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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 nitritescavenging 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.
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allicin(diallyl thiosulfinate), methyl allyl, 1-propenyl allyl,
allyl 1-propenyl, 1-propenyl methyl, dimethyl thiosulfinate

59| thiosulfinate $}3HEo] 71 & 9&S& 3hv, o2
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FEAAE(2), FAAEQ), ddAeta84), = 2~H
Atk & wslihA] 2-8-(5) 5-©] At} Thiosulfinates 3}3=
o] 2 A<l allicin(CsHs-S-S(0)-C3Hp) & whso] zb=
2-8-(6,7), A ZIAL AAIQ) T B Fagh sy
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sulfide 3}3EE5<2 diallyl mono-, di- ZL2]3l oligo-
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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
X5 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 (- )
2 70 (-1 4(-1) 0 (1
3 70 (-1) 2(1) 0 (- )
4 70 (-1) 4(1) 0( 1)
5 90 (1) 2(-1) 20 (-1
6 90 ( 1) 4(-1) 60 ( 1)
7 90 ( 1) 2(1) 20 (1)
3 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) 0(0)
13 80 ( 0) 1(-2) 0(0)
14 80( 0) 5(2) 40( 0)
15 80 ( 0) 3(0) 0(-2)
16 80 ( 0) 3(0) 80 ( 2)

The number of experimental condition by central composite
design.

o} 3 AEA A, AA A (critical point)©]

Z A (maxi-

mum)°] AY A (minimum)e] oyl ¢HEH (saddle
point) ¥ 7$ A& (ridge analysis)< sho] HHHS
ST

AR FE

ks F&2 Z7te] Agxid mhel 1 L bottles ©]-&
ste] gk A= 200 goll €7 5 mL/gS 71ste] AAISHSIT.

Allin 22k 58

Alliin #4(17)2 242ve] 270 59 552 045 im

membrane filter2 &} 243t & Table 39 7l u}eg} HPLC
= AFE3te] 41390 Alliin(Fluka, Germany) 382 X
F3E 9] retention timed} H]ndle] EA 8} I, TS A=
A7 A ALtE o R VeI

g

Table 3. Operating conditions of HPLC for analysis of alliin

Specification Condition

Instrument Shimadzu LC-10AT

Column u BondapakIM Cig column
(3.9x300 mm, pore size: 10 um)

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

Specification Condition

Instrument Shimadzu LC-10AT

Column Shim-pack ODS column
(4.6x250 mm, pore size: 5 pm)

Detector UV 280 nm

Flow rate 1.0 mL/min

Mobile phase Acetonitrile : water : methanol=41:50:9

Alicin &% 54

Allicin #4](18)& ztz+e] 7o) e} 549 FE25S
0.45 pm membrane filter2 ¢ gk & Table 49] 0=
HPLCE AHg-3he] #4319t Allicin(Wako, Japan) &%
S X% retention time¥} B wE}o] FA3FA AL, S

A5 laA AR dae s tehigit

& thiosufinate &% £3

% thiosulfinate ¥%- Han 5(19)¢] il oste] 574
s th =, 2 mM cysteine®] ¥ 50 mM HEPES(N-
[2-hydroxyethyllpiperazine-N'~[2-ethane sulfonic acid],
pH 75) €9 05 mLol %% 01 mLE 7Fs}91aL, 7]l
50 mM HEPES €9 44 mLE Yo} & #H&&9 2u&
5 mLE 3t3ith o] §kg &NE& 27°Col A 101 REEAIZL
s 1 mLE F3ske] 50 mM HEPES buffer® ZA|
0.4 mM DTNBI[5.5' -dithio—bis(2-nitrobenzoic acid] 1 mL
£ 71t & &35kt 27°Col A 1083 WA & &
FFEA 412 nmel A SFEE S
A& o]&sto] Aterith. A =442 50 mM HEPES
buffer(pH 7.5)% ZA|%F 0.05~0.30 mM2] cysteine&<Y 1
mLol 04 mM DTNB&9 1 mLE #7}ske] 1083t vH&-A]
T BHFEAE AL 412 nmoll A FHEE SFH
afo] 8ot
H =4
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of uwhak T3 , F=% 2 mLol Folin—Ciocalteu
A2k 2 mLE 7}8}ho] gsL Fal 3% 5 10% NaxCOs 2 mLE
Yol REE 1AzF A2 A "WxA]ste] UV-1601 PC
spectrophotometer(Shimadzu Co., Japan)S ©]-&3lo] 700
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A A} 3o 5 (electron donating ability, EDA)
ARg-gk

e o 2 =59 tH2]). —f‘, DPPH A ¢} 12 mg< absolute
ethanol 100 mLell €33t & S/ 100 mLE 7183l 50%

ethanol €92 blank® 3}¢] 517 nmoll4] DPPH &%9] &

FEF 1007 2HR F o £ 4mLE Hdle] 2
I mLsh £ F 4204 1087 $2 A7 thE 517 nm
FAEE 3 Aol §%

8 SYsQ0 AR A7 ¥
: AT ToR 3

EDA (%)= (1—

OfEIME &Hs &FF

Kato 5(22)¢] ¥ 2% 520 nmell A u]é%%ké}aau} =,
1 mM NaNO; €9 1 mLol] vls 5% 1 mL
0.1 N HCI(pH 1.2)7} 02 M 14t 2% 89 (pH 30)3 A}ﬁ
sto] pHE 742F 12 2 302 =43 buffer &2 % 7let
o] Hh&-g NS 10 mLE A&t W8NS 37°Co A
IAZE B WA 3 1 mLE Hdl 2% A §9 5 mLE
A7Fe o5, Griess A1 2F(30% acetic acid® Z+7F ZA| g
1% sulfanilic acid®} 1% naphthylamineg 1:1°] 2 Z&3}
2, AHEA A ZA) 04 mLE 7Hete] & EFAIA A2 A
w7 BRAIZ) S EFFEAE AREsEe] 520 nmell A
FEE F5A3te] oty Aol oato] ofHA AAEE T
Ath FAIE L GriessAl S Al FH/H5E 04 mL 713+
e AR ow HAAlEgith

A—C
B

N (%)=(1— ) 100

N: ofdatd &A%

A: 1 mM NaNO; &9 A|85 H7}sle] 1217 W] &
o FHE

B: NaNO; €99 §3%
AlE AA Y] FE =

s AlEe] WA E B4 Z T Table 59 #o] 8
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Table 5. Proximate composition of garlic (unit, %)
Moisture Crude protein  Crude fat ~Ash  Carbohydrate
64.73 4.69 0.46 1.18 28.94
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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

540l A #2219 2UHY 1201

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
EXDﬁmﬁlem content content thiosulfinate
o (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.

Aliin 2ol thet FEx712 Jet

UrE‘rLHMJ% 4z} LA e Flg 191 urEhHMz A3}
g A4S S

YarLin=288.781250—2.142125X: + 12.337500X 2+ 1.102438X3
+0.012100X;”40.013000X 1 X — 2.273750X>”
—0.002862X X5 —0.029125X>X3—0.007291X5”

. Total Electron Nitrite-scavenging
EXpﬁrlI’lI)lel’lt phenolics donating ability (%)
o 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 17.53 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 45.53
13 13.86 18.67 87.02 53.01
14 13.62 1542 84.25 50.72
15 15.90 30.74 94.68 64.24
16 9.84 15.81 66.38 47.82

YThe number of experimental condition by central composite
design.

FEZUE FEEY allin §F Wg 37
0.8565= 10% olWe] o] do] AAHJY. F+=

ASd AGHE HgAES JEFS A, alliin -2
0.86°C, F+=AIZF 277 hr ¥ o &2 &%= 50.68%°l
S5 AtHTable 8). Alliine] WH&-¥ ™
T des T Ao YEge
= F7leke om vER

Y artiem = 35.595000 — 0.565875X; — 1.008750X, — 0.266375X 3
+0.001850X,% 4 0.044250X, X5 — 0.362500X 5>
+0.003600X,; X5~ 0.004500X5X 5 — 0.000844X5”

=0 8949 R’
A= At

nhs FE5E9 allicin 5l o)
= 0.89140] 3L o)A 5% °]u

1o o
S
N w
2
X

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

Responses R? Pro>F XY C) X (hr) X5 (%) Maximum — Morphology
Alliin content (mg%) 0.8565  0.0543 60.86 2.77 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 (%) 09425  0.0044 76.46 3.31 1.12 63.22 Saddle point

VX1 extraction temperature (°C). ?Xy: 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.

Ethanal concentration]%)

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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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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Ethanol concentration()

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
concentration of garlic.

Table 73+ 2t} o] A%g ol §3te] FH2717} A4
of UiE WS ER A ot gk

olr

Yepa= —82.681875+ 2.333063X +6.450625X> — 0.372906X 3
—0.010863X,”—0.131875X, X5+ 0.646250X”
—0.002669X X5+ 0.000438X-X 3 +0.005509X 5°

o] W] &89 AT Sl g3+ R*= 087172 5% ©]
o) freliel Qs A= e ol of

AS7S FET S e ZHAELS FE2E 8264°C, 5
A7k 2.88 hr 2 ol ghe 12 043%°102, o] we] Hhzk
28.24% 0] tHTable 8). Ad Zof W} d& FE5E9
Azpgofel e vh-g-3E2 Fig. 5l YehioIth #5&

Ethanol cancentiation(%)

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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Yorio= — 16.635000 +2.591313X +8.704375X, — 0.463594X 3
—0.015613X,%—0.068375X, X — 0.718750X>
+0.006419X, X5+ 0.019938X5X 3 — 0.004988X 5>

Yonso= —42.130625 +2.234750X +13.975000X> — 0.279750X3
—0.012200X,*—0.148250X, X>— 0.233750X>"
—0.000900X X3 —0.037625X>X 3+ 0.002019X5”

pH 1.2 ¥ 300 w2 o}dAd LA T Ut &5
3749 R%= 717 0.8824 2 0.94250] 31 pH 1.2% 5% ©]
W) el A felgel g on pH 30& 1% ol
o] ol A frelel QA H ATk Table 891 H4 o= =
A8 yehiglen, pH 1.2 o} 4219 2% <] ¢S 44

e HHo|a, ojue] FEFHAL FE2% 79.77°C,
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Stk o] w H gk

63.22%°]1Q 3L, HA 521 FE2E 76.46°C, FEA
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obate AAG Y 47 WS EU LS o e FET)
WGe g olAMNA AT TUMEE AoE YERET

Ethanol concentration(%) )

Fig. 6. Response surface for nitritescavenging 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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Fig. 7. Response surface for nitritesscavenging ability pH
3.0 in extracts at constant values (NSA: 53, 56, 59%) as a
function of extraction temperature, time and ethanol con-
centration of garlic.
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