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Comparison of antioxidant activities of pearled and
wholegrain barley harvested in Jeju

Yuri Kang' and Hyun Jung Kim"*

'Department of Food Bioengineering, Jeju National University

Abstract Barley contains health-beneficial compounds, such as phenolic acids, flavonoids, lignans, and tocopherols. The
antioxidant activities of pearled and wholegrain hull-less, premature, and black barley harvested in Jeju were investigated
by measuring total phenolic content (TPC), total flavonoid content (TFC), phenolic compounds, tocopherols (T), and
tocotrienols (T3), along with their in vitro antioxidant activities. Consequently, TPC and TFC in wholegrain barley groups
were higher than those in pearled barley. Gallic acid (1.55-2.98 png/g) and protocatechuic acid (0.67-2.84 pg/g) were the
predominant phenolic compounds in barley. Total T and T3 concentrations of wholegrain barley groups were significantly
higher than those of pearled barley (p<0.05). Except for the metal chelating effect and reducing power, the in vitro
antioxidant activities of wholegrain barley were significantly higher than those of pearled barley. These results indicate that
wholegrain Jeju barley can be used as a natural antioxidant source in the food industry.
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shjo] H9h <F, AETAZ T thde Ay o
THlee 5, 2016). o2+ &

A4k (reactive oxygen species, ROS) Aol 2] o}7
2 A HollA =3 Ad== ROSE oAIe] Ag 3
3} B4 A3t EistA A= JokEo 5, 2020; Lee 5,
2016). R ofue}, A AFolA FE ARSI = T I
sl e 54, B T A EAIE Qs ARE-o] AR AL
o] A 2AZHE P sl 248 FE-H8e I
7} &asitiJeong 5, 2020). v, FA0) BE] 5o Foe
HIERL, 7714, Aol 7t wimjol] Hla] 2-3u) 7k Wol, FY
gHog e W oo, teke AYEd =28 T 3
o] % ksl 23S vEPATh(KangZ Cho, 2016). ol
gt A% o2 £ FFES e &AHAEC] vl U=
FAloIH, Z1QolME AnjRte] Fo0 B oY 7] FRE
e @ 71E0] TRE Tk A AES N
AtHKangZ Song, 2016). 53] H2|E o]&3t 7|54 Ry &
= 2 7FE 59l o0t FEs] Skl 2lel(Kim 5, 2020),
oFr 1919 A7k Au|Fo] 19699 473 keolH 19784 18.1 kg
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o2 FA FAEAY B9 &H|Fo] 201497 A F
JVeke Aoz BIEITHKOSTAT, 2020). B3, 201893} H]aL
sto] 1919 A7 & AW 20199 3.0% 7HAaE o) vl &
< AQg 7et g aH|Fo| ARs= HlFS IR, 1
% B9 AuFE tE FF Hlste 1.6% F7leAth
(KOSTAT, 2020).

R (barley, Hordeum vulgare LYY= &, 4, S5 Tgo=2 &
HE= AlA 40 5 5 SE(Gong, 2019) HE 65-68%, T
WA 10-17%, B-glucan 4-9% 59 FEHES skl doH
(Baik &, 2008), ZET} 2ol ko] 10w =il whijd s} Bl
el B# B, o] ¥ Be Ao® B uEIth(Kang? Song,
2016). Egt, HElde 7874 Aolifet 284 Aolidfe H
o] #4¥Ho]Z(KangZ Song, 2016), A2&4d EZ2 phenolic
acids, flavonoids, lignans, tocopherols, tocotrienols 52 2o] &
S e Ao dEA dtiDo %, 2015; Gong, 2019). X
= A5 F 44do] ¢ BEEA &= ZEE (hulled barley)2t
Aol &=ty 2 HelEe AR (hull-less barley)Z s 5 3
< ZREe FE ST Helgow AREs AFEL
2 AREthKim 5, 2013). 3RPE By 58 159 A #3
3 Aoz Ut Bajol] Hls) chlorophyll o] & (Kims} Kim,
2015), A ¥ 2]+ anthocyanin 249} phenolic acids %
flavonoids ¢FFo] E& Aoz deA YkPark &, 2011). B
T Ao #y, F9 3% S8 ek Adde Vs AR
o7 U#HZ phenolic acids % anthocyanins®} 7+ TRFSH
flavonoids7} 338} 912 (Choi &, 2018), =8 E°] =l
w2} ol g-+E phenolic acids 2 flavonoids 52 7154 A
3 g ksl dAdo] ZAdtHKim 5, 2016; Kong 5,

[<)
2008; Lee 5, 2017). =AA ¥ FFe FusA T F
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Aol 8RR ARET A AT auelsl 4
Pol meE G5 4R L B OF A0} I ol
webi] 2 Oﬂ;Loﬂxa: A7 AuRe duwel, Fuel, By
2ol =g fo nhe gush 4 9 B9 Sgste] vast
T AE A6l A8 AR5 BY BISAZAS) B T
2 Belstaz shck

EETETE
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Wi

Ao AFES HEl= AR (hull-less barley), X2
(premature barley), <1 2](black barley)Z A|FES-HAX| =04 =)
e AREE =GR %S A (wholegrain)? =733 A (pearled
barley)>-2 Z}zZ} 4313 thJeju, Korea). 7943t HIl= AdE-
3 71(MF10, Ika-Werke GMBH & Co., Staufen, Germany)S
ARE-8te] 60 mesh o]etZ 43 F A EE ARESITh Aol
AF&-3F Folin-Ciocalteu’s A]9F, gallic acid, quercetin, phenolic
acid &4, 1,1-diphenyl-2-picrylhydrazyl (DPPH), 2,2'-Azino-
bis(3-ethylbenzothiazoline-6-sulfonic ~ acid)  diammonium  salt
(ABTS), iron (II) chloride (FeCl,), 3-(2-pyridyl)-5,6-diphenyl-
1,2,4triazine-p p'-disulfonic ~ acid monosodium  salt  hydrate
(ferrozine), potassium ferric cyanide (IIT), iron (III) chloride=
Sigma-Aldrich Co. (St. Louis, MO, USA)IX FYd3te] A3l
31, L-ascorbic acid+= Daejung Chemicals & Metals Co., Ltd.
(Siheung, Korea), superoxide dismutase (SOD) kit-WST+
Dojindo (Munich, Germany)ollAl F43}5 ). ©] <o Al8H F
Z—Q—UH ol )\]OI:O H/H_Q_ D] HPLC E:LO /K]-—Q—o]-oili}—

wHP| FEEQ| MxE

AF2t AR el itst 84 9 AsA FEE 242 9lE
FEES AxSt Aol ARSI EE ®BaElol] 80% ollgt
&S 718l (3% wiw) 80°ColA 3AIZF 5t &5 $ol filter
paper (No. 2, Whatman, GE Healthcare Life Science, Bucking-
hamshire, UK)E ©]-&3t oJsigitt. oJ#elS A4Ee] 71416,
Labogene, Seoul, Korea)E |83} 2,700xgol|A] 1587+ AAE
25 AYP3F T AL -18°C YFIL(IBK-500F, Infobiotech,
Daejeon, Korea)oll # %]'0}‘3’4 Agof AL8-31% T}
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g EolE0|E
ZuE FF 582 Lee 5(2020)°] WH
S 3 olin-Ciocalteu ® o2 A3t} 72+ =& 100
uLel %—v—r 1.5mL2} 2N Folin-Ciocalteu’s (Sigma-Aldrich Co.)
100 uLE £33 5, 30%7F ¥HA1Z] 3 20% sodium carbonate
(OCI, Incheon, Korea) 300 LS 7}t Aol 1A17F w3217
o}, WA AES B33 =A(Optizen 2120UV, Mecasys Co.,
Dagjeon, Korea)S ©]-8-3}] 765 nmolA] 3= E 43It
Gallic acid= ﬁ.%_%m 2 6—]_0:] 5015} bﬂ—tﬂ oz xl-/H 6‘]— 74 a]:fﬂ_}\q
o 2HY F ZYdHs &S pg gallic acid equivalents (GAE)/g
—i e AT

% SR olE FF 82 Yi 5(2014)°] HHES 383t
sk Bl FE5 20 OuL o o&& 800 pLe} 5% NaNO,
60 uLE 713t & Egste] A2eA 587 RESAIZ T WA
A& 10% AICL 60 uL H7kate] E3bstal thr] A-2olA 52
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Al(Mecasys Co.)& 0]9—6}0:] 415 oy EFE= _
Querceting TZEAZ slo] AFZMEL A3 & = ZefEw
o] S g quercetin equivalents (QE)gl = UERA L

HPLCE 0|8
Aot AR 80% olehe: FEES] o

3l FE= SmLE HaUtAE o]&dte] F53laL, methanol 1
mLe]| %04 HH 5T MBS AFse] Ao ARSI HPLC
Y A AMEL 045um syringe filter (PTFE, Whatman Internatlonal
Ltd., Piscataway, NJ, USA)E 53l «33}ith. HPLC A=

Agllent 1260 series (Agilent Technologies, Waldbronn, Getmany)
9} diode array detector (DAD)E ARE-sIRom, #4] AL o
} Pursuit XRs C18 column (250x4.6 mm, id. 5um; Agilent
Technologies, Santa Clara, CA, USA)S AFE-SISTE 4 A4S
2 AY 5% 27C, %S 1.0mL/min®] A& FYZFS
20 uLol Atk o] 5L &1 A (0.1% formic acid in water)2} &
vl B (acetonitrile)E AFE-EFF o, £r] FHlE 0%(A/B=100:0,
viv), 13(80:20, v/v), 1-8%-(40:60, v/v), 8-12%(80:20, v/v)O=
st 43510t DADY 32 270, 324 2 373 nmE ©]&-35}
93, dE 3FES EFEZ(gllic acid, protocatechuic acid,
catechin, vanillic acid, chlorogenic acid, caffeic acid, p-coumaric
acid, ferulic acid, quercetin; Sigma-Aldrich Co.y 1.5625, 3.125,
6.25, 12.5, 25, 50 yg/mL F=2 W] HFA S 25l A
S, ¥ 2HEHI overlay B HFEE A17HS 1Sk A

el

g8 sy sieE 2y

HPLCE 0|28} tocopherols ¥ tocotrienols £4

Aree) Fslo] e ksl 44821 tocopherols?} tocotrienols
& HPLCE o]&3le] B3t A4t Bra 80% ole-e 5

5 2mLE FH3gl] FA7IAE 4] 5313 1 mLe] n-hexane
o] &3t ALsNAIZl th 0.45ume] PTFE syringe filter
(Whatman)® o} #}3le] HPLCE #413}9lth. HPLC ZXEE
Infinity 1260 I (Agilent Technologies)®} fluorescence detector
(FLD)E Alg3taiom, &4 ZHH-L2 Lichrosphere™ Diol 100
column (250x4.0 mm, id. 5 um)S Merck Millipore (Nottingham,
UK)lAl Fg38ted ARS8t o] 542 n-hexaneo] 1.3%
isopropanol2- &3}51¢] 02 um membrane filter (Sartorius, Goettingen,
Germany)Z ¢J3 & AME3l9th B4 202 = 4452 1.0mL/
min®| 3 A|§ FYHFS 20 Lol AE719 g F 7
290 nm, W& ¢ 320nmE ©|-&-3HTt. HIERW! E 249 T
?l o-TE (tocopherol equivalent)s T-sh= 2] T3} Zom y-
tocotrienol¥} 3-tocotrienol> A2 &/do] BHER|=] o}l xE3}EIA|
29¥THChoi 5, 2018).

mlo

o-TE (png/g)=(a-Tx1.0)+(B-Tx0.5)+(y-Tx0.1)+(8-Tx0.01)
+(0-T3%0.3)+(B-T3%0.05)

where, T: tocopherol (ng/g) and T3: tocotrienol (ug/g)

In vitro g5t B &3

B4 fiol mE At AR FEE9 in viro IS &
41 DPPH free radical &7 &4, ABTS' radical &7 A4,
superoxide dismutase €, hydrogen peroxide &~H &4, &4 2
golg &4 % S tEH o] FA3UTE S50l Al
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Aeg AL st S Aate] YA UFRFoRE oujAY
A3}l w2} L-ascorbic acidE 0.5 mgmlL T2 43t 3
BlEmkeiel=o

DPPH radical 27 B4& Lee 5(2020)2] WS o83l =
ATt 1 mM DPPH Al 140 pLoll #|152F A1) 80% oleh
< FEE 0uLE Tteted dFAeA 3087 AR
microplate reader (Epoch™, BioTek Instruments, INC., Winooski,
VT, USA)E |43l 517 nmelld T3=E 274313t Blanke
AEE U8k & &ml2d 80% ethanolS ARE-31At}. DPPH
radical 27 A4S blank FFE9 AFE FFES o]&sle] W)
&2 AL

ABTS" radical 271 84S Sung 5(2018)2] WS $-83&o]
g3 Zo] 3389t 7mM ABTS9} 2.45mM potassium
persulfate (Sigma-Aldrich Co.)2 22| Aol 1687+ <t Hk
SAIA ABTS ¥olS A7 F o] 9L 734mmollA &
BE7)Y 1.00] HEE 243k 842120 ABTS £ 180 Lol
AT AR 80% oehE FEF 20 uLE EFsI] A2
6% &<t WES-A]F]13L microplate reader (BioTek Instruments)E ©]
23l 734 nmollA FFEE S5 T A|52] ABTS” radical
27 4L Blanks} A 89 FFEE olgsle] WEEE ALt
3t YeRN AT

Superoxide dismutase (SOD) &2 SOD Assay kit-WST
(Dojindo)E AHE-3te] =73t A& wells} blank2 wellell Z}
7} A& 20 uLE, blankl well¥} blank3 welll= A5 tj4ls)
o] /G 20uLe ¥ EE welldll working solution 200 pL]
Yol E3sl9th Blank2¢} blank3 wellell= zHz} dilution buffer
20uLd Yol E3EAL AE wellZ blank]l welloll enzyme
working solution 20 uLE o] 3] Ejste] 37°ColA 207
HHS-A1Z1 ¥ microplate reader (BioTek Instruments)E ©]-8-3}¢]
450 nmollA FFEE FH3A

Hydrogen peroxide 227 B4 Heo 5(2005)¢] WS WHEs
of 243k AFl| AFRE AFA AuE] 80% dEre &
B AlEE FR 100 st AlRR AR SRl
3143 A& 100puLe] 10mM H,0, 20 uLe} 0.1 M phosphate
buffer (pH 7.4) 100 pLE ¥ § EH3IAL 37°ColA 5% vk
A AT BEEAZ) 96-well plateel] 1.25mM ABTS 30 uL$} 148
U/mg peroxidase 40 uLE Eal &3] 37°ColA ©hA] RESAF]
3 microplate reader (BioTek Instruments)ES ©]-83l%] 405 nmol
A EF=E =48

F&0]2 A 7S (metal chelatingy> Lee 5(2010)2] WHS o]
g3to] =43 Th 96-well platecl] AlE 100 LS €3 0.1 mM
FeCl, 100 pLE E33tdch. £l 100 pLe] 0.25mM ferrozine

o

-

‘Dl’ oflt

< A7rstar gaelA 108 §HAIATE F v 562 nmolA]
microplate reader (BioTek instruments)& AR&-sted SHEE 573
3921, control> A|EE, blankol= 0.25mM ferrozineS T4l
sto] 2zt SR 100 plLE ARSI 580l AAGY ¢
&2 ethylendiaminetetraacetic acid (EDTA)E AME-3FSITH

218 (reducing power) =782 Farvin 7} Jacobsen (2013)] ®+
HS g-gsle] 24381tk A1E 500 uLét 0.2 M phosphate buffer
(pH 6.6), 1% potassium ferricyanide Z}Z} 500 pLE #71s & &
grotel s0°Coll A 202 7F RESAIZATE BESAIRL AlROl 10%
trichloroacetic acid (TCA) 0.5mLE 37l 423} Al7]2, &
gl S 1mLE wEste] S/ 1mLe 0.1% ferric
chloride 200 pLE F718te] EF3IaL ThA] QAollA] 1027 W8
AZTh WAL Al8E EEEEA(Mecasys Co)g ©]-8-3k4
700 nmol|A WEgH o] FREE ZH3ATE

SAEN

EA2E = SPSS 23.0 (SPSS Inc., Chicago, IL, USA)S ©|-&
sled AlE 7§94 BEAS 95 ANOVAS A Ao,
Duncan’s multiple range testZ -f2l/do] = AF AR A
At (p<0.05). FAkst A g & 7] AHRAAE =418
2J&l SPSS 23.02 ©]&3}e] Pearson's correlations A3t}

&
AT AHE FE2EY F ZTvE 2 F FgHkols ¢
% B4 AI= Table 13} 7tk =454 ¢4 &1 ] (wholegrain)
oMol & ZoldlE ke UnkR | (hull-less), S4.2](black),
R (premature; 149.90, 147.10, 139.99 ug GAE/g) T3, &
et 1 (pearledelM s SHz], IubEa], HH2] (12545, 11641,
91.14 ng GAE/g) =02 YERiTE E4% He7t AR o8
He]o] vls)] F Zuls TRFo] %o (p<0.05), =80 A
glo] Frrt dutrzlel TR Bo F Zds o)
o Zlog FAFATHP<0.05). EAHBHA e Anao)xe]
ZetRro|E TRk dutEeet R 1.01 pg QEgRE,
H2](0.89 pg QE/g)ell vl =A ey, =43 A1zl
ZolRole RS 0.50-0.54 ug QE/gd] WHYE Yehdth.
Ho AFak Arze] F ZYdEs ¥ F SPER=
& =4 F A4 Kim 50162 BeE =4 § &
iz gl oF 47-66%, F STHEIO|E S oF 30-41%=

T off T o ot o xT

g ol X

o Ao SR FelsEe 9vFQ Hl, E3 2 w5

Table 1. Total phenolic content and total flavonoid content of wholegrain and pearled Jeju barley ethanol extracts

Jeju barley Total phenolic content (ug GAE/g)  Total flavonoid content (ug QE/g)
Hull-less 149.90+6.52* 1.01+0.01*
Wholegrain Premature 139.99+3.66 1.01£0.02°
Black 147.10£6.41™ 0.89+0.01°
Hull-less 116.41+3.86° 0.50+0.01¢
Pearled Premature 91.14+5.40" 0.52+0.01%
Black 125.45+5.28° 0.54+0.02°

YEach value is expressed as meanstandard deviation.

?Means with different letters (a-d) in the same column are significantly different (p<0.05).
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Table 2. Phenolic compounds (pg/g) of wholegrain and pearled Jeju barely ethanol extracts

Phenolic compounds (pg/g)

Jeju barley Gallic Protocate- . Vanillic Chloro-  Caffeic  p-Coumaric ~ Ferulic .
. . Catechin . . . . Quercetin
acid chuic acid genic acid acid acid acid
Hull-less  1.90+0.00°  2.59+0.01° = 0.18+0.01° - - 0.02+0.00®  0.21£0.00° -
\gr};?rlle Premature  2.50+0.11°  2.84+0.09° - 0.17+0.01% - - 0.02+0.01°  0.17+0.01° -
Black 2.08+£0.03°  1.33+0.00° - 0.22+0.00* - - - 0.23+0.00* -
Hull-less  1.55+0.11¢  1.79+0.10° - 0.16+0.01° - - - 0.15+0.01° -
Pearled Premature 2.05+£0.08°  0.67+0.02° - 0.14+0.00¢ - - 0.01£0.00*  0.17+£0.01° -
Black 2.98+0.04°  1.26+0.01¢ - 0.11+0.00° - - 0.01£0.00*  0.23+0.02° -
YEach value is expressed as meantstandard deviation.
YMeans with different letters (a-d) in the same column are significantly different (p<0.05).
.: Not detected.
Table 3. Tocopherols and tocotrienols of wholegrain and pearled Jeju barely ethanol extracts
Tocopherols and tocotrienols (T and T3, pg/g)
Jeju barley
a-T" B-T S-T B-T3 v-T3 6-T3 Total a-TE"
Hull-less  6.97+0.01° 5.28+0.02* 1.81£0.01® 33.09+£0.01° 1.93+£0.02° 12.18+0.26° 11.91+0.03* 73.17£0.36° 17.54
Whole

Premature 6.21+0.02°
Black  6.36x0.01°

grain

5.54+0.00° 1.7240.01® 29.95+0.07° 1.74+0.01° 12.51+0.38" 11.46+0.06° 69.14+1.95° 15.85
6.18+0.22%  1.80+0.04® 20.68+0.03° 1.26+0.01°

5.83£0.04" 10.66+0.10™ 52.77+1.42° 13.26

Hull-less
Pearled Premature 2.19+0.02"
Black 2.95+0.01°

5.12+0.01°  1.95+0.01°
4.58+0.01¢  1.45+0.10°

3.34£0.01¢  4.29+0.02° 1.60+0.06™ 14.98+0.02¢ 1.09+0.00°
8.93+0.01"  1.1120.00"
13.36+0.00°  1.03+0.00°

6.14£0.23>  10.49+£0.06™ 41.93£1.73°  8.34
4.01£0.01° 11.81+0.02° 35.12+1.82° 5.46
4.04+0.03°  9.49+0.03° 36.90+0.63°  7.48

Da-TE means o-tocopherol equivalent.
JEach value is expressed as meantstandard deviation.

YMeans with different letters (a-f) in the same column are significantly different (p<0.05).

3 7] wlEell(Choi &, 2018) ¥ AFIME=
FA ARge F Zydsd £ ZEHo|E

H=d stEE

HPLCE EAR A7t Ane] 328 5 /i dAsd sek=
9] &2 Table 29} At} AF2t ARE] FEEAA HEE H
=4 33HELS gallic acid, protocatechuic acid, vanillic acid, p-
coumaric acid, ferulic acid® YeEPo™, =43 k2 SH|e}
=3 AukE oM E p-coumaric acide HAEEHA &oUth A&
B 559 5E T AFA AR FE2EY F8 dsd 3%
22 gillic acid®} protocatechuic acid$l-2-™, p-coumaric acid
(0.01-0.02 pg/g)} ferulic acid (0.15-0.23 pg/e)e P AZEH AT
A FA AR FEEA gllic acide £33 SHeldx 298
ng/gl 2 7P B TS JERl, =% detEaloA 155
pg/g®] o TP vl UERiTE S &2 HE A
= protocatechic acid7} 2.84 pg/g® 2 F 7P =& TS g
Yot =4e Anels 067 e 7P Re o] Az
At Vanillic acid®] 79 =454 & AvtEE], JHE, SH
gollA 018, 0.17, 022 pg/g® UERE, £33 A%
0.16, 0.14, 0.11 pg/gS 2 HEFUTHp<0.05). AEE 4 35t
59 F e dutdoz =AskA] gk AR =4 A
5RO, SR HPole EF% SR F HEA 3t
o] Fol A JUEhES RISk o A=l ok,
2 A9 wifol F=2 ferulic, p-coumaric, gallic, vanillic,

caffeic, protocatechuic, chlorogenic 2! p-hydroxybenzoic acid<}
2wy sghEol dfrEol Sle Zo® B (Abdel-Aal
%, 2012) ¥HHC Lopez-Perea 5(2019)¢] dTolx= He AE
80% ethanol2 FZ&3to] #5A SIFES BA3I9S W quercetin
# gallic acid’l F2 AEEJATL Bt wEby FEolu
Al ggel wet HeEle] A dlsd seke 24 9 el &
PR Aoz dE

Tocopherols % tocotrienols &2

ATt AR FE5E9] g% tocopherols (T) % tocotrienols
(T3)E A8t Table 30 YR AFAE AR M= T
o} 138 A Jeigal, =45 &2 ARE ¢-TS Al
At 759 T % T3 isomer’} AZSEHATE y-T FFoA &7
HFAET Y B E) 2K Cho, 2010), AFAF AR M= A&
HA] Zurh =GsIA] e AlFAE AR o-T3, y-T3, 8-T
9 o T7} Fo3HA HdEHAoH, B4R 2 SHes gyt
HEjol Frgo) H|ste] y-T3 FFo] WA HEHUrt. =4
AFaE ARG E o-T3, 6-T3 L y-T37} F2 HAESHJL, T
F BT el =A Ueisdth AFA BrZoM = 53] o-T3
o] B2 A0F YN, 2 F EASHKR &2 AR
o-T3 TS 20.68-33.09 pg/gl 2 T4 AHelo] 893-14.98 g/
ghth frolAoa w2 Fhgo] AEHATHEp<0.05). & &S v
RS W =AEA g AR =A% Rl vs] =4
VR TH(52.77-73.17, 35.12-41.93 pg/g). Ko 5(2003)2] TolA]
= =A% BaloA o-T39] &HFHS 52mgkgl 2 vjujgh vbE,
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Table 4. In vitro antioxidant activities of wholegrain and pearled Jeju barley ethanol extracts

In vitro antioxidant activities (%)

Jeju barley DPPH ra{iical ABTS* radical Sl}peroxide H202. . ' Reducing power
scavenging scavenging dismutase scavenging Fe** chelating (Abs. at 700 nm)
activity activity activity activity

Hull-less 78.37+0.37* 83.31+2.02* 95.49+0.137 34.92+3.61° 14.26+3.09¢ 0.60+0.01*

Wholegrain Premature 78.70+0.32° 81.18+0.81* 95.80+0.32° 33.36+4.87% 17.83+2.69® 0.61+0.01*

Black 78.04+0.57° 76.68+2.38° 92.35+0.61° 29.28+7.07% 10.20+1.71¢ 0.56+0.01°

Hull-less 60.67+1.15¢ 47.43+0.38° 73.76+1.19¢ 25.84+4.04° 19.204+2.337 0.56+0.01°

Pearled Premature 69.94+2.67° 51.13+1.07¢ 85.98+1.39° 26.76+3.85¢ 16.39+1.56" 0.55+0.01™
Black 55.90+0.85¢ 57.19+1.21°¢ 85.90+0.25° 26.80+4.91°¢ 11.15+1.60¢ 0.54+0.01°¢
Control (0.5 mg/mL)” 93.15+0.09 94.21+0.08 99.08+2.64 91.37+£0.29 99.84+0.09 0.66+0.02

YEach value is expressed as meantstandard deviation.

YMeans with different letters (a-e) in the same column are significantly different (p<0.05).
JAscorbic acid at 0.5 mg/mL was used as a positive control for DPPH, ABTS', SOD, and H,0, scavenging activities and reducing power. EDTA

was used as a positive control for Fe®* chelating effect.

=4 FAEER 2] A euda= 77t 575, 13.5mgkglE
AZHATGL BAste] =45A] 22 HEodA =2 T 2 T3
kS ekl Ao ® ®elth Do 5(2015)2 AT Al &
AEA] ke MR oA 7HE E& total tocols S LERY
A, AdH R FARF A o] WA UEtiy Baet

| & d7dA S99 Aot 22 AEFS eI
AWl HER E A 84 A=E Yl o TEe =434
2o AR oA 1326-17.54 pg o-TE/gd MR =43 Arg
9] 546834 ug o-TE/gRT} & S Yepch AlFat 21
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AL AE FSEE HAAT = aRkst E4(Sim 5, 2018)
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In vitro &8t &M

ATt AR in viro B4V} &4 BlRE 18] DPPH free
radical £275, ABTS radical &71%, SOD €4, H,0, &71%,
F50]& A A5 (Fe* chelating), 33 (reducing power)2 Table
40 JERNQIT). DPPH free radical 2AEA L E43A] e A
FAF ARZA 78.04-78.70% HHE B0 YElgeH, &4
sk AR s FRE, e, SHE 69.94, 60.67, 55.90%
MR 27 B4 e 7R R/ AR, BF &
o] A= we} DPPH free radical &4 EAJo] 7HAsFiT)
Lee 5(2017)9] AoME Hale] ©4Fo| Z713hl| wle} DPPH
Aol AUt B

SR ke AHg|e] ABTS' radical &7 AL dvtH g
o Rt zHzt 8331, 81.18%E 2l el Zo)7t yehx] ¢k
ko), EHElE 76.68%2 TSR gk thE Axgd B3|
2o AAGANS BT =%k AR el ABTS' radical 427
g Autr e, HRY, SHT A 4743, 51.13, 57.19%F

Jom ABTS' radical 27 BHE £33 A7} £461A

e AHE] B ve SAE Yepfdrh L3 DPPH free
radical 27 2743 Bl o =48] &2 dutre|et 3
2a]9] 79 DPPH free radical 227 EX KT} ABTS' radical &
A gge] o A Yehtal, E=AsHA] &2 SHee] A vl
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SOD &4 =4S o2 AW F e, dutie], S5
ZollA 95.80, 9549, 92.35% O 2 SOD A4S B S
Z7-91 ascorbic acid (0.5 mg/mL)2] 99.08% TAHTl= T W
Al vebgth =4S AR Ag, dutEaldA 73.76%= 7t
4 W SOD 242 Uehilen Hre|eh Suales ZH7} 85.98,
85.90%2] o= F ARZFS] foH el zfolE HolA| eiskth
Superoxide anion radical<> hydrogen peroxide, hydroxyl radical
59 e AF radicald] 8 FHYLE #8-5H(Zhao T,
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4L 250-340%= YERA Eof H,0, &7 84 %3 SOD &
A 24 vRIZHRE @40] w4 Uehd Aer wdd
t}. SOD Wkl 2J3ll AJ2d¥ hydrogen peroxide= Fenton W3-
oA HkgAo] 2 hydroxyl radical® ¥ 4= 219™, hydrogen
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ksl @] Anet tE AT BT ol F50l2 AlA
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Table 5. Pearson correlation coefficient of total phenolic content, total flavonoid content, and in vifro antioxidant activities

Factor TPC TFC DPPH ABTS* SOD H,0, Fe** RP
TPC 1 0.749** 0.709%* 0.794** 0.758%* 0.409%* -0.375%* 0.562%*
TFC 1 0.899** 0.963** 0.876%* 0.583** -0.097 0.781**

DPPH 1 0.910%* 0.806%* 0.425%* -0.267 0.662%*

ABTS* 0.880** 0.588** -0.281%* 0.721%*
SOD 1 0.439%* -0.247 0.617**
HO? 1 -0.140 0.468%**
Fe** 1 0.256

RP 1

DTPC: total phenolic content, TFC: total flavonoid content, DPPH: DPPH free radical scavenging activity, ABTS': ABTS" radical scavenging
activity, SOD: superoxide dismutase activity, H,0,: hydrogen peroxide scavenging activity, Fe*": metal chelating effect, RP: reducing power
ISignificance was determined by Pearson’s correlation coefficient and * and ** indicated the significance at p<0.05 and p<0.01.

Table 6. Pearson correlation coefficient of tocopherols and tocotrienols concentrations and in vifro antioxidant activities

Factor T T3 DPPH ABTS* SOD H,0, Fe** RP
T 1 0.821%%* 0.892%* 0.951%* 0.807** 0.742%* -0.244 0.704**
T3 1 0.734** 0.877** 0.704** 0.849** 0.125 0.960**
DPPH 1 0.910%* 0.806** 0.425%* -0.267 0.662**
ABTS"* 0.880** 0.588** -0.281* 0.721**
SOD 1 0.439%* -0.247 0.617%*
H*0? 1 -0.014 0.468**
Fe* 1 0.256
RP 1

UT: tocopherols, T3: tocotrienols, DPPH: DPPH free radical scavenging activity, ABTS": ABTS" radical scavenging activity, SOD: superoxide
dismutase activity, H,0,: hydrogen peroxide scavenging activity, Fe’": metal chelating effect, RP: reducing power
ISignificance was determined by Pearson’s correlation coefficient and * and ** indicated the significance at p<0.05 and p<0.01.
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AE YERR LM (p<0.01), TFCE DPPH (=0.899), ABTS®
(=0.963), SOD (r=0.876)} F-2|&og =2 o] JAAAE
BTt W F4&0)2 A AT TPCS =-03752 &<l
2o ARAAS JER YL (p<0.01), TFCE r=-0.097% 2|7
Q1 AT Qe AoR® E1EAT mebA] TPCF TFCE in
vitro@Areh o] fojFom w& o] AUAAE YEths
oMol A Aol ARSI THBeak 5, 2017; Lee 5, 2017).

AFAE 21 2]9] tocopherols (T)9} tocotrienols (T3) 2 in vitro
gtsl Este] JHAAE B4 A3 (Table 6), T= DPPH
(r=0.892), ABTS" (=0.951), SOD (1=0.807)¢} 9@ og =& oF
o] AAFAZ HAAFYT, T3E ABTS' (1=0.877), H,0, (=0.849),
3L (=0.960)00A =& o] FHAAE HATHp<0.01). T4t
3} B4 F FFol2 AASTAA T =-0244)F T3 (=0.125)=
olxe] TPC9} TFC Ao}l o] 2l daaA= YehiA]
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2 AFoxE AT ARl dutry, JHe], SHIYE o]
|ote] &4 fol e kst AR 2438 stk Al
T2 AE ] ksl JERl & ETHs I =S &
2 AR oA 139.99-149.90 ug GAE/g, ©A 3 &AHzZl= 91.14-
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2 T ZHE IS BAvh g F FgEeolE IR
TAEA e A H(0.89-1.01 g QE/g)7F £33 2K (0.50-
0.54 ug QE/gETH H& TS YeEPHiSITh. HPLCE #4113 A
Fab An e sEA 39MEE gallic, protocatechuic, vanillic, p-
coumaric ¥ ferulic acid’7} F2 AEHIOH, =AHFK] Fe I
Rle} =43 AR g]o| A= p-coumaric acide AEEA %29
t}. Tocopherols B tocotrienols 4 ZA}ol|A= 87FA] o] A &
a-T3 ol =9k, A8 e AR ]9 T3+ 20.68-33.09
ng/gl ® T3 AR 893-1498 pg/gRth foFow =4 4
ZHATE AF2F BEZ ] in viro IS S AFolA B4
ol AAGTE Aty B ¥ AR7}F 2 Pils &
2& Wi, Bt @4 F SOD &7 EAo] =4 vE
WAtk In vitro @AYt &4 T ETds ¥ 5 SEEwol=
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