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Abstract

The purpose of this study was to examine biological activities, including total contents of polyphenol, antioxidant activities,
inhibitory activities of tyrosinase, and protective effect against oxidative stress in the HepG2 cells of ethanol extracts from wheat
sprout. The antioxidant activity of extracts was determined by ABTS and DPPH radical scavenging activities. Ethanol extracts were
tested using different ethanol concentrations (0%, 30%, 50%, 80% and 95%, respectively). The highest amount of total polyphenol
was extracted by 50% and 80% ethanol which was 26.3 and 26.8 mg gallic acid equivalents/g sample, respectively. High levels
of ABTS and DPPH radical scavenging activity were found in 50% ethanol (26.7 and 15.0 mg TEAC/g sample, respectively) and
80% (24.3 and 16.1 mg TEAC/g sample, respectively) ethanol extracts. Also, 50% and 80% ethanol extracts indicated higher inhibitory
activities of tyrosinase compared with other extracts. In the cell-based assay, pre-treatment of the HepG2 cells with wheat sprout
extracts prevented the cell damage induced by TBHP (tert-butyl hydroperoxide). The results of this study indicate that wheat sprout
has significantly higher diverse biological activities and apparently has significant health benefits.
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M 2 ofx| 1L gloH, Ha}-go] HOoHA Ae|e/o] w2 A% 7]

54 AAE A o] digh At ExebAl A= Qlck

SHutets At Alsd 9 AAEeFA] 9] Wt whet 42 A AAZCR Auj=E1 Q= 7 F83 2= 359
v, Gy, 18, I ES, YU 5 g2 A S AAIRIT] oF 40%7F FA] 07 o]&3l1 Q= Fa
gsgol S7kokal QA EFEl] FFo= Aol o A% Aol th(Shewry PR 2009). 2 71554 A&l High ¢
Sk ¥ho] F7Fskal Uth(Ha TY 2006). ERF 1133} ALS] = Alo] oA WA WS AR 3 Rt 7|54 AES AT
AhstaA ¢ A% d 473t 4o tigt £} Skl Sz} Sk FAloltth A U2 ul=t3t F-RollA] wheatgrass
ek AA Y] skt R FAfle] e Fhjoz A = HAHoRE B B A55t0] GURS 9 4UY 52
H /g4t F(reactive oxygen species)ol] 2]t A15HE AE | Aqtstr] gt A% 71578 B AF o0& Wol o] gstal Q)
20 7]QlshH, Alzet 240 5A4S doA AS ot ThLee 5 2009). A& Lofl&= opw|icAl, 714, vEgtql, S2
= A0 d#A Qlth(Stadtman & Berlett 1998; Biesalski D 29 59 dgFa7t FHo, E SACNNE HEHA] &%k

2002). whEhA] ) BAPE SgALEFTY AA 2 A W A
oh 2E# 2] gtk ®o] A& FXof| tieh BAol &

© gallic acid, epigallocathechin, epicatechin, p-coumaric acid”}
A=A 24 A Qlth(Nagaoka H 2005; Donkor 5 2012).
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AN Lo} 75737 TS| thefet A7t o] Fof AL Q)
o, FAZ A& JA| E5(Bonfili 5 2009), YT 27
A IH(Ben-Arye 5 2002) 5] HAHUT oA = A%
g FEE9 A} E FFadJeong 5 2010), F &
Th(Lee 5 2010), A &5Z A AF}(Lee T 2011), YH AT}
Ryu 5 2013) 59 A57F B E 3 ok Aj# Do) a50]
SHAHA FHAE Al s7HEC] AL U= FAloIH,
7ol tigt anjRtel B S7tE s =87 S71stal 9l
FAlolet. shAIgE A& o] & gufjo] whE AL
H| e A= wHlsh, 7154 AR Adsr] 9%t
712 gy A7t Bagh AXgoltt mEhA 2 Aol A
A 249 =581 2 2259 BHEES SHt
T H o RN A& E Y AT 9 715 AEA
9] ol& 7tsA TR A%t 712 A=E Algstax gtk

o |

YA AP LA

24417F A 9 WobAz) T A W, 1097
Aulste] 15-200m gk wf 5:85to] AL AR AL
8519t

Gallic acid, Folin-Ciocalteu reagent, sodium carbonate, trolox,
ABTS(2,2-azino-bis-(3-ethylbenzothiazoline-6-sulphonic  acid)),
DPPH(1,1-diphenyl-2-picrylhydrazyl), potassium persulphate, dimethyl
sulfoxide(DMSO), 3-(4,5-dimethyl thiazol 2-yl)-2,5-diphenyl-
tetrazolium(MTT), fert-butyl hydroperoxide(TBHP) 5= Sigma-
Aldrich Co.(St. Louis, MO, USA)|A] Ft3}o] A&
AHE vjoko] ARRE Dulbecco’s modified Eagle’s medium
(DMEM)-2 Caisson(North Logan, UT, USA)O|A] L3R 1L,
fetal bovine serum(FBS), trypsin-EDTA, penicillin- streptomycin
2 Gibco BRI(Grand Island, NY, USA)o| A F+45}%ic}. 1 Hf
of AHgH &8 U A9 analytical ¥ HPLC 5= At
&5t
2. F529 M=
AR L2 AlA & 50Tl A 24R17F ARkl Al A
271 (NSG-100 2SS, Hanil, Seoul, Korea)Z £4f|5}o] AR&-5}F
o} &8 E(distilled water), 30, 50, 80, 95% 7%
(ethanolyZ ARE-SFRIL, 204 F=3HAth A% & 3 gof
60 mLe] JIE Z42Z} 7sto] 24417t Wik &5t FE=
= 3 H2 T2 oA 30 mLY| gl ® 24A17F 23] wF

o

¥R Ao

A o) FEgule] e A W57} 637

Bl F&3Irh &l AY $57I(N-1000, EYELA,
Tokyo, Japan)E °]-8-3to] 43| A7 i

=43 & WA= DMSOZ AR5t Aet. 2 325
A 5 -20CoA EyshdA Aol ARgsHitt

Rk
u =2zo
=

+F &3
= o] & ZdHE IS Folin-Ciocalteu
phenol reagent’} &2 EYHE 3Rt=0] Q&) SHH
23} Belnd HM0 R WS AL Yel2 dlo] 45}
9 oH(Velioglu 5 1998). 7+ 325 100 pLof| 2% Na,CO; &
2 mLE 7}olo] 3EZF WRS-A]7]Al, 50% Folin-Ciocalteu’s
reagent 100 LLE 7}5to] 32 ¥FSAIX] F BESH 9] S35
750 nmOJ| A S35ttt EEELL 0.1% gallic acidE AHE-
3} O™, mg gallic acid equivalents(GAE)/g sampleZ L}EF
Art.

4. ABTS 2iCIZ HAHS

ABTS &z A AT Re 5(1999)9] FHS MPsto] &
519t ABTS 7.4 mMI} potassium persulphate 2.6 mM-2
51 B9k Qo] st} ABTS 2t2g 94417 of
|G 734 nmo A TFE ZFho] 1.0 0] HE= B FHAIG (=
3.6x10° M'en Y8 o]-8sto] SHR4E 4ottt 344
ABTS 2}tlZF 891 | mLo] %32 50 1LE 7H5}e] 602
o 734 nmol H FHEE 2. TroloxE o851l B
FHES A3 & A7 9] A4S (Trolox equivalent antio-
xidant capacity, TEAC)S AlAFo}H 2™, mg TEAC/g sampleZ
SERTES

5. DPPH ZICIZ MHs

DPPH 2}tjZ A 752 02 mM DPPH &9 | mLo] &
£ 50 uLS 7}t 3052 Fo 520 nmol|l A FFEE ZH5}
A TH(Sharma & Bhat 2009). DPPH &+t A A5 TroloxE
o3t EE=AZ 2t F AR FASE(TEACKS
AR S ™, mg TEAC/g samplez LER )Tt

6. Tyrosinase Xoff &M =X

Tyrosinase A]3f E/d-> Kubo 5(1994)2] ®#o] wheh 54
3}t 0.1 M potassium phosphate buffer(pH 6.8) 500 uL o]
10 mM L-DOPA(L-3,4-dihydroxyphenylalanine) 200 L 9} &
E(10 mg/mL) 100 pL & 35}t Mushroom tyrosinase
(110 unitmL) 200 pL 2 7}5ke] 25T A 2087F ¥H-S-A]7]
T 475 nm oA FFEE 7G5kt Tyrosinase A3 T4
2 N2 BT BT FHE FLES WELOHZ

ek it
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7. MIZE HHQF G Alst AEHIAG| CHSH MZ ES S0 £

H oqto| AREH HepG2 A|3E+E= ATCC(American Type
Culture Collection)of| Al F+Uvl] ARESFE O™, 10% FBS,
100 units/mL penicillin/streptomycin ©| 3% DMEM Hj X &
ARE-5ke] 37T, 5% CO,2 2= incubator Oﬂkl ujFsl At

HepG2 Al3o]] thgt A I A FE2E AZ =
d 9 Ats} AEF A0 iRt B R I= MTT assay <
0] 35}t HepG2 Al E= 96 well plate ©f 1.5x10* cells/well
SEE 7} well of] 55101, 24A17F v FSkQlTE AjE E 5=
Hlery 2259 100 uygmlL o] S22 XFstaL, 18A]7F
% 500 M TBHP & 3A|7}F X &lsto] A8t AEHAS S5
shsict. wopo] Bk % 2 well o] MIT 8918 W 4412
HFSAIX] & HjgAS A|ASHL, DMSO of A-&-sfste] 550 nm
oA FFEE S Alx JE&S 2T 4|
@eke] MELONT ST

8. SAHEAM

HE AY e ByEEHAE YERGleH, Ao
st 3o A2 SAS version 9.4(Statistical Analysis System,
SAS Institute Inc., Cary, NC, USA)& ©]-85}c] ANOVA &4
%, Duncan’s multiple range testS ©]-&3}0] p<0.05 4504
Q942 AT 7 WP 719 4TTAL Pearson
Ay A 4>(Pearson correlation coefficient)2 245} ct.

S &= Z}o] o «1611 GERRITal H 15 o] Qltk(Kong -5 2008).
wEhA] & AtoM= Y A7 5AEF HolA =5 8
& 385t Q= & 9 F4(ethanol)yZ o]-&3to] 4 5
H 2& 8o o2 g9 2}013 Hl - BA Sk}
shoick Aj& F& 0, 30, 50, 80, 95% F o7y &
FEE9 &2 Table 19 YERASIT + = T2 21.8%~
33.9%9] M2 Yel o, 80% 4 F&50| 36.0%& 7+
FE=A UE AL, 95% 3 580 21.8%= 7MY WA Y
ER5tTt.

AlEA ] g8 ExEo] e 23 dAHHEER] EEHE
SHHE2 5k Q1 IS A& 5 SR, £4F W phenolic
hydroxyl(OH)7| 9} &4 ¥Fg-2 Ao A $AUAE FH3}
o A ghr]Zo] HFet FHE FAStEE st I
< o EH Ak ot 4SS Aot A &4

Nv lo
>I-FU

(]

LA - olul A - g LA EGP0A

Table 1. Total polyphenol contents of the extracts from
the wheat sprout and extraction yields

Extract Polyphenol” Yield
(mg GAE/g sample) (%)
0% EtOH 17.241.2? 28.7+0.4
30% EtOH 23.4+1.3° 31.320.1
50% EtOH 26307 33.9+0.8
80% EtOH 26.8+1.0° 36.0+1.2
95% EtOH 16.3£2.0° 21.8+1.4

" Mean of triplicate determinations+standard deviation(SD) expressed
as mg gallic acid equivalents per g of sample.

? Different letters within same column indicate significant different
at p<0.05 by Duncan’s multiple ranged test.

B obyat, 15} oA, I, Yt FE 5 SR AP
7Re Ao BiEo] QtkA 5 2015). 34 HwdE A
g F2E9 3 & ﬂ]l"‘(mg GAE/g sample) SFEF-2- Table
1o] Yetfiict. & Ed5= 3 Eo|u} 24 kel
S=oll v =3 4 S8l Zzt’oﬂx{ 2014 97
Tk VERAT, 50% 2 80% =4 &2o] 717k 263
6.8 mg GAE/g sample& 7} =2 &1eFS H 90, 95%
Z£E0]| 16.3 mg GAE/g sampleZ 2 58S H Yt
5200902 A20] & H&A HE Fefo] Boju o
tiETH 70% FH o2 5 Al ¥ SRt 882 Hol1l
Tl ghefo] Erhy B usilon, B o Aol gt
5 HolFlh
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At g2 AW /‘JXW/\}Q} Ashe A5 HH=
A3 7]Q1=H, vhgAge] skl o A2t A ofst
WHSS o A4, whuld, a2 A £8 B4
W &S oplale, w3 U WATS U
(Halliwell B 1996). ABTS &}t]Zk A AS-S ABTS?} potassium
persulphate®] HF&-0 2 A== ABTS ol =hrjdo] &
22 o] A3t Aol ofa) AAEol oo B As
Ao RA0g BAE: delg olgslo] 2222 Pzt
o=z EHst= oItk Re 5 1999). TS DPPH 2}t
2 AL 2320] A 4ol DPPH o2} g
sto] W meuio] Suigol FHES FaThe 22lE o
23to] 243} th(Yu & Oh 2016). FHSEE ¥ 4 2=
2] G415} S-S ABTS @ DPPH 2}0j2 4|75 0l 85
o 27 9 WlTolgon, 248 FIH: Tavle 20] k9]
ABTS &t AlASS 12.3~26.7 mg TEAC/g sample?]
HIAZ Yehtod, 50% 9 FEE0| 26.7 mg TEACE
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Table 2. Antioxidant activities of the extracts from the
wheat sprout

ABTSY DPPH"
Extract
(mg TEAC/g sample) (mg TEAC/g sample)

0% EtOH 14.6+0.7% 4.340.5¢
30% EtOH 21.541.2° 9.442.3°
50% EtOH 26.7+0.9° 15.0+0.6°
80% EtOH 24.340.6° 16.1+0.4°
95% EtOH 12.3+1.1° 6.6+1.0°

D Mean of triplicate determinationststandard deviation(SD) expressed
as mg trolox equivalents per g of sample.

? Different letters within same column indicate significant different
at p<0.05 by Duncan’s multiple ranged test.

sampleZ 71 =931, 95% 73 50| 12.3 mg TEAC/g
sampleZ W2 &4-& BTt DPPH 2tz A AL 50%
9 80% F4 FEE°0] 42 15.0 ¥ 16.1 mg TEAC/g sample
2 7 =943, 30% F4 FE5= 94 mg TEAC/g sample,
95% F4 F2&5 6.6 mg TEAC/g sample, & FE& 4.3 mg
TEAC/g sample®] A2 YEPGT Kim 5(2004)2 g&E
o] AEA 2EENA EHE SR Iy FAtet &
4L Fo ABBAE dEpdnal HUSHHA, Choi &
(2007)Z 35+°] ABTS 9 DPPH 2t} Z A|A50] & &4
= e ABEAT S A0 BIST) e AR
%%94 & Edvlzo] Ao g {7 SHEdS AlA
G4 EAS UEd Ao w AJZtETh

3. MM &l FEE9]| tyrosinase AsH £
Tyrosinase= HAzhd B4 27 A S 2d5t=
E24 QAZ, 7189l L-tyrosine© 2 E] L-3,4-d1hydroxy-
phenylalanine(L-DOPA)?} DOPA-quinones AX XFHo=Z2
Bzho] Wald M4 Ao Thodsls FAo|thSolano
2006). WePI S HAHl Fefol AL oMzt 2L 7B
ol tisf AFeE wo] A9, AestA B =™ 710
W 2278 94517, NRshE S, nRokel g
of Wost= ZoE LA Uth(Choi 5 2018). WA
tyrosinase 4|3} AL 3% oA Wehd ZeA) ATHL
ARHoR AeE + AODR Wi U BES HH:
Shte] A ;2 o]-§H 1L UTH(Yang 5 2008). 5= Al
A 1 2ZE(10 mgmL)Q] tyrosinase A3 &AL Fig. 19]
UEFH ATt Tyrosinase A3 24 F4 s=ol w=t
17.4-38.5%2] B2 LERFom, 50% @ 80% 24 225
o] FUA 385U 1 2 A BHE BT, £ 22

A el FEguljel upe Ageghg 7t 639
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Fig. 1. Tyrosinase inhibitory activity of the wheat sprout
extracts (10 mg/mL). Different letters above bars indicate
significant different at p<0.05 by Duncan’s multiple ranged
test.

E0] 174%=& 7P @& Z445 Btk Kim 52013y sf
1z FEE9) tyrosinase A3 B4 &4 A3}, 4FEEH
t} oehe 2ZH0| 47.67%8 = A5 BALS oItk B
159 ch T3 Han 5(2015) HolA] 7o) @2 s =&
=2 tyrosinase A5} B3-S ST A, ot 1201741011 B
% B 22280 710% oghe 2259 A A1} o =&
& Histo] 2 AT AH FARSHA e Lee %
(2007)2 7FEUE A & FEEY tyrosinase A/
et A}, 931~16.33%2 UEFFOH, FANRTOZ AR
3 ascorbic acid(0.] mg/mL)y= 96.46%2] &4-& YEHY= A
°2 BUsth. T Byun S(2004)2 Z2]uE7} 22 5
&7 30 tyrosinase A EAT & FHTAE 7H
ohal Bustglon, mebA Ajd dof 3hE Hied stE
o] tyrosinase A|3f E/go]l 374 ATZ shgirtal wEc.

4. % 2 =ES0| HepG2 MIE L ASIAERIA BS T}

HE Y At AEH A 5t FAHEEE YR U 25
9| N2 B3 a3E 315t MIT assay BPH-& 0]85
o] NZ Y22 39151t WA ZHAZQ] HepG2 A0
gt &80 A8 U 2550 X B4 selstuxt

F28d AZ 9 F22E 100 pgmLE 18X7F 23t F,
MTT assayE ©|-8&5to] Al 5445 gRISH A, HE &
E A AEZ 542 YeERR] Lkth(data not shown). ESH
HepG2 Al2o] 45 A% I 552 Aokl TBHP
B AR AEHAS FUT & AlE PEES Soto] 4t
SIAEH A0 i3t B aE SA6lon, A% Fig
20]] YER 21t} TBHP(S00 uM)E T A 2|3t Al 22 739
ALY EE0] 589%=E FAasto] AZ=S YErlIet vt
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Fig. 2. Effect of the wheat sprout extracts on cyto-
protective effects in HepG2 cells. Different letters above
bars indicate significant different at p<0.05 by Duncan’s
multiple ranged test.

H FAFEH A& U FEE 100 ng/ml #2] A] TBHP *
2lo] Hls) olH o g A QEEo] F7sto] AbekA A
EYAZRH AZ 25 737t Q= AS Gkt E6
A I 225 X Heans & 9 34 dd 80 3
ZE0 HIg] 30%, 50% L 80% F7A FZE)A S0

H 52 G795 YERth & Z8E o] woF P4t

o} 4ol EoE AN W F2E, 55 50% UL 80% 7%

P}

—_

=

b

B} glow, ol AWM Akske AE# A0 O3t A%
£ oA EE dgEhs 4T T 4 UL Ao A
e,

% Beldl G RRA Aol ABUAS EAY
AvHe Table 30 Yehygich % Eeiuli Tt ABTS
gz A|A%5(0.983, p<0.01), DPPH =TZ A7 5(0.941,
p<0.05) I AL B35 HEIH0.923, p<0.05) Afo|ofli= =0 AL}

Table 3. Correlation coefficients among total poly-
phenolics, ABTS radical scavenging activity, DPPH radical
scavenging activity, tyrosinase inhibitory activity, and
cytoprotective effect of the extracts from the wheat sprout

Polyphenol ABTS DPPH Tyrosinase Cytoprotect
Polyphenol 1.000 - - - -
ABTS 0983  1.000 - - -
DPPH 0941 0907 1.000 - -
Tyrosinase 0.631 0.597 0.853 1.000 -
Cytoprotect 0.923°  0.927" 0.788 0413 1.000
*p<0.05, “'p<0.01

32 UEbd HH, tyrosinase A3 B4d3h= 0.631%2 A4
o] Y& Z o= Yyt & A+ 2, F E9HE ol
gz 475 W AIE o ade] nX= dge] & AeE
2=, E2)H=9] phenolic hydroxyl7|(OH)7} At 2t
Zof| SAYAE FqTCEN o ¥E-Z A=
Aoz AZrelth. TR Al HloA A o] EHs 5}
erEo] TBHPS} 22 ARBIAEH A FLAo] ofs) S7H
Ak AZF(reactive oxygen speciesyS A|ATIO Z A AL H
ZRIWE Holz © Woft Zog HQlrh
20 3 z=

3 AL A W 2520 B Seluls T, ABTS
9 DPPH 2t &A%, tyrosinase A5l &4 %
ol o A% REETE 245, 34 SEo] 12 4
PR Aol M - RHEIA ST, AshAEd A
Gt A HEATE HepG2 AEES o 83, ABFAE
dat TBHPE olglol SESIUT & Felils Hake
50% 2 80% =% EZEo| Z7k 263 @ 268 mg GAE/g
sampleZ 71 =2 =S B¢ on, ABTS ¥ DPPH &tz
AASL 47 50%(26.7 L 15.0 mg TEAC/g sample) 2
80%(24.3 2 16.1 mg TEAC/g sample) 2274 2ZEo]A 9.2
St &S H Tt Tyrosinase A3l &4 FA] 50% E 80%
T4 FE2E0] TYH 385%= 7HF w2 A B4 B
Aok E3F A T FEE-E HepG2 Al W 454 AEE
20 g3t HE g Yehfilen, 1 = 30%, 50%
9 80% 778 FEE0| Frohs RISkt # AT A=
AA; Aol EorA AL Sl A7 7154 &4 7t et
A Aol ol 712 ARE &8E 5 & AR
Az, AqE o] 4| FXo| JFS 713 Ao Y7t

gt
ALl 2

2 A+ 52487 AGENDA ATFARA(ATIS FAR
3 PJ01348302)2] A[of oJsf o]Foiz AY.

References

Ahn MJ, Yuk HJ, Lee HY, Hwang CE, Jeong YS, Hong SY,
Kwon OK, Kang SS, Kim HR, Park DS, Cho KM. 2015.
Effect of the enhanced biological activities and reduced
bitter taste of bitter melon (Momordica charantia L.) by
roasting. J Agric Life Sci 49:107-119



Vol. 32, No. 6(2019)

Ben-Arye E, Goldin E, Wengrower D, Stamper A, Kohn R,
Berry E. 2002. Wheat grass juice in the treatment of active
distal ulcerative colitis: A randomized double-blind placebo-
controlled trial. Scand J Gastroenterol 37:444-449

Biesalski HK. 2002. Free radical theory of aging. Curr Opin Clin
Nutr Metab Care 5:5-10

Bonfili L, Amici M, Cecarini V, Cuccioloni M, Tacconi R,
Angeletti M, Fioretti E, Keller JN, Eleuteri AM. 2009.
Wheat sprout extract-induced apoptosis in human cancer
cells by proteasomes modulation. Biochimie 91:1131-1144

Byun MW, Jo C, Jeon TW, Hong CH. 2004. Effects of gamma
irradiation on color characteristics and biological activities
of extracts of Lonicera japonica (Japanese honeysuckle)
with methanol and acetone. LWI-Food Sci Technol 37:29-
33

Choi MH, Kim KH, Yook HS. 2018. Antioxidant activity of
fermented Kaempferia parviflora and inhibitory action
against tyrosinase and elastase. J Korean Soc Food Sci Nutr
47:1076-1084

Choi Y, Jeong HS, Lee J. 2007. Antioxidant activity of
methanolic extracts from some grains consumed in Korea.
Food Chem 103:130-138

Donkor ON, Stojanovska L, Ginn P, Ashton J, Vasiljevic T.
2012. Germinated grains-sources of bioactive compounds.
Food Chem 135:950-959

Ha TY. 2006. Development of functional food materials for
healthy life. Korean Soc Crop Sci 51:26-39

Halliwell B. 1996. Antioxidants in human health and disease.
Annu Rev Nutr 16:33-50

Han JH, Moon HK, Chung SK, Kang WW. 2015. Comparison
of physiological activities of radish bud (Raphanus sativus
L.) according to extraction solvent and sprouting period. J
Korean Soc Food Sci Nutr 44:549-556

Jeong EY, Sung BK, Song HY, Yang JY, Kim DK, Lee HS.
2010. Antioxidative and antimicrobial activities of active
materials derived from Triticum aestivum sprouts. J Korean
Soc Appl Biol Chem 53:519-524

Kim EY, Baik IH, Kim JH, Kim SR, Rhyu MR. 2004. Screening
of the antioxidant activity of some medicinal plants. Korean
J Food Sci Technol 36:333-338

Kim JS, Lee JY, Park KT, An BJ, Lee SH, Cho YJ. 2013. The
biological activity from Prunella vulgaris extracts. Korean
J Food Preserv 20:234-241

Kim YS, Kim R, Moon JH, Ji JR, Choi HD, Park YK. 2009.

A e) FE gulel whE ARy W7t 641

Optimization of extraction conditions of polyphenolic com-
pounds from apple pomace by response surface method-
ology. Korean J Food Sci Technol 41:245-250

Kong SY, Choi YM, Lee SM, Lee JS. 2008. Antioxidant
compounds and antioxidant activities of the methanolic
extracts from milling fractions of black rice. J Korean Soc
Food Sci Nutr 37:815-819

Kubo 1, Kinst-Hori I, Yokokawa Y. 1994. Tyrosinase inhibitors
from Anacardium occidentale fruits. J Nat Prod 57:545-551

Lee SH, Lee YM, Lee HS, Kim DK. 2009. Anti-oxidative and
anti-hyperglycemia effects of TIriticum aestivum wheat
sprout water extracts on the streptozotocin-induced diabetic
mice. Korean J Pharmacogn 40:408-414

Lee SH, Lim SW, Lee YM, Hur JM, Lee HS, Kim DK. 2010.
Anti-diabetic effects of Triticum aestivum L. water extracts
in db/db mice as an animal model of diabetes mellitus type
1. Korean J Pharmacogn 41:282-288

Lee SH, Lim SW, Lee YM, Seo JW, Kim DK. 2011. Inhibitory
effects of Triticum aestivum L. extracts on liver lipid
accumulation in high fat-fed mice. Korean J Pharmacogn
42:309-316

Lee YS, Choi JB, Joo EY, Kim NW. 2007. Antioxidative
activities and tyrosinase inhibition of water extracts from
Ailanthus altissima. J Korean Soc Food Sci Nutr 36:1113-
1119

Nagaoka H. 2005. Treatment of germinated wheat to increase
levels of GABA and IP6 catalyzed by endogenous enzymes.
Biotechnol Prog 21:405-410

Re R, Pellegrini N, Proteggente A, Pannala A, Yang M,
Rice-Evans C. 1999. Antioxidant activity applying an
improved ABTS radical cation decolorization assay. Free
Radical Biol Med 26:1231-1237

Ryu EM, Seo GW, Kee KH, Shin HJ. 2013. Effect of ethanolic
extract from wheat sprout on hair growth of C57BL/6
mouse. Korean J Aesthet Cosmetol 11:1051-1057

Sharma OP, Bhat TK. 2009. DPPH antioxidant assay revisited.
Food Chem 113:1202-1205

Shewry PR. 2009. Wheat. J Exp Bot 60:1537-1553

Solano F, Briganti S, Picardo M, Ghanem G. 2006. Hypopig-
menting agents: An updated review on biological, chemical
and clinical aspects. Pigment Cell Res 19:550-571

Stadtman ER, Berlett BS. 1998. Reactive oxygen-mediated
protein oxidation in aging and disease. Drug Metab Rev
30:225-243



642 A@G - 3G - A - o} - g FFAE LA

Velioglu YS, Mazza G, Gao L, Oomah BD. 1998. Antioxidant
activity and total phenolics in selected fiuits, vegetables, and
grain products. J Agric Food Chem 46:4113-4117

Yang B, Zhao M, Jiang Y. 2008. Optimization of tyrosinase
inhibition activity of ultrasonic-extracted polysaccharides
from longan fruit pericarp. Food Chem 110:294-300

Yu SC, Oh TJ. 2016. Antioxidant activities and antimicrobial
effects of extracts from Auricularia auricula-judae. J Korean
Soc Food Sci Nutr 45:327-332

Received 04 November, 2019
Revised 14 November, 2019
Accepted 18 November, 2019



