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ABSTRACT

Background: This study was conducted to investigate the effects of germanium treatment on the growth and organic germanium
production in the roots of Oplopanax elatus plantlets.

Methods and Results: O. elatus plantlets were cultured in Murashige and Skoog (MS) medium with different concentrations of
germanium dioxide (GeO,) to analyze optimum growth conditions. Exogenous treatment of 10 mg/¢ GeO, promoted growth and an
increase in the contents of chlorophyll a, b and carotenoid in O. elatus. The germanium accumulation and production in roots of O.
elatus plantlets treated with organic germanium reached the highest levels. The growth of the aerial and underground portion of O.
elatus with organic germanium was greater than that of the control. The accumulation and production of organic germanium reached
the highest level (40.89 yg/plantlet) with the treatment of 50 mg/¢ GeO,. Antioxidant activity measured by DPPH and ABTS assays
also increased with the germanium treatment and improved the DPPH and ABTS radical activity by 200% compared with that in the
control. In addition, the total phenol and flavonoid contents of the plantlets with a treatment of 50 mg/¢ GeO, were higher than in
the control.

Conclusions: Taken together, the growth of O. elatus was increased with the treatment of 50 mg/¢ GeO, germanium and the biolog-
ical references improved, with increased antioxidant activity and organic germanium production.

Key Words: Oplopanax elatus, Antioxidant, Growth Effect, Organic Germanium, Photosynthetic Pigments

M oA H-2 Tall Oplopanaxe|™ $h#-2 Hb#| AZolt} (Fu and
Chin, 1992; Kim et al, 2012). SFHFUHF Z7]0=
GEEUE & AES o3 @ it Aste syringin, daucosterol, B-sitosterol, L-rhamnose”}, &=

Oplopanax  horridus, QXA FZ AA3St= Oplopanax  cirensenosides O} cirensenosides P71 E-fElo] = Zo=E
Japonicus R F=, F=, BAo} A HA AAE= gHA Ao (Zhang et al., 1993), Oplopanax elatus

Oplopanax elatus2 A Udt+ (Kwon et al., 2007). 2] o= Oplopanax horridus®] FT=4dolH ZEe FUdS
Ugtell 2 2PAYs= RFFYUF (Oplopanax elatus Nakai) 7¥A+= falcarindiol, oplopandiol®] Oplopanax horridus 2.t}
© HHHESRE Y A SHMNER EREAL JoH, 3 100 o] @Wol 3hirsh Zo=w A Ut (Huang er dl,
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2010). A BFFUE A
(Kim et al., 2012), "2
of 7154 HEOZA AL ThsA
(Kwon et al., 2007).

Azrkre] B4 A2k G71AER o R e
of ATE 4 e, TAERKT] A3 A% 715 o,

Asa, N8, AdidZ, 2544 53 st 5%
Aoz d#A At} (Sanai er al, 1990). ¥4, F71AI=2rkE
o] Ag Ak w531, € A, AW S5 A9l wiE

=31, "Y 73}, vloles 7 X ® 5o vt
o i3k B7t o} (Levine and Kidd, 1986; Goodman,
1988; Asai, 1980). F71AIZ2rES 20| =W HAF7F 2 &
2 A IS gt ole AR Ao E folEHAl
ole7)g] Aol MES] Whex] 523 A sl AHS
Azsks 237 A (Kim, 2004).

=W B =, sz, A7 5 e A=
o] AR w9 e FEE ZASEE, F)AZH
s AElsted %ﬂﬂlev}gﬁ}o}ﬂ et B2 =go] Xl
AT} (Chung and Oh, 2007). FZolE U4, BLY, vk
Lo okgAEe] f R = W fTIAIE R A &
frEske ZIWuE A7t Tﬁﬂﬂ Aom, H7A, v,
FAFOAAM ABRFORE 3 S S BFHE H|F
*191 248 7k At %‘%ﬂ Z7H=EA vk (Chung
and Oh, 2005; Lee ef al., 1995, Han et al., 2007).

RN A2k §s0l 95 o= AR
Ao}, 1 F B el disk Oﬂ?L Ha= Z7sE Aol
ok e & AFelXe TR IAE R Sl wet 7]
el ot SRR fAEA A 23 9 AR
A SHE AT HH e AlErky RS sk, o
o wet frAIErHr S ARl dREAE gjlst
EUA o=

oFe] 2§
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1. 22T
A AHE AE= A
(Oplopanax elatusys 71Z §5=3}

EST)AL o5 el ol AlmidE

o
AR

s AP REE

F21E24) (plantlet)©2
EEDZ T

2. AI=20ks 2|
1/2 MS (Murashige and Skoog, Duchefa

Haarlem, Netherlands) ¥IA]9l 3% sucroseZ
HEgE A5,

Biochemie,
YUY pH 5.8
1% plant agar (Duchefa Biochemie,
Haarlem, Netherlands)E ©|-&-3lo] A xS A|Z3sIAd
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Azrkr 7 2 Ag 57t f4849 4% 2§50

HX= JFEFES Lotr7] 9k, F71AErE [0{Ge
(=0O)CH,CH, CO,H},, Sigma-Aldrich, St. Louis, MO,
USA], F71AIZvks (GeO,, Sigma-Aldrich, St. Louis, MO,
UsA)YS Z+2k 0, 2.5, 5, 10, 25, 50, 100 2 250mg/ £ 7}
A7V =g Az, 71 ¢ s Eu fRAEA e =
o] 3em oo E 3] BalE AL Asle] 28 B9
25C9] 1677F Fx27, A7 dxAstelA vt

3. AL B2
AZvkE Agd we FF 88 Lolrr] fsk, #
ARl S22 4, b ¥ 7I2Exo]= S Lichtenthaler

9} Buschmann (2001)¢] "W¥loz =4t 2k 2|79
FAEA 2 0.1 AF3T SHE 10 meol] ¥FL

= 29 e FEhAL, AR ¥ 6632 646.8 2 470.0m
M FHER 2L, ool HEAS o8 TL 2
atict.

Chlorofila a (ﬂg/mﬁ) = [12~25A663.2'2-79A646.8]
Chlorofila b (/J,g/ml)) = [21.50A646_g-5.10A6(,3_2]
Carotenoid (1:g/mt) = [(1000A47-1.82a-85.02b)/198]

4. HIEUI—E =4

e FE A=k Aol oF B frA=vH A
15| flate], s fAEAY] A, 7] %
A 274313, 60 mesh ©]3t=
E3, 2 AFE 0.5¢9 35% FAF 10ml &
& Aol wAEaL, of7lel HabshgEa
(Daejung chemical and metal Co., Ltd.,, Siheung, Korea)
1 ml & ¥o] microwaveE ©]8-3to] o] aljoh= F24] 3l
HE T8It 02/m FHE o]§ato] o33 FAEs) b
o A 33} FRTE oSt s0meo] HES gotod
ICP-OES  (Inductively coupled plasma optical emission
spectrometer, OPTIMA 7300DV, PerkinElmer, Waltham, MA,

USAYE olgsto] Al=rks 3 A8kt

_‘:-_
[e)

2]
u

=
al

ot Mz 2 rz

5. ShAKS}H BhM

ksl &4 B ksl 24 B4 AlZrke FAE
GeO, 10 B 50mg/ £ A2]7-ollx] wjSAZ] B i
¥R Byste] S43%F 39 80% EtOH (Dagjung chemical
and metal Co., Ltd., Siheung, Korea)e 208]& ©]&3}] 2
oA R FET AL WEET F, ppmEE S AS
AR

F7IAZrE At e ikst 24 X a3 22-
diphenyl-1-picrylhydrazyl (DPPH) ¥ 2,2’-azino-bis-3-ethylbenzo-

=



O A

- Xl -
thiazoline-6-sulfonic acid (ABTS) radical 27 48 =73}
213199t} DPPH radical 427 €432 Blois (1958)°1 ]3] A
AlE HS AFste] ST AlE 100 L0 0.2 mM
DPPH 100 £ (Sigma-Aldrich, St. Louis, MO, USA)E &
gate] 308 % A2olM rEAIZl F, UV-VIS
spectrophotometer (Multiskan FC Microplate Photometer,
Thermo Fisher Scientific Inc., Waltham, MA, USAYE ©]-83
o 517 oA FF=E S 7 A8 52| DPPH
radical 27 €42 tjxtol] gk DPPH radical &745-S W)
&2 YepiaL, &7 S R |20 2+ ascorbic acid
(Amresco LLC, Solon, OH, USA)S AM&-3}it}.

ABTS radical 227 848 o83k gAikst &4 Re &
(1999)0l <Jall 2A]¥l ABTS' radical cation assay *'™H< W
gl =439t 7mM ABTS (Sigma-Aldrich, St. Louis,
MO, USA)2} 245mM potassium persulfate  (Daejung
chemical and metal Co., Ltd., Siheung, Korea)s 1:1 H]&
2 E9skal 24X7F B A2olA A 279 Fo radical
S G, 732 ol FE= Fhel 0.68-0.72 Fhol =
phosphate saline (PBS, pH 7.4)2 ©|-83sl] gA3}3t)
ABTS HH-9] 990 il o] A E 10 L E 7Fslo] 1027 ¥HS-A)
TEEE ST 7 N E FEE°] ABTS radical

& x| sk ABTS radical 2A%5S WEE=E

=

ar

=
=
=

=]

6. oitkol =2 24
% dE FFL Sao 5 (1996)°] I8 A= Folin-
Ciocalteu WS W3] SA3ITE 1,000 ppm == A

3 AJE 1004 o Folin-Ciocalteu reagent (Sigma-Aldrich,
St. Louis, MO, USA) 50 /4Z 7}ato] 557F AF-Lox o143}
SFATE 20% sodium carbonate (Junsei Chemical Co., Ltd.,
Tokyo, Japan) 200 /£ & 7}8}aL 30T 1587+ wEeAIZ] &,
SHFF 1M E ¥o S & UV-VIS spectrophotometerS
ol-gsto] 725 oA FB =S SASIAT

% FfpEeo|= RS Moreno 5 (2000)°] WHS W
st} =A stk AE 10044 (10 mgmd)o] 80% EtOH
900 /& EF3ted 34g AR 500 ] 10% aluminium
nitrate (Junsei Chemical Co., Ltd., Tokyo, Japan) 100 /&,
1M potassium acetate (Junsei Chemical Co., Ltd., Tokyo,
Japan) 100 1 S EFSFL 4087 Lol wkgAZl &
415 o FIEE Sy

7. SAA]
HE AP WHoR a9, TAXEE Statistical
analysis system (SAS 9.2, USA)YS ARESIN, Fod HA
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2 - Mok - 2y - REd
S BAHEA (ANOVAYS o835t BAE 59485 5% =

oA Duncan’s Multiple Range Test (DMRT)S.Z #4319

o,
2
120k B7 © 559 M8 57 52
o, 27] 9 o) 7 Rel ghdel Rakeh REEUE

Fig. 1. Effect of different germanium concentration on the
growth of O. elatus plantlet after 8 weeks. (A); control,
®); IG 2.5 mg/¢, (C);1G 5 mg/L, (D); IG 10 mg/L, (E); IG

25mg/e, (F); 1G 50mg/e, (C); 1G 100mg/e, (H); IG
250 mg/¢, (I); OG? 2.5mg/l,(); OG 5mg/L,(K); OG
10mg/e, (L); OG 25mg/t , (M); OG 50 mg/¢, (N); OG
100 mg/2, (O); OG 250 mg/¢ . "IG; Inorganic germanium,
20G; Organic germanium.
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Table 1. Effect of germanium concentration on photosynthetic pigment of plantlet of O. elatus after 8 weeks.

Ge(rmrg/ag')”m Chla Chlb Chl a/b Chlg‘r’;'hy” Carotenoid Chl/Car
Control 11.60 + 0.19° 412 +0.15% 2.82 + 0.06> 15.49 + 0.34 2.59 + 0.09> 6.08 + 0.35"*
IG" 2.5 13.21 £ 0.89° 4.58 £ 0.30° 2.89 + 0.02" 17.80 + 1.18" 2.92 + 0.42%¢ 6.21 + 1.27%¢

IG5 13.47 £1.15° 4.72 + 0.40° 2.85 + 0.02 18.20 £ 1.55Y 2.82 + 0.46> 6.62 + 1.60°
IG 10 15.17 + 0.04° 5.60 + 0.12% 2.71 + 0.06% 20.77 + 0.082 3.33 +£0.94% 6.24 + 0.19%*
IG 25 2.49 +0.28° 0.96 + 0.09' 2.59 +0.10% 3.46 £ 0.36° 1.00 £0.18° 3.59 + 1.008
IG 50 1.75 +0.10° 0.67 +0.07° 2.60 + 0.16%f 242 +0.17¢ 0.53 +0.11¢ 4.80 + 1.38f
IG 100 1.64 +0.22° 0.67 £ 0.06' 2.44 +0.10° 2.32 +0.28° 0.73 £0.13¢ 3.28 + 0.908
IG 250 0.24 + 0.05 0.14 + 0.05% 1.79 + 0.348 0.38 +0.10f 0.12 + 0.06° 4.15 + 3.00f
0G? 2.5 11.61 £ 0.19° 415+0.15¢  2.80 + 0.06" 15.6 £ 0.34° 2.59+0.09*  6.10+0.35"
0G5 13.33 +1.15° 4.48 + 0.40™ 3.00 + 0.02% 17.81 + 1.55" 2.85 + 0.46> 6.40 £ 1.542
0G 10 13.31 + 0.89" 4.74 £0.30° 2.81 + 0.02> 18.06 + 1.18" 2.90 + 0.42% 6.35 + 1.30%
0G 25 16.06 + 0.09% 5.61 + 0.08? 2.86 + 0.03" 21.67 £0.16% 3.85 +0.14% 5.63 + 0.24¢
0G 50 11.55 + 1.03¢ 3.94 + 0.25¢ 2.92 + 0.09% 15.49 + 1.28¢ 3.00 + 0.34%¢ 5.23 +0.97°
0G 100 8.66 + 0.77¢ 2.79 + 0.22¢ 3.10 £ 0.04% 11.45 + 0.99¢ 2.23 +0.37% 5.27 £ 1.29¢
0G 250 7.82 +1.27¢ 2.92 +0.42¢ 2.67 +0.07%% 10.74 + 1.69¢ 1.94 + 0.56¢ 6.05 + 2.71b<d

Means values + SD form triplicate separated experiments are shown. *Different letters are significantly different at p < 0.05 by Duncan's Multiple

Range Test (DMRT). "

IG; Inorganic germanium, ?OG; Organic germanium.

E°ﬂ w2} Sk %’—71 A= Uh?:—"— 10 mg/féoﬂ/\i w7]7ﬂ§u}
< 25mg/ 64 SOl 7P ko olu e A=u}

‘EF’O— A7PIAs e AErk TR 24 et
ARHAY 7t 7t SVl wel 748tk (Table 1).

FEA av P FH FFEAE AN P o B
PAL B4sle] YukAe] 2B A2 A 9} b THEke] H)

I

N f71A 2w
2R 1Y

= FAEA

= Table 291 7t} Al=vkge] A5 23]
o) gt FAT LS Ho] FI|AErES 10my L
2 25mg/ b o] FEAA AT AxFT
Fol =, AZrkE Az
77°ﬂ we} e Fsiah 53, f71AZRHE 25 mg/ 4
w4 teTEY o 3 e AT
AxT BFoA 1470 oPd SUIsIT A AZrkr A

(Table 1).
A=zvhs 227t U fra e gl vAE @
o Pohu] gste], L9 AAF % AXFL S 2

=
=7 a3= F3HA

= o)

o rr _13":
l

FI

A4

2013). BEFEWHE FAEAC] A=k Ao mE

a9} be] ko] n=

26:1

7IAZRFE A2 ] 3¢ I
F7IAZrRs 25mg/ 4 ol AT f71AIZrRs 50 mg/ 4

3: 12 98A 9=y ol A& §A8kE EAJo 3k

z710 w2t deAs Zle= At} (Park et al.,

AZE A

H= -

01*0‘94 Fee UEhiieH, &
EollM A4S asii.

opgelr fro=E el gt @yEgion Asrky B
7h ool weh sl uEhie Re waAS £ At

(Fig. 1).

7}2E|olee B4 AlAgo) oUAIE 7]odstaL el

SEERELE
= 994
el FhzE]
BT 4879 AZrks

LR EE

-
HEae A=

ast b FH TLE B

AA L &5 FYste dde o Ao
o] 2Ed W s
ol=utt FBkE AFS Bole
Aelolre] 7R molE S
Ho AA %

=dl, =5

A TA TR Bo] YL WEEAME Fusiact
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T SRR e Al glof A B AlsH-
ALl 228 §E8 AL 31T 5 AT (Table 2). F7)
Azekee Aazzod Azl Aol sz qls) B

ol AZvky AY AA L= f718EA] Rl F71AE

vk S0R Awolr st @3S eI (Park er al,
2012). wEpA 2 A7EA) Ase frIAEvRE Adle %
FEUE fAEA0) A5 2 39 288 SAIE B

& 7HE Ae &g+ °‘°*E}

= A= T AARK
ZIAZeEL Zh vl 2 HAINE o] 838 A EA W
ool 2o, 100mg/ L & TEEE A9slres Fxlgte] ut

=

of *ZOI FAE L, SE 2] 10-100mg/ £ =0l 2
2] A Azkek AsE B3l o), AdFe] A= 10
-25my b AFEolMe EFXsks a3E HolZ|x St
(Han et al, 2007). =3k, Ale)e] Er)A|Z2nkg G A3
el G glonjgo] FTksle] A A S 29E
Hol H g2 855 FeIg v 9tk (Choi er al,
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Table 2. Effect of germanium on the growth of plantlet of O. elatus after 8 weeks.

Leaves Stem Root
Germanium
(mg/ 0 ) Fresh weight Dry weight Fresh weight Dry weight Fresh weight Dry weight
(mg/plantlet) (mg/plantlet) (mg/plantlet) (mg/plantlet) (mg/plantlet) (mg/plantlet)
Control 944.0 + 44.3% 116.2 3.8 123.7 £20.6¢ 17.0+1.3¢ 655.3 £41.4%  126.2 + 6.4%f*
IG" 2.5 892.5 + 88.5¢ 110.0 + 8.5¢ 124.3 +5.5¢ 17.7 £0.3¢ 688.6 £52.1%"  126.9 +7.3%f
IG5 924.6 +35.2%¢ 120.1 £1.1% 156.0 £5.8" 27.7+0.7° 674.6 £ 63.6% 118.3 £ 6.9
IG 10 13442 +51.7° 160.9 + 6.8 176.5 + 2.6 31.5+0.2° 775.7 £27.1¢ 165.9 £ 2.0°
IG 25 628.9 +55.7¢ 80.3 +5.9¢ 103.8+9.1° 13.6+1.6° 495.2 +80.5 112.5+5.7'
IG 50 335.3£66.8° 60.7 £5.3¢ 64.7 +1.6% 11.4£0.6% 496.9 +57.2¢ 119.1 + 6.1
IG 100 130.2 +62.6' 30.6 £5.0 58.5 £ 5.6" 9.3 +0.4" 324.1 +55.08 83.7+4.28
IG 250 114.0 £ 23.0' 269+1.2f 38.9+5.2 7.7 £0.9 162.4+6.7" 33.8+£2.0"
0G? 2.5 874.3 +£87.3" 113.7 £ 7.9 130.8 + 5.3¢ 17.1+£1¢ 681.6 £21.3% 1272 +5.1%f
0G5 899.2 +88.7¢ 109.5 +8.3¢ 146.0 +7.8¢ 17.9+1.34 697.8 +5.0¢ 138.8+0.8¢
0G 10 1331.7 £16.0° 156.5 + 1.4 178.2+1.7¢ 20.8+0.6° 725.3 +41.4° 179.3 £8.2°
0G 25 1444.6 £ 38.9° 171.9 £ 3.6 183.0 +2.4° 26.3+0.8" 848.0 + 82.3° 220.3+17.52
0G 50 1073.2 +59.1° 127.4+6.5° 73.0 £3.2¢ 12.2 £1.3¢ 681.7 £45.1%  128.3+1.9%
0G 100 830.3 +58.3% 113.0 £5.6™ 66.1+£9.98" 10.5 £ 1.6% 571.3 £77.38 89.6 +8.58
0OG 250 714.4 +41.8¢ 89.5 +2.0¢ 58.1+5.5' 7.8+0.6' 517.5 +89.48 80.6+15.08

Means values + SD form triplicate separated experiments are shown. *Different letters are significantly different at p < 0.05 by Duncan's Multiple
Range Test (DMRT). "IG; Inorganic germanium, ?OG; Organic germanium.

2011). Al=rkg AEls A=) Mg 3 Aol ol A5 5 FFeiT oM dore] A=vky Ho] 3 H4e &

A RS ERe], AZrkr Aele dusom 480 X
AR RS FANNTE L7k Ao, B ATE 53
of APt Ashie] 45 B FAAVE AAE F9
Stk Alzskre) 44 Azl EE 48% 2 vl wet

HEnE, 435 FE 9 ALAl) o 47t Les,

ol
- - —

2. WSEUS KA P9I =0k ok

AZrky 7, AelsE 8 SERUE G488 290
Evky 37 AL Falol, W), 27] 2 Qo] Aerky
4

Mol 8 4 Fde ZAsh AW A=kl 54 4
Hole f7AEvHs Bep FrAErkES A2ssls o &
HH oz o]F AT} ICP-OES ¥4 %3lo] A Al=vky
A BRISkAL o] gholl A=A TS walol A=A
H oAy AAES SR A, B EvkE

50mg/ £ A2]7-2] BEE]ollA 40.87 ug/plantletsZ 71 Ho] A3
2FSFAT} (Table 3).

AZukg o] e 25mg/ L o AFEoMdes f7 A=
nhg AElge BE FeldM SHERA] kA, FIAIERR
Ao B F-LollM vt 2 =7] Al&ste] s5mg/l e FE
oMe B W 77 Ael=HAA, 10mg/ L oY s&EE
Agslor, doz7A] AZuge] dolEe] AW f7AIZR}
w5 s 7 IAIZrH AW S %S oA 7
B IAN, AlZrHr AT FE7F Fokdl wet F7fste]
100 mg/ £ E=olA 7P Bol SAHEANL, 250mg/ L oAM=

218

7IAErH Ag7F oI, 53] aEE AEFelA Al
oy 24 9 Ato] o]Fojx BE|e] AZnhHy ik
FALEE P BT} (Table 3). ©|9} iR E A=Zvks 4
XA o] 2719t QoM AlErky e =3kodt,
ez e wig A2 FEs B9 A3t vk (Park
et al, 2012). ol= AZrHES AS Fske AE Tl

2 ook g AHA 9 wong oo w7
vy FHE 7P 22 oz AlsH.

At FAZe] FrAIZRHE A#lE 10 ppme] AsEellA
S SANAHL, 742 W AZrks 5] M 22 A
2 100 ppm AZTFHLY, o= FAE T 12 F=e] A
Bt} (Chung and Oh, 2005). Wi 218 FF 2 SA4d w
2} AlZekr Ao mE A5 9 52 o] tiEEE, A%
I FAZRRE Aol 2 2718 T ot i

AMESVE (Poa annua L)S ©]8% AZvkgs 49
o] Fd Al AZvkgd A B Hele] Al X
AL, Qoo Mol iy US| o]Fox
FEukE SHE 9, AlZvhge] dols =EA Fold
o2 WiE v v}t (Sparks et al, 2011). 2 ATE S
A, SRR f2EA] Beloa Qo o] AlZuhy Hole
H WA Ewof|A] o]Foix|ar, Sloxe] AlZvhg A% &

L2 e

gk B 172 o]ate] FEoE UERTE o] 24, AlZvhge
AaA el Bz =g dojHe A4S oAl g W g
Qg ST} (Table 3).
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Table 3. Effect of germanium concentration on organic germanium accumulation and production in the plantlet of O. elatus after 8 weeks.

Leaves Stem Root
Germanium Germanium Germanium Germanium Germanium Germanium Germanium
(mg/ ¢ ) accumulation production accumulation production accumulation production
(ug/g) (ug/plantlet) (/g (ug/plantlet) (ue/g) (ug/plantlet)
Control 0.0£0.0" 0.00 +0.00 0.0 £0.0 0.00 +0.00" 0.0£0.0 0.00 +0.00™
IG" 2.5 0.0+ 0.0’ 0.00 + 0.00f 0.0+0.0 0.00 +0.00" 6.8+0.2 0.87 £ 0.00"
IG5 9.9+0.1" 1.1940.02° 25.1+0.18" 0.70 £0.02 77.6+0.6' 9.18 +0.60°
IG 10 11.3+£0.4" 1.82 +£0.08° 31.7+0.28 1.00 £0.01% 92.3+0.8" 15.31+£0.32¢
IG 25 39.3£0.4¢ 3.16 £0.24¢ 110.3 +10.3¢ 1.50 £0.24¢ 194.1 +9.7¢ 21.86 +2.11¢
IG 50 58.9+1.9 3.58+0.40¢  185.7+10.1° 2.11+0.19" 343.1+£9.9" 40.89 + 3.04%
IG 100 120.4 + 5.5 3.66+0.479  271.8+10.8P 2.53+0.22 4252+11.8° 35.58 +2.05"
IG 250 14.3+1.08 0.38+0.02 21.5+2.4" 0.17 £0.04" 50.2+1.8 1.70 £ 0.07¢"
0G? 2.5 0.0+ 0.0 0.00 + 0.00f 0.0+0.0 0.00 +0.00" 0.0+0.0' 0.00 + 0.00"
0G5 0.0+0.0' 0.00 +0.00" 11.4+0.1 0.20 £ 0.028" 25.1+0.2¢ 3.48 £0.04%
0G 10 0.0+0.0 0.00 + 0.00f 26.6£0.18" 0.55+0.01f 31.0+0.2¢ 5.56 +0.25'
0G 25 24.440.1f 4.20+0.11 29.9 +0.28" 0.79 +£0.02¢ 110.4 £0.58 24.23 +2.00°
0G 50 34.1+0.1¢ 4.34+0.24 45.3+0.3 0.55 +0.06 186. +0.5° 23.80 +0.39°
0OG 100 39.9+0.2¢ 4.51+0.22b 120.8 +0.2° 1.26 £0.19 271.7 £0.7° 24.36 +2.36°
0OG 250 67.9+2.8" 6.08 +0.38 68.3 +3.9° 0.53 £0.03% 120.8 + 4.5' 9.78 +2.15°

Means values * SD form triplicate separated experiments are shown. *Different letters are significantly different at p < 0.05 by Duncan's Multiple
Range Test (DMRT). "IG; Inorganic germanium, ?OG; Organic germanium.

3. eiiel gd 2 =2 24 °|= (flavonoidy= W= 2] H9t ©a IR o]Foixl
Fiksl & 9 AEe] A iisls 7 Ae=m oy dye] 7)1E 7 FZ (C6-C3-C6)Z zhe= 3E=E, ks,
A B F AE 2 ZEE o)t 3F AL A=Zng AR AAA|, Gole] ZeolE Tz 2gse A

Aot S SHEAE /Y FIIAZRHT 10mg/ 4 A
g7, AW f7IAIZRHE Akl @3 o|d Fr 1A 2vks
50mg/ b ATTE wA ol ARESt AlZnkEe] AZvke F
7 52IE gl

aksl 242 DPPH 2 ABTS free radicalS 50% 271
3= RCsy pg/ml 0= JeRfIct. d4ksl €42 DPPHS}
ABTS &7 &2dollA] BlSst s B, au
21E5A9] o o7t =2 sl S48 /AN O e R
e, 7] £ 2 et datsl 842 Al=vks 2ol
w2} 2R = free radicalE: 50% A7l ARRE= AR
F= FAETE 12 5o FHoEE v A8 Rl
AAT} (Table 4). AZvFFS LHEAT 2PddHe] B
WO R M A FAHslE obH, &l U= A
SHEAS AASY =Sl 2371 Atk (Kim, 2004). ©]
= AlZ2vks A Al S7F REEU fAEA Y] f71AI=
ulFo] DPPHS} ABTS assays S5l ahitks) 285 Aozl
Zo2 ALEE

HEe it o] 5 THRE FERE ole AEd
2kste] 71ztold Wt opue} S, FdeiA], ek, X,
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Edg #AAo] AEEHT e Aot} (Knekt ef al, 2002;
Cha and Cho, 1999; Zhoh and Kim, 2002).
Aol e] F e 9 T SStEols ke
gallic acid®} quercetin®] S34=5 43 & HF=A
=7

o
ato] Table 59 o] AHE AEsiGith & ds 9 Sgi

2

22}

wolE FFE PN Bl $ANY U, W @ F7)
Fom gol Ffakx ATk 53, Yo B A gL

AZupg FA 2Tl 132.8 42 - GAE/ME VERd wbd ) 3
ZIAZuHr 50mg/ £ AHETlAe= 309.5 4g - GAEMLE 1
o] 230 oY H5sllon, 7] 9 Bl x Al=ZnR}
' A wgt F ds FHo] Srleke FE Btk &
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M= th 78I (Table 5).
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Table 4. Effect of germanium concentration on antioxidant activities of O. elatus after 8 weeks.

DPPH Scavenging activity (RCs zg/me)

ABTS Scavenging activity (RCs 1g/me)

Germanium - -
(mg/ ) Leaves Stem Root Ascqrblc Leaves Stem Root Ascqrblc
acid acid
0 571.0+£9.8 1313.1+£8.7 1361.6 £5.0 925.7 +£8.8 1385.7£12.3 1295.0+10.7
10 327.5+12.7 650.2+13.5 928.6 £3.3 8.0+£0.6 617.0+£7.0 1118.1+15.2 1112.6+£19.4 40.4+0.7
50 237.2+3.4 556.6+10.4 4456+1.9 530.0+8.4 964.8 £9.9 6259 +8.7

Means values + SD form triplicate separated experiments are shown.

Table 5. Effect of germanium concentration antioxidant activities of O. elatus after 8 weeks.

Total flavonoids (1g -+ QE?/m¢)

Germanium Total phenolics (1g « GAE"/ml)
(mg/ ¢ ) Leaves Stem Root Leaves Stem Root
0 132.8+9.5 33.9+0.3 104.5+2.8 51.6+t1.4 11.0+£2.9 44.7 £0.4
10 218.5+£5.6 97.5+1.7 106.1 £4.5 103.1+£0.9 40.8 £0.2 52.2+0.6
50 309.5+3.2 112.8+4.2 187.9+7.9 184.2+2.3 41.9+0.3 55.4+0.8

Means values + SD form triplicate separated experiments are shown.

o] 71sAd S 9 A gl 718l o] F o] 83
JARTE 7R AFoE el ol8E ¢ 91—% RAo= A7
€t
LAl 2
2 A7e A& ASATAE AGHAFANH FIA
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