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Comparison of Anti-Oxidative Activities of Gamma-Irradiated Aralia continentalis
Extracts for Long-Term Storage of Oriental Medicine

Hye-Jin Park, Eun-Jin Hong, Shin-Hyub Hong, and Young-Je Cho

School of Food Science & Biotechnology/Food & Bio-Industry Research Institute,
Kyungpook National University

ABSTRACT In this study, extracts of gamma-irradiated Aralia continentalis for health and beauty food resources
were examined on antioxidant activities and increasing extraction yield. In photostimulated luminescence analysis,
non-irradiated (0 kGy) sample showed an intermediate result of 8§891.00 photon counts (PCs), whereas irradiated (5
and 10 kGy) samples showed positive results of 79,956.67 and 282,498.67 PCs, respectively. The thermoluminescence
ratio of non-irradiated samples was 0.018, whereas the values of irradiated samples (5 and 10 kGy) were 0.395 and
0.464, respectively. Electron spin resonance (ESR) analysis as a physical technique for irradiation identification of Aralia
continentalis showed a pair of peaks on a space of 6.0 mT in the symmetric ESR spectrums. For phenolics of gamma-irra-
diated Aralia continentalis, water extracts had the highest amounts of 7.61 mg/g at non-irradiated condition (0 kGy)
while 50% ethanol extracts had the highest amounts of 6.86 mg/g at 10 kGy irradiation. 2,2-Diphenyl-1-picrylhydrazyl
scavenging activity of water and 50% ethanol extracts from non-irradiated and irradiated Aralia continentalis were
very high (94.99~100.00%). 2,2’-Azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) radical cation inhibitory activity
was over 95.00% at 200 pg/mL phenolics. Antioxidant protection factor (PF) showed a very high level of activity
(1.38~2.51 PF). Thiobarbituric acid reactive substance inhibitory activity was high (70% and 95%, respectively).
Thus, treatment of gamma irradiation can be used as a method of storage for long-term preservation of Oriental medicine.

Key words: Aralia continentalis extracts, gamma irradiation, antioxidant activities, total phenolic compounds
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3 ¥R ZAF 28] marker 418 Y8 1F
Aldste] Abgskelom, dHikst a3 218 93 Al
40 mesh® 33t o] 4°Coll A A A 7Fste] AH-8-3131

A2 ZiopM AP X2|(irradiation)
Al59] Zvbd zARE S xE AdYd Heh A A
Z9] Co-60 7k 2AFAA(100 kCi point source, AECL,

o] @Akst g3 W 47

[R-79, MDS Nordion International Co., Ltd., Ottawa,
Canada)s ©]&3lo] Ao A A AFERE O,
5, 10 kGy9] F F5AFE A== 35om, ol F54
&2 ceric/cerous dosimeterg AF&3le] &9l

b Aol A A ZAHre-irradiation)= Y3 FARAA
o] g3t 1 kGye SFAHFE FEF 3T

g

tlo

o

A= 2 (photostimulated luminescence, PSL) 244
FAFEF(PSL) A4S 1A shEE o] AN ZAF A
g& Tl AL AUAE Asta, ol g a4 shEEel
A& 7kt WEEHE olUAE 33 (photon counts,
PCs)& Alttato] 2AF of H-5 wdsl= W o= CEN(17)
9 AFFHAAD W wE AA Y A48 AlRE
MAste] 2E 50 mm &2 PSL 4% petri dishell &
A3t FS o] Holx] RA ZTF HA ol FH|s L
PSL screening system(Serial 0021, Scottish Universi-
ties Research and Reactor Center, Glasgow, UK)& ©]&
stod ZF A8 33] W SASGIT) o)) Al 2Abe X4
ZA A AAER L, PSL SHZAL cycle 60 s, dark
count 21, light count 230]lt}. A} o7 FTHS 98
threshold valuei= T1(700 count/60 s) nl¥to]d SAA &
(negative, H]ZA}F A]R)E, T2(5,000 count/60 s) Z3}0]
W A A E(positive, ZAF Al B)E Beatglow, T3 T,
Alolo] ke F7HA & (intermediate, A} A H-5 Fst
F e AR)E FASIATHIL).

g2 (thermoluminescence, TL) 24
GHPH(TL) #4245 o] &3] A E WEA
A 2 ARk 24} o8 Bekshe eR(
(19) 2 AFZTH @O0l wat 23l 23he vy
sho] EAEHGITE AR 50 gol dAFS] SHTE 7tk
ultrasonic agitator(Power sonic 420, Whasin Tech, Dae-
gu, Korea)oll 4] 103+ A28k &, nylon sieveE ©] &3
A st o A7l F A RZEH wude BEseih
218 7| 2-S 2.0 g/mL sodium polytungstate 2.5 mLZ
7vell 18-S AAskL SFFE AFHE $, 1 N HCI 2
mLE A&} carbonateE A A% t}& 1 N NH4OH 2
mLE 7Hl ST Sk g s SRTE ol &3

F3 AHT F OMAES shste] ¥ A AF 2 Az

2
E
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t}5, TL discell go} 50°C dry ovenol A 35 A3 &
54319 tH19,20). TL AL 94 noisedl| 93t &S
Hl o

o vy 2pgzANA FAHEA 2™ TL dosimetry sys-
tem(Harshaw 4500, Thermo Fisher Scientific Inc., Wal-
tham, MA, USA)S °]-&3}to] 50°CollAF-H 400°C7HA] 5
°Cls®] £ 2EE S A7IWA S48 tHTable 1).
U2 YA Fdgel met A ex WHlel A HE
TL glow curveE e =], 8] ZAMAE9] 49 300°C
ool AR gA Sl % WFFAL JEn AN E



48 O FIRE X

Table 1. Analyzing condition for thermoluminescence

Specification Condition
Flow gas N2 (99.999%)
Final temperature 400°C
Pre heat temperature 50°C
Heating rate 5.00/s

o] 7§ 150~250°C Afololl A Zrgtk whg=d-E vEfof
F peakd] &% RE AFO] AL oRE BEHY
ATH19). TL ZAHES Tl AL glow curve? WA Z(150~
250°C)S TLio.® AA3slar, AZAHL kGy) & =A8 &
2 glow curve?] WA S TL.= AAste] WARA ZA}
213 o] YERNE= TL glow curve?] TL ratio(TLi/TL2)=
AFE3E TL ratio #k¢] 0.1 o]slo]d BH|ZAF A|EE, 0.1 °)
o FA} Alg ' AEsATH20).
XA LI ZHM(electron spin resonance, ESR) 244
ESR #2412 CEN %D B AF3322)d wheh &4
3R TH A|52 50°C dry ovendl A AZAA &I} g
o ESR centerE A A% & ESR pyrex tube°l] 0.4 g*
ZZ3FaL ESR spectrometer(JES-TE200, JEOL, Tokyo,
Japan)E o] &3] SASE Y. SAHZALS microwave
power 0.4 mW, microwave frequency 9.10~9.13 GHz,
center field 324.0~325.5 mT, sweep width 2.5X10 mT,
modulation frequency 100 kHz, modulation width 0.5
mT, amplitude 4.0X10 time, sweep time 30 s, time con—
stant 0.03 s2 ZA43}3Ach YA 2ALZ F=49 free rad-
icalS &<}, ESR signalol A] YE}= peak-to-peak
heightE ESR signal intensity® YERH I 2™, g-valuet:
Wae Zzador £43549 Origin 8.0 software(Origin
Lab. Co., Northampton, MA, USA)& ESR signal®] 23}

g #Asqrh

AR FES A5 2EEY A4 02T 52 B 1 gl
FF 200 mLE 745} g9jo] 100 mLzk 2 wzkA] 7}

Maidstone, UK)Z oJ¥}3t 3 F Qo wtg} rotary vacuum
evaporator(Eyela NE, Tokyo, Japan)ol| A s3] A&
9] total phenolic compounds X2 Zdalo] A}831%

o,

Total phenolic compounds content X
Total phenolic compounds &% 572 Folin¥ Denis
(23)9] W wel Z4351%em, A]5 1 mLell 95% ol g

£ 1 mLe 2F4 5 mLE #7}st3 1 N Folin-Ciocalteu
reagent(Junsei Chemical Co., Tokyo, Japan) 0.5 mL&
o] 2 Aojar 53t WA * 5% NagCOs 1 mLE 718
t}S-, spectrophotometer(Optizen 3220UV, Mecasys,
Daejeon, Korea)& ©o]-&3to] &3 % 725 nmolA 1417+
ojulell Z43te] gallic acid® ©]-&3 FEFMO2RE &
< keIt

2,2—-Diphenyl—1—picrylhydrazyl(DPPH) radical scav—
enging effect &8

DPPH radicalol W3k 227 2742 Blois(24)¢] el
uz} ZAsg o 7 AJE 1 mLo] 60 uM DPPH(Sigma—
Aldrich Co., St. Louis, MO, USA) 3 mLE Yal # 4o
3 Ao 1587 RESAIA 517 nmoll A F3EE S35
ATt AAFA G (%) 1-(WH-3T9 FHE/HE2=TY &
FE)x1002. 2 R

2,2'-Azinobis—(3—ethylbenzothiazoline—6—sulfonic
acid)(ABTS) cation radical decolorization scaveng—
ing effect &3

ABTS &7 Pellegrini 5(25)¢] Wyo2 Z43 3t}
7 mM ABTS(Sigma—-Aldrich Co.) 5 mL9} 140 mM KzS20s
(Duksan, Ansan, Korea) 88 pLE &g3slo] oo 14~
16412 ¥ESAIA radicale AAAIZ] & ©]E absolute
ethanol¥} ¢F 1:88 W] &= 410] 734 nmoll A thx+9 %
I gkol 0.7£0.0027} HXE% 243k ABTS solutions A
g3k} A& 50 uL9} ABTS solution 1 mLE &§38}o]
30&7t 2 Aol 5 281 WESAI7]AL 734 nmell A S
& SASATY 2 AR (P 1- (T FF =/
T FHE)x100L.2 JERRA T

ﬂi

Antioxidant protection factor(PF) X

PF+ Andarwulan®} Shetty(26)9] W oz 4313
t}. B-Carotene(Sigma-Aldrich Co.) 10 mg< chloro-
form(Duksan) 50 mLol =91 €<% 1 mLE evaporator
71o] ¥al 40°C water batholA] chloroforms S #/FA17!
% linoleic acid 20 uL, Tween 40(Junsei Chemical Co.)
184 upL, H20.(Samchun Pure Chemical Co., Anyang,
Korea) 50 mLE #7}3}o] emulsions #| &35t A&
100 pLell emulsion 5 mLE Z3%8l 50°Co A 30&3F ¥k
AA BZAAIZ F, 470 nmoll A FF=E 5743 v

o) FHE/OzTe Wz Jepad,

Thiobarbituric acid reactive substance(TBARs) &X

TBARs 42 Buege$} Aust(27)2] Wl we} 43}
%t} 1% linoleic acid(Wako Pure Chemical Industries,
Osaka, Japan)®} 1% Tween 4022 emulsionS A F3}aL,
A& 0.2 mL9} emulsion 0.8 mLE &3+t & 50°C water



TBA reagent 4 mLE 7}3}a 15%
WZkA 7121 1,000 rpm e &2 1587+ i
2 3 F A2 4 1083 gXstar A5 Ant He&) 532
nmol| A FFEE 4T TBARs #h2

0.0154% 1 mL W& E3&<] tisiA A 1,1,3,3-tet-
raethoxypropane(TEP)¢] uM=Z AlAFs & A 3]&S A4t
shalth. AdlE (%) 1— (879 TBARs pM/viz=+-9]
TBARs uM)><1002.2 el AT

SAIXz|
2 Ad A3+ 63 wEste] 4% Foaks yER
Ko Hp+xFHEAE YERNATE TAIA = SPSS 22
for windows(Statistical Package for Social Science,
Chicago, IL, USA) T2 13S 0] 83191 244 Dun-
can’s multiple range test, one-way ANOVAZ 95% 4~
oAl A oS AAsST
Zn o o

ok EA AZO| BRTUY SY

=

Tt SRFECEA, A9

do 4p ©

th(18). #mhd ZAF o 7 marker 241
AF = Table 29 7o) ZA} A 2]31A

0 kGy©°ll4l 891.00 PCs& 700 PCs o]4e] =%
ek} 2AF o5 dked 5 gl SRR e
=

o
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O

T+

&

= 9,956.67 PCs, 282,498.67 PCsZ 5,000 PCs
ool A& e FAANERE AT F AT
Jeong 5(28)9] AFoAE FUit @ F24F fjdS 74
vk ZARAIA PSL E4H S A g-8to] v ZAFEQ] 0 kGy
ol A =uUj2kE 867.00 PCs, =442 1,165.00 PCs2] <=
215 YERo] FAEE YERl e, o]= Almel g
H rulge FFe gl TS wuS ez g

Table 2. Photostimulated luminescence determinations of gam-
ma-irradiated Aralia continentalis  (Unit: photon count/60 s)

Irradiation dose (kGy)
0 5 10

Aralia 891.00+ 79,956.67+  282,498.67+
continentalis  54.11 (M) 12,963.74 (+)° 31,569.83 (+)

YMeantstandard deviation (n=3).

IThreshold value: T;=700, T»=5,000, (=) <T;, T; <(M)<Ts,
() > Ta.

3)+, positive, irradiated; —, negative, non-irradiated; M, inter-
mediated.

Means with different letters (a-c) are significantly different at

P<0.05 by Duncan’s multiple range test.
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I} Fig. 13 o] 5, 10 kGy<9] 79 150~250°Ce] H-of
9] glow curveE YEN a1 AR S84
3l peak intensityd] ¥o]7} A JEH o7 Frlel=
28 YehRAT Wb vl 2ARE 0 kGyol A 150~250°C
oA 552 glow curveE WERNA] kol Ao}
g3t alo] & Yl o, 250°C o] 3ol 2} Z <l glow
curves UEHO] o] & E3l =& AA 7 7HA = vvEe]
aekel 4= 9ddek TL #2412 whsgaral o] e
TL AZAS 3 TL ratios At&3ste] TL
AFE & A9 1T F Q) AESA

A

_A_,ﬂ!ﬁ,

o 1o o2

(20 = TL ratio #t< 0.1 7|22 3t 0.1 o3k
HIZAT R, 0.1 o] A2 BAES 1835t Ut
TL ratio gk Table 33 #o] H]ZAF 0 kGy©ll A 0.018=
0.1 o]ate] @& TL ratio < YERHAL, 2AFS] 5,
10 kGyol A= 2427+ 0.395, 0.464% 0.1 ©]%+2] TL ratio
e vEhdlo] 582 TL 248 S o]&38) &AF 8] 7}
g A& el

olr

60

[—— 0kGy —o— 5kGy —e— 10kGy

40 |

TL intensity(a.u.)

0 50 100 150 200 250 300 350 400

Temperature(°C)

Fig. 1. Typical TL glow curves of minerals separated from Aralia
continentalis by density separation method.
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Table 3. Thermoluminescence (TL) ratios (TLi/TL;) of minerals separated from irradiated Aralia

continentalis

Irradiation dose (kGy)

TL glow 0 5 10

TL," (nC) 42.085+12.183" 729.300+38.608 1827.500338.704
TL,” (nC) 2,331.5004+232.638 1,880.500+310.420 4,020.500+1,238.144
TL ratio” 0.0180.007 0.395+0.086 0.464+0.059

ntegrate | intensity at ntegrate ,» intensity at 1 2.
”1 grated TL y at 150~250°C. “Integrated TL y at 150~250°C. *TL,/TL

“Meanstandard deviation (n=2).

A 1500
—— 0kGy —O— 5kGy
E [u]

Lo )
7

-500 g g, g,

ESR Intensity (a.u.)

-1000

1500 I L I L I 1
300 310 320 330 340 350

Magnetic field (mT)

B 1500

—— 0kGy —+—10kGy

1000

500

[FORAY,

s

g9 9 9.

ESR Intensity (au.)

-500

-1000

4500 1 1 I I I 1
300 310 320 330 340 350

Magnetic field (mT)

Fig. 2. Typical ESR spectra of irradiated Aralia continentalis at different doses using gamma-ray radiation sources. A: 0 kGy and

5 kGy, B: 0 kGy and 10 kGy.

ZopM =L A2l

Axpan gy 24
Fo YyHE oles
Mo, 2} olng

lulose f#2] radical,

MAEBEY SY
A8
ajste] £ oE BUE 3

#HA S = 9J+= marker radical cel-

o rl" i

= r£

crystalline sugar f#1¢ multi-
component signal, ™ @29 hydroxy apatite radical®
BRa 4 9vk21,22). AAAA - B4 Alo = marker
radical®] &Foll W&} ESR sensitivity7} €2+
2, 53 A 9= target radicalS A3 $ gk A2
Aoz A steiof grH(30).

AA BT 24 A3b= Fig. 2, Table 494 o] A&
5o A singlet signal(go=2.006)2 YEFZ O™, ZAMF:
5, 10 kGy°ll A& singlet signalg TM o2 &% ¢ 3 mT
o AR AARl F /M peak(g:=2.023 and go=
1.987)7} A4 = o] vl A O kGy$F W &3k o] 7} Y}
YTl o)== WA AR QYA EE cellulose radical sig-
nalZ2 &ex 9o, Kwak 5319 viFe n22es

o
Ror

Table 4. Electron spin resonance (ESR) signal parameter’ of

radiation-induced radicals from irradiated Aralia continentalis
ESR Irradiation dose (kGy)

parameter 0 5 10
2 2.0066+0.0004 2.0065+0.0005 2.0066:0.0002
g1 - 2.0234+0.0007  2.0230+0.0006
2 - 1.9881+0.0030 1.9869+0.0003

])g-value:[71.448 X microwave frequency (GHz)]/ magnetic field
(mT).

ZubA ZAF 28] sk Ao A= EAR singlet signal(go=
2.006)S YEH AL, ZAMARAA -9 A A F Il
peak(g1=2.024, g,=1.987) YEINY 2, Jeong S(32)
o e 8l A A AP 3k a5 7HFE ESR A9
A3} BE A|Fo| A center signalS FAHOE FH9¢ 3 mT9
AL T WAZAQA F AN 22 peaksE 1T F o]
< AR 225 YE ST mhebA —“‘é AT A3
1 AL o5 FlE fgh Ak

Fed Ae Fesgch

¢

2ill9| =7} total phenolic compounds?| &
olxles g

Total phenolic compoundst X371 E 7} WEkE 1
g F2E 7ML Qe oA UARIES e Ao 3}
st o oAl FRE 7w A8 84 59 A

AS zl=t) A EA Yo &3 total phenolic com-

=

pounds+i= ZFE radicalell o3 A& &S 7IA L o
total phenolic compounds &3} radical A& &5 %4
o] AFAAAE e o] AA Rl e S48 HAEstE

IabA A Ax= AREE S JTH33). WA B AT
e oheEsk A0, 5, 10 kGy) o2 7k AL A2

2825 FE89] =& B FE5}
nolic compounds®] &S =43}

=
oh gk 2 AR E 58 FERe] 4% % olokE
[e)



Contents of phenolics (mg/g)

W 10 20 30 40 50 60 70 80 90 100
Concentration of ethanol (%)

Fig. 3. Effect of ethanol concentration on total phenolics of ex-
tracts from irradiated Aralia continentalis. Meantstandard devi-
ation (n=3). Means with different letters (a-i) above the bars
are significantly different at P<0.05 by Duncan’s multiple range
test.

ZAFE 10 kGyE $EH(10~100%)% FE3}9] total phe-
nolic compounds &S S5433th A 3+= Fig. 37 2]
A FEE9 v ZAE 0 kGyoll A 7.61 mg/g, A 10
kGyoll A 6.77 mg/g®] S el o] AL AHE3HA] &2
Aol o o] =& S g 5 AUk v gk
= FEEY AT 50% odlg-gol A HZAM 0 kGy+= 5.98
mg/g, A 10 kGy+= 6.86 mg/gl & 71 & 3eks
eI o] e] A7E F3l vkl AL A el o gk
%53+9] total phenolic compounds HeFe] W37} WA=
As G + dlon dF FE5E9 45 Avkd AL
2178] & 213 total phenolic compounds $F&Fo] 74X qH
NerE FEEANANE TFol T8k 43S e

Harrison¥} Were(34)+% total phenolic compounds®]
T8 TEder & gy o= A 0, 2, 4, 8, 12,
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Fig. 4. Antioxidant activity of extract from irradiated Aralia continentalis. A: DPPH radical scavenging activities of water extracts,
B: DPPH radical scavenging activities of ethanol extracts, C: ABTS radical scavenging activities of water extracts, D: ABTS radical
scavenging activities of ethanol extracts, E: antioxidant protection factor activities of water extracts, F: antioxidant protection factor
activities of ethanol extracts, G: TBARs inhibition activities of water extract, H: TBARs inhibition activities of ethanol extract.
Meanztstandard deviation (n=6). Means with different letters (a-c) above the bars are significantly different at P<0.05 by Duncan's
multiple range test.
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