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Antioxidative Activity of Heat Treated Licorice
(Glycyrrhiza uralensis Fisch) Extracts
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Abstract  Antioxidative activity and physicochemical characteristics of heat-treated licorice extracted by ethyl-acetate
(EtOAc) and ethyl-alcohol (EtOH) were evaluated at various treatment temperatures (110, 120, 130, 140, and 150°C), times
(1, 2, 3, 4, and 5 hr), and moisture contents (10, 20, 30, 40, and 50%). Maximum extraction yields of EtOAc treated at
140°C, 2 hr, and 20% moisture content and EtOH extracts treated at 120°C, 2 hr, and 40% moisture content were 9.48 and
32.90%, whereas those of control were 3.74 and 14.60%, respectively. Highest total polyphenol content was obtained from
13.95 mg/g EtOH extract treated at 150°C, 3 hr, and 30% moisture content (control: 6.92 mg/g). Highest antioxidative
activity (IC,,) was obtained from 0.32 g/l EtOAc treated at 140°C, 2 hr, and 20% moisture content (control: 0.57 g/L).
Highest ascorbic acid equivalent antioxidant activity value of 2,112.61 mg ascorbic acid (AA) eq was obtained from
EtOAc extract treated at 120°C, 2 hr, and 40% moisture content (control: 1,920.27 mg AA eq). Optimum heat treatment
conditions were 130-140°C, 3 hr, and 30% moisture content.
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Table 1. Values of independent variables and treatment conditions
by the central composite experimental design

Level
-2 -1 0 1 2

Variables

Treatment t(e)r(n§)erature, C 110 120 130 140 150
1

Treatment times, hr (X,) 1 2 3 4 5
Moisture contents, % (X;) 10 20 30 40 50

Code variables Real variables

Treatment
No. X, X, X, X, X, X,
1 2 0 0 110 3 30
2 -1 -1 -1 120 2 20
3 -1 -1 +1 120 2 40
4 -1 +1 -1 120 4 20
5 -1 +1 +1 120 4 40
6 0 2 0 130 1 30
7 0 0 2 130 3 10
8 0 0 0 130 3 30
9 0 0 0 130 3 30
10 0 0 +2 130 3 50
11 0 +2 0 130 5 30
12 +1 -1 -1 140 2 20
13 +1 -1 +1 140 2 40
14 +1 +1 -1 140 4 20
15 +1 +1 +1 140 4 40
16 +2 0 0 150 3 30
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Table 2. Experimental data of yield, polyphenol, IC,, and AEAC with various heat treatment conditions of licorice extracts
Treatment Yield (%) Polyphenol (mg/100 g) IC,, (&/L) AEAC (mg AA eq)
No." ElOAcE”  EOH-E'  EtOAc-E EtOH-E EtOAC-E EtOH-E EtOAc-E EtOH-E
1 4.6+03 23412 553.81t42 906.0+23  0.69+0.02 2.05+0.07 2,121.9£262 1344.1£169
2 54104 21513 554.9+3.1 51431141 0.78%£0.02  236+0.14 1,902.7+27.7 970.1x13.2
3 6.810.6 329426 7292+34 1,1254+82  045%0.03 2224009 2,112.61+18.8 1,469.1+26.5
4 47£05 227420 533219 886.5+2.7  0.84+0.03 1.97+0.06 1.878.0+t14.3 1313.3+187
5 6.5+04 305423 670254 1,1946£95  047£0.01 1.77+£0.09  2,107.5+282 1,56821+16.2
6 53102 185+1.8 5979+£10.5  7526+11.6  0.57+£0.02 1.72£0.03 191954344 1,240.1£23.7
7 3.0+02 184409 559.7+6.5 803.9+£08  0.621+0.01 1.69+0.05 1,813.9+25.0 1,257.7+249
8 43+03 19.1£15 629.0+3.8 862.3£89  0.46%+0.01 1.541£0.06 2,04141+452 1,3092+142
9 40%02 19.0+1.6 6302157 865.2+£35  04610.02 1.60£0.06 1,9455+13.6 1,134.7419.6
10 6.6%0.5 165+1.7 6963136 865.4+9.1 0.591+0.04 1.52+£0.06 2,106.1+£264 1,263.6+28.7
11 8.1x£0.7 220+1.8 678251 1004394  0.74£0.06 1.58£0.06 2,007.8+£32.7 1,3954+£22.1
12 95409 172+1.5 686.0+2.7 1,060.3+£189 0.32+0.01 1.10£0.05 2,0389+26.7 1,421.0%16.2
13 831+0.8 18.8+2.1 700.7£3.0 8852168  0.461+0.03 1.324£0.04 2,036.5+36.6 1,315.7+224
14 6.510.6 155£13 6647140 1,064.6+28  0.64+004  097+0.06 1954.7+352 [,379.8+169
15 85+0.7 242+19 72124£2.1 1,2604+11.6 049+0.03 128+0.08 2,144.1+18.9 1,683.0+-264
150 87+0.5 245+2.0 746.2+£35 1,3915£9.0  099+0.06  0.8610.11 2,087.0+255 1,786.21+235
Untreated 371206 146L1.1 343.8£28.7 6922£25.1 0.57+0.02 1.59£0.05 1,920.3£31.3 1,165.6+18.7

"Abbreviations are same as Table 1, ?EtOAc: Ethyl-acetate extracts, EtOH: Ethanol extracts.
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Fig. 1. Effects of temperature and moisture contents on the extraction vield of licorice. (a) Ethyl-acetate extracts, (b) Ethanol extracts.
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Table 3. Analysis of variance for yield, polyphenol, IC,, and AEAC of heat treated licorice

EtOAc-E"
Factor df
Sum of squares F-value Sum of squares F-value
Temperature (°C) 4 130.07 23.32%%#3) 277.52 2.46
Yield Time (hr) 4 13.44 2.41 262.11 233
Moisture contents (%) 4 38.28 6.86%** 555.61 4,93%%*
Temperature (°C) 4 109,389 23.02%** 245,355 44.28***
Polyphenol Time (hr) 4 3,793 7.80%** 83,136 1.54
Moisture contents (%o) 4 102,255 12.17*** 129,730 41.39%**
Temperature (°C) 4 0.65 100.93*** 7.37 13.18***
IC,, Time (hr) 4 0.29 6.924** 0.51 5.80%**
Moisture contents (%) 4 0.39 3.86%* 0.28 7.84***
Temperature (°C) 4 34,086 5.23%* 680,956 25.23*x*
AEAC Time (hr) 4 136,171 20.91*** 259,389 9.61***
Moisture contents (%) 4 314,884 48.35%** 434325 16.09***
UEthyl-acetate extracts, “Ethanol extracts, 7¥p < 0.05, **p <0.01, ***p <0.001.
Palyphenol contents (mg/ 100g) Potyphenol contents (mg/100g)
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Fig. 2. Effects of temperature and moisture contents on the polyphenol contents of licorice extracts. (a) Ethyl-acetate extracts, (b) Ethanol

extracts.
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Fig. 3. Effects of temperature and moisture contents on the IC,, by DPPH of licorice extracts. (a) Ethyl-acetate extracts, (b) Ethanol
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Fig. 4. Effects of temperature and moisture contents on the AEAC by ABTS ' " decolorization assay of licorice extracts. (a) Ethyl-acetate

extracts, (b) Ethanol extracts.

1

= sptEEol FAY st gol A4 Foz Azt
"o}, L3 Choi 5(18)7F Turkmen $(19)2 Gtollrd 215 9|
EAHENE & H AdEF ZolEE Aol fdes sHo &
ol ST g Ay el gxE 4XdT 4% §
Fol vl sietee Fviete aiel a3t Zlelee A
2 AzZtEY, dAz e 233 ek 2] dd 7
FRAGEC] FrElFos AFE
Ao Azt o] AR W 2 AR B4, 7
4T &% 5ol At Ak ged Aoz AzE
2] gze] Ao o|E &5 ksl (1, ) A
(p<0.001)2+ AMZHp<0.001) Z 7FEEHp <001l I8 &
OF JEE e AoE Jepgon, oj59] JS veR
< 474 10093, 6.92 F 3862F HAz L7} A7ko]
bR O B2 9FE T 20® YERdTHTable 3).
7 ogolAElo|E FEEN nRE &
E, AIZE R kel ofsle] frejdom ik wh= o
ERom(p<0.001), 159 93 Yehle F o2 22 1318,
580 B 7848 2xv) 7P B gEkS ujy I theom=

tr A

L gl B Jo
o 1o
N

2 o pR
ol

[e]

S O
-
N

_‘
o ol

N A7 w0 BT SasgAac,, Yol da ex
(X)), AKX, B M) o) SIS NS EERAS 44

g A} ot 22 A7 Slioh

Y e, (EIOAC) = 041 +0.05X, - 0.05X,+0.10X| +0.05X; +0.04X;
+0.09%,X, (R*=0.7530)

Y e (BIOH) = 161 — 038X, - 0.08X, + 0.09X, X, + 0.11X, X,
(R*=0.9179)

ABTS * decolorization assay0l| 2|8 &&Hr5}2

ABTS ™ cation decolorization assay®¥Holl 23l %3] AEAC
(ascorbic acid equivalent antioxidant activityyS Z7% 8 A3} Table
29} Fig. 49} o] A9l BE Agjtelr] FAzlHTt AEACE
o] F7¥ek AE Jehiglth ExE &g oldolMeolE 2
FEY A 1200C, 287 2 T 40%2 A2 g 2 2] qtellA
2,112.61 mg AA eqZ FH279 192027 mg AA eq ®T} Z7}
SO, 140°C, 2A1ZF 9 7R 203 40% Aol M E zhzt
2,038.92, 2,036.53 mg AA eqO & FAElLHT} Eelatslee] =
7FATE 130°C, 3A17F 2 74 50%9F 140°C, 447 R 7k
F 40%] HEltellM s FAe)tel Bls] Z71Ek) olghe &
250 RS dgeEolE FEERT v FabalE e
ERHIAISE 140°C, 4A7F 2 7R 40%2 Aa)gh xje] o)A
AEAC 72 1,68295mg AA eq= T2 1,16560mg AA
eq Br}t ZU1sITh 8 150°C, 3A17F 2 7rEF 30%2 A d)
gk Mol AL 1,786.23 mg AA eqE AT Rl Wo| =7}



360 Al 288X A 38 A A 3 & (2006)

rol'

Aoz vestth ol E2HE e SRt st &
u 7t 53 7ol A2 IARUAE R Qlste] Thze] AR
HEE ABTS "o 913 AEACH®] $718k= 2oz & 5 9
Zo|TH(18).

I 7HEe] AHoMHo|E FEE2 ABACHS Ae®
(p<0.01), Al7Hp<0.001) 2 7IEHp<0.001)0l 9sted {24
FEE We FoE vehton, o]59 FF2 YeRl= F
Zbz} 523, 2091 2 48352 714k 2xL AJZHET) T
BFS T Ao YEPGTHTable 3). AEE #5529 7
e 2%, A7 9 Tkl Yol feHow 9T
Aoz Uehtom(p<0.001), F 3+ zhzh 2523, 961 %

it o g gL Jo
i fr ro b Lm
0

d
[e3

16.09% L57 71 2 98 X2 2 Loz 715E A
7F #=ol3lth. ABACZE(Y)l sk %(X), ATHX,) 2 7S

(X)) 79 #AE e EEEAS AAE Ad) o 72 3
7F A3t

Y e r(E1OAC) = 2003.14 — 4897, + 71.62X, ~ 1947X" ~28.11X;
~23.36X,X,-27.13X,X, (R?=0.8819)
Y, A (EOH) = 126153 +75.66X, + 64.88X, + 71.10X, + 73.72X;
~77.09X,X, +41.30X,X, (R>=0.8257)

o oF
I =
RS AL, AN B WISRPFS WrE ool o
A B e VAOIZS) AREE SEdel AL 2 49
she B4t e

FHEME HHE 270& AN
“E} ﬂlao}xﬂﬂl |E #2589 #2582 140°C, 207 7

20%Y tdl 948%§ FA 8T 3.74% Hrb =43, oehE F&
B9 AL 120°C, 207, 7K 40%E 2T e AlR7) 32.90%
=2 Txmau 14.60% 20 =94l & ZajusE sitEe %
< IAE Pt AR gon, qEE FE229 150°C,
AT, 7HEE 30% AT 139151 mg/100 g2 FA 2o
69223 mg/100 g B} Edh atsldiic, & A7 +
AYFR} wtow odolHo|E FEE 140°C, 2417k, 7HF
2 20% 2aFolM 0324 gLz T2 )7 0573/l B} &3}
7b 5% Aog eyttt SN (AEACKS EE ATl
A BAER 24 Uelkked oldodEHlolE F&E 120°C,
X7, 71 40%A 2ol A 2,112.61 mg AA eq® F-A g2
1,92027 mg AA eqRU} =7 Ueldth B A+AR e &

2ElgA ) & Z28Hs 9% 58 SR SIS HEe g4
2 272 130 2 140°C, 3A17Y, 7Fr 30%% ERstTE
HAL| 2

o
rot

.Jung YA, Lee KJ, Kwun MJ, Row KH. Separation of glabridin

from licorice by RP-HPLC. Korean J. Biotechnol. Bioeng. 18:
408-411 (2003)

2. Tamir S, Eizenberg M, Somjen D, Izael S, Vaya J. Estrogen-like
activity of glabrene and other constituents isolated from licorice
root. J. Mol. Biol. 78: 291-298 (2001)

3. Kang MH, Park CG Cha MS, Seong NS, Chung HK, Lee JB.
Component characteristics of each extract prepared by different
extract methods from by-products of Glycyrrhizia wuralensis. .
Korean Soc. Food Sci. Nutr. 30: 138-142 (2001)

4. Shibata S, Inoue H, Iwata S, Ma RD, Yu LJ, Ueyama U, Takayasu
J, Hasegawa T, Tokyda H, Nishino A. Inhibitory effect of licochal-
cone a isolated from Glycyrrhiza inflata root on inflammatory ear
edema and promotion in mice. J. Planta Med. 57: 221-224 (1991)

5. Hayashi H, Hiraoka N, Ikeshiro Y, Yamamoto H. Organ specific
localization of flavonoids in Glycyrrhiza glabra L. J. Plant Sci.
116: 233-238 (1996)

6. Akamatsu H, Komura J, Asada Y, Niwa Y. Mechanism of anti-
inflammatory action of glycyrrhizin: effect on neutrophil func-
tions including reactive oxygen species generation. J. Planta Med.
57: 119-121 (1991)

7.Hanato T, Aga Y, Shintani Y, Ito H, Okuda T, Yoshida T. Phe-
nolic constituents of licorice part 9 - Minor flavonoids from lico-
rice. Phytochemistry 55: 959-963 (2000)

8. Vaya J, Belinky PA, Aviram M, Antioxidant constituents from lico-
rice roots: isolation, structure elucidation and antioxidative capacity
toward LDL oxidation. Free Radic. Biol. Med. 23: 302-313 (1997)

9. Belinky PA, Aviram M, Fuhrnlan B, Rosenblat M, Vaya J. The anti-
oxidative effects of the isoflavan glabridin on endogenous constitu-
ents of LDL during its oxidation. Atherosclerosis 137: 49-61 (1998)

10. Ishikawa S, Kato M, Tokuda T, Momoi H, Sekijima Y, Higuchi
M, Yanagisawa N. Licence-induced hypokalemic myopathy and
hypokalemic renal tubular damage in anorexia nervosa. Int. J.
Eat. Disord. 26: 111-114 (1999)

11. Belinky P, Aviram M, Mahmood S, Vaya J. Structural aspects of
the inhibitory effect of glabridin on LDL oxidation. Free Radic.
Biol. Med. 24 : 1419- 1429 (1998)

12. Aviram M. Modified forms of low density lipoprotein and athero-
sclerosis. Atherosclerosis 98: 1-9 (1993)

13. Aviram M. Antioxidant-mediated inhibition of macrophage modifica-
tions of low density lipoprotein. Life Chem. Rep. 12: 69-78 (1994)

14. Witztum JL, Steinberg D. Role of oxidized low density lipopro-
tein in atherogenesis J. Clin Invest. 88: 1785-1792 (1991)

15. Bergman PW. The coagulation of egg albumin by pressure. J.
Biol. Chem. 19: 511 (1974)

16. Park JH. Sun ginseng-a new processed ginseng with fortified
activity. Food Ind. Nutr. 9: 23-27 (2004)

17. Park JH. Development of sun ginseng as a new processed gin-
seng. pp. 69-72. In: Proceeding of the Korean Society of Crop
Science Conference. May 2, Concord Hotel, Gyeongju, Korea.
Korean Society of Crop Science, Suwon, Korea (2002)

18. Choi Y, Lee SM, Chun J, Lee HB, Lee J. Influence of heat treat-
ment on the antioxidant activities and polyphenolic compounds of
Shiitake (Lentinus edodes) mushroom. Food Chem. 99: 381-387
(2006)

19. Turkmen N, Sari F, Velioglu YS. The effect of cooking methods
total phenolics and antioxidant activity of selected green vegeta-
bles. Food Chem. 93: 713-718 (2005)

20. Dewanto V, Xianzhong W, Liu RH. Processed sweet corn has higher
antioxidant activity. J. Agric. Food Chem. 50: 4959-4964 (2002)

21. Blois MS. Antioxidant determinations by the use of a stable free

radical. Nature 26: 1199-1203 (1958)



