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Antioxidative Activity of Germinated Specialty Rices
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Functionality changes by germination of giant embryonic rice and pigmented rice were evaluated with focusing
on antioxidative activities of 70% ethanolic extracts. Overall, reducing power of giant embryonic rice and
pigmented rice was higher than that of normal brown rice, and the germination of rices tend to enhance their
reducing powers. In vitro and ex vivo experiments employing linoleic acid peroxidation and rabbit erythrocyte
membrane peroxidation systems, respectively, revealed inhibitory effect on lipid peroxidation was highest in
pigmented rice, followed by giant embryonic rice, and normal brown rice from high to low order. Superoxide
radical-scavenging activity decreased in order of pigmented rice > giant embryonic rice > normal brown rice, and
germination also enhanced their superoxide scavenging ability compared to non-germinated controls. Hydroxyl
radical-scavenging ability was highest in pigmented rice, followed by giant embryonic rice, and normal brown
rice. Despite marked enhancement in hydroxyl radical-scavenging ability of normal brown rice by germination,
order of scavenging ability was not altered among germinated rices. Same trend as with in vitro ROS scavenging
was observed for ex vivo scavenging potency on ROSs generated by TPA stimulation in HL-60 cells.
Germination-associated differential increase in ROS scavenging ability of pigmented rice and giant embryonic
rice, characterized by no induction of cytotoxicity, was observed.
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o] sl EFA AafA9) ®sk11,13)0] #3 A7E0°]
Eo] gieh Ao) Ao Wolet tlEo] AR ofHlE
24k, Zufotul Al Fol Aol Frtshs Ze® dEA 9L
th16,17). ol & A-pollre dHog FHyrgoznl 4uv]s]
Zlefle FARE Sul F5RA FAneh Adulotn| S i
oz wolo| wE AT EF9 g ¢ Aegde Wt
g ZARIaLAL sigint. ol9f e BEHoR #HAl Al F<%1 &
Aueb Acjefetu] & 39 7 wolrFl S o vehhs FAH
o garstede] WslE "I A oJABAEE &
A3 in viro®] A@AIL WP EA AN BAAF(ROS;
reactive oxygen species)oll W3l Ar|g4el WalE Hrlsiaich

LR TR

AE % Ak

Aalo] ALg-sE B 22 25 GFRIRNA Al
25 Wiy E 3R &5 F, 15C S/ 4877
2} F, 27°CoA 37y w@olA A, A PAE AASEEL, B2
2 sufEke] 70% FtOHE 80°CollA]l 3A17F H<t refluxdlH A
Faate] Az E DMSO] E£31A1A 200 mg/mLe] F%
2 Eo] 0y WE RustEA AM-EIsih Adol A
&t 3}3kA)2ke 1% SigmarHSt Louis, MO, USARIAT ACS2]
Aleke pYste] 1A A AA glo] Ao AME-EAT

X, of

gelzol &H

Oyaizu 52 W (18)°] Al Hrnlo] &S £43)
Ak &, FEER A A8 20uLE 50mM 14T $EY
(pH 6.6)3 1%2] potassium ferricyanide [K,Fe(CN)]9} 1.4:1
2 EGE & 12mlol AR o, S0°ColA 2087k Wk
AlFIgk, W8 5 0.5mLe) 10% trichloroacetic acid& H7F&ti
3,000 rpm 1087ke] A4IEBE Fale] dojxl el 0.1%
o] FeCl, 100 uLE wolr HAukg-g FEAIZ] o, UV/VIS
spectrophotometer(V-550, JASCO, Japanys AME-3led 700 nm®]
FAEolAM FH st

Linoleic acid XtS2HoHal KBl &7

Linoleic acid peroxidation model systemr® ©]-8-8F X2 z4ts)
AASA L 0.13% linoleic acid SmL, °]&4 24mL, 50
mM S1AtebEApH 7.0) SmL ¥ AE 2mgl00pul)E cap
tubedl] 3l 40°C incubatore] 1097+ B3t & @ aaks} A
£ thiocyanate™ (19)°] ¢]&ke] 23} 7hol YAt &, vt
< 100 uLell 4.7 mL2l 75% EtOH, 100ul®] 30% NH,SCN
FAg Y3 20mMo] FeCl, 402 X Zic) whge 4
et dAHEE UVVIS  spectrophotometer(V-550,
JASCO, Japan)Z AFE-dled 517nme] EFEoA &4 sFAch

By Mg7ar XIFNSE AMEe| &3

7] Agyet 2 AQRge] 24 9 o|& o8¢ A dAitst
Aq@del 288 F2 Ames 5(20) @ Tsuda Sl T
sk o] wl} A3sEct B2 892 cardiac punching®.
2 dgix, A 2A0mM 213t 2, pH 74)lA] Lo
A erythrocyte membrane’®2)1S- Bradfordf (22002 SA s &
WAl o] 2mymL7t HEH 2T thy —70°Co B3}
o] ARttt RFAaks A el 2FuRe o 72
th FEHow wkxza K8 094 mLe 24 mM2] rerrbutylhy-

droperoxide SOuL, A& 2mg7} 38 W3 | mLE 37°Coll
Al 307 wukEEA WAt ¢7]9)) TCAS} thiobarbituric
acid(TBAYE HEFT7F 742 4% 2 0.11%7F HEF £
o2 Hrigk &, 100°CellM 5E-7F ExlEslddnh. A e
ArEE 2 AAG Fdle] FH=E UV/VIS spectrophotometer
(V-550, JASCO, Japany& AH&-8td 535 nmellA &78 8kt

Superoxide radical( - O,") 27{#4o| &H

Superoxide radical A&/ ] ZA ol AME-E superoxide rad-
ical = hypoxanthine(HPX)2 7]2Z xanthine oxidase(XOD)E&
ARg-Ehs EAIAIAEIHPX/XOD systemys ©] 83t AJAJ A
on, HAE ]S spin trap agent®] 5.5-dimethylpyrroline-
N-oxide(DMPO)# ¥F-2-A]Z1 3 Electron spin resonance(ESR)
spectrometer(TE-200, JEOL, Japan)Z A #ZstHth23). &, 4%
ol AEE 35uLe 55mM diethylenediamine-pentaacetic
acid(DETAPAC), 15uLel 92M DMPO$%} 0.02 unit9] xanthine
oxidase®} E§ate] 0.1M U4 SFAPH 7H2 WHEEFS
I mLE Z3dstsict. ESR spectroscopys 918 717] Az HL
th2-3 7t modulation amplitude, 0.1 mT; recording range,
4mT, recording time, | min; time constant, 0.1s; microwave
power, 1.8 mW,; microwave frequency, 9.40432.

Xanthine oxidase 2{M|E4e] &3

Xanthine oxidase®] A &4-E Noro2] Whye] we} =33}
Ark24). 200mM 14+ekEH(pH 7.5)9] 0.4 unimLe] xanthine
oxidase2 #7bsla] 37°CoNA 10¥-7F pre-incubation AJZ1 ¥, 2
mM hypoxanthine 50uLE #H7Fste 37°CollA] 3087 wHg-A
710 2M AJAE = uric acid®] ¥& UV/VIV spectrophotometer
(V-550, Jasco, Japan)& AH§-3ted 295 nmollAe] FE=olA &
S EIbik=

Hydroxy radical( -+ OH) £7{#4o| &5

Hydroxyl radical®- FeSO,%} H,0,& AF&-3}¢] Fenton Wh&
(2512 AAAALH, AAE 2lt)Z-E superoxide radical 427
g9 243 nlAVIRE spin trap agent$] DMPOS} ¥hHE-A]
71 F ESR spectrometer(TE-200, JEOL, Japan)E 7 #3}5ich
(26). F, HEF] AEE s0uLe 0.3M DMPOSF 50uLé] 10
mM FeSO,, 50uL® 10mMe] H,0,2t £33t 0.1M <4F
kA pH 7402 HA £FS 200uLE 2E3FATH ESR
spectroscopy®ll 2|3t hydroxyl radical®] 4 % superoxide radi-
cal 3 A& U 717] FsxdA F8s

Fe? chelation #4 &%

ol A tiujolr] F&E-0] Fenton W0 Q3% Fe?o] X

F-& Cartere] Q7 ot S5 10mM Ikehs
oH(pH 7.4) 20 ulell AlE 10uL, 10mM FeSO,, 10 L, Eol&
= 60ul, 10% ammonium acetate 400 uL= TG ¥ wF-of
WA AIOK(3 mg/ml. ferron-3 mg/mL neocuprion) 100 uLE 3718t
o Z B &, 562nmollM 0] FFEE ST vgYel
sl Fer'e] 982 Fe(NH)),(80,),& ©l&3 Fdd vhg
Z) A FaYste] A FFEAMe ofste] A&t

ME L ROS &7 £3
©17k¢] premyeloblastoma cell line$! HL-60= ATCC(Manas-
sas, VA, USA)olA Y& 2, 10% fetal bovine serum
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(Hyclone, Logan, UT, USA)E #7}A1%) phenol red7}t §l=
RPMI 1640 HlZ(Life Technologies, Grand Isiand, NY, USA)
& ARSI 5% CO, A9l FagEe] F7lolAM wiokslgith,
HL-605 33+ Al9e Miz B3r717] 98t mLy 5x
10°9] Alxo] HEE%7t 14%7 H=2 DMSOS #7He v
. 697 wigste 38 fEslrhes). dnldew Ralw
Mol 51 Moy S el s 81T o, AlEE 3458t
o] PBS(phosphate-buffered saline)= 2 #1238}, 1 mLe] PBS
of #erel 5x10'e] MES] AP %o A8 DCFH-DA
(2. 7-dichlorofluorescin diacetate)d ¥ 7}8led 37°Coll A 1587F
wlksiel, wioF ¥, TPAS 160nMe] H%=E H7lste] Az
SEFEE FEaTh oA 37CellA 3027 Wi 35, FACS-
vantage(Benton Dikison, NJ, USA)E ©|-8-5t] A3 ] ROS9]

B S FEHAGQ9).

MESNel &X

F FE5Eo] AlEe] e nAjE E3E Mosmann®] B3
& MTT colorimetric reduction assay®ll 2|&te] a3l om
30y, oj1] 718 HEZ W ROS AAGA e ZAua B
& 2Po2 AEZE wieksidch wicke]l Bk vk, AAAS
A} A 3} 5mg/mLe MTT A)2FS 96 welld 100 uLy =3}
o 3AIZF b wiekrlol Bslsith Wke & Ao MTT AJeF
& A DMSOE 100pLy B8l A2 8 &
sl AjZ1 Th, ELISA reader(Model 550, BioRad, USA)%A]
570nme] Z4 574 2 650 nme] reference AL 7)1FEo02 &
BEE EAsh

SHEN

33] Age] HHFAE meantSDE FAEUOH, WIHEAF
Hetgh 7ke] H24d2 SAS software2 )83t Duncan’s mul-
tiple range testol 21804 HAZFSINI p <0054 Htgh 7+
frelxd zpolE st

At 03

WolAe) §Ro] weE FE 8 A 0% olehe FEo]
BHE U3 BYES sk b 09E RN B9
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Table 1. Reducing power of rice extracts

o) AT FAEE AQ)etaie el oste] gl
Hol Frtstded], 58] wolxe® Hujufoln

SEFvll wet BdEe g43] Fotele d4E B 4 9
ATh 71 e npel 7o), welxEe fAne SdEs A s)
AR, ot famje) A e g EFEY Arr
4E53] = oleh 2 Adhe ojw] HaE nle} o] (A
t]oE cyanidine 3-O-B-D-glucoside 2 peonidine 3-O-B-D-glu-
cosidedt 72 Adtnlol= gle aibsl Eajo] SHE MaA)
7F b ghrElol 917] wiitol] A 7F gl Adijolnwnt
= o] B fEE Zo® RHlrk31,32). 53 dokxg
o elsted Arfuljotrie] Fe ofel thet B FHo| A F
HE ATk Ae ol Adfujoluie] &ibglgo] Ko} iz
ol Hlste] F7EATE ovste®, wel Athuljoln] & A
A7 AFLANE o1 8F 5 e 7FsAE AAET

o
Jo
=
q
=2
>

XjETEL oA Eale| vln

NollA 71set 7+ & FE2Eo] AEY AkskA SAldA 7}
& Fask AFINEE JAT QeI ARE ZANERITH
AEe] AN AAEES AEsA Hrtsln) SlsiA i
vitrool A linoleic acid®} ZHs2kskel] theh A5 =45,
Al ellAl dojuis A aatslel] et A4S Bl ¥
3] Falr] A% o e B7) HE P (ghost cell) WA A
& AL ex vivod] F7A XA spatslel] thEk oA
e SAsidlon, 72t A9 AFAAstsl dFES ot
sk A XZA] 8H4SHARl BHTS} vitamin B2 W22 AL
At $-41 linoleic acid peroxidation A @A AxAE R,
Fdol 2= Adjujolnjel fave] A BAe et

kol #nlol] M3l {ojEhA =IO W (Table 2), UWHE
rlef 7§ wholel] o]ste] 1 BAo] Futele AL B S 9
Ak e fAulel Adjejolule] X)W aikel oA e
Hiol Aefofl ofste] FoldUAl FrFelAE ich EB7) &Y
T TR FYS o] 43 AFAe] A= linoleic acid perox-
idation AHAAM HEE Aueles Gzke] Zo)rt it o}
Helw Adujolnie}l dwidvje] 2 dxits} AABAS o
&7 F7HAIZL AL o S e, 53] Adiujelneld &
ol 7 HASHA SRt A9 diztE ARE vitamin
E 9] AAs JAGES BaFEn) vy g of
M A EA57Re BEER] GdthTable 2). In vinod)
Azl A ol ArtEn]e] A @A) N2%E VEFFA T, ex
vivo?] HEAME 57% AERE Jeldth AX oA wAst
© AAItsl kg2 vlof shE 7= ahiEld Bdont &
25 ot AoHa e W, in vinee) AEAE o9}

E ) Absorbance (700 nm)
xperiments
P 0.16 mg/mL 0.83 mg/mL 1.6 mg/mL 3.3 mg/mL
N . Not-germinated 0.077 001" 0.110£0.034° 0.142 +0.039° 0.179 +£0.053¢
rown rice Germinated 0.091 £0.002° 0.080 £ 0.020° 0.114£0.016° 0.227 £0.033°
o onic Not-germinated 0.092 +0.003" 0.088 £ 0.020° 0.178 +0.032° 0.250 +0.067¢
fant embryonic rice Germinated 0.099 £ 0.006* 0.121£0.014° 0.291 0,087 0.764 +0.266°
o e Not-germinated 0.094 + 0.005" 0.404 £0.119* 1.055+0.144° 1.962 +£0.164°
igmented rice Germinated 0.095 + 0.004* 0.174 +0.066° 0.596 +0.204° 1.538 10,2000

Results are expressed as means £ SD (n=3).

Values not sharing common superscript letter were significantly different at p < 0.05.
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Table 2. Inhibitory effect of rice extracts on lipid peroxidation
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Linoleic acid

Reticulocyte membrane lipid

Experiments peroxidation systern peroxidation system
Absorbance (517 nm) Inhibition (%) Absorbance (535 nm) Inhibition (%)

Control 1.074 £.0.292° 0 3412+£0.187¢ 0

BHT" 0.176 £0.182° 83.6 nd” nd
Vitamin E” nd nd 0.889+0.019° 74.0
Brown rice Not-germinated 0.648+0.01 7f’ 39.7 1.983+0.057" 420
Germinated 0.298 +0.092" 72.3 1.475£0.013¢ 56.9
Giant embryonic rice Not-ge@inated 0.255+0.038" 76.3 1.598 + ().0201C 533
Germinated 0.23240.042* 78.4 0.967 +0.023 71.7
Pigmented rice Not-germinated 0.205+ 0.025?‘ 80.9 1.107 £ 0.0431 67.6
Germinated 0.195+0.011 81.8 1.013+£0.028" 70.4

D2At a concentration of 1 and 10%. respectively.
Not determined.
Results are expressed as means £ SD (n=3).

Values not sharing common superscript letter were significantly different at p < 0.05.

Table 3. Scavenging ability of rice extracts on superoxide radicals

+ O, scavenging (%)

XOD inhibition (%)

Experiments

0.5 mg/mL 5 mg/mL 0.5 mg/mL 5 mg/mL
5 ) Not-germinated 18.378 +0.743¢ 11552+ 1.155° 3862 £0.021¢ -47.507£0.016"
rown nee Germinated 1544410215 25.523 3029 21.130£0.358" 15.176 £2.188"
G e Not-germinated 1,704+ 0.175¢ 25.560 % 1.526° 23927+ 1 325° 16.489 + 0.059"
fant embryonic rice Germinated 12,527 +0.113 43.172 £ 4.036¢ 8.281 +0.549" 7.882+0.160¢
bemented o Not-germinated 66.200 + 1.922° 91537+ 1.204° 22,866+ 1.318° 35.417 % 2.053°
tgmentec nice Germinated 53.520+1.257° 85.754+0.430" 6.005+0.567" 26.736 + 0.092°

Results are expressed as means £ SD (n=3).

Values not sharing common superscript letter were significantly different at p < 0.05.

e AE U Ale)713E vkl Rehe A AT,
E7) Ag3 dXAL 712 AR ex vivod] AHEA
AL in viro2] AipE}E AE)de] Slvia AZHETH
vitro A8 AIA AojA AT} ex viveoll A o] AaHr) o =
S AL olnr FEE o Exiske E8E°] /A= pro-
oxidant=ZA1 8} BHAo] in vinpAlolM AR FHERA] B3
el A whedE A 7ReAo] ATh33). o] AL FEke
E4m)o] Aufujoln| el falnle] XA ts} AqAEAS Hol
glol| o)sted & g#zl ghbslA|Ql BHTY vitamin E 55
7HA F7heihs AR o 4 SlITh

X
n2
<

Superoxide radical( - O,7) £7{&Y

MagFo gal duAE 5k AEE UM &
Fapge] RAMER wshe Fallst 844HAF(ROS; reactive
oxygen species)ol A F-Ae] AMSLE Ao R A E
Ll bt 78 whdaske)l gijle] Frks ARHe] Ko
ATH34). wikA] o8 & FFE] FF ' ROS £HEA9
zpo] 9 Wolxzol] 9)&k ROS g2l Wisle AAHoR
ZAFE "ok 7] W& ROS oMk Al oA 7
o] 2H8-3l= superoxide radical¥} hydroxyl radicalel]l 2=3d-&
T3 AEE FASI%IY 4 superoxide radicalell thEt &A
A4S ARl Slato, B Ao e 71dA EAEA
hypoxanthine % xanthine oxidase® AM-3l= HPX/XOD sys-

teml. 82 A=

% radical WH717F o9 R

Bo}

R84

superoxide radical® A g o] &3t A
171wl spin trap-

ping agent?l DMPO$} RE3AIAA] Al ¥l DMPO-O, adduct®

ESR specrometry =

27

she 7 Ay Eolw e gt o

tZd Z4HE o83l Al87}F 7FRI= superoxide radical 42A
45 43T Table 30 veht )l5te], Fitol URign]
o

o A% ASsa

o] A

sl gk

[
i

$4g 277
sl} @Adol graw

ol AAfle]

ol )
Zgko] Tk uha,
QAT Wkgo] AR SEL} wolrE) o

A Alg FollA HAFQA superoxide

R

Z

AubE o Wolxz)e] &3 Al
F57) 7V superoxide radical 2:718HA-& 7

= Aciuiojrie} dyive] iz A

[e]
fa

Pl wolo] 2

radical 2284 o] 7wkt Aol AR-E superoxide rad-
ical2 in vitrooll 4] xanthine oxidase®] ZHg-ol sl THEo(3
RAoloz A o LAEgel AlErt FAHHeR B
2S 4273 Zlo] olugl, xanthine oxidase®] A& blocking
o 2M radical Aol ErFsebA ¥ FAad sFeA=

o|9} e 7HedE iAIshY]) f)sted AlE7T xanthine oxidase
o] Gl vAe= FFE ZABIATHTable 3). Zstol] vhepet
Hpe} ol Algrt AHH o2 FAEAde] oA vl IF
& 3R] Pt} wolx ol 9]k} xanthine oxidase E4dol Ol
g Alge] JAIEE Adujolr]el fMulollr] Zhiahgl ot
UrkgploM e 318 SIS & 4 Utk o) A3kE
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Table 4. Scavenging ability of rice extracts on hydroxyl radicals

) + OH scavenging (%) Fe** chelation (%)
Experiments
0.5 mg/mL S mg/mL 0.5 mg/mL 5 mg/mL
5 A Not-germinated 4,955 +2.265¢ 3.70312.567° -1.57540.009% 22179 +0.002
rown rice Germinated 20270+ 7.246" 50,366 1 2.665° 4257 +0.634° -4.567+0.758
G brvoic o Not-germinated 6.061 % 1.430° 61.485+5.161° 25770136 22.996+0.187¢
fant embryonic rice Germinated 17.402+0.196° 83.035 £ 0.624% 1.317 £0.034° 0.918 £0.015*
N e Not-germinated 26.153+0.230° 76.166 +2.073" 2,949 + | 247 -3.106 £ 0.589°
igmented rice Germinated 44.151+5.162 ¢ 84.397+0.339° -0.485 £ 0.008" 0.869+0.013"
Results are expressed as means =SD (n=3).
Values not sharing common superscript letter were significantly different at p < 0.05.
Table 5. Scavenging ability of rice extracts on ROS generated in HL-60 cells
. ROS scavenging (%)
Experiments
40 pg/mL 80 pe/mL 120 pg/mL
N i Not-germinated 28.58 +4.03% 33.40£6.07 83.90+£7.29¢
ormatnce Germinated 24.00+3.54¢ 27.08+3.31¢ 91.10 4 2.45"
Giant embrvonic Not-germinated 30.62 +2.95 48.01+3.12¢ 85.48 +6.54°
1ant emoryome rice Germinated 44.18 421" 65.61 £4.61° 99.01 +£6.93
- ir Not-germinated 33912425 53.10% 1.81¢ 90.62 +4.81™
lgmented nice Germinated 34.72£4250 88.03 1 6.51° 101.53 % 2.50°

Results are expressed as means = SD (n=3).

Values not sharing common superscript letter were significantly different at p < 0.05.

£ o, Adjuleln|e} F-Aw)9] superoxide radical A7l H
Yoz AlFe] 9JF xanthine oxidase B4 A wWjE] A

WHe-g g glAnt, HAHAQ radical 277 O F&
g 2Rl Akt gk, o}, e ool dntdm] o]
superoxide radical 2271247} xanthine oxidase 4 AA &
£ o, dutvlE 7k 54 $5de oE 2SS o)

27 7PsAol AMESTh

2 F

& superoxide radical-

Hydroxyl radical( - OH) 27{&Y

AR A EE MRS ol A Bl e
B 7 felg glelZio] hydroxyl radicale] 7] wiE-oll, A §.2]
hydroxyl radicaloll thet A~AEAHE Hrieldict 2 AdolMe
hydrogen peroxide®} Fe**2} &z 3ol hydroxyl radicalo] &
8= Fentondh8-5 o] &3t A3-g 3t 9o 7]
%3t A e AHoZ wbr7t B2 hydroxyl radical S
DMPOQJr iR3-A1A A3/dEl DMPO-OH adducts ESR spectrom-
etry®= &% gro 2 71 Aol Algubdol o] Adle] hydroxyl
radical®] )E} AR 35S ARSI Table 49 VERTE A7
Aol 74o], hydroxyl radical 2AFAE A Alg TR &
7k} tiEo] Frbstnt. aejal AE7bA 71est gAksh 84
U e A g b e R PSR H"O}Z‘lﬂ] of &laka] A
g5e] 2AZAEE BE 7§-°r°ﬂ*1 F7lele 43S B dot
Aol o3&k Al 59 %“‘3 F7HES ‘%JHR‘WV} 7} E%oL,
ol Zzj® Ao AAHA £AEELS Smg/mloilA 40 >
Adieloln] > Autdn)o] M E LeRdel B 4#el A= Fenton
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Table 6. Cytotoxic effect of rice extracts on the growth of HL-60 cells
) Cell viability (%)
Experiments
40 pg/mL 80 pg/mL 120 pg/mlL
Normal ri Not-germinated 65.18 74.22 70.18
ormat rice Germinated 59.72 26.18 27.53
Giant embrvonic ri Not-germinated 50.54 36.10 30.03
fant embryomic rice Germinated 59.78 85.90 65.79
pi dri Not-germinated 83.94 95.01 90.96
lgmented rice Germinated 62.28 111.98 119.50
Results are expressed as means = SD (n=3).
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