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Abstract

Much research is conducted on the biological activities of medicinal herbs, tradiional plants, and agricultural products,
cultivated in Korea. This study focused on optimization of hot-water exttaction 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 varable. 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 (C) 60 70 80 90 100
X, Time (hr) 1 2 3 4 5
X Solvent per sample (v/iw) 2 4 6 8 10

Alliin &z &3

Alliin A (14)& Z42+e] =
um membrane filter2 o] 23} & o}zjj 2] Table 2] Z71¢]
gl HPLCE Atgsle] EAsieicth  Allin (Fluka,
Germany) 572 £F¥9] retention time?} H]wsto] &7
9o, e AFEA7| M AMtE FFez
BRI AT

Ao F2H FE2EF 045

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

Specification Condiion
Alliin Allicin

Instrument Shimadzu LC-10AT Shimadzu LC-10AT
Column 11 Bondapak™ Cig column Shim-pack ODS column

(3.9x300 mm, pore size:10 pm) (4.6x250 mm, pore size:5 pm)
Detector UV 210 nm UV 280 nm
Flow rate 0.7 mL{min 1.0 mL/min
Mobile phase  Acetonitrile : water = 43:35 Acetonitn'le= : 4‘;’28?9: methanol

Allicin &2 &H
Allicin £2(15)& ztzte] =70 &2d F£E5S 045
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Table 3. Mineral composition of garlic
(unit : mg%, dry basis)
Ca Mn Fe Na K Mg Zn
Galic 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

Experiment Alliin - Allicin thios1(1)lf'mate
ol Temperatwre  Time Solventl content content ¢
- . r sample
(C) (hr) pe(v/W)P (mg%) (mg%) (M)

—

0E) 26D 46D 5407 198 0.165

2 06 2¢() 8 (1) S0 12 014
3 0 4 () 4¢) 4307 298 0174
4 06) 4 (1) 8 () 5148 249 0167
5 0 (1) 2¢D) 4(l) 375 219 0180
6 9% () 2¢) 8 () 548 555 0185
7 0 (1) 4 () 4() B 42 01T
8 0 M 4@ 8@ B 552 018
9 8 O 3 © 6 (© 316 375 012
10 0 0 3 © 6 (© 316 375 012
1 0 30 60 %052 360 0139
12 00 @ 3@© 6@© 278 558 017
13 0 O 1() 6 © 40 119 0l
14 90 © S @ 6 @© 2805 403 0191

15 80O 30 2 2347 16l 0.184
16 8 © 3O 10 @ 5262 572 0203

"he number of experimental condition by central composite design.

F&EE9 alliin &

vlEo] fREARELS alling Z 2784 ofi] 4] S-allyl-
L-cysteine sulfoxidezhil 2H = 9o (23), th& EFH
W 3tal A B8R} alling o et ok vk FEY
Z9] allin® F4+a}t g7}, 5 AAA} A7} 350l
B = ATH24).

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  Electton  ability (%)
Experirpent phenolics donating——————
No”  Tempe .= Solvent per content ability

muwe g’ sample  (mg%) (%) PH 12 pH 30

() (/W)

1 70-) 2D 4CD 829 1470 904 3613
2 70¢-0) 2D 8() 1126 2186 8838 4511
3 06D 41 4D 9.01 1533 7676 3913
4 70(-1) 41 8(1) 1174 2600 9004 4990
5 N0 2-H 4D 8.95 1947 8693 3653
6 9 21 8(1) 1442 2801 9440 5249
7 90(1) 41) 4D 9.94 1633 8714 3792
8 %0 41 8(1) 1493 2462 9066  66.66
9 800)  3(0) 6(0) 1053 2362 9025 49.10
10 80 30 6(0) 1053 2362 9025 4910
11 60(-2) 3(0) 6(0) 923 1859 8066 4610

12 1002)  3(0) 6(0) 1233 1784 8444 3872
13 800 1-2)  6(0) 673 2336 8197 47150
14 8000) 502 6(0) 1618 2261 9066 47.10
15 0O 30 22 578 1080 6369 2335
16 8000) 30  10Q) 1333 3002 9340 5668

The number of experimental condition by central composite design.

HPLCE £A% A7}e] 3289 alliin 372 Table 4]
Jehjglon, 4z v EH-2 Fg. 1o e, 2o
gt 3728 Table 63} #T}

%2 2748 FZE9] allin T U AL R =
0.85530.2 10% olie] FeAo] AR =AUk 2 231

Solvent per sample (v/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

Resporss B hofF X0 X' Xw) Maximam Mophology
Allin conton (me%) 08553 00346 6034 270 642 3 Maimun
Alcin content (mg®) 08861 00290 9581 34 88 765 Sadde poin

Total thiosulfinate ‘
content (M) 08783 0037 818 348 95 020 Sadde pomt
Total phenolics .

content (mgfh) 08621 0040 9120 413 84 1640  Saddle point

Flectron donating .
ity 5 0966 0080 78I 361 9 248 Sadde poine

Nitrite-scavenging _
ahilty pi 12 (%) 09073 00166 8156 307 797 9393 Maximum
Nitrite-scavenging
ability pH 30 (%)
"Extraction temperature ('C).
YExtraction time (hr).
YSolvent per sample (v/w).

09017 00195 849 40 899 o446 Saddle point

Z£29| & thiosulfinate &gt
32 279 W& allin®] ¥ 459l thiosulfinate 32
o] WM3lE golry| 98 rlEe] & thiosulfinate TS
Beg 233 Az gk whEEH 3742 Table 6¢]
ERRATH

2220] 3|94 R%= 087830] 1 5% o|ule] {240l
A= e, o2 Y ol Ak 020
mME dZHt o] dE3E FE2E F U L
2225 8785, & A7k 348 hr & Al 2ol tigh gujy]
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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. 399750X1 - 10.540000X,

Alliin content

- 6. 150625X3 + 0.068838X,” -
+ 1.716250%;" + 0.068750X,X; -

0.022750X, X, 0.8553 0.0546

0.412500X,X; + 0.398437X

YALLICIN = 18716250 - 0.467688X; + 3273125X,

Allicin content

-2 192188X3 + 0.002100X,"

- 0.003375X, Xz 0.8861 0.0290

- 0285000X + 0.036938X,X; - 0.111875%;X; - 0.005312X7
YTSC = - 0446063 + 0014406)(1 + 0.060062X;

Total thiosulfinate content

00269O6X3 - 0000085000, - 0.000513X,X; 0.8783 0.0347

- 0003625X," + 0.000281X,X; + 0.001313%:X; + 0.000093750X;
YTPC = 12.050000 - 0201375X1 - 0.067500X,

Total phenolics content

0536875X3 + 0.000625X," + 0.003750X X 0.8621 0.0490

+ 0.231250%;" + 0.029750X1X; - 00045000X:X; - 0.060938Xy”
YEDA = - 122.617500 + 2679750X1 + 10.826250X;

Electron donating ability

+ 4580625X3 - 0.013513X;" -

0.141250X,Xz 0.9686 0.0080

- 0.158750X," - 0.006250X,X; + 0.203750X:X; - 0.200625Xs’
YpH12 = - 138.178125 + 3828188X1 + 4.393125X,

Nitrite-scavenging ability pH 12

+ 17, 50Q813X3 - 0.019250X % 0.036375X,%; 0.5073 0.0166

- 0.233750X;" - 0.072688X.X; - 0.000625X,X; - 0.731563X;"
YpH3.0 = - 0.587500 + 1502563X1 - 9.124375X,

Nitrite-scavenging ability pH 3.0

- 4295937X3 - 0.016725X¢" + 0.097125X:Xa 05017 00195

- 0.450000X," + 0.155938X,X; + 0910625X,X; - 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. 4. Response surface for total phenolics content in extracts at
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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
function of extraction temperature, time and solvent per sample of
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Fig. 6. Response surface for nitrite-scavenging ability pH 1.2 in
extracts at constant values (NSA: 80, 85, 90%) as a function of
extraction temperature, time and solvent per sample of garlic
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Fig. 7. Response surface for nitrite-scavenging ability pH 3.0 in
extracts at constant values (NSA: 35, 40, 45%) as a function of
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)
Time (hr)

Solvent per sample (v/w)

70~90
3~4
15~95
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of

ohso] FRAE 2 sty 549 A
AAs7] Yt 7k 2718 FEEY all
ek, & s SRE
mapsZ superimposingd}e] # 4 H ¢
A D gatsla o] dAske He
0C, 32|17t 3~4 br & A|&o]| thgh guljy] 7.5~95 viws
VERITH(Table 8). whehr] ]9} 22 o5 Aol gk 2d
29 NHAPAL B 95k dSE HA 21 W8S
Wollx dele] 24 &, F&&% 80T, FEAF 35 hr
2 Al go] gidt gojn] 85 viwEs tisldte] FEAE ¥
gasld BAL 233 A3, Table 99} o] UEbsIT:
Alliin 3+2F 41.16 mg%, allicin &k 27.92 mg%, & 54
3138 3 1351 mgh, AR F 27.92%, opEAtE &

% pH 129} pH 30004 Z+2t 93.67%, 57.90% % VeSS
™, o) 2x) 9} ¥ waH < W allin FEFH F FHE5d HEE
geke o $e g JEi ey, allicin 3, F
thiosulfinate 3+, AA-Fods L oldAALATE | EH]
B} =2 & vehligich AS3E d St 9452~

114.01%2 UEL} :&2249 faA0] AR HIATH

Table 9. Comparison between predicted and observed condition
for physicochemical qualities of their extracts

Physicochemical Predicted Observed
qualities condition(A)” condition(B)z) B/Ax100(%)

Alliin content (mg%) 41.16 46.93 11401
Allicin content (mg%) 453 448 98.89
Total thiosulfinate

content (mM) 0.19 0.18 94.74
Total phenolics content (mg%)  13.31 145 107.32
Electron donating ability (%) 219 26.39 64.52
Nitrite-scavenging ability

pH 12 (%) 93.67 92.05 98.27
Nitrite-scavenging ability

oH 30 (%) 5790 56.53 97.63

DCalculated using the predicted equations for response variables.

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

“Mean values of miplicates determinations.

ot
2

FO

FWelld A= e FEAE R wibEe] AYF

AN E F220ER wE9 FEARE T £ &3t

¢

3 54e HeEREAY s RIS A4 953
7 242 ,

: A9a% F9%4 AT I
AAgels B ofdalel Ase gululol o3 e g

|
i3
!
i
puc)
lo
fi
T
o
3
2

lin, allicin ¥ total
thiosulfinate’ &£ 5o B2 93-S 1 e A=
UeRgtou, FEA7H 2 gojuld deide & 9T L

Al @ Ao erdr). 2tzke] Mgl tid 344

H
Atk dE&d A FExe F221 8

B A7E Y 5ANEAE FAl Lo s
ZAxe] dEE oo FA=EHYT.

1. Lee, T.B. (1979) Illustrated flora of Korea, Hangmunsa,
Seoul, Korea, p.203

2. Kamanna, V.S. and Chandrasekhara, N. (1983)
Biochemical and physiological effects of garlic(Allium
sativum Linn.). J. Sci. Ind. Res., 42, 353-357

3. Watanabe, T. (1988) Utilization of principles of garlic.
Food Processing, 23, 40-42

4. Stoll, A. and Seebeck, E. (1951) Chemical investigation
on alliin, the specific principle of garlic. Adv. Enzymol.,
11, 377-400

5. Mazelis, M. and Crews, L. (1968) Purification of the
alliinlyase of garlic, Alfium sativum L. Biochem. I., 108,
725-730

6. Stoll, A. and Seebeck, E. (1949) Uber den enzymatischen
abbau des alliins und die eigenschaften der alliinase. Helv,
Chim. Acta., 32, 197-205

7. Rural Development Administration (2001) Present of the
garlic industry and improvement of plans. 62th
(11-1390000-001075-01), 3, Suwon, Korea

8. Byun, P.H.,, Kim, W.J. and Yoon, S.K. (2001) Effect
of extraction conditions on the functional properties of
garlic extracts. Korean J. Food Sci. Technol,, 33, 507-513

9. Byun, P.H., Kim, W.J. and Yoon, S.K. (2001) Change
of functional properties of garlic extracts during storage.
Korean J. Food Sci. Technol., 33, 301-306

10. Park, C.J., Kim, S.D. and Oh, SK. (1993) Study on the
flavor of garlic extract. Korean J. Food Sci. Technol.,



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

=
olo
=51
)
M
12
e
o

8%

pal

25, 593-595

Myers, RH. (1971) Response surface methodology,
Allyn and Bacon Inc., Boston, p. 127-139

PKJPD. and Shahidi, F. (1996)
Optimization hexameta- phosphate-assisted extraction of

Wanasumdara,

flaxseed proteins using response surface methodology.
Korean J. Food Sci., 61, 604-607

Martha, L.A. and Jsmes, P.B. (1992) The mathematica
handbook, compatible with mathematica version 2.0, An
inprint of academic press. Inc. Harcourt Brace & Co.,
Massachusetts, p.15-511

Lee, EH,, Chang, K.S., Kwon, Y.A. and Lee, EM. (1997)
Optimization of the alliins extraction in the garlic by
supercritical carbon dioxied. Food Eng. Prog., 1, 149-153
Sohn, K.H., Lim, JK., Kong, U.Y., Park, J.Y. and
Akinori, N. (1996) High pressure inactivation of allinase
and its effects on flavor of garlic. Korean J. Food Sci.
Technol., 28, 593-599

Han, J., Lawson, L., Han, G. and Han, P.A. (1995) A
method
determination of allicin and total garlic thiosulfinates.
Anal. Biochem., 225, 157-160

Amerine, M.A. and Ough C.S. (1980) Methods for
analyses of musts and wine. Wiley & Sons, New York,
176-180

Blios, M.S. (1958) Antioxidant determinations by the
use of a stable free radical. Nature, 181, 1199-1200
Kato, H., Lee, LE., Chuyen, N.V., Kim, S.B. and Hayase,
F. (1987) Inhibition of nitrosamine formation by
nondialyzable melanoidins. Agric. Biol. Chem., 51, 1333
SAS institute. (1988) SAS/STAT User’s Guide. Version
6. 4th(ed.) Cary, N.C, US.A.

Floros, J.D. and Chinnan, M.S. (1987) Optimization of
pimento peppetlyepeeling process using response surface
methodology. Trans. ASAE, 30, 560-566

Chang, K M. and Lee, M.S. (1999) A studies on mineral
contents of the underground vegetables produced in
Korea harvested in different times. Korean J. Soc. Food
Sci., 15, 545-549

spectrophotometric for quantitative

o}

=
=2

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

RS E LR

393

Stoll, A. and Seebeck. E. (1951) Chemical investigation
on alliin the species principle of garlic. Adv. Enzymol.,
11, 377-379

Naito, S., Yamaguchi, N. and Yokoo, Y. (1981)
Antioxidative activities of vegetables of Allium species.
Nippon Shokuhin Kogyo Gakkaishi, 28, 291-269
Caballito, C.J., Bailey, JH. and Buck, J.S. (1976)
Antibacterial principle of Allium sativum; 111 Its precursor
and essential oil of garlic. J. Am. Chem. Soc., 67,
1032-1035

Abdullah, T.H., Kandil, O., Elkadi, A. and Carter, J.
(1988) Garlic revisited; Therapeutic for the major
diseases of our time. J. Nat. Med. Asso., 80, 439
Kim, I.W., Shin, D.H. and Choi, U. (1999) Isolation of
antioxidative components from the bark of Rhus
vericiflua S. screened from some Chinese medicinal
plants. Korean J. Food Sci. Technol., 31. 885-863
Giacosa, A. and Filiberti, R. (1996) Free radicals,
oxidative damage and degenerative disease. Eur. J.
Cancer Prev., 5, 307-312

Lee, K.D.,, Chang, HK. and Kim, HK. (1997)
Antioxidative and nitrite scavenging activities of edible
mushrooms. Korean J. Food Sci. Technol., 29, 432-436
Blois, M.S. (1958) Antioxidant determination by the use
of a stable free radical. Nature, 26, 1190-1200

Kang, Y.H, Park, YK., Oh, SR. and Moon, K.D. (1995)
Studies on the physiological functionality of pine needle
and mugwort extracts. Korean J. Food Sci. Technol., 27,
978-984

Kim, D.S., Ahn, BW., Yeum, D.W., Yeum, D.M,, Lee,
D.H, Kim, S.B. and Park, Y.H. (1987) Degradation of
carcinogenic nitrosamine formation factor by natural
components; 1. Nitrite-scavenging effects of vegetable
extracts. Bull. Korean Fish. Soc., 20, 463-468

Fox, J.B. and Ackerman, S.A. (1968) Formation of nitric
oxide myoglobin, Mechanisms of the reaction with
various reductants. J. Food Sci., 33, 364-370

(B4 2007 39 159, A9 20079 6% 29%)



