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Abstract

Much research is conducted on the biological activities of medicinal herbs, traditional plants, and agricultural products,
cultivated in Korea. This study focused on optimization of hot-water extraction methods for such products, by analyzing
and monitoring extraction characteristics using a response surface methodology. We found that the total phenolics contents,
electron-donating abilities, and nitrite-scavenging abilities of extracts were significantly affected both by the solvent
used for extraction, and by the nature of the particular herb or plant under study. The extraction efficiencies of valuable
ingredients such as alliin, allicin, and total thiosulfinate, were greatly affected by extraction temperature, but not by
extraction time or the solvent used. We elicited a regression formula for each variable. We first entered the optimal
values of all extraction conditions giving active ingredients into the model. Next, we entered the optimal values of
all extraction conditions favoring the retention of valuable antioxidant characteristics. Finally, we entered processing
factors into the model. Overall, the optimal extraction was at 80°C for 3.5 hr with 8.5 ml of solvent/g of sample.
The predicted values of each variable were similar to the actual values.
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Table 1. Experimental design of hot-water extraction conditions
for garlic

Extraction condition 2 1 0 1 2
X, Temperature () 60 70 80 90 100
X3 Time (hr) 1 2 3 4 5
X3 Solvent per sample (v/w) 2 4 6 8 10

Alliin g2k 4

Alliin #4148 24719 2 59 558 045
um membrane filter 2 o #}3F & o}e] €] Table 2¢] Z7
gl HPLCE AME-8te EA89iv}t. Alliin (Fluka,
Germany) 574 3E9 retention time¥} H] wdlo] F7
sk, TS AbEEA 7] osiA] AL FEes o

ERA AT

Table 2. Operating conditions of HPLC for analysis of alliin and
allicin

o Condition
Specification » —
Alliin Allicin
Instrument Shimadzu LC-10AT Shimadzu LC-10AT
Colurmn i BondapakIM Cs column Shim-pack ODS column
(3.9x300 mm, pore size:10 pm) (4.6x250 mm, pore size:3 (um)
Detector UV 210 nm UV 280 nm
Flow rate 0.7 mL/min 1.0 mL/min

Acetonitrile : water : methanol

Mobile phase  Acetonitrile : water = 45:55 = 41:50:9

Allicin &2t =X
Allicin B24(15)2 247ke] =714 29 F55S 045
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Table 3. Mineral composition of garlic
(unit : mg%, dry basis)
Ca Mn Fe Na K Mg Zn
Garlic 144 024 220 850 8130 2170 086
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Table 4. Experimental data on alliin, allicin and total thiosulfinate
content of garlic under different conditions based on central
composite design by response surface analysis

Extraction condition Total

. Allin ~ Allicin .
ExpNegr]r)lem Temperature  Time Solventl content  content th]g;ﬁig;aw
- o per sample  (me%)  (mg%)
( (J) (hr) (vjw) g% g (mM)

—

0D 2¢(D  4¢) 5407 198 0165
0¢C) 2¢() 8 () 5170 12 014l
)

2
3 0 4 () 4 4307 298 0174
4 0¢) 4 (1) 8 () 5148 249 0167
5 90 () 2(h) 4¢) 39 219 0180
6 90 () 2(¢h) 8 () 548 55 0185
7 % () 4 () 4D B’ 42 0175
8 % (1) 4 (1) 8§ () NI9 552 018
9 80 © 3 6 (0 367 375 019
10 80 O 30 6 © 36 375 0I9
1l 602 30 6 @© %052 360 0139
12 00 @ 30 6© 278 558 017
13 0 O 1(2 60 4902 119 0164
14 0 O 5@ 60 2805 403 0191
15 80 O 3 © 2(2 247 161 018
16 0 0 3@ 10@ 526 57 0203

"The number of experimental condition by central composite design.

FE£E9 alliin &2t

nlso] SEA RS alling = A4 ol =4k S-allyl-
L-cysteine sulfoxide@}xl &ed4 ¢lom(23), T} & FH2
W&t AEHT alling oheF Eeka )t vhe 5
%9 alling gstal a7}, 3 DA AR} 5ol
B 3159 th24).

32 144 A43 (2007)

Table 5. 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

Nitrite-scavenging

Extraction condition Total ability (%)

Electron
Expen'r]nent phenolics donating
No.”  Tempe Time Solvent per  content ability
rature () sample (mg%) (%)

(C) (v/w)

T0-1)  2-) 4D 8.29 1470 7904 3613
(

pH 12 pH 3.0

—_

2 01 2(-1) 8(I) 1126 2186 8838 4511
3 01 41 4D 9.01 1533 7676 39.13
4 T0¢-1)  4(1) 8(1) 1174 2600 9004 4990
5 901 21 4D 8.95 1947 8693 3653
6 901 2(-1 8(1) 1442 2801 9440 5249
7 %) 41 4D 9.94 1633 8714 3792
8 90D 41 (1) 1493 2462 9066  66.60
9 8000)  3(0) 6(0) 1053 2362 9025 49.10
10 80(0)  3(0) 60 1053 2362 9025 4910

)
11 60(-2) 30 6(0) 9.23 1859 8066 4610
) 1233 1784 844 3872

13 80() 1(-2)  6(0) 673 2336 8797 4150
14 80(0)  5(2) 6(0) 1618 2261 9066 47.10
15 3000 30 2D 578 1080 6369 2335
16 30(0) 30y 102 1333 3002 9340 5668

"The number of experimental condition by central composite design.

HPLCE #48t 7}zhe] 559 alliin $}3FS- Table 49
YERgl oM, 43F BES-EH S Fg, 1o Ve Gl 23
ek 3] A4S Table 63 #u}.

ZZ 2% 2229 alliin ¥ )3t gL R
0855322 10% o|Wfe] f2lide] JdAEUTE F:5 220

*olvent per sample (y, w)

Fig. 1. Response surface for alliin content in extracts at constant
values (alliin: 40, 50, 60 mg%) as a function of extraction
temperature, time and solvent per sample of garlic.
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Table 7. Predicted levels of extraction conditions of garlic for the
maximum responses of variables by the ridge analysis

Responses R PoF X0 X' X(yw) Maximm Momphology
Alliin conent (mg%) 08553 00346 6034 270 64£ 83  Muimum
Allicin comeent (ng%) 08861 00290 9581 314 843 765  Saddle point
Total thiosulfinate .
content (M) 08783 0047 8185 348 95 020 Saddle point
Tou premlis——go0 g0 920 413 849 1640 Sudle poin
content (mg%)

Electron donating ,
abilty (%) © 098 00080 7851 36 97 2948  Saddle point
Nitrite-scavenging .
abilty pH 12 (%) 09073 0066 8LS6 307 797 993 Maximum
Nitrite-scavenging !
ity o 30 (%) 09017 00195 8849 402 89 6446 Sadde point
i’Extraction temperature (C).
PExtraction time (hr).
ISolvent per sample (v/w).
F=29 = thiosulfinate &gt
2% 270 W alline] &3] 2-E9 thiosulfinate 3k
o] ¥MglE Yolr 7] el nhEel £ thiosulfinate TaFS
FRTR 249 A7) U)g HET 3714 & Table 6]
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ZZ59] 392 R'= 0878301 5% o|ule] f-<4dc]
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Table 6. Polynominal equations calculated by RSM program for hot-water extraction conditions of garlic

Response

Second order Polynominals

R’ Significance

YALLIIN = 605.230625 - 12.399750X, -
- 6.150625X; + 0.068838X,”

Alliin content

10.940000X;

- 0.022750X:X2 0.8553 0.0546

+ 1716250X; + 0.068750X,X; - 0.412500X:X; + 03984375
YALLICIN = 18.716250 - 0467688X1 + 3273125X;

Allicin content

YTSC =

Total thiosulfinate content - 0026906X3

- 2.192188X; + 0.002100X,”
- 0.285000X;" + 0.036938X,X; - 0.111875X:X; -

- 0.003375X:Xz
0.005312X;5"

0.8861 0.0290

- 0446063 + 0.014400X, + 0.060062X,
0.000085000X,” -

0.000513X,X> 0.8783 0.0347

- 0.003625X;" + 0.000281X,X; + 0.001313X.X; + 0.000093750X"

YTPC = 12.050000 - 0.201375X, -
- 0.536875X; + 0.000625X," + 0.003750X,X;
+ 0.231250%;" + 0.029750X1X; - 00045000X.X; -

Total phenolics content

YEDA = -

Electron donating ability + 4.380625X; -

0.067500X,
0.8621 0.0450

0.060938X”

122617500 + 2.679750X; + 10.826250X;
0.013513X,” -

0.141250X,X, 0.9686 0.0080

- 0.158750X," - 0.006250X,X; + 0.203750X,X; - 0.200625X"

YpH12 =
Nitrite-scavenging ability pH 1.2

- 138178125 + 3.828188X, + 4.393125X,
+ 17.502813X; - 0.019250X;™~ 0.036375X.X

0.5073 0.0166

- 0.233750X," - 0.072688X,X; - 0.000625%.X; - 0.731563X’

YpH30 =

Nitrite-scavenging ability pH 3.0 - 4.295937X; -

- 0.587500 + 1.502563X - 9.124375X;
0.016725X," + 0.097125X,X,
- 0450000X;" + 0.155938X,X; + 0.910625X:X; -

0.5017 0.0195

0.567813X"
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Fig. 2. Response surface for allicin content in extracts at constant
values (allicin: 2.5, 3.5, 4.5 mg%) as a function of extraction
temperature, time and solvent per sample 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 solvent per sample of
garlic.
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Fig. 5. Response surface for electron donating ability in extracts
at constant values (electron donating ability: 17, 20, 23%) as a Fig. 7. Response surface for nitrite-scavenging ability pH 3.0 in
function of extraction temperature, time and solvent per sample of extracts at constant values (NSA: 35, 40, 45%) as a function of
garlic. extraction temperature, time and solvent per sample of garlic.
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Table 8. The range of optimum extraction condition for
maximum response variables by superimposing response surfaces

of effective ingredients and antioxidant characteristics in the
extract of garlic

Extraction condition Range of predicted condition

Temperature (C) 70~9%
Fig. 6. Response surface for nitrite-scavenging ability pH 1.2 in Time (it
extracts at constant values (NSA: 80, 85, 90%) as a function of ime (hr)
extraction temperature, time and solvent per sample of garlic.

3~4

Solvent per sample (v/w) 15~95
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Table 9. Comparison between predicted and observed condition
for physicochemical qualities of their extracts

Physicochemical Predicted Observed
qualities condition(A)” condition(B)”~ v BAX100(%)

Alliin content (mg%) 41.16 4693 114.01
Allicin content (mg%) 453 448 98.89
Total thiosulfinate

content (mM) 0.19 0.18 94.74
Total phenolics content (mg%) 13.51 14.5 107.32
Electron donating ability (%) 2792 26.39 64.52
Nitrite-scavenging ability

oH 12 (%) 93.67 92.05 9827
Nitrite-scavenging ability

pH 30 (%) 57.90 36.53 97.63

"Calculated using the predicted equations for response variables.

Given optimal condition of independent variables: extraction temperature 80,
extraction time 3.5 hr, solvent per sample 8.5 vjw.

“Mean values of triplicates determinations.
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