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Abstract

The antioxidative and antimutagenic effects of a 80% methanol extract of Panicimm miliaceum were examined using
the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay, determination of the total polyphenol content,
and the Ames test using Salmonella typhimurium. The DPPH radical scavenging activity (ECso) and total polyphenol
content of the 80% methanol extract of P. miliaceum were 67.43+4.28 pg/mL and 16.26+1.02 mg/g, respectively.
The 80% methanol extract was sequentially fractionated using chloroform, n-butanol, and water, and the chloroform
fraction was found to exhibit strong antioxidative effects. The antimutagenic effects of P. miliaceum against aflatoxin
B1, 3-amino-1,4-dimethyl-SH-pyrido[4,3-b]indole, and 2-aminofluorene were then studied by the Ames test using
S. typhimurium TA98 and TA100. The results obtained using the 80% methanol extract (600 pg/plate) and .S.
typhimurium TA98 and TA100 showed 95.2+2.3 and 89.8+4.5% inhibition of mutations caused by AFB,, respectively.
Similarly, the chloroform fraction (200 pg/plate) exhibited a >90% inhibition for both strains. These results therefore
indicate that P. miliaceum exhibits both mutagenic and antioxidant activities, thereby rendering it suitable for use

in a variety of food materials.
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= SalmonellaZ °)-83) dWo] &
2] Foll tigk Al e FEdaio] :
AR E TFE TEREAH Y (frame shift mutation)$! S,
typhimurium TA98Z} G 7]742] &< ¥ o] ¢ (base-substitute
mutation)?! S. #yphimurium TA100°] ©]-8-¥ ThMaron<}
Ames, 1983). |23 W o AH g4 B TEA
ZAXE 80% oY Bes EI 5] MAEE S A=
d) da] 0|85 1 UThZeiger, 1987). Aflatoxin B1(AFB,)<]
& i L2 AW 2F] microsomal enzyme system
71| mixed function oxidase®l] &]3l] thA} EAds}= o] 2
A Q1 Aikol v} Tl ) A HoF A ES /35t
o B84 e EAW0lE Yo7tk Singeret Grunberger,
1983). oFZ 541 QAo EHH Tad o R Ahgalo]
7hd RS oF 604 S7FA1Z1THEatond} Gallagher, 1994).
3-Amino-1,4-dimethyl-5H-pyrido[4,3-bJindole(Trp-P-1)-2 T+
A A et e AEE wAY 542 o B
AT} 59] Aot | AEFE FHiEo] W
olgdo & FF k= EH | t(Weng &, 2007). Trp-P-12
Aol ma ol v W at Agetar, Al A AR
A BAEH 23 At o] = P450,A°] BNF-
inducible enzymeell oJ&ll ZAJstd 2 FAlo SH &= 12]3
ofRlo 2 Wgxlo] FMolYd o R 28K Yamaizumi
%, 1980). 2-Aminofluorene(2-AF) t] A ol zl o]} 3}
59| B¢k Akstel] ofa A= = nitro-31 3= =4 DNA
adducts FAst] 4o 7= Aoz deA] Uk
(Xue™} Warshawsky, 2005).

a2 fevet Ho (AR o] 4REW 5
HEA T oF 52%9] 4469 ha7} TEAYAHS 918 284
GEAEHRA R 2E = AR Ag o] St 1HH
of A 7ksgt w2HE AFE T HEAE f50l
u, FZolle A digk A7 S7Fska Atk(Jung
5, 2014; Kang -5, 2019). ZF A<l Aujed 4 U= 71573
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2 |4 o2 ANA Auet A2 E T
e 71578 S Zholof gttt w2 TA A AvtE
Ed) TEE ST T, A s A
gt Ay} S EY A B 03%AME A8 5

o, WA, HubA], 7he 5 AHukek Sl e 2
Ztetar, A5717te] 704l A 110Y€ B EolH, =o] Ao
= Z Al th(Has} Lee, 2001; Jung 5, 2014; Yoon %,
2015; Choi 5, 2016; Kim 5, 2016; Kang 5, 2019). 7] 3-&
A1) Aol Fefate] AR Aujaz o] F7tst
3 3lo] AEX A AuljE 7)ol gt ik}t gz}

ANE M=

B Aol AREE 7148 2017d AE Lo 4] Auet
71 (Panicum miliaceum L. cv. Ibackchal)S W72, oF
7] T AFFHE S5 dETtA A 2l &
547 %7](lIShinBioBase LP20, Dongducheon, Korea)Z
o] gato] Az A Tt A2E 71%S 50 mesh2 E gt
T 5uje] 80% PIEE& 7ske] 45ClA 6A13F F1l 33
ZARFZE3 T 04 um BEZ A7 F 9HE57]
(Eyela N-1000, Tokyo, Japan)= 45C oA v ek Al A%k
T A Azt & £E2 71 80% HgkE: FEE

& 2¢4n A9 ¥ FREXEY £} 1T BE &
oz BEF F FHAA 20T HBSHA 2P A}
gt

ME W Al

gakel &4 =42 2 2-diphenyl-1-picrylhydrazyl(DPPH)
9} Folin-Ciocalteu's phenol reagent:= Sigma-Aldrich(St.
Louis, MO, USAA} Al &< AH&-sloith dEdriol ¢y
%< 9130 aflatoxin B1, 3-amino-1,4-dimethyl-5H-pyrido
[4,3-b] indole, 2-aminofluorene 5= Sigma-Aldrich(St. Louis,
MO, USA)A} A3, monooxygenase(cytochrome P450) &4
2 ¢3) ratol] I3+ B-naphthoflavone®} phenobarbital, S9
mixE A|Z3}7] $]3F NADP(B-nicotinamide adenine dinu-
cleotide phosphate), D-glucose-6-phosphate, dimethyl sulfoxide
(DMSO)E Sigma-Aldrich(St. Louis, MO, USA)A} A &<
Agagon, e Ae 15 ol4g Agdd
Salmonella typhimurium TA98(hisD3052)3} TA100(hisG46)
& AFARTRATA FALYoNA Fpio} ALga

ATt

DPPH ziC|Zt 2HEM 5H

DPPH 2}t]Zt 2248402 Okawa 5(2001)2] ¥l
sto] AAISHATE 0.15 mM DPPH €9 | mLo|| Al 5895
FEEE 0.1 mLE E3ste] 37TCdA 308 52t vk
71 &, B33 A(UV-1601, Shimadzu, Japan)S ©]-&-5F
517 nmel A FFEE SHTh 24 Al wxol o
DPPH o]z &A% & 7HE8k= DPPH S22 50%
=Y F AUE BE(ECs)E AlArsiaitt.

o &)

. & >

EE0HEs g &4
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TrE &AAZl Al8FEY 200 uLot SHS 1.8 mL,
Folin-Ciocalteu’s phenol regent 200 L& &3}sle] 57F
WESAIZL &, 7% NapCOs 2 mLoF 5575 08 mLE &3t
T A2olA 902 F_F WA F 750 nmell A F8=
g 5338t om, gllic acid(Sigma Aldrich Co., MO, USA)
o] el st FFE SH 53

g A= Ong 5(1980)2] WHol mhal ZAI5HH 2
), A8 8 FE 200:10 g 77 E rat(male, Sprague
Dawley, QIAA & FE), =52 2= phenobarbital, p-
naphtoflavone-& AF8-319 T Z2A|H S9 £8-2 0.5 mL
Fote] - 70Tl Hakshaa AR-8tslaL, SO mix= Maron
°} Ames(1983)2] Wyl we} ZA| 53T

SEHO|HAM A
FEAHIAA =4S Ames} Maron(1983)2] Ames

testE 7] 3} preincubation W .2 AAISFA T HA]
Z1 Al el WMol 50 uL, 0.1 M sodium phosphate buffer
0.5 mL(0.5% S9 mix 0.5 mL), 717 FZ% 50 uLe} Oxoid
Nutrient Broth No. 2(Oxoid Co. Ltd., Hampshire, England)l|
12A17F vl FAIZL 3 B dell(1 - 2x10” CFU/mL, OD 0.4)
100 mLE <§3taL, 37ClA] 210 rpm 2 2047 &
Hj gttt vkl el 0.5 mM histidineZ} bioting -3k
top agar 2 mLE Z3}13F & minimal glucose agar plate(agar
15 g, B9 930 mL, 50xVB salt 20 mL, 40% glucose
50 mL)E H¥ uiA] ol] =Este] 37Tl A 48413 vl ¥
sto] WhAlgk B EAM ]S (his" revertant colony)2] &
Alrste] EARlo] A oS HrlelTh EAWo|

plate®] 3¥Hs- AA]SkS{Th

EAWo] AA|(%) = [(Ma\_/[ S_O)S_) S 100
0,

M: The number of revertants only in presence of

mutagen
So: The number of spontaneous revertants
S;: The number of revertants in presence of mutagen

and sample
A =4
FAEA] S SPSS FA Z = 13U(Statistical Package for

the Social Science, Ver. 12.0, SPSS Inc., Chicago, IL, USA)
S o] g3te] 7t S 7o) HitT} EEUANE A& A
2]7ke] zto] -5 one-way ANOVA(analysis of variation)

2 E23F % Duncan’s multiple range testS ©]-83}o]

p<0.05 FEA Fed& AU

717 80% HleHE 55 2 #¥E9 DPPH gz
2AGA Y FEY =T EFS S5 HTable 1). 717
80% HIEHE 2 (ECso)
67.43+4.28 ygmLom, FEEFXE B3 EL 527+1.08
pg/mL, n-FEHe B85S 13824242 pg/ml, E5& 53.92
+5.76 pg/mLo] Atk FET|H 5T 80% WEE &
ol 16.26£1.02 mg/gelR o, FEEXE FELS
9.07+0.38 mg/g, n-F-EE T E-2 4424038 melg, T
0.43+0.04 mg/gelATth. 717 80% WIErE FZEofA]
DPPH #tt)Z &AE 2 FEe|9sgdo] wshon,
8 =o|A gatst @ido] Askd 21 gnjEg el ofst
o] gatsl G4 H o] FREXE BYET RS B
JE= wuE oz AdHn.

ZHE 9k 500 pg/g F =9 HE3ES dHrE o
ATHSenter 5, 1983). AutA o g2 ZFZa)w5tgo] £
4= DPPH 22 AAZAE vt Hudk d7439)
frAbeE ko 2 velstt Hele} mdel] S cathchin
7} proanthocyanidin< @4FsE A& 231 glo™, lignan
2 atst @4 9 FtEAd S YR E ARl Ao
sh-% isovitexin, phytate Ad £ &4t} S-S 2t 3o
2 B 315 tRamarathanam 5, 1988; Watanabe, 1998).
Ko 520110 w2w Her| 47 w=e+-27]4< DPPH
gzt 2AD44S 19.81 TE/gP 21.11 mg TEg, 2]
B 7} 4547 mg/gd} 45.50 mg/gel gt HaEtg] o,
Kwak 5(2004)2 717 ol gh-g& FZ5|4 DPPH itz

N
e
e
Lo
o
=)
=0
o
k)
kS
e

o

Table 1. DPPH radical scavenging activity and total polyphenol
contents of the methanol extract and its solvent-fractionated
fractions of P. miliaceum

DPPH radical Total polyphenol”

Sample Sc?ﬁegr/lr%li Eig S&l ;;ity contents (mg/g)
80% methanol extract  67.43+4.28 16.26+1.02°
Chloroform fraction 5.27+1.08° 9.07+0.38"
n-Butanol fraction 13.82+2.42° 4.4240.38°
Aqueous fraction 53.92+5.76° 0.43+0.04

YEach pg gallic acid equivalents (GAE)/g sample.

PEach value expressed as the meantSD (n=4).

9Means in the same column with the different are significantly different
(p<0.05) by Duncan’s multiple range test.
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2AZA(BCs)®] 2.902 mg/assay©] I thal H sttt £
A= 7178 80% MlehE FEEIA 67.43+4.28
gmLollom, FE 582 1626+1.02 mg/gO 2 &
AE AFATe} FAREITE Seo 5(2011)0] WEH 717
W gHE =50l A] phenolic compound 18%-2 ¥4]3%+ 2
A B Al 5ol M= 47.75 nglg EROIA AL, A&-%m]
H Al ZolME 7249 pg/g EROITEa B3kt Kim
S(2016)°] 2% 7] tigk DPPH )z A4
ATZA A S FE2EAA T oS o2 s} &
dol ZretAtka Hadt ArArte} fARH Jebsk:
Tk Yen 5(1992)9] Aol w2 215 29| polyphenol
gaksl 24, gEAoldA, Ao, AW B4 B
o] gltka W m&tgdrh

d

L

80% HIEtE FE=9 g=Ho| &4

717 80% HlehE FEEC] JEAR0] G S43H
7] 93k 200 pgfplate, 400 pg/plate, 600 pgplates] T ==
S. typhimurium TA98I A AFB,, Trp-P-1, 2-AF E<1W o]l
o tigt EAWe] JA| E55 S 3IUKFig 1). AFB=
=23 A3} 200 pg/plate 89.5+3.6%, 400 pg/plate 93.3+
1.8%, 600 pg/plate 95.242.3% 2.2 S = U 2H, 600 ng/plate
FLoAE 200 pgplate FEHTE oF 57% S0l oA
50| Z718FATE Trp-P-1914E 200 pg/plate 83.2+4.5%,
400 pg/plate 89.5+4.2%, 600 pg/plate 89.5+1.8% = =7 ¥ %1
o, 600 pg/plate F=AE 200 pg/plate F=HT} oF
6.6% EAHo] oA F5o] F7I8ISITE 2-AFE 200 pg/plate
94.6+2.4%, 400 pg/plate 96.2+2.3%, 600 pg/plate 97.1+3.6%
2 o] gA &5 SAHHUTE 717 80% Hl s

\r

a
100 | npbac <P ab b a a
—
e\i 80
2
s 60
o
g
=
E 40
E 20
0
AFBI Trp-P-1 2-AF
Mutagens

Fig. 1. Antimutagenic effects of 80% methanol extracts of P.
miliaceum in S. typhimurium TA9S.

W, 200 pg/plate; [1, 400 pg/plate; M, 600 pg/plate.
Date values were expressed as meantSD (n=3).

F2EL E ATl 80% ©)4F Ec] IA] &%
o] Yelgtow, Trp-P-1014 &< 7P E=dth S
typhimurium TA10091 4] AFB,, 2-AFol] T3t S-<1o] oA
Fe2 Fig. 29 2tk AFB= 573t A7, 200 pg/platel]
A 87.143.6%, 400 upg/plate 88.5+3.2%, 600 pg/plate
80.8+4.5%% EWo] a] F5o] ZHE AT} 2-AFA
= 200 pgplate 45.144.1%, 400 pg/plate 49.2+2.8%, 600
ng/plate 71.8+3.9%= EAW o] A Fso] S Uk
AFB9IME =& 50| oA Eso] UeRA W, 2-AF
ANME S typhimurium TA98A A <} &2 EdWo] oA
B0l WA YeRsth

S0 =& =2 g=oHo| 24

S. typhimurium TA98) A AFB;, Trp-P-1, 2-AF¢} S
typhimurium TA10091 4 AFB,, 2-AFS E¢Wo]go g 3}
A2 W 717 80% MlEHE: FEECIA EAWe] A BF
o] =0} 717 80% M-S FEES FRZEEY n-
HeheS o] goto] &u] EE3 B ES 50 pgplate]
TR A ¥ AWl gA B S5 S
typhimurium TA98N| A AFB,, Trp-P-1, 2-AFE &Ml
o2 39S W EAHo] oAl 5L Fig 37 2T} E=2
22X E B35 AFB 86.4+4.3%, Trp-P-1 75.3+3.5%,
2-AFo| 4] 18.6+3.4%E AFB, oAl S0l oA &350
=A JEh T n- 5 eg F8 Eoll A AFB2 73.8+2.8%,
Trp-P-1 30.543.6%, 2-AF 13.4+3.4%°. 2 ZA =1t} Trp-
P-17} 2-AFl 4| &AWl A F5o] BA YeEbA| T
AFB oA AR 0] A &50] A Vet BS54
= AFB; 18.6+2.4%, Trp-P-1 20.7+3.1%, 2-AF 4.2+1.5%%

100
80
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40

Inhibition rate (%)

20
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Fig. 2. Antimutagenic effects of 80% methanol extracts of P.
miliaceun in S. typhimurium TA100.

M, 200 pg/plate; [1, 400 pg/plate; M, 600 pg/plate.
Date values were expressed as mean+SD (n=3).
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Fig. 3. Antimutagenic effects of solvent-fractionated fractions of
P. miliaceumn in S. typhimurium TA98S.

M, Chloroform Fr; [, n-Butanol Fr; I, Aqueous Fr.
Date values were expressed as meantSD (n=3).

EdWo] A ®zo] @A eV S pphimurium TA9S
M FREZXE FIE, nFEHE 285, 259 2

Aol A Zso] YRS S pyphimurium TA100
] AFB,, 2-AFE S0 2 39S u Sdro] o
Al 5L Fig 49 2t} FREIE B E|A] AFBS
32.6+4.3%, 2-AF 33.542.5%% E o] x| &%o] YEt
o, pReke EIEoA AFB, 82+1.6%, 2-AF
24+13%, B3 AFB;< 2.6+0.8%, 2-AF 52+13%% S
o] A Fzo] Yl YERsith EAWe] A %
e F22xE B3 g Aoz e

100
80 r

60

Inhibition rate (%)

AFBI 2-AF
Mutagens

Fig. 4. Antimutagenic effects of solvent-fractionated fractions of
P. miliaceum in S. typhimurium TA100.

M, Chloroform Fr; [], n-Butanol Fr; I, Aqueous Fr.
Date values were expressed as meantSD (n=3).

2o 2852 szo g g=odeio] 4

S. typhimurium TA98| A AFB,, Trp-P-1, 2-AFE E<1W
ooz NS v T FEEZEF BIEY pF e
< FY 59 EAWe] A Bes StV st 7
T8 ES 10 pgplate, 25 pgplate, 50 pg/plate, 100 pg/plate,
150 pg/plate, 200 pg/plate®] FE=Z 2|3t HFig. 5).
AFBo|A FE2ZXF F-ZEA 80% o] EARo]
A TS el BEE 100 pghplate 87.7+4.2%, 150
ug/plate 89.8+4.4%, 200 pg/plate 94.3+1.8%= =7 = AT}
n-FERS B3 oA 14.845.6% - 78.543.8% S ¥ o]
AA T5o] YEtgor, i ge B ERT F22Y
T wgEdA EdRe] A &l A JERTH
Trp-P-1914 22X E FZA 80% ] &A™ ]
A G5 UEhd T2 100 pg/platecl] A 84.3+7.2%,
150 pg/plate 89.8+5.2%, 200 pg/plate 90.63+4.5% = =4 =]
Atk n-FEE BB 2.7£1.4% - 52.7+6.4% =
Ho| oA F5o] YET) 2-AFA 22X F EIE
100 pg/plateol| A 32.8+5.4%, 150 pg/plate 40.2+6.2%, 200
ug/plate 42.8+2.6% %= S o, p-H L EE Eo A
E 2.7414% - 52.746.4% EAC] JA| Feo] WA YEr
Yo} S, typhimurium TA98I A AFB,, Trp-P-1, 2-AFl U]
3 B0l o] %S FEEXEE FY BN =/
[B=27 =

S. typhimurium TA100914 &AM o] AFB,, 2-AF9l|
gk EAWo] Al &5 S 5FATHFig 6). AFB, A
80% ©]’¢ EARo] JA| %55 Uehd FE22XE £
E-2 150 pg/platecl] A 84.7+6.4%, 200 pg/plate 86.4+4.2%
2 ZHEAT n-HEE BEEoA A= 3.6£1.2% - 52.1+
52%= AWl A Fso] GA YERSTE 2-AFl A
80% o]’ EAWo] AA| TFo| et F2E2XF T8
B2 150 pg/plateol| A 84.6+6.4%, 200 pg/plate 86.2+8.6%
2 Yo, nHEE T ENAE 3.6£1.4% -
52.146.7%= EAWo] A Fso] BA YERTE

AujolEe] 170el gt BAaJo] WA thekdt 7
=57 A7 Sk vk 71w )k vlel
WA Tol FHsl AAE= Zbg v I th(Ha9t Lee,
2001; Yoon 5, 2010). 717 80% ™EHS FZE3} 80%
Hes FE2Es A% 83 FEEXE T EA
DPPH &tz AT FEE vl ddo] 7P =%
ol 717golA] itel S 2t RS URE FEEY
2 2ol galE A & 4 em, DPPH 2z
Z AETE FEEdE gl =4 JETh
A8k ol w1 S yyphimurium TA9RN A EARA
< AFB,, Tip-P-1, 2-AFZ 3} & u] 222¥ & #3
B} p i ehe B EoA vlud 28 EQWo] oA &%
o] Yelsdth FREAMoe] 1521 S syphinurium TA100]

T o

O
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Fig. 5. Antimutagenic effects of solvent-fractionated fractions of
P. miliaceun methanol extracts in S. typhimurium TA9S.

—ll—, Chloroform Fr; —@—, n-Butanol Fr.
Date values were expressed as meantSD (n=3).

5]

A B0l YS AFB,, 2-AFZ 3191S A S F22TE
I EA = EAe] A a%°] YERAT Kwak

100 [AFB, ef fe

]
=

fe

Inhibition rate (%)

B . . . .
o @ 50 100 150 200

Dose (ug/plate)

100

2-AF edf fe

80 |

60 |

40 |

Inhibition rate (%)

0 1 1 1 1
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Fig. 6. Antimutagenic effects of solvent-fractionated fractions of
P. miliaceurn methanol extracts in S. #yphimurium 100.

—l—, Chloroform Fr; —@—, n-Butanol Fr.
Date values were expressed as meantSD (n=3).

5(2004)° W2H 717 A€k FZEF°] S. typhimurium
TA98%} TA100°14] EAH Y-S 2-anthramine &% 3} &
739 98.9%} 83.9%2] gEAW | o] YRRt B
a3k Avfel FARSIATE & AFollA| AFB,, 2-AFs =X
Hold o 2 39S AL S yyphimurium TAISANMHE =<
EAWo] JA &l YebA WHA, S pphimurium TA100
of|A B EARo] oA o] YERd A2 71730 &4
Hol x| TF Edo] FREAWC] T repair system
of #dh= Aoz AHHTL Park 5(2012)2] AT-ollA
whuke} Ful gz} 80% wlekEol S nphimurium TA9IS
(hisD3052)e1 4] 1-NP, AFB,, Trp-P-19] that Eclilo] o7
Fso] Uehga, FREEXE T EA EdWe] oA
Aol Euthe AFE 3 AT Bae 5(2002)1
ut=2™ v3e] S fyphimurium TA100 T3l gt SAH

o] oAl ATelA WgE FEES Al 293 ERREE
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g Eo] 9ol oA Aol AUtka Btk Yoo
5(2007)2] AFelA AT ddlekE FEE0] S pphimurium
TA100°] gt FEAWo] F50] Utk Hausiaion,
AYFE Ad v FEENA S typhimurium TA9SZ}
TA100914] 80% ©] A=A ol do] Vet Bx
H Atole A THON 5, 2004). Ham 5(2004)2]
S. typhimurium TA100 Tl g EAHo] g% A+l
A Ahrbs kg FEE] A8 F% 200 pg/platec] A
88.2% =Wl & AAlsll o, A2l s =7t S7stel w
2t A B = Frtsidvke A2 et fAEA T
Dashwood 5(1998)-2 chlorophyll A3 #-2] 484 F=AQ
chlorophyllin Al A& Aol 21214 heterocyclic amines,
polycyclic aromatic hydrocarbons, aflatoxin 52 =]
dell diafl Aol A Eeol Atk Eustgith
Kang 5(2019)2 Ajwks EHA oA 28 7he g =52t
ds Adatr] fletd =, 714, 7 T 35l dist
A o AR o] AFS H|we A, £ T oR
7170l & 4 f71E B g B 5o A58
I} A o] B oM E Z AREH ATt B st
AT} o]} o] 717 kst A3 FEARo] Do
Fale] ekt A EA R R e 4 S Aow A

g},

_1

32, ol

2

7F S7FekaL glo] M EA el A AakgE 7)ol Tt 34t
3} 233} FEAniolddE S8t 717 80% v

Heke B35 13824242 pgmlolAth FE2)H s ke
80% MIEHE: FEEOA 1626+1.02 mg/g, FREEE £
£ 9.07+0.38 mg/g, n-F-E& 8 E 4.42+0.38 mg/ge] T
717 80% WIEHE FEE(600 pgplate)S S. typhimurium
TA98°I A AFB; 95.242.3%, Trp-P-1 89.5+1.8%, 2-AF
97.243.6%°| 2™, S. typhimurium TA1009] 4 AFB,
89.8+4.5%, 2-AF 71.8+3.92%% E¢Wo] oA F%o] U
Ebstth S nphimurium TA98I A 22X E B E, n-5F
e H3E B30 AFB, 8% 86.4+4.3%, 73.8+3.5%,
18.6+3.4%, Trp-P-16114] 75.3+3.5%, 30.5+3.9%, 20.7+3.1%
7} YERA ). S typhimurium TA98O A Z4 BEE2] A
TE7F S7He uel Edvic] A E IksIAY. F
RRIXE TIYES AHEE 200 pgplaeciA] AFB,
94.3+1.8%, Trp-P-1 90.6+4.5% .2 =4 =]t} o] ¢} o]
7174 gatel @A Ednio] oAl B2 7K 9l
TheFgt A FAaAE o] 7Hed Be R Hehdnt

ZAe 2

o] =& 20199 % HF(M A Ade=
“ghm AT A - S 38 A T AFY (NRF-2016M3C1B
5907203y FAWA7Z|GFe} A EX1 S Y9
“X A E-3FI A A (R&D, R0006163)° 2.2 438 H
TALYYTH
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