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Antioxidant activities of ethanol extracts from barley sprouts
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Abstract Phenolic compounds and antioxidant activities of ethanol extracts from barley sprouts were evaluated in this
study. Barley sprouts were extracted using water and ethanol in various concentration (25, 50, and 75%) using reflux
extraction methods. Ultra performance liquid chromatography (UPLC) analysis showed that barley sprouts are mainly
composed of rutin, gallic acid, ferulic acid, and p-coumaric acid. The 75% ethanol extracts had higher total polyphenol
contents (44.01+1.32 mg/g) and total flavonoid contents (102.96+2.49 mg/g). 2,2-diphenyl-1-picrylhydrazyl radical scavenging
activity (ECy, value: 1.65+0.02 mg/mL) and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt radical
scavenging activity (EC,, value: 1.67+0.02 mg/mL) of the 75% ethanol extracts of barley sprouts were found to be the most
effective. The 75% ethanol extracts of barley sprouts exhibited a strong reducing activity and ferric reducing antioxidant
activity. As a result, the 75% ethanol extracts of barley sprouts showed stronger antioxidant activity than other extracts.
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84 B ant gl weh P 715 AFESel U A
AF Aol AtsPA|

7} @A o] oA AL Slom, thksh
et A AT AR o] &HIL Uth(Han? Kim,

A AUthLee 5, 2017). qEHHE 7
l C, HEM] E, B-carotene 52| 7154 E79]
A (Kim, 2006) kst T4, A 2 o] thalztgo|
UE AR dHA UrtkByun T, 2015). AHEIE o8&
T2 Az e ARzl drjge FHE4(Lim 5,
2017), AR E Frlet 2EHX|=0] F4 54 (Pak 5, 2017),
HEle BT H7P Alolae FH5A MAE FHKim,
2011), R S Hrkek F71¢] FHE4 (Kim, 2015), 2]
« 7HE ket wWae] £4 54 (Cho®t Kim, 2014) 52 7}t
T ATt R AdEge FEEY F95 E3HKimd Kim,
2015), el o] GuFe g4 vX= &E3KSon T,
2016a), FF-H|E2A2A HEe FEEO] AYEE 54 A7
(KimZ} Kim, 2016), H&)=e] G UA
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= oHe
HE=E
2 AN A3 AR debEs 2 oA
2019950 Ao R AlA T sl Az Ag w37
(Cyclotec 1093 mill, Foss, Hoganas, Sweden)Z 3|3l A5
ARS-3HATE
Alof

Ao AMgE ZYAZE #H&A] (folin-ciocalteu’s phenol
reagent), EMFEF(sodium carbonate), B2 k(tannic acid), Al
Bl (quercetin), 2,2-diphenyl-1-picrylhydrazyl (DPPH)$} 2,2'-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS),
O EAFDE (potassium acetate), HAFYF1]3F (aluminum nitrate)
Sigma-Aldrich Chemical Co. (St. Louis, MO, USA)llA 43}
32, o &FE(ethanol)3} ™ EFE(methanol)> J.T. Baker (Boston,
MA, USAPIA FY3Isiom, 7]e} Aok E5AoRS A3

£ % oEE 52 FEE N=
AR ] 2kshA] &4 2 ey SRHE 24 9

E% AlX= Kwon 5(2011)¢] WS S&315th & 29 Al
AEE] 100 g A8l 30019 & & 25, 50, 75% olehES ¥
3 AT S L 100°CIA, 25, 50, 75% OllERE-2 80°ColA]
23 7S 7H5=7)(Buchi R210, Flawil, Switzerland)& 53
% SA7AZ 3 oW FEFEL oY 2ol o) TS
T3, —70°C deep freezer (CLN-71UWM, Nihon freezer
Ltd., Tokyo, Japan)ollx] R3#3lH A= AME-31%

o

hal

mg/10 mL =2 AZ$ &9 1mLi SFF 7.5mLe} folin-
ciocalteu’s phenol reagent 0.5mL, 35% sodium carbonate 1 mL
E 7hE & AR gxddA 1AZE FF FAE T, UV/VIS
spectrophotometer (UV-2450, Shimadzu Co., Kyoto, Japan)E A}
43tod 760 nmel| A Bl ST o|u tannic acidE BT
AR ALgst] AFFAE AL | 2RE T Evs
= TskTh

F ZHo|= §32 Chang 5(2002)9] WS 383149
sl & 2 25, 50, 75% o&E FEES 10mg/10mL
=2 Azgk gl diethylene glycol 2mL, 1N sodium hydrox-
ide 0.02mLE 7Fet T 37°C F-2FZoA M7 F9F WA
Z1 ¥ UV/VIS spectrophotometerE ARt 420 nmoll A S3%=
S5t ol ¥ EehEol= =R rutin (Sigma-Aldrich)
TEHE ARste] AEFEAE 2 o= E T &2

ol= S T

o,

off

e
B

by

HEeM 542 HPLC £

AMABE e & 9 25, 50, 75% ogE FEE9| WA 3
& e #4371 918k rutin, myricetin, kaempferol, quercetin,
caffeic acid, p-coumaric acid, ferulic acid, gallic acid, resvera-
trol, ellagic acidE Sigma-AldrichollA4] T3l ACQUITY UPLC
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H-Class (Waters Corp., Milford, MA, USA)E ©]&-3lo] £4135}%]
o} B4 AMgE A7) 2EE 100mg FYeA o FF
I 3mLZ HENS ZAIS T2 045 pum syringe filter2 o33}k
& Table 19] 202 BAs9T,

FHEIZIFS HPLC &4

AEEE S B = 25 50, 75% olEE FEES] caffeine 2
catechins®] ¥ Han 5(2010)2) WS -85l EX3lE
4], caffeine & catechins& Sigma-AldrichollA] 13t ACQUITY
UPLC H-ClassE ©]8-3}o] Table 29 27102 EA3I9]ct A8
gALe Zhzte] FEE 100 mgol 70% WEHE 20mLE 59 &
NS 045 um syringe filter2 oF3te] Aol AME-3ATH

DPPH ziC|& 4715 &3
AqREZ e & W 25 50, 75% e FEE] Akshikx] &

e 2] SAste] AREEIN DPPHE AT 8hEA

el
g SAW(Choi 5, 1993)S $&3tth 05, 0.75 1.0, 1.5,
20, 25mgmL FEE ZAF 7479 FEE 0.1mLel e

02mLE 718l 2x10* M DPPHE 03 mLE 713k & wutsl
R, A2oA 3087 WHEAIZ|AL wlo] AZFH 0 E 57|
(Synergy HT, Biotec, Washington DC, USA)E A3} 517 nm
oM FFEES SAsIon dxTe AR il duss A
7¥ste] Agstqich
ABTS ZiL|E 275 &3

ABTS assay= Art 5(2004)2] WS $-83199t) 0.5, 0.75,
1.0, 1.5, 2.0, 25 mgmL FEE ZAS AREy 2 2L 25, 50,

Table 1. HPLC conditions for phenolic compounds analysis

Items Conditions
System ACQUITY UPLC H-class (Waters)
Column Shiseido capcellpak C18 UG

(5 um, 250x4.6 mm)
Column 955C
temperature
Flow rate 1 mL/min

Injection volume 10 pL

rutin, myricetin, kaempfrol,

360 nm luteolin, quercetin
caffeic acid, p-coumaric acid,
Wavelength 320 nm ferulic acid, resveratrol
280 nm  gallic acid
260 nm ellagic acid
Time (min) A (%) B (%)
0.0 95.0 5.0
10.0 80.0 20.0
15.0 70.0 30.0
Gradient condition 20.0 60.0 40.0
25.0 10.0 90.0
30.0 10.0 90.0
32.0 95.0 5.0
40.0 95.0 5.0
A: 0.2 M ortho-phosphoric acid, pH 1.57
Mobile phase B: 20% 50 mM ammonium dihydrogen

phosphate, pH 2.6 in 80% acetonitrile
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Table 2. HPLC conditions for catechin (C), epicatechin (EC),

epigallocatechin (EGC), epigallocatechingallate (EGCG),
epicatechingallate (ECG) analysis
Items Conditions
System ACQUITY UPLC H-class (Waters)
Column Shiseido capcellpak C18 UG
(5 pm, 250x4.6 mm)

Column

temperature Room temperature

Flow rate 1 mL/min

Injection volume 10 puL

Wavelength 280 nm

Time (min) A (%) B (%)

0.0 100.0 0.0
10.0 10.0 90.0
12.0 80.0 20.0

Gradient condition 20.0 80.0 20.0
25.0 0.0 100.0
30.0 0.0 100.0
35.0 100.0 0.0
40.0 100.0 0.0

A acetonitrile/ethyl acetate/0.05% H,PO,
. =6:2:86 (V/V/V)
Mobile phase

B: acetonitrile/ethyl acetate/0.05% H,PO,
=44:1:43 (VIVIv)

o] 734 nmollA &% 1-:—% S48, ‘:H—-—?‘T: LL EH’“_]Oﬂ o

W22 Whskel AL

el
AR B 2 25 50, 75% olES FEE9 Yz
Oyaizu(1986)2] "WHS ol&ste] A3 0.5, 0.75, 1.0, 1.5,
zo 25mg/mL FEEE ZAS FEF 0.1mLel 02M A2kt
F 4=g29pH 6.6) 025mL 2 1% sjAlelekst Zekr 025
mLE A7}l 50°C ezl 208 ¥heAZ] 3 10% trichlo-
roacetic acid 0.25mLE 71I(t. 2 3 0.1% ﬂil-%]_(IH) 0.05
mLE H7iste] mlo|AREF0E BE7IZ 700 nmol|A] 31
< A3

Ferric reducing antioxidant power (FRAP) &4
AMERE] B 925, 50, 75% et FEE2] FRAPS Blois
(1958)2] WS 383t 43N & 03 M oMHELNES

AZF=ENPpH 3.6, 10mM TPTZ (Sigma-Aldrich) = 20mM
FeCL6H,0Z A|z3te] A3 Ao 10:1:1¢] ¥]&2 E3alo]
FRAP £9& A|Z3U . FRAP €9 0.75mLe 5= (0.5,
0.75, 1.0, 1.5, 2.0, 25 mgmL)E ZAE A& 0.03mL¥ HA7}3
T 37°C F2FZoA 1587 WS & nlo]a 2 2 o|E A5
£ o]&3t 593 mmellA FHEE SA AT

SN
B oo 7} NRGEE AYAAE 33] 9 245, SPSS
program 23.0 (Statistical Package for Social Sciences, SPSS
Inc., Chicago, IL, USA)S ol&3l BAAE & Ha & 3FH
A= et 2H Al 7k $AIE 91 152 Duncan
o] o9l 7475(Duncans multiple range test) > 2 AA| 510,
FIAL p<0.05 FFoA AU

Table 33 Zt} A HY & > 5—4 TEL 29.524036%= T}

E FZE9) 8] FYFoE Yk 25, 50, 75% e FEE
9] FEFEL Zh7; 32.04+0.35, 32.78£0.26, 33.50£129%E F=
o] ks vt TS FEFER S AYE B
Ao FolHl Zol= §lUTk ol#e A= AlE W opgst
SIFEEo] 9l FE8ET B3 f718v7F E3kE SlolA

foby o
)
o
olN
L
1
_%

F&o] Z7He Aoz k=W (Shing Lee,
2011), &g =7t SHLFE FEFEC] S7H A H54
A vl o] ETE ] Y= Ao T AzEC)
A EA Y EAlete FEdsd EEEEEE 23 HAREE
% SR WS g #HEY so|=E A (OHY|E HEeE
il g 2 223 Ae] golsh SALAE AlASE 3
ssl Ed= °LE%X4 ATHLeeS} Lee, 2016) AR e 5
= % Z¥E IS =43 A3 (Table 3) FE5&
wje] dErE FEvt 2S5 F EHE §RE =4 JE
e, 75% Jee &5 ol 44.01+132 TAE mggl & 7V =
: E2 37.82+039 TAE mg/gl & 7V
HAN, 25% 2 50% e FEE°] zt7t
39.32+0.66, 41.41£0.88 TAE mg/g® & et
Es F FHEwols TS ST AT 75% oEHe
] 102.96£249 RUE mg/gl & 714 £& I3+ HE
o), B F2E(40.14£2.00 RUE mg/g) BTt o 2.58) o)Ak EA
L}E}u;} 25 2 50% e FEES 717t 49.10+1.13, 65.70+
391 RUE mgg® & %—%ﬁuﬁA Nete FEr}t FolHLE F &

Table 3. Extracts yield, total polyphenol, and total flavonoid contents of extracts from barley sprouts

Extraction solvents Yield (%) Total polyphenol contents (TAE" mg/g) Total flavonoid contents (RUE? mg/g)
Water 29.52+0.36°" 37.82+0.39° 40.14+2.00°
25% Ethanol 32.04+0.35 39.32+0.66° 49.10+1.13°
50% Ethanol 32.78+0.26* 41.41+0.88° 65.70£3.91°
75% Ethanol 33.50+1.29* 44.01£1.32* 102.96+2.49

"Total polyphenol contents was expressed as mg tannin acid (TAE) per 100 g.

ITotal flavonoid contents was expressed as mg rutin (RUE) per 100 gram.

9Date are expressed as meantSD of triplicate experiments.

*IIndicate statistically significant differences of ethanol concentration on the extraction from barley sprouts (p<0.05).
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Table 4. Phenolic acid contents of extracts from barley sprouts
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Extraction solvents (mg/100 g)

Compound
Water 25% Ethanol 50% Ethanol 75% Ethanol
Rutin 66.43£0.15" 62.76+0.09° 79.85+0.20° 88.12+1.75*
Myricetin 5.42+0.08* 2.96+0.02¢ 3.60+0.03¢ 4.29+0.08°
Kaempferol 9.86+0.14° 2.43+0.02¢ 13.60+0.09* 2.64+0.03°
Quercetin 6.44+0.03° 5.39+0.03° 7.13£0.17* 6.27+0.15°
Caffeic acid 11.63+0.08* 7.53+0.11¢ 8.45+0.34° 8.91+0.21°
-Coumaric acid 37.83+0.65* 30.75+0.26° 38.06+£0.47* 38.35+0.73*
Ferulic acid 47.18+0.82* 18.03+0.37¢ 20.73+0.60° 22.49+0.16°
Gallic acid 69.70+0.33* 23.75+0.16° 46.53+2.56° 30.91+0.62°
Resveratrol 2.83+0.06° 2.26+0.11° 2.76+0.05° 4.42+0.07°
Ellagic acid 12.91£0.17* 8.70+0.10° 10.68+0.37° 11.43£0.16°
"Date are expressed as meantSD of triplicate experiments.
*Andicate statistically significant differences of ethanol concentration on the extraction from barley sprouts (p<0.05).
Table 5. Comparison of catechins of extracts from barley sprouts
Extraction solvents (mg/100 g)
Compound
Water 25% Ethanol 50% Ethanol 75% Ethanol
Caffeine (CAF) NDV ND ND ND
Catechin (C) 204.31+4.17% 183.81+2.53¢ 169.77+3.05¢ 195.51+£3.43
Epicatechin (EC) 97.39+4.57¢ 163.38+4.48° 188.10+£9.28" 223.03+11.65*
Epigallocatechin (EGC) ND ND ND ND
Epicatechingallate (ECG) 162.76+1.92° 200.76+4.18° 157.74£2.71° 140.31+0.92¢
Epigallocatechingallate (EGCG) 58.21+1.28* 18.67+0.59° 15.73£0.35¢ 21.70£1.20°
"Not detected.
JDate are expressed as meantSD of triplicate experiments.
*IIndicate statistically significant differences of ethanol concentration on the extraction from barley sprouts (p<0.05).
ol ShE A vt AR ded st lic acide #Hlole| 2 28, el &3, Iitst 2 S5 A
T8 e A8A e R FEHY FEHE &l wet & A Fo A a3t 2 302 ¥4#A UrkAhn T,
Z25E AEEo gEE Zow 4#A JEd(Cha 5, 2006; 1996; Salunkhe <&, 1990). ]9} ZFo] s shgha o] &
Kim &, 1995), M#Ee|e] 3¢ A4 spgHeEe] ol =ot AdstA9] 71ee Ad Aoz dEA e dEAd =, Al
At s&rt S/HEFE FE5E, T Zode % T SR AR FEE| s G4 Aoste sy seke S
ol= gheko] =A UEhd AR AT A FE AsA SEHES tin, gallic acid, ferulic acid E p-
coumaric acidZ WEMST
H=y sl B4

AR T JdEE FEE HEA FIE 105 &
Ag A= Table 49 2tk AR & F2E9 A9 gallic
acid, rutin, ferulic acid®] Z+Z} 69.70+0.33, 66.43+0.15, 47.18+
0.82 mg/100 g =22 7P =& TS HAA, 25% oere F

EE2 rutin (62.76:0.09 mg/100 g), p-coumaric acid (30.75+0.26

g
=
2=

EE2
mg/100 g), gallic acid (23.75£0.16 mg/100 g)°] F£ 3=l
I, 50% oEHS FEE-2 rutin (79.85£0.20 mg/100 g), gallic acid
(46.53+2.56 mg/100 g), p-coumaric acid (38.06£0.47 mg/100 g)7}
7V Be FHE Bth 75% dEE FEEE 50% olee F
EEF e AIFOZ rutin (88.12+1.75 mg/100 g), p-coumaric
acid (3835£0.73 mg/100 g), gallic acid (30.91+0.62 mg/100 g)7}
7 =2 gEos Uehyth A3y oz FE8vd wEl xjo]
= oy AFRTe] F4 dHEA SES rtin, gallic acid,
ferulic acid % p-coumaric acid®Z #A= AT} Rutin quercetin
o rutinose”} S WA FREA TIS A=A EAls=
Aoz dHA o, iksl a3yt Sk Aoz dHA 2
TH(Kamalakkannan¥} Prince, 2006). S=3F ghd AJ&o]

AE<2l gal-

FEIZIF 2

ARz dee Tl FEE0 7 2 T gES
HPLCE ©]&3}e] Ao 4%k Z¥= Table 59} 7t} Catechin
St & FEEo] 2043144.17 mg/100 g0 2 7P =41 et
epicatechin® F&8w9] dete T/l =275 =2 3

Holz AFLE 75% olerE FEE°] 221.46+2.61 mg/100 g
0= E FEFE BT 9 220 ol =& TS EATL epicat-
echingallate= 25% olEhE FEE°] 200.76+4.18 mg/100 g& = 7}
& =7 e, epigallocatechingallates & FEEollA 5821+
128 mg/100 g0 2 oghgo] A7k FE2EHT 4 2] o &
Al YJEPSITE 3 caffeine?} epigallocatechin & A]|EoA &
A &= Aoz et Catechin® Z8tH -ol=9] 3t
FE =319 R G591 AkspA] o] catechinol] 2|3
A Yehtls 332 43A 2ol(Yoshida 5, 1999; Coimbra 5,
2006), MAEE ] erE FE¥H FEE epigallocatechin
AstA] AT 21 9ol 4%9] catechins7} EA|E ol wE} Abshy
2 Ao AFAR dFS v AoE )

al,
KeN
=

ohl b

=
L
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Table 6. Comparison of IC,, values of DPPH and ABTS radical
scavenging activities of extracts from barley sprouts

. DPPH radical ABTS radical
Extraction scavenging scavenging
solvents
(IC,, mg/mL)"

Water 1.93+0.022° 1.98+0.01*
25% Ethanol 1.82+0.01° 1.80+0.02°
50% Ethanol 1.68+0.01° 1.78+0.03°
75% Ethanol 1.65+0.02° 1.67+0.02°

Inhibitory activity was expressed as the mean of 50% inhibitory
concentration of triplicate determines, obtained by interpolation of
concentration inhibition curve.

YDate are expressed as mean=SD of triplicate experiments.
*dndicate statistically significant differences of ethanol concentration
on the extraction from barley sprouts (p<0.05).

DPPH ¥ ABTS 2i|Z A7s

AR Q) oere FEE FEEo] Akshik 248 93l
DPPH }tZa} ABTS 2|2 27159 IC,, 7+ =743 Z3K(Table
6) FE8e ek TErt TSRS U AT SIS
= %S Bt 53] AREE 75% e 552 DPPH 2
ABTS 2z 2459 IC;, 62 Z17} 1.65+0.02, 1.67+0.02 mg/mL
2 52 €48 HYA, B FEES 47 193002,
1.98£0.01 mg/mLZ 7Fg w2 42758 BTt Al-Dabbagh 5(2018)
2 Hsd SFE F o AAee HEdte Ards
o} 7o) & AFME F ZejuEs ¢ F ZEiEko|= k] =
2 F%%E°] DPPH ¥ ABTS Uz 2ATE =74 Yephgton,
Aol B9 FE8ule] FAo we) ksl aje] Xols
BYths B (Lee 5, 1994)9e 7+& A3ES Bk

2 &4
3l

a3 3 FRAP

it oz ohE B gist dsyo| 2&rE ist &
Ao] =e Alom AEA lo|(Song &, 2007), AHBHE] ofekE
FEH FEE9 IAYYS AU (Fig 1). EE FEFEL 9

Th= Park 5(2008)9] A7ZAxel & o a UEpyith
T FRAP 24 DPPHE o|&3 oz &
e Uahs ge] Hol29 kst 2 gy S )
o]t} Moon 5(2003)°ll W= FRAP =%¥ =} DPPH 4%
o AaAAE Uepdty Busiglsd), £ Agdr= DPPH
9 ABTS #tlzd &AFe] 789 75% olet
=2 A4S BT, B FEEC] 7K v 24
(199%4)= A== F24 dsi 33E2
Yepdti 2aslglon, ol g% F2 43l g 9%
Zolgtal Basielt),
olgfst AHE Fsle] & uwf AREEdle o A
AUE Aoz gzl 715dEEe] v THEo
5] AbshA] Gl 7HAR] AUt HE Aoz ¢gEzl #
HEE(Lee 5, 2008; Kwak 5, 2010)°] oF=F Ex)s}
AsEx] AL Hole Aow dddr) 3 Af¥uE
vjo] FATo weEkr] 7]edE 2 akshiR] Ao Ao

A e
N rlo o

.
oo

1.6
0 Water

025% Ethanol

12 050% Ethanol T
@75% Ethanol

0.8

"l

0.5mg/mL 0.75mg/mL 1.0mg/mL 1.5mg/mL 2.0mgmL 2.5mg/mL

FRAP Value (Absorbance 593nm)

Fig. 1. FRAP of extracts from barley sprouts.

0.5

0 Water

025% Ethanol

0.4 T
. 850% Ethanol

B75% Ethanol
0.3

0.2

i 1l

0.5mg/mL 0.75mg/mL 1.0mg/mL 1.5mg/mL 2.0mgmL 2.5mgmL

Reducing power (Absorbance 700nm)

Fig. 2. Reducing power of extracts from barley sprouts.

Ry =
Fgol ol $E8ule] FHEI R24T e
i
= 4
s

E APoM e I Lv|zb)] digh Bdo] Eobx Auj 2
Argo] Zrlela e AREIES B L 25 50, 75% oS
o] 7SR B 2 Ashix @48

Ly =
. w2} g
d, 75% e FEHES] Fgol g A Uehdth E¥
Zelis 2 F Sepuols

N

@2 sl FEE HE d9Es B4 A9 FE809
NEE FEo AHglel ARRE Y FH dAsA S-S tin,
gallic acid, ferulic acid % p-coumaric acid® UERSTE T3 Aj
Arg ofets T FE2EQ catechins 4 A3} catechin,
epicatechin, epigalloactechin, epicatechingallate % epigallocatechin-
gallate7} EAH AT AR e w2l FE2E0] AFshiA
24& SAsl7] flste] DPPH 3 ABTS 2HHiz &7jeby, 2l
2 3l FRAPE 43 2% & Egvls ¥ & S9Rwol= 3
Fol =3 75% ollek& FEE°] DPPH 3 ABTS ]z £
A5, B9 2 FRAP BF 71 =& B4 nAY. AgHo
= Aneld EAske 754 BAES WS4 Ee 99
= Q =

o

A
2% 0 AEE FEst FE §u0 FESH o] AspEA @
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