25(4)
4 70(4) 30(1) 7(5) 1:20(3)
5 80(5) 90(3) 3(1) 1:15(2)
6 90(6) 150(5) 6(4) 1:10(1)

2.2.2 HEREER RIS, A
L& AE A5 2 s 4R OB i, I I 7€ X DPPH
A R ZERERRR(Y) IR E R I 2.

2.2.3 BESN

% Mathematics 4. 0 ZRfEX 14

SJER A R IEAT 0 A4S B S5 R AR 3 Ak 4.
A2 HHiRBER
®imeE X,/C  X,/min X, X,/(g:mL) Y/ %
1 40 60 5 1:35 47.61
2 50 120 8 1:30 15.58
3 60 180 4 1:25 78.32
4 70 30 7 1:20 32.99
5 80 90 3 1:15 83.93
6 90 150 6 1:10 11.57
A3 HHQRBITERSHK
Ji B3 H fliiHE PR 22 T{H Plg
1 42.43 12.110 9 3.834 0.1624
X, xX, -0.000 5 0. 000 4 -1.392 0.396 6
X, —-15.583 0.7319 -21.289 0.029 9
X, 8.3422 0.926 8 9.001 0.070 4
X’ 0.172 3 0.019 8 -8.717 0.0727

AR — e R T R WA, R 4 SR
X T BRI S AR AN B35, — 5 BN & B
ARFRRRER (X, X,) ARG dkS0E AT 1= o A
LKW, pH M B BURPT LI VE R A B35 3

Wi (p <0.05)

ST AT P 1) ZE U AR -



- 18- MM EE T R E

# (

BARMSEM) 2014 4F

pH A > JFifit b > I > ).
k4 HHRESIERT E5HE
WH AmRE WEFIM W% FE P fif
R 4 4751.17 1187.79 135.721 0.064 279 4
R 1 8.751 72 8.751 72
JEYVN 5 4759.92
B JF J7 . Y = 42. 43 - 0.000 5X, x X, -

15.583X, +8. 342 2X, - 0. 172 3X,%. 78 Mk 21450
LN, G TG S R A 25 10 - SR BURLE 40 °C
FEHLATE] 30 min,pH =3.0, 855 L& /K i L
(g:ml) 2y 1 225, B B R4 OB AT A AL T 1E i
5%, %) DPPH [ Fh 2% i BE 1 FR 8 8 96. 10% . 253K
B B UEAE A4k 25 1 T 15 20 A9 R SR S U YT DPPH
B ELAE [5 2 R 92, 65% , 5 IR (H By A N iR 2%
3.59% it AR IR E. B AR UL S i i
AR 28 R AR PR IO EAT 5k i b U1 v 1, 1
st TS

3 ZEis

ENGPSEROR¥ 3/ U R =R AR A RN
[ B PR R0 2 ], PR 4 BOUR 1 e 4R A T 1 B
P BT 11 T v R ] £94) 22 4 17 328 ¥ 1 52 5 1R 12 A
AT PR R IO 8 40 S A T P, T el B B )
SRS M, 24 pH = 10 I, I 58 440 i S8
PO BT T Vs M B 5 BB TR BT AR L
(g:mL) N1 10 i), BarP2 POR 47T AL T 1 e
5. P SAE R W, pH X n 4 OB AT A AL T 1 F
A RZEZW (p <0.05) , 52 0 Rows 2 O Bt A1k
PERBEZRUT & pH > Bl > R > WAl R
BRSO AT T 1 5 L2 4 - R U
40 °C , $EEETA] 30 min, pH =3. 0, AR 5 LB T K
(R (g c mL) Ry 1 225, HAEM A T 5k B
FRPEIBOR BT AT 1 ) ok

SEZ K-
(1]

Khoo Y, Aziz Z. Garlic supplementation and serum choles-
a metaanalysis [ J]. J Clin Pharm Ther, 2009,

34.133.

terol -

(2]

(8]

(9]

[15

Pal R, Vaiphei K, Sikander A, et al. Effect of garlic on
isoniazid and rifampicin-induced hepatic injury in rats
[J]. World J Gastroenterol ,2006,12 :636.

Shinkawa H, Takemura S, Minamiyama Y, et al. S-allyl-

cysteine is effective as a chemopreventive agent against

porcine serum-induced hepatic fibrosis in rats[ J]. Osaka

City Med,2009,55; 61.

ek, DR AGFRERF HHRIG KB AR

[J]. & & A5 ,2006,27(2) :147.

W& kA, R FLEXRALERS LB
SEWAR[I]. & &R $,2009,34(9) : 68.

Ackermann R T, Mulrow C D, Ramirez G, et al. Garlic

shows promise for improving some cardiovascular risk fac-

tors[ J]. Arch Int Med,2001,161:813.

Chowdhury R,Dutta A,Chaudhuri S R, et al. In vitro and

in vivo reduction of sodium arsenite induced toxicity by

aqueous garlic extract [ J ]. Food Chem Toxicol, 2008,
46.740.

Ar B, 865 B4R, % BAGFEEY R RS
fog mEERE A WRALT]. FEA &SI, 2010,
10(6) :64.

Das I, Saha T. Effect of garlic on lipid peroxidation and
antioxidation enzymes in DMBA-induced skin carcinoma
[J]. Nutrition,2009 ,25 :459.

] MR, R EE, TR AFAR AR ()
[J]. P # %5 ,2002,33(12) :1059.

] Rivlin R S. Historical perspectives on the use of garlic
[J].J Nutr,2001,131:954.

] Sato E,Kohno M, Hamano H,et al. Increased antioxida-
tive potency of garlic by spontaneous short-term fermenta-
tion[ J]. Plant Foods Hum Nutr,2006,61 :157.

] Kim S H,Jung E Y,Kang D H, et al. Physical stability,
antioxidative properties, and photoprotective effects of a
functionalized formulation containing black garlic extract
[J]. Journal of Photochemistry and Photobiology B: Bio-
logy ,2012,117:104.

] FER AR AR B RUBEE - A EAE
BREGWREALEELI]. £ & Tk, 2013, 13
(1):27.

] BWE,FH/R AR EITEHELE[M]. B R
B A H R ,2008.



