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Abstract
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Dietary intake of whole grains, vegetable and fruit is known to reduce the degenerative chronic diseases, such
as cancer and cardiovascular diseases. Antioxidative and antimutagenic effects of the ethanol extract of Korean
Millet, Buckwheat, Sorghum and Job's tears were examined by inhibition against iron-induced linoleate per—
oxidation, DPPH (1,1-diphenyl-2-picrylhydrazyl) radical generation and MDA -BSA (malondialdehyde—~bovine
serum albumin) conjugation, and Ames test using Salmonella. Buckwheat showed the strongest antioxidative
effect in three different systems among these four grains, but it showed the lowest antimutagenic effect. Sorghum
was the second to Buckwheat in iron-induced linoleate peroxidation inhibition activity and DPPH radical
scavenging activity, and showed very good direct-antimutagenic effect in 2-Nitrofluorene treated Salmonella
Typhimurium TA98 and indirect-antimutagenic effect in 2— Anthramine treated Salmonella Typhimurium TA98
and TA100 with hepatic S9 mixture. Millet showed the strongest antimutagenic effect in Salmonella Typhimurium
TA98 and TA100 with or without S9. Buckwheat contained the highest total flavonoids and polyphenols, 1.14
mg/g and 3.71 mg/g, respectively. Total flavonoid content in these four grains was negatively correlated with
ICso for DPPH radical scavenging antioxidative effect significantly (r=-0.9924, p=0.0076), but not with antimu-

tagenic effect.
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el A glwdl(12), flavonoid®] €24 rutin}
querceting o] g-f3l1 9l.ow(13), T} & FH-ol vls}e]
$84 Q{40 ugo] =& Ao ¥uEri(14). Kang
S(15) FF FollM vd-2 o] A o) vl &
Holg}x 3ty 1, Choe 5(16)2 3 olA sd-S A
& o] "gto] F-93HA 7FAslgg o], Lee $(17,18)2- strep-
tozotocin®. 2 = FuF 9 Al 28 FuFAllA G
) G Ao} 7kl ar, ¥F FE 2 E 2 LDL-E9
262 27} Aaddvhy st &5 35919 ¥
q=e32h2-(20), 34 eDe dddst (22 59
AelgAdo] ole Aoz g e, T a2 €Y
9 ztzAe] ZH2HE FAEH2324), AFF7F QAL
#B(25), 7t H oMo s E A (24,25), AAEA 75
(24), 3ol A A A IH(15) B-o] st 71 Ao gk Ae] &4
AT RN ZE Chung 5(26)°] 3 NA 7132 wlet-&
FEET HAE o e 4R -] it A9 glu-
cose-6-phosphatase?] &A1& sl A5 Byrlw 3
& Wolrh

old] B QdFAME F57F FolA] wL(Buckwheat, Fag-
opyrum esculentum Moench), <5(Sorghum, Sorghum
bicolor Moench), 7]%HFoxtail millet, Setaria italica Be-
auvios), 3 (Job’s tears, Coix Iachryma-jobi var. mayuen
stapN®] Aol E e} A ENE invitro AHE F
3t} Prieta, F FetE ol =g FelAEe ds 54

shof o]Z AFEHe) AUYE Yotuza Hsih.
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Mz W ANz =5
W, 5, 714, £FE A3 SN e
F818ked Al A & 2247 #7) 2(Vacuum freeze dryer, Bio-
tron, Korea) A2 A1A FA £23 F D83} -20°CellA
WERASAM A B2 AHEsTh A8 et 25 ES
A7l $ated AxA 8 DA ko) 20m) 2] 95% ol §F-&(Duck-
san, Korea)& 718}e] Ao A stirring3t A 24417k 5-2F
23] Wk% 3Z3} Whatman 9 %4] No. 6% o33 F of

-loH

q}/\l-zé . o] o) &

o8-8 rotary vacuum evaporator(EYELA, Japan)E 7%
&3le] WE 8 Aty vl DMSO(dimethyl sulfoxide)el)
=0 A& aAksl Al8A | DPPH o) 4434 2 Ames
testS 93k A B2 A3l o H, MDA-BSA conjugation
AAEd AP flslede ARARE 0% R LTE 35
g o qFste] FHA A
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Ames testZ $13}e] S. Typhimurium TA98, TA100-&
University of California®} Bruce N. AmesE3-¢ wto} A}-4&
8}gd ], 2- Anthramine(Sigma Chemical Co., USA), 2-
Nitrofluorene(Aldrich Chemical Co., USA), sodium azide
phosphate(Sigma Chemical Co., USA), S9 mix(11-01L Rat
liver LS-9, Moltox, USA), nutrition broth(Difco, USA),
histidine(Junsei, Japan), biotin(Sigma Chemical Co., USA),
dimethyl sulphoxide(Sigma Chemical Co., USA) 5 A}-%
&toivh. MDA-BSA 28 A & $5h] A3 Dowex
50WX8-200 resin-e Supelco(USA), Centricon{YM-10)-=
Amicon(USA)e 4] 74} 3}e] A1-&3stch. =8k linoleic acid,
FeSO, -7H20, DPPH(1,1-diphenyl-2-picrylhydrazyl), bo-
vine serum albumin, Folin—-ciocaltheau reagent, rutin, tan-
nic acid 5 7z ¥}9] A]-E-2 Sigma Chemical Co.(USA)E
we Fshaich

Z flavonoid®} polypheno! g2t £H

Flavonoid®} polyphenol &%#-S &A317] #1314 Lee 5
o) whg 27l whe} FAAZRI A A8 1 goll 50 mLe} 75%
N &r-&-& 7}3} 3L 184] 7 -2 wubsled &% & Whatman
paper® 33} 31, 75% ol ¥-2 2 50 mL7}R] “L-:‘?_‘— = —.,’5/\]
223t v}. & flavonoid ¥ &3 -& Davis¥H-& 3¢ 4
H(28)l w2} o ek-g& FF73 N 400 ulell 90% diethylene
glycol 4 mL-& &7}3ba, ©}A] 1 N NaOHE 40 uL& ¥
37°C water bathe| 4] 1417t 59t incubationdt ¥ spectro-
photometerZ 420 nmelj4] X5 A3t EFAF
2 2 & rutin(Sigma Chemical Co., USA)-S A}-4-314ic}. &
polyphenol &2 Singleton 5-2] v (20)¢]] ul2} 75% ol
B2 & 719 400 pLel 50 pL2] Folin-ciocalteau, 100 pL
2] sodium carbonate(NaaCOs) F 3895 Y3 429 14]
7+ B} X g & gpectrophotomter(Ultrospec 2100, Amersham,
UK)ZE 725 nmell Al FFEE FA 3. 2EAFe2s
tannic acid(Sigma Chemical Co., USA)E A}-&3}¢ic}.
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Eduoe] g4 AxE &A37] 913t Maron} Ames
(30), Matsushima S-(31)2] ¥H o] w2} Ames test& A 4]
stk #F = S Typhimurium TA98(frame shift 33)=}
TAL00( 7174 2183)L o] §stiet. AAEA Moo=
TA98e)+= 2-NF(2-nitrofluorene, Aldrich), TA1004l & so-
dium azide phosphate(Sigma Chemical Co., USA)E A4
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st od, ZFAEd o]/ o2& 2-AA(Anthramine, Sigma
Chemical Co., USA)Z AH&-3tsich B¢ € 12X 75 mme] F
7 & A1 Bl 50 mg/mL DMS09] ¥ % & 9] o2
FZA 8 0uL, T9Ho| Y 10 uL, vi kg FF 0.1 mL(1 X
10° cells)& 413, AAEA M & P& A F el & 05 mL
2] 0.1 M sodium phosphate buffer(pH 7.4) &, 7+ &< v o]
E 9L P = 05 mLY S9 mixture(rat liver LS-9,
Moltox) -5 Z+7} -2 & 37°Col| A 3057t oJu] wljokslgich,
2 th& 45°C2] 0.5 mM histidine/biotin % o] 10% F &%
top agar 2 mL-& 7} tubeel] @3 H A3 4-& % minimal
glucose agar plateell =%}t Top agar7b Z.29 t}A
37°Cell 4] 48 4] 7} vl oF&F £ revertant colony 45 Ao} tiz=
Zoll thE A3 T2 revertant conlony 52 H| 2o 23
Al&e Ede] JAEE ALt

X Eopasl oA gDt £F

Antonella 5-(32) ¥ Gotteried2} Dunkley(33)<] v} o] o}
2} Fe* ol 2]3] =9 linoleate®] 7H4ks}el] i3t oA 843
TBA(Thiobarbituric acid)Z ¥ A1AH &4 3s}gic}t. DMSO
o =4l NFEFEARE FEHR 348t 20 uLe} 10
mL®] 10 mM linoleic acid §-9-& 41-& ¥ 37°Cell 4] 1417}
ok FuF7](KMC-S489S, Vision Scientific, Korea) | A ¥k
S A Z e} o3 7] 0.05 M FeSO, - 7THz0 20 iL-E 2 32 37°Cell
A 2717 FoF mabste] FAkskE fd A7 F 800 uLE #
&lod 4°Coll A 1087} tempering A 7] 31 400 puL2] TBA re-
agentZ 71 7}¢ ©}-& boiling water bathell 4] 1583 7}t
F WA Gk A A2 #A4EE S n-butanol 2 23}
o] 535 nmell A FHEE S T A ol 93 3akEix)al
BAAQA &S At od, Az Fee A&7k FA
£ el A Al 77 $50% 9A &S el e AR
2] FE(Cs)E A3kl

A A &%) =

Mz F3= - A8 Ay F3%) y
Hx7e F3=

100

DPPH 2iC|&r &H &8 =3

A &2 DPPH 8}tz &A &%= DPPHl digh #3
2B EZ%3ATH3Y). NFEFFAEE DMSO =4 ¥
= 343t A& 10 uLe} ol g2+l =< 200 uM DPPH
(1,1-diphanyl-2-picryl-hydrazyl) 190 pL& 412 3~ 37°C
ol 4] 30 EoF uk-2-A 7] t}8 ELISA reader(SpectraMAX
340pc, Molecular devices, USA)Z- o]-&38}¢] 517 nmollA] &
FEE ST F, d2Tl vjste ad FEE=RE 2
ok 2SS A 2, [Coo] A8 %5 A4kt

A|EntAtslE Dt ctolalo] A AN =T}

Park(33)¢] v}l o}zl bovine serum albumin(BSA,
Sigma)¥} malondialdehyde(MDA)2}2] 23 4¢-S A 55

o] JAst= AFE wlastl vt BSA(2 mg/mL) 100 uL,
MDA(20 mM) 100 uLell 0.1 M PBS} FEA1 85 o2 &
=2 E3T F 37°Col A 24417k vkg-A1 7] ohg, &5 500
ULE Centricon(Centricon YM-10, Amicon)el] ¥, 1,400
Xgol| 2] 22417k F<F A4l &2] 3t MDA-BSA Ag&E& &
23 F, o £ A& AA ) At SR/ 700 ULE W2
thA] 1,400 X gell A 2417k 5 LA R stk EHF42 3
3] gk A ¥ ¥ A 28 0.1 M PBSel| %9 Bradford ¥
(36)2.2 whwlz Aeks}ly 12% acrylamide gelollA] #7143
Z(SDS-PAGE)&t ¥ Coomassie 924 Al &3le] MDA-
BSA Z3E-9] bandE densitometer(BIO-1D Image Anal-
ysis, Vilber Lourmat, Germany)2 A 23k 24 =)z 3}4}k
sHE A o] A g Al &S AAlsked ol MDA Gomez-
Sanchez 5-(37)¢] ¥Wiel wtet AP AANA AA Al x5}
AHE-33l Tt

SHXE

BE EM A= 3~43] AP o2V HEF}ESER
el oy, A & flavonoid 9 polyphenol 3k
SASE o]43to] ANOVA testE 33 A7} f28tA 4]
F714 2kel 7} 9l & 7% Duncan'’s test 2 grouping< 34
o} =3 kst AN Ay A 2L ICx #3 flavonoid ¥
polyphenol &3] A& #A] = Pearson’s correlation test
2 A3t ABAsE 33

2 1

[lgecs=anl

A A A5} A FEA : Fe? ol 230 linoleate®] #A4LE}E
fFr=ste AA A A 713 v, 9, § T2 9L owt
EFEEl 2 AA A AA Z S A NF A oE Fig.
13 Zoh 7 A2 HE 22 diEFE ARE 10, 30,
100, 300, 1000 ng/assay ¥E=2 M2 stelg of 2o 5
Zoll A v d 3} 2] AARAs A a5 Egkoh
(p<0.001). # 1 53! 1000 ug/assay°llA 4= 73.6%, "=
70.3%, &5 56.1%, 713 20.2%2] AAES Beiod, 100
ug/assayoll A& M9 40.29%, 429 29.4%, &5 12.0%, 7|
6.29%6°] A& BYth Fe''oll o8 =39 A3 S
50% AAl 3k ICx @& ANTE FE2ARS T2} A2A
2o FAZ 73 A7= Table 13} 2o}, dgt& 2489
ICso 3t 71+ 2.873 mg/assay, W2 0.174 mg/assay, %
0.241 mg/assay, €% 1.891 mg/assay = ©] & AF A 89 F
A2 galetd 713 84.75 mg, WY 451 mg, 4 5.85 mg,
£ 31.32 mgelsith. e, o & FFAF 9 ICr S
AR XA A4S A ERE w2 A, a4, 5,
7172} wolgith.

DPPH 23 27 715 : 714, &, 14, &7 24¢
e dehg &5 9|3 DPPH 2tz A A& E 2 6,
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Fig. 1. Inhibition rate of 95% ethanol extracts on Fe'’-in-
duced linoleate peroxidation.

a, b, c: means with different letter within same concentrate are
significantly different from each other at p<0.001 by ANOVA,
Duncan’s multiple range test.

20, 60, 200, 500 ng/assay EXolA &A% A= Fig. 27
Zov ICxdl slgsle &35 A8 5= ¥ A=xA
B2 TA & Table 13} 2t} A B E 2~500 ug/assay H4
2 Aestel$ o dige] A3} o8 A SHE §9
37 ¥9k2 8 (p<0.05), F7, 713, & F = R dA &S
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Fig. 2. DPPH radical scavenging activity of 95% ethanol
extracts.

a, b, ab’ means with different letter within same concentrate are
significantly different from each other at p<0.05 by ANOVA,
Duncan’s multiple range test.

& B W 34.7%, 5 16.2%, 4 17.8%, 717 12.7%9]
wolglen, s xal 500 ug/assay X &A% w™e]
57.9%, 717 49.2%, 5 44.2%, &5 39.9% w1} o) &
AFHEFE FAHE [Coooll 83l A& FE3A 59 5=
= 717 2902 mg/assay, W 0.264 mg/assay, 5 2.135
mg/assay, &5 4.667 mg/assay 2 ©) & AFAE TA=Z I -
Absta 7]13b 84.87 mg, WY 6.80 mg, 4 55.03 mg, &%
7728 mgelal o, A e FE A 59 ICx3S <7 2 DPPH
el AlAAZSE v|wshd W, 4, 7%, &5 ol

A AFA4rsE A o] At A AR B AT
< invitro e el A 71, W, ¢4, &7 Al A A4
A AR S Fo] DA A WS AT 59l
£2] eol B 312} 0.2 pymole®] MDA} 0.2 mg® BSAC] 7]
A, WE, o, B9 d'E FEARE 25,5 10, 20, 40,
80, 100 ng/assay $=2 713t A7| G 53 F o] & ti=x
9 AFA T digk A& &2 248 A Fig. 394 32
th 4714 A8 BF A w27t oA 4E MDA BSA
o] Ao g als] QA= band?} 4TS B 4 gle], A A
FAksE<l MDAZF e Al ¢l BSA9 Z st AL oA
A7l ARl e & otk 53], Fid L nE 52
oA A 3t AHE B9lon, 10 ug/assay FF o]l
A, &5, 713, 759 22 fo3 9489 Ao
£ e tH(p<0.0001). A A Ak s} E-o] w2l 7} A 35}
A& 50% JA st cEE F£F A8FEICo)e 7%
120.59 mg/assay, W= 3.73 mg/assay, T 449.43 mg/assay,
&% 51.82 mg/assay 2 ©| & AZRAZRAZ Atsi4d 713
1670 g, "1 0.714 g, 5 1.083 g, &5 1.248 go]gir}. olj&t
& FEFARY ICo & A2 AA A E 7 A 9
AgE JA st 235 v|asid Y, 5, &5, 7139
wo]siti(Table 1).

e

gl fOlsps k-l
14, |g, 54, $525E & ceE &5 AEE
0.28~4.5 mg/plate H 9 lA 24 2 ZAG 2§ FdHeld
Als& S. Typhimurium TA9S®} S. Typhimurium TA100
o2 ZA3% A= Fig. 49 2ot
A Fde] JATE& AHRA S Typhimurium
TA989 ©ll&re FZEAE 45 mg/plate FoJE L4 2-
Nitrofluorene 4 ngell €3 S Ho|(TAS-)E A AHAH o2

N

Table 1. ICs values of ethanol extracts and dry samples for antioxidative effects

Lipid peroxidation inhibition

DPPH radical scavenging effect

MDA-BSA conjugation inhibition

95% EtOH ext. dry wt. 95% EtOH ext. dry wt. 80% EtOH ext. dry wt.
(mg/assay) (mg) (mg/assay) (mg) (mg/assay) (mg)
Millet 2.873Y 84.75 2.902 84.87 120.59 1670
Buckwheat 0.174 451 0.264 6.80 3.73 714
Sorghum 0.241 5.85 2.135 55.03 449.43 1083
Job’s tears 1.891 31.32 4,667 77.28 51.82 1248

DValues are the averages of triplicate.
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Fig. 3. Inbibitory effect of 80% ethanol extracts on conjugation of malondialdehyde with protein.

(A) SDS-PAGE of extracts with MDA and BSA on 129 acrylamide gel. BSA and MDA were loaded 0.2 mg/lane and 2 umole/lane,
respectively. a: BSA, b: BSA+MDA, ¢: BSA+MDA +extract 1.25 mg, d: BSA-+MDA +extract 2.5 mg, e BSA+MDA +extract 5 mg,
f: BSA+ MDA +extract 10 mg, g: BSA+ MDA +extract 20 mg, h: BSA+ MDA +extract 40 mg, I: BSA +MDA +extract 80 mg, j' BSA+
MDA +esitract 100 mg.

(B) Inhib tion rates calculated by densitometry. a,b,c,d: means with different letter within same concentrate are significantly different
from each other at p<0.001 by ANOVA, Duncan’s multiple range test.
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Fig. 4. Antimutagenic effects of 952 ethanol extracts of samples.

TASR(-): S, Typhimurium TA98+2-Nitrofluorene (4 Ng/plate) +extracts.

TAI00(-): 5. Typhimurium TA100+ sodium azide (2 Ug/plate) +extracts.

TA9B(+). S Typhimurium TA98+S9 mixture+2-Anthramine (2.5 ug/plate) +extracts.
TALQO(+): S, Typhimurium TA100+59 mixture+2- Anthramine (2.5 ug/plate)+extracts.
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Al sh i v] & 7] 3 20.3%, W7 185%, 4 50.29%, &
175%2 ¢47b 7V E9kar, 714, o, 5= A2 9%
T ZAHE g} =8 S Typhimurium TA100) o &2
222 & 45 mg/plate 9% E A sodium azide 4 ugel
23k E o] (TA100-)E A sl ste w&2 7178 100%, =
= 10.1%, 4 23.7%, &5 7186%= 71349 a37t /14 £
otar, 71 thge] &F 9o, 49 w2 &5y} At

T F 7t FEEE 37 SO mixtureE ol Aol A
o o] A ANE A 02 FAT Z 4 S Typhi-
murium TA98NAH o&-& F2A 8 & 5%l 45 mg/
plate2 %o A] 2- Anthramine 2.5 ngoll 9% EdHo](TA
98+) 5 A & 3l 8] &L 714 98.9%, =E 92.4%, 44> 99.6
%, &5 987%Z 47}A] 5 v ¢ Hold A aHAE nel
o ey, 2xdE A e 72k o]nl AExel 056
mg/platedl| 4] 91%2] A EHAE B ¥, 4+ 12.8%
o JANEAFHE B, D} &5+ 0% 2, 1.13 mg/plate
FEoA 7142 95.3%, WH -2 43%, &+ 87.6%, 5=
676%9 AAEIE g}

S. Typhimurium TA10091 4 2-Anthramine®] €3 7b4
SAH(TAI004)E A &jsle vl &S H3 Fof F2 45
mg/plateell A = 713 81.3%, w12 94.6%, < 100%, &F
75.9%% 4713 AR 25 2 dARAE vy o} 056
mg/plate®] AF LA 714 80.1%2] & As&-S 1y
o}, wlE2 114%, 49 5= 0% 7|39 £97) ¢
53] 3t} = 1.13 mg/plate F =04+ 713 83.9%, =
-2 479%, 4 81.8%, 5= 54.2%2] A& B
o} 23" 02 S Typhimurium TA983} S. Typhimurium
TA1000 4 2] 7k A Q] o)A A= 459 FH7}
BT Fgkovt 53 713 4t S I

ol o] Ag A FgEAWolAd M= Atadst F
2 7o go] odejzl 58} 7R 5l AN O F
R, FrE ST ueF AER T A9E Byt &
3] 7172 TA10000 2 7] 213k ool o g A H
Aol JA AT 2 TAISH TA100 2% frame shifte}
714 A& Fdwel & A 02 oAlsle A} b9 =
Yt oo, 4= TAIB 93} frame shift £ o] &
AH o2 AAst= AA7} vl Holtx A FdH
o] QA &A= &7 v A=)

Flavonoid ¥ polyphenol &2t ghisls aiotol oA

W=, £ 714, 59 & flavonoid2} polyphenol &3
S &2 g A%+ Table 29 2t} & flavonoid 8k ol
(1.21 mg/g), (117 mg/g), 71730.96 mg/g), & 5-(0.66
mg/g) £2.2 %ekEed o] DPPH #lo)# A7 £349) +
3 o x)3}d . =3 2 polyphenol 8- ol (3.71 mg/g),
4(1.76 mg/g), &F(1.7 mg/g), 7174(1.09 mg/g) 2.
Fe" 2 23 AL A3 5 AAs e 5730 £3 A5k
t}. mpabA], o] & 47}%] 79 flavonoid 38 ¥ polyphenol

Table 2. Total flavonoid and polyphenol contents in samples

Total flavonoid
content (mg/wt)

Total polyphenol
content (mg/wt)

Millet 0.96+0.05"% 1.09+0.13°
Buckwheat 1.41+0.02% 3.71+£0.21%
Sorghum 1.17£0.04° 1.76+0.18"
Job's tears 0.66£0.04% 1.70+0.12°

YValues are mean*SD from three times of measurements.

Values with different letters within a column are significantly
different at p<0.05 by ANOVA, Duncan’s multiple test at
p<0.001.

Table 3. Correlation coefficients between total flavonoid or
polyphenol content and ICs for antioxidative effects

IC50 for 1C50 for IC50 for
lipid DPPH MDA-BSA
peroxidation radical conjugation

Total flavonoid r=-0.7183 r=-0.9924 r=0.1260
content (p=0.2817)  (p=0.0076) (p=0.8740)
Total polyphenol r=-0.7288 r=—0.7626 r=-0.3895
content (p=0.2712) (p=0.2374) (p=0.6105)
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