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Abstract

This study was conducted to evaluate the antioxidative effect and antimutagenic capacity of ethanol extracts of Flammulina
velutipes by employing biological and biochemical assays. The ICsp of MDA with BSA conjugation reaction, lipid peroxidation
and scavenging effect on DPPH radical in ethanol extracts of Flammulina velutipes was found to be 28.39 mg/assay, 9.33
mg/assay and 144.61 mg/assay respectively. Therefore, the most effective antioxidative capacity of ethanol extracts of Flammulina
velutipes was Fe'-induced linoleate peroxidation, among the method used this study. The indirect and direct antimutagenic
effects of the ethanol extracts of Flammulina velutipes were examined by the Ames test using Salmonella typimurium TA98
and TA100. The inhibition rates on indirect mutagenicity mediated by 2-anthramine and on direct mutagenicity mediated
by sodium azide in Salmonella typimurium TA100 and mediated by 2-nitrofluorene in Salmonella typimurium TA98 were
0%, respectively. These findings indicate that ethanol extracts of Flammulina velutipes have no effects on indirect and direct
mutagenicity. Based on these results, it believed that the ethanol extracts of Flammulina velutipes has antioxidative capacities,
and is a the candidate for the prevention and dietetic treatment of chronic diseases and the development of antioxidative
functional food.
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M= Hloln] 53] WomAl S5 Ty TRE PR

2 A UthWoo MS 1983). =3 S 733} ot} g

YOI A (Flammulina velutipes)& BARF] FEHUAZ A 24 5o YL el tauineo] FFo] oh W
(Agaricales) 40| K Tricholomataceae)f] <3 WA WA 0 R Ao| H|&| ¥THKataoka & Ohnishi 1996).

Qubdoz o AT A% AL Hsstel AR A oA UAE perfusionA]7] F eI W= o) 2
Rlol WAt AT 4 Qlon), BEG Ut 9 WA AT Aol i 95%9] Ash&E Bel F3T(Kim & Han 2005),
slol % AL, AZ, AR 5o F WA AHL UcHLin  AF 27 6852 AR B4 superoxide 27 £
5 1974), Bolul AL Boobul ik, Aol Hg, vlEtl, £7] A AlC|E g $4t Akt oA B Rel F9thKim 5

29 £L2 FYol HH, vEtTl By, By, Yok, g4 E o2 1994). ®3t TNF-«a, INF-7, IL-2 55 7ML 24 HY
2EE% tF §-8-5 0] thBreene WM 1990). L 3= 374 At 9%k 2 02 U S w(Borchers 5 2008; Jeurink
2 trehalose 9] 3F2} mannitol, arabitol 52| FLIL 3 5 2008), WolHA L] B-(1—3)-D-linked glucose= B16 ZAY
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Zol dsll & TS AASHATHLee T 2009). F5 A7
oA FH JAY ARG ELZA Y 7st 2hgol T
3l= Ao F HI% 7 -aminobutyric acid $FH(72.17 mg/100 g
dry matter)= OF-&HAQ] A Al A A(1031 H 3.09
mg/100 g dry matter) 2t} =t E 1 ESTH Yoo 5 1996;
Brown & Shelp 1997; Kim 5 2001).

WA= =49 diAtel o v 2] ik §ste] o]-&E= A
2 F OF 4% 7S ] SR Kok 4 Akt
U A= G4t digt o AAE XYL §lof o2

BB A7 ElchHalliwell & Gutteridge 1993). 11} 2%
A a9l SAEE, =3k AF 5ol Ysl FolAAL o
3t Aol AAEA S B4 aE WA Y 7 AET
w2 7| Bkg-sho] ASIAZ e 28 A W 72 22|04 B4
4baxo) Whg-Edo] St &, T, 113, A8 A 2
3k Alzheimer 5%+ 59| 2] 742 Aoy =345 714
Q= AoF HuE 3 It Comporti M 1993; Good 5 1996;
Beckman & Ames 1998). &3} 314 9] 7 A|ebA|of| A WA=
Az o= DNAY AHehA &4to] ofsf] Zeixm, 1

3 F syt @4kaolth &, RS W 4
S22 A U DNAS] W34 Fejof Aoz Alzro]

do7|A ot webd A & 2440 S =
HolE doA Azo| gty at 71LstHA AdE o] QL
THMeneghini 5 1993).

F| 2ol ol9k 2 Faf ALY /Y FHEE AlA
FomM AMe ARslelt AEs YA 9o, olg}
Belstol 418 ) ol Sl TR AdkEo) 258 %
1 QJtiRamaranthnan S 1995; Eriksson & Na 1996; Pichumoni
& Doraiswamy 1998). £3], AR Ett= oy} 2Ho| H4lo]
BolA T Yo} YA Mk AE 27 Bgo] 7
2wy g

A 2 Aol s AAE EGA AR 5 e Pol
ALY 7154 EAS BAt7] flste] HolHAl oetE &
EE 9| gatst avtel FEAHo| a1t ol FmlA &
ofE YTt &, oA oflehE 52| Malondialdehyde(MDA)
of tfst thalA o] B 6 3}9} lipid peroxidation A 3| &1}, 1,1-
diphenyl-2-picryl-hydrazyl(DPPH) 2ttjZt £2A&IHE S5}
o] gHist a7HE FASHIL Ames testS ©]-8-5te] oAl
9 Y 9 1 EdRlo] fE AATS S Eekrh
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1. AEM=
sy o W Al (Flammulina velutipes)S T 8Fo(thA F4AIA
A AT o+ T2 A% 7|(Vacuum freezer dryer, Biotron, Seoul,

Korea) 2 A A 243 & 2§ - Y& B¥(—207)
ShA ARE ARSI

2. OE= FE29| M=

Po|uAl9] ofehE FE2E2 AXARE LHHS gl 20
v 2] 95% ofet-2(Ducksan, Seoul, Korea)S 7}5}o] Al-20] A
stirringSFH A 24A|17F ¢t 23] WHE E35ke] Whatman o
I}A] No. 62 st & o T}W-E rotary vacuum evaporator
(EYELA, Tokyo, Japan)Z ¢t 553 & W5 HastHthrt
dimethyl sulfoxide(DMSO)°]| =0 X|&2Hika} o7 4, DPPH
gz 27 &4 9 Ames tests 93 ARE ARSI,
malondialdehyde(MDA)2} bovine serum albumin(BSA, Sigma,
Mo, USA) conjugation A &4 AHS A= AXA=R
£ 80% oetEE FE3 tha oTste] FEAIHH

1 =3

ok
e

w
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1) XN&AtsiEnt EHEEIol A5t o 1t EA

Park YH(2000)9] W+l w2} BSAZF MDA} A& A7t
= Al&E0] AAISts IS v sklth BSAQ2 mg/ml) 100
1, MDA(20 mM) 100 ¢tof] 0.1M PBS&} SBo|Al FE&ES
o7 FEE2 EYUT T 37T A 24X WA Z T o]
BSA Wi A S Bradford2 AR5} 3 (Bradford MM
1976), MDA+= Gomez-Sanchez $-(1990)2] W o] wat A=
slo] ARESEA T WREAIZ] AR 500 (1U0E Centricon(Centricon
YM-10, Amicon, USA)o]l 231 1,400xgol| A 24|17 St 4]
H2(Model J2-21 Centrifuge, Beckman, Oregon, USA)3}o] MDA
o} BSAC] AREL Eeld ¥, o189 4L AAT| Sistol
S5 700 WE Eal 1,400xgof| A 2417t 59 A E SR
ok AlAE FEe o2 33] HASHTE AlAE AlRE 2
35} 12% SDS-PAGE(SDS polyacryl amide gel electrophoresis)
£ 120Vofl A 3A17F B3t AAISE &, gelS Coomassie FA3}
o] Densitometer(BIO-1D Image Analysis, Vilber Lourmat, Germany)
Z AFFS oS, A 3fE&(inhibition rate, %) AFESIATH

2) X|&zfAtst o &0t E£F

Saija 5(1995)1} Haase & Dunkley(1969)2] ®rof wh=}
Fe''ol 2] f=8 linoleate®] TtAkstol] tigt oA B4S
Thiobarbituric acid(TBA, MO, Sigma)Z Y A|AH =43} Tt
10 m¢2] 10 mM linoleate -8Moj] A|& 20 WS 7}3ta 37C
shaking incubatoro]| A 1A]7F 59t shakingA]Z1 % 0.05 M iron
sulfate(FeSOs + 7H,0) 20 ulE 75t th& thA] 37CofA 2
A7t &<t shakingdte] A4S RG-S FEAIFTE A EE
linoleate 8- 800 /05 4TCollA 10 min 52t temperingA] 7] 1L
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400 109] TBAE 7}t o2 & E33t $ boiling water bath
ol A 15 min F<t ATt ¥ =2 Fof| YA R ¥2=E
LMo n-butanol 1,120 pf 7}3taL 2 KL o 250xg® 20
min F¢ YAEE]5Fe(Union 5KR, Hanil, Incheon, Korea)
n-butanol Z& F5}te] 535 oA EF =5 =3(SpectraMAX
340pc, Molecular Devices, CA, USA)3} Tt Fe*'ol o8 o=
% linoleate ] Hits}o] gt oA B/4dE TBAZ AL
A& 100%2 7Hstge o, BolHA oaE F&a&s J7t
sto] 50%= F2AIE = Sl F=(1Cs)@t inhibition rate(%)

& gashgd

3) DPPH 2iC|Z A &1} =3

Chen 5(1998)2] ®Hof| w2} DMSO 10 (thz+1)2F DMSO
o Ho FEEZ 343 AR 10 plofl 200 M DPPH/ethanol
190 & 713t F, 37°Cofl A 30 min F<F ¥HS-AIZ] T 517
mojA FFE=E S5 2o disf AleEE U=
o] FFE=9 Aa A=E S 2+ FF=E
100%2 3t5S o FolHAl detE 552 H7}ste] DPPH
HHZE 50% 2Aske AR FEE Gz e,
inhibition rate(%)< AFESHETH

4. SH0| AN 52} EA

Salmonella typhimurium TA98, TA100 455 o] 83}o] &
8ol sE S B7IH LR o] #F9] histidine
QA deep rough (rfa) EHHO], B EAHo|2} R factor
59 fAFZAL QIS o]& w5+ nutrient broth(Difco)
of A, viFste] @Y 1 mg DMSO 90 wE 718t 35
B2 tubeo] Y A& A(Thermolyne, Bio Cane™ 20)°]]
HsPAA ARSI T Master plateo]] 8]9St #+55 nutrient
brotho]| Z4Esto] 37ColA] 14~16A17t F<t 2] FHKMC-
8480S, Vison Scientific Co., Seoul, Korea)3t & 1~2x10° cells/
nee] Wesl HEs shol Age] gt

Sqlle] fuEARE 1 EE 4PEAd] BAL
Agstgd, S AEe] 2Rt B4 SAuo] 22
9] 2-anthramine(2-AA, Sigma, MO, USA) AHg-3}91, A
EdHo| B2 2L 2nitrofluorene(2-NF, Aldrich, WI, USA)&}
sodium azide phosphate(Sigma, USA)E ARSI T 2-AAS}
2-NF+= DMSO9] o] AM2-3}9a1, sodium azide phosphate=
S50l kol ALgaldt) 7 Beluo] SUELL 2-AAe]
73 TA98} TA1009]| 4] 2.5 pg/plate, 2-NF= TA9SSN| A 4 g/
plate, sodium azide phosphate+= TA1009)| 4] 2 ug/plated] H %=
2 Aty

FE o] LUUFL 9 X L Aok A Maron &

i

Bolw Al itst 9 FEHHe] a3t 17

Ames(1983)©] B o] uhel 5t om, Matsushima S(1980)
o] Bhof whet AAsHAh 2 AL ice bathifof| A 3
IR FE ARSI AR E4o] dad IHHEd
Ho| 242 A123 wj= S9 mix(11-01L RAT LIVER LS-9,
Moltox, NC, USA)E A 7}stgth DMSO] &2l Al& 90 il
oF vyt A+ 0.1 ml, EHHo| FIEE 10 W, AHE
Aol Yoll= 0.5 m¢2] 0.IM phosphate buffer(pH 7.4)&, 7+4
EdWoldoll= 0.5 me] S9 mixS FHE APl Hrist
3 7P A vortexd}e] 37°C shaking water bath(KMC-1205SW1,
Vison Co., Seoul, Korea)o]| A 30& =<t ofjv] vjeFslct 0.5
mM histidine/biotin -&98-& 100 m% 10 m HF7}5F 45C A=
9] Top agarE 2 m¢¥ Z} AJ¢of Fal 327t vortexdt &
minimal glucose agar plato]] 5-o] ojg WgFoz 7| &4 11
= A7) & & 27 Ak 1 b platesE o] 37C
incubator(VS-1203P3, Vison scientific Co., Seoul, Korea)of|A]
48217k Wopst & 2tzke] BB A lo) F(revertant colonies)
£ AL, o] YA E(inhibition rate, %)= T-H

o,

5. SHANZ

A%l 9] A= SAS Package(Statistical Analysis System, ver.
5.1y& olgete] Aejsielch 2+ Agzvict dolete] Ban
BE LA AL, ZF AT B AT Aol
O]AL ANOVA AA] & p<0.05 ~F°J| 4] Duncan's multiple
range test= FHA3FHTH

a9 o

S AAIS=AE Yot 12 MDAS} BSAo| 4
oJHA e FEES FEHE HUlste] A9
ol 29 A% A=l gt AeE FAIRF A=
Table 1 ¥ Fig. 17} Zth AR H=7} 10 mg/assayo] S
o &S 44.54% 3L, AJR2 =7t 19 108121 100 mg/
assay©| & o A& 62.61%E Ho|HA et FEF
9] F=7} F7HE45 MDASL BSAS] Ajto g Qls 444
band7} A4S B 5 3lo] FoHA detE FE2E= A
A4 Q] MDAZE @i 2 Q1 BSASL Ayst= AS Al
A7l A& & 5 Adth AAiskEo| Tl A3st
= AL 50% AAIS= ICs02 28.39 mglassaye] o, o]&
AZRAE BAZ gAbshd 60.00 mgolch.
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Table 1. Inhibition rate of ethanol extracts of Flammulina
velutipes on the conjugated MDA with BSA

pERE ORI

Table 2. Antioxidative effects of ethanol extracts of
Flammulina velutipes on Fe'-induced linoleate peroxidation

Conc.(mg/assay) Inhibition rate(%o) Conc.(mg/assay) Inhibition rate (%)
25 24.51+0.33"¢ 0.01 4.44+0.78"¢
5 27.39+0.71° 0.03 6.51+1.48™
10 44.54+2.28° 0.10 7.26+1.57™
20 47.05+1.43° 0.30 10.7442.21%
40 56.23+1.55" 1.00 12.0242.14®
80 57.41+1.77° 2.00 15.28+3.45"
100 62.61+1.82° ICsy”(mg/assay) 933

ICsy”(g/assay) 28.39 Dry sample w.t.(ig) 26.70

Dry sample w.t.(mg) 60.00 " Values are MeantSE,

Y Values are Mean4SE,

? Values followed by different letters are significantly different at
<0.0001,

? Inhibitory activity was expressed as the mean of 50% inhibitory
concentration of triplicate determines, obtained by interpolation of

concentration-inhibition curve.

T o g g e

=

[ i - |

a b (c] d e f g h i

Fig. 1. Inhibitory effects of ethanol extracts of Flammulina
velutipes on conjugation of malondialdehyde with protein. SDA-
PAGE of extracts with MDA and BSA on 12% acryamide gel.
a: BSA(100 p0)+PBS(900 pf), b: BSA(100 «£)+MDA(100
10)+PBS(800 (L), c: BSA(100 1)+MDA(100 p0)+extract(2.5
10)+PBS(797.5 10), d: BSA(100 wl)+MDA(100 pf)+extract(5
1)+PBS(795 1), e: BSA(100 10)+MDA(100 pl)+extract(10
10)+PBS(790 1), f: BSA(100 )+MDA(100 pl)+extract(20
10)+PBS(780 10), g: BSA(100 10)+MDA(100 1l)+extract(40
1)+PBS(760 0), h: BSA(100 (£)+MDA(100x! )+extract(80
10)+PBS(720 (L), i: BSA(100 1)+MDA(100 pl)+extract(100
©)+PBS(700 wL).

2) X&nfAtet AN &0}

Fe'ol o3 S=9 linoleate?] AV G =3} 344 o)
A oA oRke 22 ofat A AT} oA wTHS
AuE AT Table 29 Lt oAl fEE 259 &
T 0.1 mg/assayA] 7.26%, 2.0 mg/assayA] 15.28%2] A3
Hglow, ofgtg FE5E9 &7t TSRS XAzt

* Values followed by different letters are significantly different at

p<0.05,

? Inhibitory activity was expressed as the mean of 50% inhibitory
concentration of triplicate determines, obtained by interpolation of
concentration-inhibition curve.

A s} ot sl AEE stk Fe'o <3
fr=4 linoleate®] IH4kSto] thet oA &S TBARZ A4
1 AL 100%2 7Pt o, FHolAl d&E F5252
AH7rste] 50%2 AFAIAEE AAaAE 5 e FE(1C0)=
9.33 mg/assay©| gl oM, o]& AXA R FAZ FASHH 26.70
mgo]th.

3) DPPH 2iC|Zt A7{&1}

o A oerE FEE9| 4eHsS DPPHO thgt A}
] %5(electron donating ability) <, DPPH &tt]jZt &AA 502
S4% A= Table 334 Zrh Po|HAl oe-E F=E9)
DPPH #ttjZt £A &2 AR5 % 0.2 mg/assayA] 11.99%, 0.5
mg/assayA| 24.90%, 1.0 mg/assayA] 31.77%2] ]zt A|A 5=
Urefo] oluiAl oekg 2R Ae)FEst S/FNE
DPPH }tj2 47 W40l Z7FH8 & 4 Tk DPPHE
Hrtele] Qb TS WAL BES 100%E 519
= o, FHolHA oetE FEFES F7Iste] DPPH 2z
50% &ATH= AR FE(Cs)= 144.61 mgassayHL, o &
AZRANE BAZ AHE 20696 mgo]th

6852 AEAZHE FojX 848 FEES UL E
FeS0;2t H:000| 23 =% | homogenate®] AFSHa] &/
WA Bk AR 80%, AT 65%, TAF 25%, T
7 1%=Z HAR7E AL Ao 43 855 2L, B4
FollA oA, FEolHA, EAHA, AEolHAl, =&
HAY oz, HolHALLS BAlR FolA Atgt W] a7t
E=UTHKim & Han 2005). 7 5(2001)°] J3tH Fo|H A9
DPPHe|| o3t HA}gol 52 47 A, oA ofeh
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Table 3. Scavenging effects of DPPH radical by ethanol
extracts of Flammulina velutipes

Conc.(mg/assay) Inhibition rate(%o)
0.002 0.24+0.05"¢
0.006 0.76+0.32°
0.020 1.84+0.77°
0.060 3.05+0.41°
0.200 11.9941.33°
0.500 24.90+1.01°
1.000 31.77+1.98°

ICs”(mg/assay) 144.61

Dry sample w.t.(mg) 206.94

Y Values are Mean4SE,

? Values followed by different letters are significantly different at
<0.0001,

? Inhibitory activity was expressed as the mean of 50% inhibitory

concentration of triplicate determines, obtained by interpolation of

concentration-inhibition curve.

FEES EF FEFEEY AAT Aol § wken, o
& FEEY ARFTASL 30% JEE B A7 gARH 2
= HeE ek

3HH, FARE A S 2 Oh & Lee(2005)= FAHA ofeh-E
2259 DPPH HHZ 42AEL A&E%SE 1.0 ngassayAl
67.20%, 2.5 mg/assayA] 92.52%2] &z AASES Ue o
PolH AL FA A H]el DPPH 2tt|Z 474 &Ao] ¥
A & o AN, Kang 5(2004)°] ostH FAIHA 70%
ofehE FEE0l4 0.2 mgollA] 3.6%2] DPPH =tz &A&
o] Y& Harste] Po|MAl WA KT DPPH 2tt|Z
27 Aol & A & & UslH

HAR st 2 2 AR AA FEE Yo
ZA3}+= flavonoids & phenol gHFof what Abshd HESHA

oAl atet 9

FEo] fat 19

Agett o] A4S Folstel Bk Asks ARt ot
ERdth(Kang 5 1996; Cheung 5 2003; Ham 5 2003; Lee &
Nishikawa 2003). 7] 5(2002)%= Ho|¥HAlof polyphenol’d
o] £242 WAToIFol EYTFT Huakgct £ o
AF2EE &3 o thgAof gt free radical A|AZA
T RAEQHKim 5 2001; Konno 5 2001).

oAl oferE FEE9 FAks aE FA57] 9l
MDA} BSA conjugation HHg, XA 3}AksE oA &4, DPPH
gz 24 S4S ST A1, oW oEE FEES
Z}7+o] Z7dof| disf FHAket Bkt igleu, S ot

FAtet a3to] FE= Zpo)7h YAtk 1G> DPPH 2ft]
b 27 B0l A 144.61 mglassay= A| HESo =2 M} T
7} E=gkom, th2-2 MDAQ} BSA conjugation® 2 28.39 mg/
assay Q. oH, A AaHikst oA &4 7HF W& 29 ICso&
2 9.33 mg/assay ATk WEbA] [Co 22 Bk wf oA o
S FEES AERE JA 4ol AR R TP &
TS Y 5 U, O o2 A ABEE JAlsE &
H}gom, DPPH Stz 274 842 7H A= 4 5+ 9
AUtk

d

iy

2. EEQH0|IsS

Ames test= Ho|HA oghs FE5E AH2HE FEdW
ol &A317] Yot P =AM £ 2-nitrofluorene
4 pgplateys EH7A WHo|F2 Salmonella typimurium TA9R
o], sodium azide(2 ug/plate)S AFEdl] 7| 25 WHo|F
Q1 Salmonella typimurium TA1002.2 A3 3t ZA3}+= Table 4
@} 2}, Salmonella typimurium TA98O| A -2 S HHo|
Foll tigt s Baks BolHAl oetE FE28 F= 05~
9.0 mg/plate7}A] =AMl 50| QAT Salmonella typimurium
TA100%] -9l % 0.5~9.0 mgplate F=ol|A EAHC] A
Zh-go] USUTh B EdHo] 5221 2-anthramine(2.5 1g/
plate)2 ARMESES] Salmonella typimurium TA98T} Salmonella

Table 4. Effects of ethanol extracts from Flammulina velutipes on direct mutagenicity mediated by 2-nitrofluorene in

Salmonella typimurium TA98 and sodium azide in Salmonella typimurium TA100

Extracts Salmonella typimurium TA98 Salmonella typimurium TA100
Conc.(mg/plate) Revertants/plate Inhibition rate(%) Revertants/plate Inhibition rate(%)
0.5 1,089+127" 0’ 2,309+39" 0?

1.0 1,085+110 0 2,356+99 0
3.0 1,079+100 0 2,226+74 0
5.0 1,036+ 92 0 2,263+99 0
7.0 996+ 52 0 2,141+82 0
9.0 1,022+ 56 0 1,988+55 0

" Values are Mean+SE, 2 No significance.
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Table 5. Effects of ethanol extracts from Flammulina velutipes on indirect mutagenicity mediated by 2-anthramine in
Salmonella typimurium TA98 and Salmonella typimurium TA100 with S9mix

Extracts Salmonella typimurium TA98 Salmonella typimurium TA100
Conc.(mg/plate) Revertants/plate Inhibition rate(%) Revertants/plate Inhibition rate(%)
0.5 3317132 0’ 2,584+ 85" 0?

1.0 3,336+ 72 0 2,520+114 0
3.0 3,305+ 89 0 2,576+ 71 0
5.0 3,211£121 0 2,506+ 48 0
7.0 32174104 0 2,361+ 41 0
9.0 3,169+131 0 2,393+ 66 0

Y Values are mean+SE, ? No significance.

yypimurium TAI002.2 Fo|HA &g FEE 112
FEAWol s ST A= Table 59 2 2 32HE 3
S0l e nR7HA 2 A S ols ol HiRt Afs)
A3= Salmonella typimurium TA98T} Salmonella typimurium
TA10097 4 §1%ich

FEolHAl oferE FEES B43tE SRl E4
A Agsls Salmonella typimurium TA98 L TA100 & +
FolA L 100% AASH] A4ds] axpao]fla,
177Hg B0\ o] Bolal WTBLS M BAHo|
22 ABEE AS WA HEE SFaTHE% o]
AH(Yun MI 5 2009). ETH AT} FAMA ok F2EL
S BQHOIS AsH=] BIHo|90% o4, X
HAg BQolsol g As) g2 vy AodehED
WA L Salmonella typimurium TAISO A 5.34%, Salmonella
typinurium TA1000)| A 22.93%0]31, FXHA L] 73S Salmonella
typimurium TAI8N A 7.81%, Salmonella typimurium TA1009]
A 82.96%)(Oh SI, Lee MS 2005; Oh SI, Lee MS 2007). o]o]|
H|3l FolHA L oetE FEES M2 ARl
ot AALELE AT EAHCIEERE A%EE g
gste SdRo] Edo A Aste ARl Al
Ash= 2Hgo] AU

Q0 3 HE

QarH oz Aol Amglel A AT 4 oli, BET
S o WS AT Slo] Zelol] 2 WA o] g EE ol
B ok 28] AR Yol dha TS B
th. =, Ho|HAl(Flammulina velutipes)2] &2 FE52) MDA
o tiat g de] BEFE} linoleateS 0]t | AutAts}
oA, DPPH 2tz &7 S4d& S4sto] Hibst axs &
ABHAAL, Ames testE 3 SAR] FE AT 245t

.

A A THAsHE] et Bl B avkE gohE Al o]
WA ofehe 2252 MDA uaA% 442 100 mg/assay
o] QL l 62.61% AR Fe* ol oJ3) +=H 2 A2 7}
Absto] gt A2 2.0 mglassay U ) 15.28%9].2.1, DPPH
gz 27 AL 1.0 ngassay 4 wf 31.77%2] A 2
qon, Hlsert S7IERE Adlg2 S8kt Tk
7+ Aol whet gakst aatol xfolzk T, ICs 7
2 FAskso At v g S o Po|wA FEE2
A A}t A A5 > MDA BSAS] wxA%} oA > DPPH
gz 27 A ol qleh EZF Ames testS ]85t S
Ho| 33 A5 dot A3}, Yol e FE2EL
RS Edniols 2 HE EdRol 5ol tigh oA &
= fAh

2 dge] 22 PolwAL Aol S & <+ 9l
AL, ol EYE HolHAS Lo 2N B YsHA=
Ty ARl O W 2 aapt gloee AlREnh B
g2 AT At HolHAE 7154 AE AEaAe]
AENE] F-85HA AHEE 5 Qe 7IZAERE E8E &

ZHA| =

o] £EE 2008w AUt mifatE AT A o] <
sfo] A= gl

1t

P

Al
o

Beckman KB, Ames BN. 1998. The free radical theory of aging
matures. Physiol Rev 78:547-581

Borchers AT, Krishnamurthy A, Keen CL, Meyers FJ, Gershwin
ME. 2008. The immunobiology of mushrooms. Exp Biol



Vol. 23, No. 1(2010)

Med 233:259-276

Bradford MM. 1976. A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding. Anal Biochem 72:248-254

Breene WM. 1990. Nutritional and medicinal value of speciality
mushroom. J Food Prot 53:883-890

Brown QW, Shelp BJ. 1997. The metabolism and function of
7 -aminobutyric acid. Plant Physiol 115:1-5

Chen HM, Muramoto K, Yamauchi F, Fujimoto K, Nokihara K.
1998. Antioxidative properties of histidine-containing peptides
designed from peptide fragments found in the digests of a
soybean protein. J Agricultural & Food Chem 46:49-53

Cheung LM, Cheung PCK, Ooi VEC. 2003. Antioxidant activity
and total phenolics of edible mushroom extracts. Food
Chem 80:1-7

Comporti M. 1993. Lipid peroxidation: An overview. In: Free
Radicals: From Basic Science to Medicine: Molecular and
Cell Biology Updates(Poli G, Albano E & Dianzani MU,
eds.). pp. 65-79. Birkhauser Verlag, Basel, Switzerland

Eriksson CJ, Na A. 1996. Antioxidant agents in raw materials
and processed food. Biochem Soc Symp 61:221-234

Gomez-Sanchez A, Hermonsin I, Mayo 1. 1990. Cleavage ando-
ligomerization of malondialdehyde under physiological con-
ditions. Tetrahedron Letters 28:4077-4080

Good PF, Werner P, Hsu A, Olanow CW, Perl DP. 1996. Evi-
dence for neuronal oxidative damage in Alzheimer's disease.
Am J Pathol 149:21-28

Haase G, Dunkley WL. 1969. Ascorbic acid and copper in
linoleate oxidation. 1. Measurement of oxidation by ultraviolet
spectrophotometry and the thiobarbituric acid test. J Lipid
Research 10:555-560

Halliwell B, Gutteridge JMC. 1993. Free Radicals in Biology
and Medicine. 2nd ed. pp. 86-133. Glarendon Press, Oxford,
UK

Ham SS, Oh SW, Kim YK, Shin KS, Chang KY, Chung GH.
2003. Antimutagenic and cytotoxic effects of ethanol extract
from the Inonotus obliquus. J Korean Soc Food Sci Nutr
32:1088-1094

Jeurink PV, Noguera CL, Savelkoul HF, Wichers HJ. 2008.
Immunomodulatory capacity of fungal proteins on the cytokine
production of human peripheral blood mononuclear cells. Int
Immunopharmacol 8:1124-1133

Kang MY, Kim SY, Yun HJ, Nam SH. 2004. Antioxidative

activity of the extracts from browned oak mushroom(Lentinus

oAl atet 9

FEo] fat 21

edodes) with unmarketable quality. Korean J Food Sci
Technol 36:648-654

Kang YH, Park YK, Lee GD. 1996. The nitrite scavenging and
electron donating ability of phenolic compounds. Korean J
Food Sci Technol 28:232-239

Kataoka H, Ohnishi N. 1996. Occurrence of taurine in plants.
Agric Biol Chem 50:1887-1888

Kim BK, Shin GG, Jeong BS, Cha JY. 2001. Cholesterol-
lowering effect of mushrooms power in hyperlipidemic rats.
J Korean Soc Food Sci Nutr 30:510-515

Kim HJ, Kim HJ, Jun BS, Cha JY, Kim HK, Cho YS. 2001.
Analysis of 7 -aminobutyric acid concentrations in Korean
plants and mushrooms. Korean J Life Sci 11:537-542

Kim HK, Choi YJ, Kim KH. 2002. Functional activities of
microwave-assisted extracts from Flammulina velutipes.
Korean J Food Sci Technol 34:1013-1017

Kim JH, Han D, Park MH, Rhee JS. 1994. Screening for
superoxide dismutase-like compounds and its activators in
extracts of fruits and vegetables. Biosci Biotech Biochem
58:2263-2265

Kim SJ, Han D. 2005. Effect of plants extracts on lipid per-
oxidation of rat brain tissue induced by reactive oxygen
species. Korean J Food Sci Technol 37:976-982

Kim SM, Cho YS, Sung SK. 2001. The antioxidant ability and
nitrite scavenging ability of plant extracts. Korean J Food
Sci Technol 33:626-632

Konno S, Tortorelis DG, Fullerton SA, Samadi AA, Hettiarachchi
J, Tazaki H. 2001. A possible hypoglycemic effect of
Maitake mushroom on type 2 diabetic patients. Diabetic
Medicine 18:1010-1011

Lee IS, Nishikawa A. 2003. Polyzellus multiplex, a Korean wide
mushroom, as a potent chemopreventive agent against stomach
cancer. Life Sci 73:3225-3234

Lee SR, Nam DY, Lee HJ, Park CH, Heo JC, Kim JG, Lee JM,
Lee CY, Park HJ, Lee SH. 2009. Analysis of anti-tumor
activity of Flammulina velutipes extract on B16 cells.
Korean J Food Preserv 16:599-603

Lin JY, Lin YJ, Chen CC, Wu HL, Shi GY, Jeng TW. 1974.
Cardiotoxic protein from edible mushroom. Nature 252:
235-239

Maron DM, Ames BN. 1983. Revised methods for the Salmonella
mutagenicity test. Mutat Res 113:173-215

Meneghini R, Martins EA, Calderaro M. 1993. DNA damage by
reactive oxygen species: The role of metal. In: Free Radicals:



22 QAR - o]u]<

From Basic Science to Medicine: Molecular and Cell Bio-
logy Updates(Poli G, Albano E & Dianzani MU, eds.). pp.
102- 112. Birkhauser Verlag, Basel, Switzerland

Mutsushima T, Sugimura T, Nagao M, Yahagi T, Shirai A,
Sawamura M. 1980. Factors modulating mutagenicity in
microbial test, In "Short-term Test, Systems for Detecting
Carcinogens". Norphth KH and Garner RC (eds.). p. 273.
Springer, Berling

Oh SI, Lee MS. 2005. Antioxidative and antimutagenic effects
of Ganoderma lucidum Krast extracts. Korean J Food &
Nutr 18:54-62

Oh SI, Lee MS. 2007. Antioxidative stress and antimutagenic
effects of Lentinus edodes ethanol extracts. Korean J Food
& Nutr 20:341-348

Yun MJ, Oh SI, Lee MS. 2009. Antioxidative and antimutagenic
effects of Agaricus bisporus ethanol extracts. J Korean Soc
Food Sci Nutr 38:19-24

Park YH. 2000. Effect of polyamine on modification of biomodics
by aldehyde. Ph.D. in Medicine Thesis, Seoul National Uni.

[e)

T

SERES

of
o

a}5)%)

Seoul. Korea

Pichumoni SS, Doraiswamy PM. 1998. Current status of anti-
oxidant therapy for Alzheimer's disease. J Am Geriatr Soc
46:1566-1572

Ramaranthnan N, Osawa T, Ochi H, Kawakishi S. 1995. The
contribution of plant food antioxidants to human health.
Trend Food Sci Technol 6:75-82

Saija A, Scalese M, Lanza M, Marzullo D, Bonina F, Castelli
F. 1995. Flavonoids as antioxidant agents: Importance of
their interaction with biomembranes. Free Radical Biology
& Medicine 19:481-486

Woo MS. 1983. Studies on antitumor components of Flammulina
velutipes of Korea. Korean J Mycol 11:69-77

Yoo BK, Hong JW, Suk JW, Ahn JY, Lee KS, Cho SW, Cho
SY. 1996. Inhibitory action of the antidepressant/antipanic
drug phenelzine on brain GABA transaminase. Arch Pharm
Res 19:480-485

(0109 19 269 A2 20109 3 4 )



