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Abstract

This study was carried out to find the optimal conditions for the extraction of the effective ingredients
based on central composite by monitoring the extraction characteristics of each ingredient with a response
surface methodology. The optimal condition for the effective component alliin was extract temperature of
60.86°C, extract time of 3.77 hr, and ethanol concentration of 50.68%, and that for allicin was 65.11°C, 2.79
hr, and 13.62%, respectively, with the maximum extraction of 16.72 mg%. The maximum value of extracted
total phenolics was 16.72 mg%, the optimal condition for electron donating ability was 93.35°C, 3.22 hr and
10.38%. The optimal conditions for pH 1.2 and 3.0 nitrite—scavenging ability was extract temperature of 79.77°C
and 76.46°C, extract time of 3.22 hr and 3.31 hr, and the ethanol concentration of 10.38% and 1.12%, respectively.
With this optimal condition, the obtained maximum values for nitrite-scavenging activities at pH 1.2 and 3.0
were 94.85% and 63.22%, respectively.

Key words: garlic, response surface methodology, effective ingredients, antioxidant, ethanol extract
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vl g M AAZ oA xvE, FE F o7 uf alliinasegt= &ad o8] AFA QL alliin(S-allyl-
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Table 1. Experimental design of ethanol extraction con-
ditions for garlic

Extraction conditions -2 -1 0 1 2
X; Temperature (°C) 60 70 80 90 100
Xs Time (hr) 1 2 3 4 5
X3 Ethanol concentration (%) 0 20 40 60 80

Table 2. Central composite design for the optimization of
extraction condition for garlic

Extraction condition

Experiment  — t Ti Ethanol
emperature ime ano

number (°C) (hr) concentration (%)
1 70 (-1) 2(-1) 20 (-1)
2 70 (-1) 4(-1) 60 ( 1)
3 70 (-1) 2(1) 20 (-1)
4 70 (-1) 4(1) 60( 1)
5 90 ( 1) 2(-1) 20 (-1)
6 90 ( 1) 4 (-1) 60 ( 1)
7 90 ( 1) 2(1) 20 (-1)
8 90 ( 1) 4(1) 60 ( 1)
9 80 ( 0) 3(0) 40 ( 0)
10 80 ( 0) 3(0) 40 ( 0)
11 60 (-2) 3(0) 40 ( 0)
12 100 ( 2) 3(0) 40 ( 0)
13 30 ( 0) 1(-2) 40 ( 0)
14 80 ( 0) 5(2) 40 ( 0)
15 80 ( 0) 3(0) 0(-2)
16 80 ( 0) 3(0) 0 ( 2)

YThe number of experimental condition by central composite
design.

o} A& Ay, A H (critical point)©] ] tH 3 (maxi-
mum)°] Ay HAH (minimum)©] oty HEH (saddle
point)d 3% % 3t HAHES T
3t T

M & (ridge analysis)<
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Table 3. Operating conditions of HPLC for analysis of alliin

Specification Condition

Instrument Shimadzu LC-10AT

Column 1 Bondapak™ Cis column
(3.9%300 mm, pore size: 10 pm)

Detector UV 210 nm

Flow rate 0.7 mL/min

Mobile phase Acetonitrile : water=45:55
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Table 4. Operating conditions of HPLC for analysis of
allicin

Condition

Shimadzu LC-10AT
Shim-pack ODS column

(4.6 %250 mm, pore size: 5 pm)
UV 280 nm
1.0 mL/min
Acetonitrile :

Specification

Instrument
Column

Detector
Flow rate

Mobile phase water : methanol=41:50:9

Allicin &2t
Allicin £4(18)2 Z+7te] =xof ue} F 5

F=
045 ym membrane filter2 33k & Table 4-4 z7
)

=X

HPLCE AH&-3te] 418ttt Allicin(Wako, Japan
EFE9 retention time¥} Bl ko] TR

bER Azl Saa AdE BRos ebsit

fo o i to

KN
=

=1
=
o
5
o

N

& thiosulfinate &tzf =M
% thiosulfinate 32 Han 5(19)2] ol 9l &4
33 =, 2 mM cysteine©] g% 50 mM HEPES(N-
[2-hydroxyethyllpiperazine-N'-[2-ethane sulfonic acid],
pH 75) €9 05 mLell &% 01 mLE 7FstglaL, o 7)d
50 mM HEPES €% 44 mLE ¥o] ¥ ¥H&-8d9 1o
5mLZE 3ttt o] §kE &AS 27°Coll A 103 §EEAIZL
T ks 1 mLE #H3Fe 50 mM HEPES buffer2 Z A3k
0.4 mM DTNB[5.5' -dithio—bis(2-nitrobenzoic acid] 1 mL
7)o & 33 g 27"C°ﬂ7\1 10231 ¥ A1 &

FZ A 412 nmoll A FJCE =459 TEEo Hak
A4S o] g3k AlbsAn. 4 541E 50 mM HEPES

buffer(pH 7.5)2 ZA|3t 0.05~O.30 mM9] cysteine&< 1
mLol] 04 mM DTNB€9 1 mLE H7}8te] 1087t 5F8-A
71 & BFBTAE AR 412 nmol A FF =

spof ahaint.

o
=

Oft
i
ir
)z
for
ot
Mo
gk
u

N
=

n-‘_ai

%2 Folin-Denis™ (20)
mLol Folin-Ciocalteu

2

>,
o

Cin
2 4

A2 A W ]O}O:] Uv- 1601 PC
spectrophotometer(Shimadzu Co., Japan)E °]-&3}<] 700
mmell A FZEE SHAAY txTe HA gl

Yol U4 A3} o] ) ¥F=EFE+= tannic
acidE 5~50 pg/mLe] FEE ZA|ste] HEAe] 2HAd o
AH&-3 T

ANy

=2 2=
S T T

=

=X
A} o 5 (electron donating ability, EDA)

3-&  a,a-diphenyl-B-picrylhydrazyl(DPPH)S A}-&3F
W o 7 =3 tH21). =, DPPH A]9F 12 mg< absolute
ethanol 100 mLol| €813t ¥ ZSH/<= 100 mLE 7}3}aL 50%

ethanol &N9-& blank® 3} 517 nmoll 4] DPPH &9 &

Al

e e et

FEE oF 1002 AT F o] &4 4mLE FHst FE2
1 mLo} £33 & F2eA 1023 WA A1 o5 517 nm
A FFEE FHRAD AE AT TR
= Aol WP (%) EA G AAFeIF o HAt
_ A i I
EDA (6= (1= — S as e )*100

OfRIMA A5 &3

Kato 5(22)¢] W o 2 520 nmoll /\1 H] 27 "*5}9\"3\5}. =
1 mM NaNQ. €< 1 mLol| v}t& FE5 1 mLE 718k,
0.1 N HCI(pH 1.2)7%} 02 M 7$14F 2% 89 (pH 30)% A8
o] pHE 747} 12 2 3002 243 buffer §912 A7}3}
o HE&HE 10 mLE FE&3Ah §HEE&H-& 37°Coll A
1A17E Bt wHeA1ZL & 1 mLE FH3l 2% 24 89 5 mLE
A7+ tFL-, Griess A 2F(30% acetic acid® z+zt ZA| g
1% sulfanilic acid®} 1% naphthylamineg 1:1¥1 &2 &3+
A AR A Z2A4) 04 mLE 7ste] Z EFAIA AL A

)

1587 BN ¥, BABEAS A5 520 nmol A
FHEE 2900 okl A0 o] oAIE 2AGE 7
st %"]%‘ L GriessAF Al SF/HFE 04 mL 78t
719 2o oz HAASY Y
A—C
N 96)=(1—=5—) x100
AN 2AE
Al 1 mM NaNO, &) A|RE H7Fste] 1A)17F W] &
9,] j‘_:‘ﬂ_r:
B: NaNO; §99 3%
C: A8 AA9 T34=
Zup gl pE
Aty

s A5 dubdE £ A= Table 59 2o 7
64.73%, ZEWA 469%, AW 046% 2 & 1.18% =
27y Yepstt vk o] dukA 2R 9} FE, A7)
w2t oA zolrt det Jeong(23)e] HidMe FE
64.6%, AW 0.3% 2 SF3HE 26%E Haste] a3 2
e} & zol7} gldoy, il A ke 78% = 2 Ave}
oF 2Hj o] ZpolE KT

SRENC)
RNy

OlEtEs FEXZ0 ME FE=9| o|3EH &Y 2
B2

nEEEH HF FEEUS AA5] Al FEE, F
Table 5. Proximate composition of garlic (unit, %)
Moisture Crude protein Crude fat Ash Carbohydrate

64.73 4.69 0.46 1.18 2894
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Table 6. Experimental data on alliin, allicin and total
thiosulfinate content of garlic under different conditions
based on central composite design by response surface
analysis

o

o th3l FE2x79 ZUHY 1201

A

Table 7. Experimental data on total phenolics content,
electron donating ability and nitrite-scavenging ability of
garlic under different conditions based on central composite
design by response surface analysis

. Alliin Allicin Total
Explsrl?}ent content content thiosulfinate
0 (mg%) (mg%) content (mM)
1 22.98 7.23 0.159
2 32.57 2.46 0.191
3 22.41 6.09 0.173
4 37.23 2.34 0.198
5 25.82 4.27 0.178
6 35.68 3.76 0.198
7 23.33 6.28 0.183
8 30.30 4.03 0.191
9 35.45 5.87 0.203
10 35.45 5.87 0.203
11 50.79 6.39 0.147
12 29.79 6.83 0.183
13 27.88 3.97 0.187
14 24.83 4.87 0.192
15 17.12 6.45 0.184
16 30.54 2.59 0.190

YThe number of experimental condition by central composite
design.

MW HH 23209 232
Table 891 el glom, o] 5] 4
T 32N 2 e FEE Syus

UhERR 21

Y arim = 88.781250 — 2.142125X; 4 12.337500X + 1.102438X5
+0.012100X;%4 0.013000X, X5 — 2.273750X5>
—0.002862X,X5— 0.029125X5X3 — 0.007291 X5

. Total Electron Nitrite-scavenging
EXDI\BII'HBGI]‘E phenolics donating ability (%)
0 content (mg%) ability (%) pH 1.2 pH 3.0
1 11.78 11.91 92.55 55.71
2 9.88 8.98 79.57 51.97
3 12.55 15.44 92.76 57.79
4 10.11 12.34 82.62 51.77
5 15.35 19.48 92.98 55.30
6 11.48 14.21 86.38 53.01
7 15.82 1753 91.70 52.18
8 12.43 12.50 85.45 46.15
9 14.36 14.46 88.51 52.80
10 14.36 14.46 88.51 52.80
11 12.06 10.17 78.72 50.31
12 14.41 10.06 85.81 4553
13 13.86 18.67 87.02 53.01
14 13.62 15.42 84.25 50.72
15 15.90 30.74 94.68 64.24
16 9.84 15.81 66.38 47.82

DThe number of experimental condition by central composite
design.

FEEAW £5E dlin T A 34 R
o

277 hr 2 o E&% F = 50.68%0ll
Z o =5 AH(Table 8). Alliine] ¥Hg-3%
Z7A BFoA JEgS W Ao 2 YEN

Y aLLien=235.595000 — 0.565875X; — 1.008750X> — 0.266375X3
+0.001850X;” 4 0.044250X X — 0.362500X”
+0.003600X X3 —0.004500X>X 3 — 0.000844X 5"

vhs FEE9] allicin ol 3 FEE<) 3949 R’
0.80140] 31 9] & 5% ol 9] F=FollA A= ATt

Table 8. Predicted levels of extraction conditions of garlic for the maximum responses of variables by the ridge analysis

Responses R’ Pro>F XY CC) X2 (hr) Xg¥ (%) Maximum  Morphology
Alliin content (mg%) 0.8565  0.0543 60.86 277 50.68 46.37 Saddle point
Allicin content (mg%) 0.8914  0.0256 65.11 2.79 13.62 8.23 Saddle point
Total thiosulfinate content (mM) 0.8620 0.0482 82.10 2.90 55.30 0.20 Saddle point
Total phenolics content (mg%) 0.8702 0.0411 93.25 3.22 10.38 16.72 Maximum
Electron donating ability (%) 0.8717  0.0399 82.64 2.88 0.43 28.24 Saddle point
Nitrite-scavenging ability pH 1.2 (%)  0.8824  0.0316 79.77 3.22 10.38 94.85 Maximum
Nitrite-scavenging ability pH 3.0 (%)  0.9425  0.0044 76.46 3.31 1.12 63.22 Saddle point

UXy: extraction temperature (°C). ?Xs: extraction time (hr). ?Xs: ethanol concentration (%).
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Fig. 1. Response surface for alliin content in extracts at
constant values (alliin: 25, 30, 35 mg%) as a function of
extraction temperature, time and ethanol concentration of
garlic.
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Fig. 2. Response surface for allicin content in extracts at
constant values (allicin: 3.0, 4.0, 5.0 mg%) as a function of
extraction temperature, time and ethanol concentration of
garlic.
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gaFo]l St AEFS AT & ARG (Fig. 2).

& thiosulfinate SH2F0l| CHEE F=EZ719] sk

—

- =
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Fig. 3. Response surface for total thiosulfinate content in
extracts at constant values (total thiosulfinate: 0.16, 0.17,
0.18 mM) as a function of extraction temperature, time and
ethanol concentration of garlic.
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—0.000018125XX3+0.000119XX5+0.000010000X5”

TS 2%, AR oehE T2 FEEY ©E F thio-
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Fig. 4. Response surface for total phenolics content in
extracts at constant values (total phenolics: 11, 13, 15 mg%)
as a function of extraction temperature, time and ethanol
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Fig. 5. Response surface for electron donating ability in
extracts at constant values (electron donating ability: 12,
16, 20%) as a function of extraction temperature, time and
ethanol concentration of garlic.
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Fig. 6. Response surface for nitrite-scavenging ability pH
1.2 in extracts at constant values (NSA: 82, 86, 90%) as a
function of extraction temperature, time and ethanol con-
centration of garlic.
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