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Abstract - This study was designed to investigate the effects on anti-oxidative activities and increasing extraction yield of
Aralia elata Cortex by gamma irradiation. Electron spin resonance (ESR) analysis as physical techniques for irradiation
identification of Aralia elata showed that a pair of peak appeared on a space of 6.0 mT at the left and right of symmetric
unspecific central ESR spectrums, confirming that the plant was gamma-irradiated. The optimum extracting conditions for
preparing gamma irradiated samples from Aralia elata Cortex were to extract with 50% ethanol for 15 hrs after 10 kGy
irradiation. DPPH scavenging activity and ABTS radical cation inhibitory activity of the water and 50% ethanol extracts
from non irradiated and irradiated Aralia elata Cortex was very high as over 80% and 98%, respectively, at tested low
concentration of 50 ug/mL. Antioxidant protection factor (PF) as anti-oxidation indicator of lipophilic compounds showed
a very high level of activity as 2.18~2.78 PF. As for TBARs, water and ethanol extracts showed high level. Increase of
TBARs inhibitory activity of water extracts was not shown by gamma-ray irradiation but ethanol extracts showed slight
increasement of TBARs inhibitory activity with 10 kGy gamma-ray irradiation. These results shown confirmed increasement
of extraction yield for phenolic compounds and anti-oxidative activity from Aralia elata. Thus, the treatment of gamma-
irradiation can be used a way to amplify a solubility for biological active compounds and anti-oxidative activity in plants.
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ESR 2412 microwave power 0,4 mW, microwave frequency
9.10~9.13 GHz, center field 324 ,0~325,5 mT, sweep width
2.5 X 10 mT, modulation frequency 100 kHz, modulation
width 0.5 mT, amplitude 4,0 X 10 Time, sweep time 30 sec,
time constant 0,03 sec®] 2702 ZA 3} Tt WAL ZA}
o] &J&f S5 free radicalS 2HQ18}1L, ESR signalof| 4] el
U= peak—to—peak heightS ESR signal intensity = UEF
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and Kwon, 2003). ESR signal @] A¥}= Origin (Origin, 1999)
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paper® oIkt &
(Eyela NE, Tokyo, Japan)o|A] 5=3l0] A| 22 ARE3FT}

I Qo] W} rotary vacuum evaporator

ZAHA E X729 total phenolic FHeF B4
Total phenolic 32 Folin—Denis ' (1912) 0.2 &45}
Rom, AR FE5 1mlof 95% ethanol 1 ml&} SF45nlE
7<47]-0}J_ 1 N Folin—ciocalteu reagent 0.5 mlE gof 2 2315}
o, 5EZFHIR|SE & Z2EA|9F NapO0; 1 mlE 713 &, UV—visible
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ZALA | A|£9] DPPH radical &4 &3} &3

DPPH radical®] tigt 47| S.3H= Blois?] ¥4(1958)°] &
so] 245190t} z+ Al 1 mlof| 60 uM DPPH (1, 1—diphenyl—
2—picrylhydrazyl) 3 mlE €l vortexdt & Al-20) 4] 155
RES-A1# 517 mmof| A FF =5 Z7J81%Ict. DPPH radical 5\_7«]
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Electron donation ability (%) =
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) X100

ZAFAE] A 2] ABTS radical 24 &3} %3

ABTS (2,2—azino—bis—3—ethylbenzothiazoline—6—sulfonic
acid) radical 227 A1} 2742 Pellegrini et al, 2] W'H(1999)
of 93] ZA5+% Tt 7 mM ABTS 5 ml2} 140 mM K5S;05 88 1l
5 &35t oA 14~16A17F HEG-A1A radicals 3734
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Inhibition rate (%)=
(1- Absorbance of sample
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ZAFA B A|&9) Antioxidant protection factor(PF) &3
PF+= Andarwulan®} Shetty 2] B (1999) 0. &2 =435}%t},
chloroform 50 mloj] =91 -&o8 1 nl&
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A 7}6]-04 emulsiong A| 239} A& 100 LLLoﬂ emulsion 5
S &3l 50 CoflA] 3087 ¥HGATA WZAZ] 3, 470 nmo|
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ZAFA 8] A& 9] Thiobarbituric acid reactive substances
(TBARs) 573
TBARs Burge®} Aust®] H(1978)0] 2Jsl] Z7dsk3ich
1% linoleic acid®} 1% tween 4002 emulsion A 235}, A
0.2 m%} emulsion 0,8 mME &85+ & 50C water bathol|A]
10A|7F o]AF HH-&-AJ AT HES- B Wk-2-o8 | mlof TBA reagent
4 mlE 7}kl 1587 85t oS 1087 YZhA|A 1587
1,000 rpm©. & YA41E-e] . YAEE 3 AE AN
108272 3 3 A45-e F18) 532 mof| A FF =5 S7d5}
%101, TBARs ZH- (B34E 2:%] X 0,0154) 2 1 ml 9FS-E3HE
Oﬂ 3 A AAE 1,1,3, 3—tetracthoxypropane (TEP) 2] uM=

it ]

AR 5 Thee) 410 3 TBARso] thgt Ao1E-S AT
Inhibition rate (%)=
TEP content of sample
— X
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FAAE

1 A13le) Ake 39] vhEslol Z4eH AR Ueigton,
et + FEAEAE YRl EAA 2= AR (analysis of
variance) 2 duncan®] thEHIAAH (duncan’s multiple
range test) &= 95% oA F94dS HAIGIT.
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S I3t ESR A9 cellulose S ‘-;’}-.‘?r6 H]2A} Aol A Lt
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radical®]] 2]l A/ %= gt 42 peak7} 6.0 mT9} 7HA4-& L
el WA 24 AR BHER 15k Qo
(KFDA 2011), & ¢t A I ZHupAd Bl 2ARH0 kGy) & 7-5-
A A Q] unspecific central ESR Al S5 HojFQl o1} Zu}
A ZARE5, 10, 30 kGy) ol A= A A1 21 unspecific central
ESR /\]Eﬂ— FL 6 mT 7+ 2 31 9] peak 2 U EF= A2
F 2= 919lt} o)1= Lee et al (2002)0] H.113t celluloseS
Fok A1 3F0| A YEfL = cellulose radicalol] &]sf] A4 ==
A5 AT A & T QlTt g—Value (g0, g1, g2)=
A B2ARTo] B3] gkl ZAFE Aol A 27
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Fig. 1. Typical electron spin resonance spectra of irradiated
Aralia elata Cortex.
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Zuld ZAX R FEE9) total phenolic €5 ¥IS}H
A1E-9] 22} Y AFAHE2] phenol compound= SHAESS H|E
3k chofst AjR|EA avE yehle oz Haug ok
(Huang et al., 1992; Kang et al., 2010), WhbA] & dLof| A=
therst M0, 5, 10, 30 kGy) .8 HM}H ESARAEIER -
D2 HE guled, FEA7PE 559 total phenolic $F
S 2510 kA ZAPF 551 9] phenolic 4E2] &
o m] 2= JakS dofr 11} stgict, ThefRt ZubAl ZApA R
S A3t & FEA|7to] T2 2&E-9] total phenolic TS
A R 7| $fate] ks 2ARE $5T]E B} 50% ethanol &
FE81 = 5lof 30A17F Bt S A HH o2 S48t
ot 1 Ay} Fig, 249} Bof| A2} 7o) 15A1717A] phenolic

fljo

o] 820 F43] Sl 15A1F o] R E & 11 g
Ha7E A Y §lodet & F529] A4S Fig, 2404 AlA1E A

A AP S ZAFSIA] 9 F-5] 9} 5 kGy 9 oFgt Ambile
ZARE 51 O] 2552 FARSHA VERES.H, 10 kGy2} 30
kGy®] ZAMIE A 2]t 5-51] 9] phenolic FE7&2 74
219} 5 kGy Aol Hlsf Ao R & 35 p&2 Ve
At 10 kGy®} 30 kGy 9] ZAMFOl| A= 35 &9 Aol 7}
A9 gl AC 2 e on 10 kGy 9| Aol A 7};(]' 3
17.3 mg9] phenolic geFo| Eol=]Qict E3l I =559 7
SOl Fig, 2Bo| A&} Zro] ZhAMAE ZAFSHA] b2 519}
5kGy9] oFgt AnbAlS ZARRE F-5]of H]sf 10 kGy<L} 30 kGy
O] ZAPES APt FHollA A oR £ 5 &
= U3l o]ef 2] phenolic o210 kGyoll A 18,9 mg/g
S UERfjo] A B RAFES 10 kGy = e i), E35F
YT AAEE 2ARE S5 Y A B FEERT UYE

220] 3234-80] o B4 Uehir,

4>« :

Table 1. ESR signal parameter” of radiation-induced radicals from irradiated Aralia elata Cortex

Irradiation dose (kGy)

ESR parameter

10 30

0 5
g0 2.0036 + 0.0002°
g -
g2 -

2.0060 + 0.0001™
2.0231 + 0.0008"
1.9915 + 0.0022°

2.0064 + 0.0001° 2.0053 + 0.0013"
2.0236 + 0.0002° 2.0237 + 0.0004°
1.9877 + 0.0018" 1.9870 + 0.003°

“g-value = [71.448 x microwave frequency (GHz)]/Magnetic field (mT). The data were expressed as the mean + SD (n = 3).
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Fig. 2. Effect of extraction time on total phenolics contents of extracts from irradiated Aralia elata Cortex. Irradiation dose were 0~30
kGy. A: water extracts, B: ethanol extracts. The data were expressed as the mean + SD (n = 3), Means with different superscript
letters are significantly different at p<0.05 by Duncan's multiple range tests.
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Fig. 3. Effect of ethanol concentration on total phenolics contents of extracts from irradiated Aralia elata Cortex. Ethanol
concentration was 0~100%. A: 0 kGy irradiation, B: 10 kGy irradiation. The data were expressed as the mean + SD (n=3), Means
with different superscript letters are significantly different at p <0.05 by Duncan's multiple range tests.
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Fig. 4. DPPH radical scavenging activities of extracts from irradiated Aralia elata Cortex. Phenolic content were 50~200 fg/ml.

Irradiation dose were 0~10 kGy. A: water extracts, B: ethanol extracts. The data were expressed as the mean + SD (n

with different superscript letters are significantly different at p <0.05 by Duncan's multiple range tests.
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Fig. 5. ABTS radical scavenging activities of extracts from irradiated Aralia elata Cortex. Phenolic content were 50~200 g/ml.

Irradiation dose were 0~10 kGy. A: water extracts, B: ethanol extracts. The data were expressed as the mean £ SD (n

with different superscript letters are significantly different at p <0.05 by Duncan's multiple range tests.
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AopAl Yol o8t FE1](Aralia elata Cortex) ] F&0& S YU A} 7t

ZulA ZAMX R FE5-9] ABTS radical decolorization
ABTS radical decolorization-2 ABTS free radical®| A|£.2]
ket 2ol ofsf AlA = A S7dke] 219~d 9 lipophilic
=40 ket B/ SIS 4= lth(Pellegrini ef al, 1999),
o] ®H-& hydrogen—donating antioxidant®} chain breacking
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Fig. 6. Antioxidant protection factor (PF) activities of extracts from irradiated Aralia elata Cortex. Phenolic content were 50~200 (g/ml.
Irradiation dose were 0~10 kGy. A: water extracts, B: ethanol extracts. The data were expressed as the mean = SD (n = 3), Means
with different superscript letters are significantly different at p <0.05 by Duncan's multiple range tests.
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mean + SD (n = 3), Means with different superscript letters are significantly different at p <0.05 by Duncan's multiple range tests.

AFE £57] 2] TBARs gk Fig, TAY|X ¢} o] & 259 74
- total phenolic 3FF 7] 200 pg/ml 2] A] 86,3~94,1%2]
W e glom, Zaps o] 2Afe] gt TBARs A3l5-2] 4
o2 WA A kTt E3 Fig, TBoI| AL o] ethanol &
5 200 pg/ml 22| Aloj = 86,8~92,3%2] &2 HAlEHE S U
ERHRLAL, 10 kGy©] mhal AR A =0 73-9- 150 pg/ml o] 5}2]
2ol 4] 7o) ©J&l TBARs Aalls-2] AF4o| oFslA| Tzt
=] It Chae et al, (2012)9] AR} F5&0] 5= 9
EH 07 =2 sta s yepditks Bt 2 Ad4an
H| w3l £ A3} total phenolic TFe] FE7F 57Fol ulet
PAksE EAdo] wolAls ey AUAE Hole AS
QU 4= 9t

wtEbs A7]9] QAR Aatd Ak AEAE YRR S
S=9 Az A A2 249 FEeeS STHIPIE A
< 5P, 10 kGy A=2] ZAMo] 259 A& tha

=
ol ke £tk Ao 2 FolEgi)

ok o0t

(f

X ©
— a1

Ao A b 2AE S8 2280 AleleA
B2 oS FESIAT b 2ARE $ S50 b 2
AL A

unspecific central ESR A& &= cellulose
A AL ek 2 4] pealr} 6,0 Tl
ek} ubie At Al 2 s g, ot
AAE $919] 22 FBEAL 10kCyS 2ARE A B2

(TN
&
o

m ool
)
o
1
=

50% ethanol & AF§5t0] 15412} F30]91E). oAl Akt
S50 9] A} aIHE 18 A3t DPPH radical 427 &3}
9} ABTS radical A3l= & 1] 0] & &5} 50% ethanol 3=
S5 B9, HIEARRRL ZANE A 52 50 pg/nl A5}
= o 212} 80%2 98% o2 wi-f- =2 A3f A UER]
et 284 =20] FAsl gAd 9] Z]3E9] antioxidant Protention
Factor (PF)& 2,18~2,78 PF= 1[}-$- =2 PFZEE YERY I,
TBARs®| 73-- &%} ethanol &= 27 > TBARsg& LB
WRlEE & F5E2 A 9] At oJ7h TBARs Alsls2] 4
5 PHE ] PoL, ethanol FEE2 10 kGy<] FulAl
2o o]8f TBARs Al 8ll5-2] 45-0] oFsHA| T =Sl o4
o] A} F5rul= bl o] ato] QA F-55] 9] phenolic
JEE0] §E8Y} A At FrEs A Eelskl
o}, R b AL AEA 2R AR EAEE 85 5
tiol ket S SFAE 5 Qe e R Biol 7k
Zlole} Tt gl

References

Andarwulan, N. and K. Shetty. 1999. Phenolic content in
differentiated tissue cultures of untransformed and Agrobacterium-
transformed roots of anise (Pimpinella anisum L.). J. Agric.
Food Chem. 47:1776-1780.

Beaulieu, M., M.B. Daprano and M. Lacroix. 1999. Dose rate
effect of gamma irradiation on phenolic compounds, polyphenol
oxidase, and browning of mushrooms. J. Agric. Food Chem.
47:2537-2543.

-436 -



AopAl Yol o8t FE1](Aralia elata Cortex) ] F&0& S YU A} 7t

Blois, M.S. 1958. Antioxidant determination by the use of
stable free radical. Nature 181:1199-1200.

Boo, H.O., S.J. Hwang, C.S. Bae, S.H. Park and W.S. Song.
2011. Antioxidant activity according to each kind of natural
plant pigment. Korean J. Plant Res. 24:105-112 (in Korean).

Branen, A.L. 1975. Toxicology and biochemistry of butylated
hydroxyanisole and butylated hydroxytoluene. J. Am. Oil.
Chem. Soc. 52:59-63.

Buege, J.A. and S.D. Aust. 1978. Microsomal lipid peroxidation.
Method Enzymol. 52:302-310.

Byun, M.W. 1994. Application of irradiation techniques to
food industry. Radioistope News 9:32-37.

Chae, J.W. and Y.J. Cho. 2012. Antioxidative activity of extracts
from Sambucus williamsii var coreana. Korean J. Plant Res.
25:1-9 (in Korean).

Chae, J.W., B.S. Jo, S.H. Joo, D.H. Ahn, S.S. Chun and Y.J.
Cho. 2012. Biological and antimicrobial activity of vaccinium
oldhami fruit. J. Korean Soc. Food Sci. Nutr. 41:1-6 (in
Korean).

Cho, Y.J., LS. Ju, O.J. Kwon, S.S. Chun, B.J. An and J.H. Kim.
2008. Biological and antimicrobial activity of Portulaca
oleracea. J. Korean Soc. Appl. Biol. Chem. 51:49-54 (in
Korean).

Cho, Y.J,, L.S. Ju, S.S. Chun, B.J. An, J.H. Kim, M.W. Kim and
0.J. Kwon. 2008. Screening of biological activities of extracts
from Rhododendron mucronulatum Turcz. Flowers. J. Korean
Soc. Food Sci. Nutr. 37:276-281 (in Korean).

Choe, M., D.J. Kim, H.J. Lee, J.K. You, D.J. Seo, J.H. Lee and
M.J. Chung. 2008. A study on the glucose-regulating enzymes
and antioxidant activities of water extracts from medicinal
herbs. J. Korean Soc. Food Sci. Nutr. 37:572-547 (in Korean).

Choe, S.Y. and K.H. Yang. 1982. Toxicological studies of
antioxidants butylated hydroxytoluene (BHT) and butylated
hydroxyanisole (BHA). Korean J. Food Sci. Technol.
14:283-288 (in Korean).

European Committee for Standard. 2002. Detection of irradiated
food containing cellulose, method by ESR spectroscopy.
English version of DIN EN1787.

Folin, O. and W. Denis. 1912. On phoshotungstic-phosphomolybdic
compounds as color Reagents. J. Biol. Chem. 12:239-9249.

Huang, M.T., C.T. HO and C. Lee. 1992. Phenolic compounds
in food and their effects on health (II), antioxidants and
cancer prevention. ACS symp series 507. American Chemical
Society. Washington. DC. USA. pp. 54-71.

Jo, C., J.H. Son, H.J. Lee and M.W. Byun. 2003. Irradiation

application for color removal and purification of green
leaves extracts. Radiat. Phys. Chem. 66:179-184.

Jo, D.J. and J.H. Kwon. 2002. Characteristics of thermoluminescence
and electron spin resonance and organoleptic quality of
irradiated raisin an dried banana during storage. J. Korean
Soc. Food Sci. Nutr. 31:609-614 (in Korean).

Ju, J.C., J.H. Shin, S.J. Lee, H.S. Cho and N.J. Sung. 2006.
Antioxidative activity of hot water extracts from medicinal
plants. J. Korean Soc. Food Sci. Nutr. 35:7-14 (in Korean).

Jung, E.H., LK. Hwang and T.Y. Ha. 2010. Properties and
antioxidative activities of phenolic acid concentrates of rice
bran. Korean J. Food Sci. Technol. 42:593-597 (in Korean).

Kang, M.A., M.B. Kim, J.H. Kim, Y.H. Ko and S.B. Lim. 2010.
Integral antioxidative capacity and antimicrobial activity of
pressurized liquid extracts from 40 selected plant species. J.
Korean Soc. Food Sci. Nutr. 39:1249-1256 (in Korean).

KFDA. 2011. Korean Food Standard Code. Korea Food and
Drug Administration. Seoul, Korea. p. 10-8-46 (in Korean).

KFDA. 2011. Korean Food Standard Code. Korea Food and
Drug Administration. Seoul, Korea. p. 2-1-9~2-1-10 (in
Korean).

Kim, I.S. 2006. Anti-oxidative activity and influence on cell-
proliferations of the Aralia elata Cortex. Ph.D Thesis, Kangwon
University, Korea (in Korean).

Kim, Y.K.,S.Y. Nam, Y.B. Chung and C.C. Lee. 1994. Studies
on the effects of Aralia elata on antitumor and immunity
activities. Kyungsung University Bulletin 15:251-262 (in
Korean).

Kwon, B.J., U.H. Jung, H.R. Park, D.H. Shin and S.K. Jo. 2007.
Effects of gamma irradiation on color changes and antioxidative
activities of Caesalpinia sappan L. J. Korean Soc. Food Sci.
Nutr. 36:1055-1061 (in Korean).

Lee, E.Y., J.Y. Jeong, J.E. Noh, D.J. Jo and J.H. Kwon. 2002.
Detection characteristics of TL, ESR and DNA comet for
irradiated soybeans. Korean J. Food Sci. Technol. 34:18-23
(in Korean).

Lee, H. 2011. Effects of Lxeris dentata ext. on lowering lipid
and antioxidation. Korean J. Plant Res. 24:55-60 (in Korean).

Lee, J.W., K.H. Cho, S.Y. Lee and M.W. Byun. 2001. The
changes of allergenic and antigenic properties of egg white
albumin (Ga/ d 1) by gamma irradiation. J. Korean Soc.
Food Sci. Nutr. 30:500-504 (in Korean).

Lee, N.Y., C. Jo and M.W. Byun. 2005. Application of
irradiation technology for development of functional natural
materials. Food industry and Nutrition 10:26-31 (in Korean).

-437 -



HiFHHEE Korean J, Plant Res, 27(5) : 429~438(2014)

Lee, S.J., J.H. Shin, J.R. Kang, C.R. Hwang and N.J. Sung.
2012. In vitro evaluation of biological activities of Wa-song
(Orostachys japonicus A. Berger) and Korean traditional
plants mixture. J. Korean Soc. Food Sci. Nutr. 41:295-301
(in Korean).

Li, H.C,, S. Yashiki, J. Sonoda, H. Lou, S.K. Ghosh, J.J.
Byrnes, C. Lema, T. Fujiyoshi, M. Karasuyama and S.
Sonoda. 2000. Green tea polyphenols induce apoptosis in
vitro in peripheral blood T lymphocytes of adult T-cell
leukemia patients. Japan J. Cancer Res. 91:34-40.

Noh, J.E. and J.H. Kwon. 2003. Multistep identification of y-
irradiated boiled-dried anchovies by analysis of thermoluminescence,
electorn spin resonance, hydrocarbon and 2-alkylcyclobutanone.
J. Korean Soc. Food Sic. Nutr. 32:8-14 (in Korean).

Origin. 1999. Origin tutorial. Ver. 6.0. Microcal Software. Inc.
Northampton, MA. 20-45.

Park, T.S. 2006. Effect of irradiated green tea poly polyphenol
addition into cosmetic composition and development of a
cosmetics without antiseptics. MS Thesis, Daegu Hanny
University, Korea (in Korean).

Pellegrini, N., R. Re, M. Yang and C.A. Rice-Evans. 1999.
Screening of dietary carotenoid and carotenoid-rich fruit
extracts for antioxidant activities applying the 2,2’-azinobis
(3-ethylenebenzothiazoline-6-sulfonic acid) radical cation
decolorization assay. Methods Enzymol. 299:379-389.

Pokomy, J. 1991. Natural antioxidants for food use. Trends in

Food Science & Technology 2:223-227.

Shim, J.S., S.D. Kim, T.S. Kim and K. Kim. Biological
activities of flavonoid glycosides isolated from angelica
keiskei. Korean J. Food Sci. Techol. 37:78-83 (in Korean).

Stachowics. W., G. Strzelozak-Burlinska and J. Michalik.
1992. Application of electron paramagnetic resonance (EPR)
spectroscopy for control of irradiated food. J. Sci. Food
Agric. 58:407-415.

Thayer, D.W. 1990. Food irradiation: benefits and concerns. J.
Food Quality 13:147-169.

Xu, M.L., L. Wang and M.H. Wang. 2011. The antioxidant and
anticancer effects of MeOH extract of Liriodendron tulipifera.
Korean J. Plant Res. 24:23-29 (in Korean).

Yang, HK., J.Y. Jin, J.M. Kim, M.S. Ko, H.J. Hong, S.C. Kim
and J.Y. Lee. 2006. Single oral dose toxicity study of the
extract of Aralia elata in mice. J. Toxical Pub. Health
22:439-443.

Yang, Y.J., HJ. Kim, SH. Kang and S.C. Kang. 2011.
Screening of natural herb resources for antioxidative effects
in Korea. Korean J. Plant Res. 24:1-9 (in Korean).

Yoshikawa, M., H. Matsuda, E. Harada, T. Murakami, N.
Wariishi, J. Yamahara and N. Murakami. 1994. Elatoside E,
anew hypoglycemic principle from the root cortex of Aralia
elata Seem. structure-related hypoglycemic activity of oleanolic
acid glycosides. Chem. Pharm. Bull. 42:1354-1356.

(Received 30 April 2014 ; Revised 4 August 2014 ; Accepted 18 August 2014)

438 -



