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Abstract

Barley (Hordeum vulgare L) contains health beneficial phytochemicals such
as phenolic acids, flavonoids, lignans, and tocols. This study was conducted
to Investigate antioxidant activity of hulless, premature, and black Jeju barley
that were compared with unpolished and polished milling. In order to identify
and quantify antioxidant compounds, total phenolic contents (TPC), total
flavonoid contents (TFC), phenolic compounds, and tocols (tocopherols and
tocotrienols) were analyzed by high performance liquid chromatography
(HPLC). In addition, in vitro antioxidant and whitening activities of Jeju
barley were investigated by measuring 1,1-diphenyl-2-picrylhydrazyl (DPPH)
free radical scavenging, 2,2’ -azino-bis(3-ehtylbenzothiazoline-6-sulphonic acid
(ABTS) radical scavenging, superoxide dismutase activity (SOD), hydrogen
peroxide scavenging (H»Os), metal chelating effect (Fe*'), reducing power and
tyrosinase inhibition. Consequently, total phenolic and flavonoid contents in
unpolished barley groups (139.99-149.90 pg GAE/g and 0.89-1.01 png QE/g),
were higher than that in polished barley 89.14-125.45 ng GAE/g, 0.50-0.54 ng
QE/g. Gallic acid (1.55-2.98 ng/g) and protocatechuic acid (0.67-2.84 ug/g)
were the predominant phenolic compounds in Jeju barley. The total tocols and
a-tocotrienol concentration of unpolished barley groups were significantly
higher than those of polished barley (p<0.05). Excepting metal chelating effect
and reducing power, the in vitro antioxidant activities of unpolished barley
group were significantly higher than those of polished barley. Tyrosinase
inhibition activity of unpolished and polished were in the range of 82.75-86.48
and 81.26-84.41%, respectively, similar to kojic acid (82.83%), a positive
control. The unpolished Jeju barley showed greater antioxidative compounds
and activities than polished Jeju barley. These results indicated that Jeju barley,

1s expected to be used as a natural antioxidant at food and cosmetic industry.
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2 tH(Shahidi & Ambigaipalan, 2015; Eo %, 2020). ¥4k o}yl A 2]3Fof A
T2 AMEEH 2 e 4 Al= butylated hydroxyanisole (BHA), butylated

hydroxytoluene (BHT)®} #Z& A IAtsiAl=Z o]

il

Ay < %}H Bl o} Al %—
Aoz s AFo ARgo] of# X JrhHLiu & Yao, 2007; Jeong T,
2020). &w],

5, 2020), 20199 =l 1919 AxE AvEF FAC W= 19691 47.3 kg ol A
1978 181 kg o2 HASGHA FolEAd Rl Lu[Fo] 201407 H THA
7 ete Ao Wyt (Kostat, 2020). 3 20183 H)wEte] 1919 A7k
2 nl R 20199 3.0% A | Alel mlE), s AQlgh Ve G M| ol
A sk Bl S7FelAL, 1 Ko v tE e Heke] 1.6%
Z 78k o (Kostat, 2020).

W&l (barley, Hordeum vulgare L.)= 2, U 255 2oz AA 49 %5
% Sty Z(Shewry &, 2014) A& 65-68%, ©¥l& 10-17%, B-glucan 4-9%

(Baik &, 2008) &= 3frotal Qlom Art AolAdf ko]l 10w =i



g da veldl B3 By o B Aoz HuEdtHKang & Song, 2016).
T3 Helde 84 Aol B84 Aoldfe Hl&o] ¥ Aol il(Kang
& Song, 2016), A#&FA EZAQA  phenolic acids, flavonoids, lignans,
tocopherols, tocotrienols &< %ol 3F3tal A+ o= d#A AtHGong,
2019). Byl &3] wdHode= £ % XY (two-row barley)$}
6% H | (six-row barley)Z #HF& T o, A= & o] a3 F7HA
2= #EHZ(hulled barley)e} Aol <=tz & FE 5= AHE (hull-less
barley) 2 s & Ut AHIE T2 FRAPI} Holgom ALEH T,
AHE = AFEo2 AFEET(Kim & Kang, 2002; Kim 2013; Jeong &
Yoo, 2014). 2x e & Z#&H 7 (hull-less waxy barley)+ F&o] Eof
FARtgdel Fom AR A3 FARSE 22 7HA fEuetet dE Sl

T2 Adzshs ®Hel sFoR A Ath(Jeong 5, 2013). FEE = B
159 Ho 33t Aoz dut wyd Hla] ©-& chlorophyll® &4k3 5o
A = AR HuFdom(Kim & Kim, 2015), ZH gl B-glucan¥}
anthocyanins & 7|sAds YEUWE AE IHFS S7HA1A 200003 ‘Zopz

WA ARFAR, S HE, 2010ddel = WEd, ‘S, SR &

-
a
sg
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o D
Mo

>

do

o

SAGATHKIMm 5, 2020). °olE T SHEHF= Lt B9 HE anthocyanin
o] ol Atst Ut =& o=

44 Adtt(Jeong & Yoo, 2014). WAl sFet= 3], FI B TEIFA=
E8A Aoldwet e H HEsgEe] Bol X8t e (Kim 5, 2007),
Wk EAstE FL& HE3leE 5 phenolic acids, flavonoids 2 anthocyanins
2 4HA AtHChoi & 2018). o] g ol fF=

dukq o2 Wl =45}
AFERE o] HAolA A 67F 2 ES WA FAEo] AAHIL UtHLee T,
2018). Ly WAL AR AR EE HHEOR AMRHM AFom F{E S
gob tiy-E #HrlE2 A UdtkBledzki 5, 2010;
Beak &, 2017; Lee &, 2018). o]9olx Hzlol= HIEIW E7F Wol 5o
ATk HaEoe] Jom a-, B-, y-, S-tocopherol (T)2} tocotrienol (T3)2]
87FA isomer (=) 2 FAE HEMY ExE A3 ~Ed 22 WA E =3}

rr
r
T,
Z
o
K
o
0,
L)
D
0
2
o



o2
Sy
=

2 A s Ad 5 de AR 4 ATHDO 5, 2015
Ahn &, 2017). =3, & 2E 2z Q] uwFe] ROS7
A, FAEUA, e Ag AAst= Wehd s
271 # A tyrosine©] tyrosinased] 2¢]d DOPA (dihydroxyphenylalnine) <}
DOPA quinonel® HA3H &= A Abst wbgo=z Qlste] Sz dHgids
AAsAl AHKo &, 2012; Lim &, 2020). 9@abd A4 FAgeo] 41l ROSE

AAsH7] $isl kst 29U e 2d@e ol &FdeEN v g3 SAE
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2. A2 R WH

B Ao AFR3E AT A H gl Aukd g (hulless barley), % .2 (premature
barley), S®. & (black barley)® AFEDAZZA Aujd S YL
At A(polished barley)?} =743k €2 Z(unpolished barley)o. 2 2Z}7}
At FYPE BEE A9 g5 7] (MF10, Ika-Werke GMBH & Co., Stau
fen, Germany)ES AF&3te] 60 mesh ©oJst= E3 F Ag=z AFE3Y

H

Olt

Aol AF23F Folin-Ciocalteu A]¢F, gallic acid, quercetin, 1,1-diphenyl-2-picry
lhydrazyl (DPPH), 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diam
monium salt (ABTS), iron (II) chloride (FeCl,), 3-2(pyridyl)-5,6-diphenyl-1,2,4
—triazine—p,p’ —disulfonic acid monosodium salt hydrate (ferrozine), potassium f
erric cyanide (III), iron (III) chloride= Sigma-Aldrich (St Louis, MO, USA)
oA FYste] A3 3L, L-ascorbic acid= Daejung Chemicals & Metals C
0., Ltd. (Siheung, Korea), SOD kit-WST%* Dojindo (Munich, Germany)l 4]
TAskATh o] & AREH FEE&vW] B AIFE EAE 3 HPLC 9=

g3k

22. AFA ARY FE2E

2,

=

B oA AbgE B AlE 3 gol 80% ethanol 100 mLE 713 3, 80°C

Sz A 3AF FEFSATE. FF  Fo filter paper (Whatman, NO 2,
GEHealthcare Life Science, Buckinghamshire, UK)E o] &3}o] o] 33} o,
Y41 #2]7](416, LABOGENE, Seoul, Korea)E ©]-&3lo] 2,700xgol A 1587+ 9
AEgE A3t A5d 7S -18°C W& L(IBK-500F, Infobiotech, Daejeon,
Korea)oll #7&3at™ Aol AHE3H3



23. F ¥ ¥

By FEEY F ZYds oEF =4 Lee

Folin-Ciocalteu o2 2R3 At 2 & 100 plol =75 1.5 mLe 2N
7

<y
o
()]
DN
<
lo
ol
oZ
o
olo
ofo
(o0
ol
2

HES Al AT, whSA 7l AES B33 A4 (Optizen 2120UV, Mecasys Co.,
Daejeon, Korea)E ©]&3lo] 765 nmolA 53 EE 543 Gallic acidE

3t
FEAZ AG] BAY PHOE 44 BEFHoLVY F EedE G

7t HEl FEEY F IfExol= T AL Yi 520149 FHES 83t
of =A3AY. He FEHE 200 plell ethanol 800 ul.eF 5% NaNO, 60 plL.= 7}
g F et ARolA 53t wEEAIF T wEEAIZ Al 10% AICl3 60 uL
Hrpste] Egeta tha] Aol A 587 wHeAZl 1 M NaOH 400 plL.E 3
7bete] 123k el M wke AR, 1§ S5 500 L kst wE Al

al
B33 w7 (Mecasys Co)E o83 415 nmelAd JFHFE=E A3}



2.5. HPLCE o] &3 A|F4 AR HEITE £4

a1

Aok AR e s B4 AT AR 80% ethanol FEE

LE ZAX7}AE o] 83te] H=31a, methanol 1 mLol =9¢] 58] =3 A8 &
Azste] EAo AFEetA T HPLC % A &S 045 pm syringe filter
(PTFE, Whatman International Ltd., Piscataway, NJ, USA)E %3 o] 3} %t}
HPLC #x =% Agilent 1260 series (Agilent Technologies, Waldbronn,
Germany)®} diode array detector (DAD)ES Ab&3t9lon, HA ZAee Agilent
Technologies (Santa Clara, CA, USA)Z5E 94 Pursuit XRs C18 Column
(250 x4.6 mm, 5 ym)< TFYste] AFESATH A 2o ERE AH 2% 27°C,
42 1.0 mL/min°lal AlsE FYZFS 20 pLoldtt. o] & 42 &l A (0.1%
formic acid in water)2} v B (acetronitrile)E A}83}¢ o, &ujujs= 0%
(A:'B=100:0), 1++(80:20), 1-8+*(40:60), 8-12+-(80:20)= 3l A&t A=7]
o w270, 324 B 373 nmE ol &AL, HE FFEo FFEES 1.5625
3.125, 6.25, 125, 25, 50 pg/mL TE2 wEo HFANE st e,

#EE 2HAERY overlay B M5 AZEE &Rlshe] A HE gl



2.6. HPLCE o] &3 A|F4F 2R tocols &4

Vitamin EE T4 3dt= 8F9 tocols 42 HPLCE o]&3dte] AT A
T4 AR ethanol FEE 2 mLE FHslo] AAartxa=2 2v) F

n-hexanes ©]&3te] A& AZ TS 045 pme PTFE syringe filter
(Whatman)® o] ¥#3te] HPLCE °]-&3ste] A5ttt HPLC FX =+ Infinity
1260 I (Agilent Technologies)®} fluorescence detector (FLD)E A}-83}% o,
B2 A# L Lichrosphere® Diol 100 column (250 x 4.6 mm, i.d. 5 mm)< Merck

Millipore (Nottingham, UK)ollA G943t AL&3Ft). o] 542 n-hexane?l

=3t 1 mLY

1.3% isopropanols &3%3te] 0.2 pm membrane filter (Sartorius, Goettingen,
Germany)® o3 ¥ AL&3Th ¥4 2HCEZE £52 1.0 mL/min o] A
5 FYEFE 20 pLoldtt HAE719 HEL FF 3% 290 nm, W= 3 300
nmE °| 3% HEY E A9 @92l a-TE (tocopherol equivalent)E
3t A8 ey 2o y-tocotrienol® §-tocotrienol & A FA o] o}z uhE

A A ol E3F8hA] % tH(Choi &, 2018).

ng a-TE/g = (a-T &% x1.0)+(B-T HFx05)+(y-T = x0.1)+(5-T g

o

x 0.0D)+(a-T3 &= x0.3)+(B-T3 = x0.05)

T: tocophenol (ug/g)

T3: tocotrienol (ng/g)

_10_



2.7. DPPH free radical 24 &4

AFAE AW 2 9] DPPH radical 27 @48 Lee (202008 #HS o] 8380
=A3Atk. 1 mM DPPH A9F 140 pL © 80% ethanol #2H 7 F&H5S 70 uL

2 7}ete] S AaelA 3087 ¥Fe A7l & microplate reader (Epoch™, BioTek

=

=

Instruments, INC., Winooski, VT, USA)E ©]&3}4 517 nmolA STHE=E

B\
o

o
O
o,

&t9lth BlankeE A 2E thAlste] % g2l 80% ethanolS AF&3HATH

O

]_

=
1o

ZF+ O 2= L-ascorbic acid & AF&3+% 32 DPPH radical &7 &4 &

2o 2 AR
DPPH free radical scavenging (%) = {1-(Asample/Ablan)} x 100

2.8. ABTS" radical &4 &4

ABTS™ radical &7 &4 Sung %(2018)¢ WS &3] =43t 7
mM ABTS®} 245 mM potassium persulfate (Sigma-Aldrich)S 222 449
A 16A17E E9 RESAIA ABTS ¥ol2S A & o] §H4E 734 nmol A
F3%E7F 1.00] HESE AT A A1 ABTS €9 180 pLel AF4E 2R
g 80% ethanol F=+& 20 pLE Td&sto] A2oA 6% FF WEEA7| L
microplate reader (BioTek Instruments)E ©]€3}o] 734 nmeoll A]
st A FETL O R L-ascorbic acidE AME3tar, A189 ABTS' radical

&

942 obeje] Hoz Astel ML hERRAT

ABTS™" radical scavenging (%) = {1-(Agmpie/Aplan)} x 100

_11_



2.9. Superoxide dismutase &4

Superoxide dismutase (SOD) &A1& SOD Assay kit-WST (Dojindo)E A3}
Atk Alm well¥ blank2 welloll 2+ AJ& 20 pL, blankl¥} blank3 welloll = Al &
falste] S/ 20 b ¥l 25 welldl WST working solution 200 plL® 4
o] &35t Blank29} blank3 welloll &= Z+2} dilution buffer 20 pL® Yo &%
393l A& well¥?} blankl welloll enzyme working solution 20 pL %o] <4 3]
E3sle] 37°ColAl 202 WFS-AIZl & microplate reader (BioTek Instruments)E
o] g-3le] 450nm oA FFEE SAsN oW, L-ascorbic acidEs WA HZTOZE

AFEEEATE SOD &2 ofgle] Aoz ALtste] WM& =2 YERSIT

SOD activity (2%6) = [(Apanki—Apianks) ~ (Asampte™ Aptani2) J/ (Aptank1 ~ Aplanks) x - 100

rsﬁ

Apjanit * 450 nmell A S Aol et thge] FE e
Apianiz * 450 nmell A S Azl o3
Abians * 450 nmell A S 7 Al ool thdk x4 FFE

Asample * 450 nmel A S Alzel et 9] F3=

1o
o

i)
H

ok

2.10. Hydrogen peroxide &4 &4

Hydrogen peroxide &7 42 Heo 5(2005)9] WHS Wste] S} A
of Ab&gE AFAF BH e ethanol F5E AlEs TRl 108 84 8te] A 5= A}
L3ttt FF50 EAE A& 100 plel 10 mM H.O» 20 ul¢t 0.1 M phosphate
buffer (pH 7.4) 100 uL& ¥ F EFstar 37°CelA 5 WA ZHT vHgAIZ]
96-well plateo] 1.25 mM ABTS 30 pLe} 148 U/l mg peroxidase 40 upLE Y3l &
gtsto] 37°Coll A thA] WHS-A]7] 3l microplate reader (BioTek Instruments)E ©]-83s}

o] 405 nmellX FE=E SAS AT Fd T2 L-ascorbic acidE AH&-383A
Hydrogen peroxide scavenging(%) = {1-(Asample/Apank)} x 100

_12_



2.11. F%0°]2 AAS (Metal chelating) =3

FEol2 A AT Lee (2010)2F Wang(2009)2] WH S o] g&3dle] =AH3HY
96-well platee] A= 100 pL& %3 0.1 mM FeCl, 100 pL& &%ttt &3
ool 100 plLel 0.25 mM ferrozines H7Fstal hAolA 102 HHSAI AT £ Al
SHNS 562 nmolA microplate readerE AFE3Ee] FHAEE A oH,
control2 A &= blankel &= 0.25 mM ferrozines talste] z+zF FH/4 100 uL
E A& T 35012 AATY FAHAUETS ethylendiamine tetraacetic acid

(EDTA)E AH&3

Metal chelating effect (%) = {1-((Asample/Ablank)/Acontrot)  x 100

2.12. & 93 (Reducing power) =73

AF4E BAHY FEE 98 =HLS Farvin (2013)¢] WS AL&3te] =4
skt A& 500 pLe} 0.2 M phosphate buffer (pH 6.6), 1% potassium

|

ferricyanide 7}7F 500 uLE& #H7Fst & E3ste] 50°Coll Al 20i7F HHE-AlF T
HES- A1 71 A8 10% trichloroacetic acid (TCA) 05 mLE H7}ste] w2 A7)

3, et AFd 1 mLE FEdte] T/FS 1 mLe 0.1 % ferric chloride 200

nLE F7bste] E3sta thA] baelA 1083 whEAIAT RHEAIZL A RS E
F3 = A (Mecasys Co.)E o]&3e] 700 nmoll A ¥kl T35 =A% 0

I ET S 2 L-ascorbic acid AF&38F%

_13_



2.13. Tyrosinase A3 &4 H7}

Tyrosinase A&l &4 H7l= Park 5(2012)¢ WHS $83le =431
96-well plateo] A& wellZ} A|& blank welldl 2+ A& 100 uL, control®} control
blankel] A& 4l 50 mM potassium phosphate buffer (pH 6.8) 100 plL.s ¥
B welldl buffer 140 uLE& 7Fsle] &St ZE welle] 7121 10 mM
L-DOPA 40 pLE 7}slar A& wellZ} A& blank wellol mushroom tyrosinase
(1923.26 unit/mL), control?} control blanke]+= 50 mM potassium phosphate
buffer 20 uLE 717} H7bsk & E3etdch. £33 96-well plate™ 35°Col A 10+
7F WES-A17]1 31 494 nmoll A microplate reader (BioTek Instruments)ES ©]-&3}¢]
=335ttt FHANETLOE kojic acidE AFEEFI AL, A 29 tyrosinase A3 A

H7be oo Aoz Allste] W& = e
Tyrosinase inhibition activity (%) = (Asample~Asampleblank)/ (Acontroi~ Acontrolblank) X 100

Agampie - TyrosinaseZ 2 @] &lo] w33 A7 Ao F4%=
Agmple blank © Tyrosinases A 2]3}A] &2 A5 A
Aconrol © TyrosinaseZ 2 g]slo] wkg-3 A8 3

Acontrol blank - Tyrosinase® 2|34 & A8 FAHZTY FFE

2.15. BAAF

Al FAE AR 80% ethanol FEE< A9 A FAAE SPSS 23.0 (SPSS
Q
[e)

Inc., Chicago, IL, USA)E o]

TS 913l ANOVA A4S AAsEs on, Duncan® o934 (Duncan’s

o
ol
ol
3
i
N

N
1t
st

N
>~
o
-
lo
do
lo
X
ro
2
s
rir

multiple range test) 2.2 94

2
p<0.05 oA Ao kst AR 2 &3 tyrosinase A3l &

o
s
Lo

ABAAE ZASHZ] Y& SPSS 23.08 ©]83Fe] Pearson’s correlations A A
SFA

_14_



A guee B e 2 F Feuwols §3 B4 A3 Table I
3opoh 23S @S ARddAe] F EFelds g dnne, Sne, 3
12](149.90, 14710, 139.99 png GAE/g) oI, =43 Hejda = SHe, o

e g, 12 (12545, 116.41, 91.14 ng GAE/g)& vebsttl, =43 BeolA &
Zd9E g A7 ey on (p<0.05), FE 7 dvtr el TR Ha)

of T ZelvlE FFo] w2 Ao Sl H AH(p<0.05).

EAgskA @2 AR T EetRimoln 2 dutw el HwT)
1.01 ug QE/go= 2ol Al AFol7b gl o™ (p>0.05), ZH. 27} 0.89 ng QE/g&
2 YUeyt 248 ARy F FoHwols % 050-054 ng QE/go H
A= Yt AFAE BEee] F FebE o= e R BE HEjdAN =4

ot

Fe H4sgom, nel £4 F 3 Bl FFL oF 47-66% F Eehuw
sfo ¥ AT} AT FFE

ol FFe o 30-41%2 stk M
=
=

_15_



ol

Uetd Ao g A4dv(Park &, 2011).

=
=
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Table 1. Total phenolic contents and total flavonoid contents of Jeju barley

ethanol extracts

Jeiu barley Total phenolic contents Total flavonoid contents
(ng GAE/g) (ng QE/g)
Hulless 149.90+6.52° 1.01£0.01°
Unpolished Premature 139.99+3.66" 1.01+0.02%
Black 147.10+6.41% 0.89+0.01°
Hulless 116.41+3.86¢ 0.50£0.01¢
Polished ~ Premature 91.14+5.40° 0.52+0.01
Black 125.45+5.28° 0.54+0.02°

D Each value is mean*standard deviation.

2 Means with different letters (a-d) in the same column are significantly different by

Duncan’s multiple range test (p<0.05).

_17_



3.2. AFA AR HEsFE

Fig. 12 F2 v=3ds 108 =53 A4t 2 =589 HPLC 22
ntEIYS Uehlew, HPLCZ w43 AFA Are 58 T AMd dAls
shet= o] 2 Table 29F b AlFAF BH e =

i

=

>
iy
rf
(i,
=3
s
o,
e
i

=
2 gallic acid, protocatechuic acid, vanillic acid, p—coumaric acid, ferulic acid=
et o =4 @2 SHelet =A% dytH oA = p-coumaric acide
A=HA FAuth A9 559 A= = T AFA ARy FE2EY T8 9
= 3}gELS gallic acid®}t protocatechuic acid$l o™, p—coumaric acid (0.01-0.02
ug/g)et ferulic acid (0.15-0.23 pg/g)= A4 2re 3714 F7F 1
kol = Ho|A @kkth A|FAE AHE FEFEAA gallic acide )
HAG ] EAT SHEoA 298 pg/ge= 7MY B2 S YERW A,
TR el A 155 ng/g o dFe® ZHE Al e EAEA B2 PR
o = protocatechic acid’} 2.84 pg/gl.= & 7+ e o
A FH Y= 067 ng/goz2 7 vk dEFo]l A EH AT Vanillic acid®] 45
TSR] e ddtR P FHE, SHIA 018, 0.17, 022 pg/g= YEFGEL
TR AR dutre AW ZSHE oz 016, 0.14, 0.11 pg/ge =z 3
7HA T AR 3F FoA Aol YEH AT (p<0.05). ol AT-Eel o8t

W "1y el At wifo F= ferulic, p-coumaric, gallic, vanillic, caffeic,
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protocatechuic, chlorogenic, p—hydroxy-benzoic acid’} $tf5o] U= ZHoZE H
1% ¢ tH(Andersson %, 2008; Abdel-Aal %, 2012). ¥+ Gamel & Abdel-Aal
(2012)e] Aol Al ferulic acid®t p-coumaric acid7} H oA 7+ @Wo] &5
o] 9l phenolic acid® H.113}At}. Lopez—Perea 5(2019)9] AjoA = HE
A& 80% ethanolZ F&E31] = =S 24593, quercetind} gallic acid
7 AEHJTL Baste]l B Aok uE A¥ES B ol Bl Ajujsh

Bt FE2 Aolol &% Aot A, Qujeg s FFol vl i T

= H3E 24 2 dgel 9L MAS Ao Agun.
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Fig. 1. HPLC chromatograms of phenolic compounds standard analytes (A) and unpolished premature Jeju barley (B)
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(1) gallic acid, (2) protocatechuic acid, (3) catechin, (4) vanillic acid, (5) chlorogenic acid, (6) caffeic acid, (7) p—coumaric acid,

(8) ferulic acid, (9) quercetin
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Table 2. Phenolic compounds (ug/g) of Jeju barley ethanol extracts analyzed by HPLC

Phenolic compounds (ug/g)

Jeju barley Gallic Protocatechuic Vanillic Chlorogenic Caffeic  p—coumaric Ferulic
Catechin Quercetin
acid acid acid acid acid acid
Hulless  1.90+0.00¢ 2.59+0.01° - 0.18+0.01° - 0.02+0.00">  0.21+0.00 -
Unpolished 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% -
Hulless ~ 1.55+0.11¢ 1.79+0.10¢ - 0.16+0.01° - - 0.15+0.01" -
Polished  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° -

1) Each value is mean*standard deviation.

2 Means with different letters (a—e) in the same column

¥ - Not detected.

are significantly different by Duncan’s

_20_

multiple range test (p<0.05).



3.3. AF4F B 19 tocols

AFAE AR FE2E9 ¥ tocolsE HPLCZ AAste] #& 2 s &
A A= Table 33 2. =43 A] &2 AFAF AR = 77HA] tocopherol
(T)3} tocotrienol (T3)¢o] HE=E N o™, B-tocopherol> FFolA A% AT
3 HALE Q2 (Cho, 2010), AlFAE AR A E HEEHA
%o AFA AR = a-T9 o-T3, §-T37t Fa3HA A=
ArtE el Hw el Hlste] y-T3¢ ko] AA HA=HAT. =4F AF &
HEld e y-Te o T3, 6§-T37F +2 AEHAJoY, =4 {59 d3gle] §
-Te wodo= & Ao|7F yetubA Fdth. AFAF BR oAM= 53] o-T3
o]l =& Aog Yy I F EAEA Ze ArgoM o-T3 FFS
0.68-33.09 ng/go= =43t A rg]o 893-1498 ng/ghth FoHdoez =2 &
Fol A=H AT

Total tocolsE W3AS W E=A3A F& VR = 7317 ng/go =, 7H
2 s Uella R, SEE SARE 69.14, 52.77 ng/g FEFS YERHA
U =A% AR o s ARt oA 41.93 png/g, FEe SERYAME 247
35.12, 36.90 pg/g= AE L SR H|ste] dutH 7} FoHor =2 total
tocolsE YEFHOH HHElel SHEE FoFoz o7t flAth Ko 5(2003)
of AN E =A% HeolA a-T39 42 52 mg/kgo = wn| gt wbA,
el HeEl AL YoM = bz 575, 135 mg/kgl® AEH AT
askdth DO 5(2015)9 A Aol =A kA S A " olA 7HE
< total tocols $HgFe UEFWHSLAL, A o m FA R oA ghaFo] YA UERR
Uhal Bargk wpel ol 2 Aol SA 9 total tocolset 22 B HEFUAU

\]

H

o

2 #

oy

Aol Hewl E A2 84 A=E U= o TEE =484 2 2 E g
A 13.26-1754 ng a-TE/g¢ HHZ =A% 2R 546-834 ng a-TE/gH th
=< e UEdAn AlFAE #ree] o-TE# S 432 total tocols 3o
B FARSHA dEb e =AeA] 2 dwkr oM JHt =2 o-TERS

el ATt Park 5(2016)2] AFdAME =ASA e HEe a-TE#

~

rlo
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(0.74-1.40 a-TE/100g) =A% ®.2](0.65-0.87 a-TE/100g)E.t}

A vEbs T B
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Table 3. Tocopherols and tocotrienols (ug/g) of Jeju barley ethanol extracts analyzed by HPLC

Jeju barley

Tocopherols and tocotrienols (ng/g)

a-TV y-T §-T a-T3 B-T3 y-T3 §-T3 Total tocols a-TE”

Hulless  6.97+0.01°  528+0.02* 1.81+0.01° 33.09+0.01* 193+0.02* 12.18+026* 11.91+0.03*  73.17+0.36"  17.54

Unpolished Premature  621£0.02°  554£0.00°  1.72£0.01® 29.95+0.07° 1.740.01° 1251+0.38" 11.46+0.06°  69.14+1.95"  15.85
Black 6.36+0.01"  6.18+0.22"  1.80+0.04" 20.68+0.03° 1.26x0.01° 583+0.04" 10.66+0.10"  52.77+1.42°  13.26

Hulless  3.34+0.019  429+0.02¢  1.60+0.06° 14.98+0.02¢ 1.09£0.00 6.14+023" 10.49+0.06® 41.93+1.73% 834

Polished  Premature  2.19+0.02°  512+0.01°  1.95+0.01*  893+0.01' 1.11x0.00% 4.01£0.01° 11.81+0.02° 3512+1.82° 546
Black 295001  458£0.01¢  1.45+0.10° 13.36+0.00° 1.03x0.00°  4.04£0.03  9.49+0.03"  36.90+0.63°  7.48

1) T and T3 means corresponding tocopherol and tocotrienol.

2)

3 Each value is mean*standard deviation.

a-TE means a-tocopherol equivalent.

4 Means with different letters (a—e) in the same column are significantly different by Duncan’s multiple range test (p<0.05).
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3.4. In vitro 343 &4

AT ZR o] in vitro E4tst €4 vluE 98l DPPH free radical 245,
ABTS™ radical A~71%, superoxide dismutase &4 (SOD), H)0, &7 %, 5£0]
2 AA%SFe*" chelating), 3= (reducing power)S Table 40| YERAT
DPPH free radical &~ 24 2 =484 &2 AFAE 2R |4 78.04-78.70%
He = G4 o] yetwton, =45 AR o s FR, drtEY, SH Y 69.94,
60.67, 55.90% =M= &7 S HErAY. 37HA T AR, 5 =3
o] zlaige] uwe} DPPH free radical 227 &do] 7438t Lee 5(2017) %
g wglo] = Eo] F7kgd wgl DPPH A~A&A o] #Aasdtta Hasts]

EAEA ¢ AR e ABTS+ radical 2A &4 dnkrelel ARt 7t
7} 83.31, 81.18% = {rol A<l Afol7F vEpbA] Fgkot, SR P& 76.68%= T
2 Angld ng & ABTS+ radical 2AZAES HIrh =A4e 2wz
ABTS+ radical &7 &4 dwrH e, AR, SH oA 4743, 51.13, 57.19%
2 YEelgto ABTS+ radical 24 &4 T =4S AR 7 245K &2
A Bo v dA4& el &3 DPPH free radical 474 €43 vl
stls W = ¥ dntE et Frele] 49 DPPH free radical &7 €
ARt ABTS™ radical 24 4ol © =A Jelyta, =ASA e SH 9
A5 v o] @A ueuth =A% AH A ABTS' radical 47
ggo]l vHA vEelwth 22 Bl x ikt g4 S ol upel kst g4
A3} gho] ttEA YU olf+= DPPHSF ABTSO A& tE radical wWHS o
wolgbal & 4 glom, nelo Fid udd s EEe AR uE guz
WS Aol ZolZb yeR}r] wiite] AA Aol dEiAE oz FuHEr
(Zhao &, 2008).

SOD (superoxide dismutase) B4 Z=AHsA Fe AHe T HRT, dutn
2], SH oA 9580, 9549, 92.35% o= SOD A4S HAT FAANELS
ascorbic acid (0.5 mg/mL)2] 99.08%¢} H|<=3F A S ety =43 2 H g
= dutr oA 73.76% = 7+ & SOD 24
= ZH7ZF 8598, 85.90%¢] Ao w F AEIFe] FoAl Apol= HolA &kt

o
A
o
o)
o
)
o
2
i)
o
ot
2
i)



Superoxide anion radical hydrogen peroxide, hydroxyl radical ¢ &< A}
radical®] AFAZH 2831 (Zhao 5, 2008, Chung, 2014), AlFAF & x gl
=29 =2 SOD €42 F5 AFA AHe FEE0] isAR 2d F
= 7beAds BoAFAT AFA AR F Fdrol=¢ SOD 24 1+
42 v 8k A YEsE o™, Yen & Duh(1994)9F Chandrasekara 5(2012)2 =

gtH o]t ksl 5A4o] F2 SOD 845 T 93-S Wi Bag vt

facs

7 F&E9 H,0, (hydrogen peroxide) A7 &A1& ul
RE, ARF SHP o2 3492 3336, 20.28%2 AA &4 TS YERI L
EAg ARolMes dwthe, FHe, SHE $£o® 2584, 26.76, 26.80%9]
W ot oAl zpol= UATHP>0.05). Fd ozl
ascorbic acid 0.5 mg/mL &=l 91.37%% =2 H.0, &7 FAo] yEhyt
o, AFAE ARl A 108 At G sol® Etskal 25-34%9
gAdo] YelY H0, &2A &4 T3 SOD 2AZ4 % v = &ado] uf$-
Fol &% dAtst =4S daetal dvar Az SOD vkl ofs A

¥ hydrogen peroxide™ Fenton W&o ]3] ®E-&Ao] & hydroxyl radical =

>

A2k & 4 glom, hydrogen peroxidei= ZHtshA| el A4& Fxsh= o=
dHA Avk FASA A S FNEs} HEFT T 22 AU ¥l Ha,
g Azute] mAkstAFo] F7hstH MRS 7] Fo] Aty o dFo] fEy
, A3t g4 o] =S4E hydrogen peroxide #3l7F Eo] dojuti(lLee 5,
1999; Kim & Kim, 2001). ¥ 9] A hydrogen peroxide: in vitro 23S %
st Aoy, Lee 5(2003)8 Aol w2 AAAxe] dFAd PCI2 (rat,

H

O_u

pheochromocytoma) Al39] hydrogen peroxideZ #g]dle] PCl12 A% &AL

Fres & By FEES Asds Wl ¥ 559 1, 10 pg/mLelA F214 <]
237 ASS HAdAL. o= HP F=E9| hydrogen peroxided] A2 4o
2L ME &4 2340 WolE & F due A ¢ 7 Y
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2 wHol2 AATE FHd Zolrk ey, dwtRdE AT HH et
SR =4 5ol wEk folH]l Aozt gl v (p>0.05). AlFAE AR g
+ ¥ E2 EDTA (05 mg/mL)e] 99.84% K th W& &l AAess v

Bl lomn, HE Aol =AHI UE in vitro @43 &4 Axtel trE ek

2 Rtk o FEole AALY Wga: A¥ Af radical AA W
R e W 7% AelelA uER Ao® Az (Seo 5, 2008b), 1}
F714Q A7 Bascha wew

o gARe BAeA e AT Ane T Avn

O
612 FAguxz7<l ascorbic acid 0.5 mg/mLe] &=l A
e 0663 FARE SdE s YERAAT Wb, =4 2 S
@ dwrmels 05602 e AAHS Yehila
e 051-055% ehle] =45 2o Suge nddn SeHoz =

Aol YERYA] eFgkth Park 5(2011)9] Aol Syt gule] HeHT)
A9 o] HeEldA ¢ E2 ddESs YEAT L Bastg oy, 2 A
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Table 4. In vitro antioxidant activities of the Jeju barley ethanol extracts

. n . . Reducing
DPPH radical ~ABTS" radical Superoxide H20; ot .

. . ) . ) Fe™ chelating power

Jeju barley scavenging scavenging dismutase scavenging

. .. o . effect (%) (Absorbance at

activity (%6) activity (%6) activity (%) activity (%6)
700 nm)
Hulless 78.37+£0.37% 83.31+2.02? 95.49+0.13% 34.92+3.61% 14.26+3.09° 0.60+0.01?
Unpolished 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"
Hulless 60.67+1.15° 47.43+0.38° 73.76+1.19¢ 25.84+4.04° 19.20£2.33" 0.56+0.01"
Polished 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¢
Positive 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

D Each value is mean*standard deviation.

2) Means with different letters (a—e) in the same column are significantly different by Duncan’s multiple range test (p<0.05).

3)

control for Fe?" chelating effect.
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3.5. Tyrosinase A3 &4

Asl Fde =AsHA B Arele Fg, SH A 8648% % THE w2 A
A4S Ui FRe, dHtrg 86.06, 82.75% wo = YUEYTH =A%
AR e SR, YJHe, dubh g 8441, 8395, 81.26% o= FHEUO L
EAeA w2 HEYEY S tyrosinase Ad) Z4d& WERHAE AlFAE &
He]l9 tyrosinase A3 AL =4 FF9 #AAGIe]l AT kojic acid
05 mg/mL (82.83%)9} FAFSHAY =& tyrosinase As] A YERAAL
Lee 5(2017)¢] Aol M= in vitro @43t &4 ZA3el o] AW =AHE
o] 7t uwelt FEEQ tyrosinase A3 Aol Attt H skt
Lee 5201002 X3 =4 FAHE(33.60%)0] =43 R (16.30%)HTt =2

tyrosinase A3 @A) yEbwitial ®aste], Aol AR AdE UERA

O S T m 71 s R RA ] o8 ThsAol e Aem
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Table 5. Tyrosinase inhibition activity of Jeju barley ethanol extracts

Jeju barley

Tyrosinase inhibition activity (%)

Hulless 82.75+0.94%

Unpolished Premature 86.06+1.25%
Black 86.48+2.76%

Hulless 81.26+1.14¢

Polished Premature 83.95+2.64°
Black 84.41+1.59™

Positive control (0.5 mg/mL)” 82.83£1.13

1) Each value is mean*standard deviation.
2)

Duncan’s multiple range test (p<0.05).

Means with different letters (a-d) in the same column are significantly different by

3 Kojic acid was used as a positive control for tyrosinase inhibition activity.
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3.6. AFA AR F4s EAIG Jas 24 FABA

AL Ar el ikst 223 kst S
Table 62 Table 7] LEFU AT,

T ZEH s EHEwolE FHe FHoR AATE AQsta BE FAtks)
g3 FHaAAAA FoHQl FHe FHAAE HEdH 5 F EYs
= gEe ksl &4 F ABTS' &0z &A (r=0.794)¢} SOD (r=0.758) &4
I FoHor w2 Fo] AHHAE HEhA o (p<0.0]), T FetR o=
2 w3 DPPH (r=0.899), ABTS" (r=0.794), SOD (r=0.758)2} {-2]& <l =& o
o A#AAAE YelAL. WA FHole AATS F ZYdEE gy

o,

2,
e
e}
)
il
M
1%
rol
i
_\3
rr

o

r=-0.375= oA 9o FHAAE UHEHA S H(p<0.01), F EetH o=+
r=-0.097%2 oA AAAA7 = Aoz eyt Tyrosinase A3 A
2 F Z9¥E §H0e=0.257)F= FoHe AHAAAE Ao Z 2} H 0]

Btk ol A4 At dAGGUeUH(Beak T, 2017 Lee &, 2017),
tyrosinase A3 &9 A= tr=2A e THLee 5, 2017).

A FAE 21 2] 9] T (tocopherols)®t T3 (tocotrienols) 2 -4ks} &4 ko] Al
AAS BA3 A3(Table 7), T DPPH (r=0.892), ABTS" (r=0.951), SOD
r=0807)= frodom &2 ¥ AudAs woFUL, T3E ABTS'
(r=0.877), H,O, (r=0.849). 3= (1=0.960)°1+ =2 &2 HAAIAAE =S
(p<0.01). &Fst &4 T FHol2 AT T (r=-0244)% T3 (r=0125)=
o2l AaHAE Ao, tyrosinase A& FA I T (r=0.433)¢F T3
(r=0.122) Apele] oAl @ #A= VEAl 8%t Seo 5(2008b)e] <17l
BTS" (r=0.1278), 93 (r=0.1458)= St %9
FHBAE HERNA L, 50l AAT(r=0.6551) Fo] FHAAE HE
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Table 6. Correlation analysis of TPC, TFC, and in vitro antioxidative activities

Fact TPC TFC DPPH ABTS™ SOD H209 Fe* Reducing Tyrosinase
actor
(g GAE/g) (ug QE/g) (%) (%) (%) (%) (%) power inhibition (%6)
TPC 1 7497 709™ 794 758" 4097 -.375" 562" 257
TFC 1 899 963" 876" 583" -.097 781 316"
DPPH 1 910™ .806™ 425" -.267 662 318"
ABTS" 1 .880™ .H88™ -.281" 7217 337"
SOD 1 439" =247 617" 332"
H-0- 1 -.014 468 .097
Fe’* 1 256 -.302°
Reducing
1 052
power
Tyrosinase 1
inhibition

D TPC: Total phenolic contents, TFC: Total flavonoid contents, DPPH: DPPH free radical scavenging activity, ABTS": ABTS" radical scavenging
activity, SOD: Superoxide dismutase activity, HsO»: Hydrogen peroxide scavenging activity, Fe’": Metal chelating effect and Tyrosinase inhibition:
Tyrosinse inhibition activity.

2) Significance was determined using SPSS by Pearson’s correlation coeffeicient, “p<0.05, “p<0.01.
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Table 7. Correlation analysis of tocols and in vitro antioxidative activities

Fact T T3 DPPH ABTS™ SOD H>0» Fe’* Reducing Tyrosinase
T
acto (ug/g) (ug/g) (%) (%) (%) (%) (%) power  inhibition (%)
T 1 821 8927 951** 807 742" -.244 704 433
T3 1 734* 877 704 849" 125 960" 122
DPPH 1 910™ 806 495+ - 267 662 318
ABTS* 1 880" 588* - 281" 721% 337"
SOD 1 439* - 247 617 332"
H,0, 1 -.014 468" 097
Fe’* 1 256 -.302"
Reduci
educms 1 052
power
Tyrosinase 1
inhibition

Do Tocopherols, T3: Tocotrienols, DPPH: DPPH free radical scavenging activity, ABTS": ABTS™ radical scavenging activity, SOD: Superoxide

dismutase activity, H.O»: Hydrogen peroxide scavenging activity, Fe’": Metal chelating effect and Tyrosinase inhibition: Tyrosinse inhibition activity.

2) Significance was determined using SPSS by Pearson’s correlation coeffeicient, “p<0.05, “p<0.01.
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4. 4 &

o AFoAM = AFAE ARl dnteey, HEe, SRS o] &t =4

ol mE gakst S RS va, 48Tk AlFA grele] gatks A
=
=<

el mel AR 2 AHE7F 0.89-101 ng QE/go® E=AsE #AH g
050-0.54 pg QE/g Bt} =& F FgExolt &S Ueuldlth HPLCE
o] &3 AFA #HHEel HE tE  gallic, protocatechuic, vanillic,
p-coumaric, ferulic acid’7} AEH o, A A X SR =A3 dutn
2ol M= p-coumaric acid= HEH A FUuTh AT BRI Fo dHE e
2 dHEFe =4 FH9 BAQle] gallic acid, 1.55-2.98 ug/g, protocatechuic
acid, 1.26-2.84 ng/g o2 YyElyth AT 2R P9 tocolsE HPLCZ 7 A 3h
Ay 871A] o] A F a-T37F T8 tocolsE ol FAth =4 FFo wgh =AH3}
A ke AEY oT3E 2068-3309 ng/gel FHFoR E=AHIT AH
8.93-14.98 ng/gBEtt frolAog e ko] AEHJAT AFA AR in
vitro @43t @A (DPPH free radical A&7 &4, ABTS" radical &7 @A,
superoxide dismutase &4 (SOD), H,0, &4 A, F&ol& AASFe"
chelating), 9 (reducing power))S 43 23 w50l AATE Al
EE AN =AsHA @2 ARyt 2 dsEAd S UEidn A4
Zue Fakst 24 T SOD A7 FAdA =ASA e ARt
92.35-95.80% = ¥ FFAts &A4S veulen, 44
(05 mg/mL)% 99.08%<} H|Zzsk 4~A &

anion radical®] - A radical®] HAFAZA 28317 wiito] SOD &A1 &
del Axrt el on= F8ettta AZtEn AlFAF 2R 9] tyrosinase
Al 2 =4 F59 #AGlo] 81.26-86.48% = FAAUET = AF&3t kojic

o
acid (05 mg/g) 82.83%% Hluwste] & &4e Yeflideh 2 A A

Z %1 ascorbic acid

/R

t}. o]+= superoxide
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