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Effects of the Drainage Methods on Antioxidant Compounds and Antioxidant Activity
of Ethanolic Extracts on Adzuki Bean
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Tae Wook Jung, and In Seok Oh

Department of Functional Crop, National Institute of Crop Science, Rural Development Administration,
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ABSTRACT This study investigated the changes of antioxidant Y= Aoz BuEo] QJtiHwang et al, 2005). Z-2 vt
compounds and antioxidant activity of adzuki bean by Aoz wHlg oz o8y, TR Holu} wWhe| of "y
drainage methods in poorly drained sloping paddy field. AL Soz wol o] fE1 ‘D}(Kim et al., 2003). H]E}
The soil moisture contents of under pipe and open ditch ] Blo] EHaho] o THFSH A0 Mbe] HEsl] A9

drainage on very poorly drained paddy soil were 18.524+4.58 . . tﬂ . U]_ R o
and 19.014+4.25%, and imperfectly drained paddy soil were [EFE Sastel Fm, Z7]dE et o) 28l =

1o
=
14.87+4.82 and 18.64+3.85%, respectively. Moisture, protein, A7} QAeH(Chang et al., 1968). Tl o] i f22 =24
fat and ash contents of adzuki bean with drainage methods dola drglS A Qg dgrofu|leilo] FHslH, 53] 49
were 10.10~11.60, 14.13~21.75, 0.02~0.73 and 2.81~3.45 A stolu| i Ako] @lo| Al dkgko| o} Z A5 ofu]i-Al B
g/ 109 g, respectively. The total polyphenol,' ﬂavonoid anq Za7t2 chillAo] A8 kAA ZUtK(Chang, 1999). o]
tannin contents, and radical scavenging activity of adzuki S0 w AEUL HHS ZAAZ|T AR, Zh|, 3 =

bean showed significant differences by drainage methods. _ )
o 1}o] A AL
The total polyphenol, flavonoid, and in contents by drainage o= =20] FEtHChoi et al, 2002). Z2] A4 anthocyanin

methods were 2.73~4.14 mg GAE/g, 1.07~1.43 mg CE/g, 1l cyanidin© 2 {4 glow(Yoshida er al., 1996), ©]
and 1.27~1.84 mg TAE/g, respectively. The DPPH and & M4+ 34l3H(Ariga er al, 1988) % 3HE-Fa I (Koide
ABTS radical scavenging activities were 2.84~4.47 and et al., 1997 & UElY= Aoz RuEQth
5.11~6.74 mg TE/g, respectively. The antioxidant compounds EoFo| SHElEko 2l o] Qo) WO JFS X
1=]

and radical scavenging activity of the adzuki bean by drainage o= ofgA 9lon, Hjy} Bafal EoFo| Al LB T}

noi'

WJ
N

methods were frequently affected soil water. 2 EopmIo] 2Ho s malEo] AR AbA} B2

Keywords : adzuki bean (Vigna angularis var. nipponensis), dct(ung er al, 2011). EF BFpLo] Hoistd et
drainage method, polyphenol, antioxidant activity Hofl ofgt {39 =3 WOz w=S] BFo] A7tE o]

AzZo| AEHAE FA "Hoba A AdckJung et al,

2011; Plamenac, 1988; Evans et al., 1991). EF-E 3ok

Le|Lt2tol A B(Vigna angularis var. nipponensis)S & o] I} olE) WhAEl: zHEo] AEd A g BReo
G502 383 FRaER 7|5 % BEgo #8401 F2 gmo] 2aol Mo Wt 2 o]z} 9lom(Jung ef
sho] ZLEA| A o] [-8-31A o] & & °1E}(Rho et al., 2003). al., 2011), 22| AL 2 Qe A7)0l ula)] Azt o)A B
S HEE TR 2 FHE IS AROR O guyie) Lumine] ABdag A1 ol W Szt
oA glom(Koh et al, 1997), 100 g 337 keal®] AF= 7} 5041 oFe)#] QItkEvans ef al,, 1991; Griffin & Saxton,
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1988; Scott ef al., 1989). -5 AEH Ao ot HF-o 2 A=
2 dubA o8 sHdAbag-S A|ASk= peroxidases, superoxide
dismutase, catalase 5} 22 G424 RAKSHERI} phytochemical
2 laad skEde] £45 F7HAXITHON et al,
2010; Sofo et al., 2005). AEX7} 8 AEHAE wro
a-tocopherol, [3-carotene, flavonoid 51} 72 phytochemical
9] gAo] S Aog HEET QrthKeles & Oncel,
2002; Munné-Bosch er al., 2001; Tattini et al., 2004;
Zobayed et al., 2007).

ol ¥ Aol M BiEFo] oRzhERrel Eokut vl
Bepel RS Aol S WA W o
W o R Helstge A5 Mol 23 2o 3
AP U RHARERR e mIX ek B 4se] ol 1
AEAL AT A W AR A 7 2ARE B

ERTET

MEHESY E4 24 U AE ZHFH

B oALof| AREH B2 ol2l2|(Vigna angularis var. nipponensis
cv. Arari) EE0|H, 20124 A WepA] H2 Hzelo
= moA] i) T AR S AAsich ARER
of EQHES F1aEoln, AR vlAbAge| L 4
2 | &EF E % (very poorly drained paddy soil)T} 2F7HE
o E(imperfectly drained paddy soil)-& A1 5}o] AA|8}%
ot e =5 Wl 7] AR 19 A ui<(under drainage)
WL 30 cm 70 0] 9] A uj<4(open ditch drainage) W
< Aokt Algel AR B2 2012 69 23U 0] A
A AT = 60x20 em, AR 220 R Slo] TFElgle
™, 10 9Yol 8sfo] HAE Alm= AMESHGIT uHE
FE R Y 7)1 R2ARE AR Bt 24.39+
4.00C o9l om, o] 7|7t Fete] 7= 861.7 mm, AFh
FE 72.90£8.44%, UXRAIZES 5S3S5AIZFC R ARG
o} wiET =ollA o s i BE EAI5E7] flsto] Hi
SN P 29 A| o] I EY RS SHEEY
2~BL4 4| (EasyAG" 50-5 Wire, Sentek Sensor Technologies,
SA, Australia)?} #|3}491=4 /ﬁ_l/ﬂ(EcotoneTM WM, Remote
Data Systems, NC, USA)E o]-&3lo] RYEH 3}t A
2o] fe7]o] AR H2E WAl 1, 5, 10,15 3
20 m AoA A RS AFIsto] A& ARE ARSI

Al
oo

NZo| kyE 9 2y|Ne s &
H3laEo

SeehEl Po SHRIE oS ER

=

T
B\

27)(AND MX-50

moisture analyzer, Tokyo, Japan)Z =343} o, Zcidl
A g2 Kjeldahl BHH(2300 Kjeltec Analyzer Unit, FOSS
Tecator, Laurel, MD, USA), ZX|% &2 Soxhlet HH
(Soxtec™ 2050 Analyzer Unit, Foss Tecator)O.& 143}
A 23| E FF2 600C A3z oz Bt A
729 FrHEL HAEF o2 Ba|ste] ICP (Inductively
Coupled Plasma, Optima-3300DV, Perkin-Elmer, Norwalk,
CT, USA)ZE Z&, Zug wAs%on, JAiket=re &3
o1& ammonium meta vanadate 80 O 72 WFAA]Z] = 470
nmo| A =5 ZH4SIATHWoo et al., 2010).

FEE Mx Y SUUSIYE E 2

A7 FAteHdE 3 A 24 9okl ARE
vibrating sample mill (CMT Co. Ltd., Tokyo, Japan)= &
el S Falo] 80% oL AFSol A 2447
QF 33] XgE=(WiseCube WIS-RLO10, Daihan Scientific
Co., Ltd., Seoul, Korea)3t T}-& oji}tste] -20C Y510
HustA A 248 A2 ARSI 580l tiet &
Zd9& 2 Folin-Ciocalteu phenol reagent’} <&
o) Zejulis hetel ols) sl A BeuRl Halo
2 Wrlehs 2GS 82 EA5HcHDewanto ef al., 2002).
S5 50 uLofl 2% NaxCOs &9 1 mLE 713t & 3&%F
12]3}o] 50% Folin-Ciocalteu reagent (Sigma-Aldrich, St.
Louis, MO, USA) 50 uLZ 7}5}9ich 308 &, wh-g-ofo]
FHE k= 750 nmof|A| S5+, FEEEQ gallic acid
(Sigma-Aldrich) & AFalo] AEAS ZABAT, AR g
o ug gallic acid equivalent (GAE, dry basis)= LEM 3]
o} & ZTR ol S Dewanto ef al. (2002)2] HH
of e} &5 250 ulo) 55 1 mLe} 5% NaNO275 U
L2 78l TS, SE & 10% AICIs6H,0 150 uLE 7}ate]

HI

1o

iy __1N|

gole] FHE HE 510 nmolA] 2T, EELH)
(+)-catechin (Sigma-Aldrich)E& AR&dlo] HEAE ZAd)
a1, A& g ug catechin equivalent (CE, dry basis)Z 1}
R it & ©hd 9F2 Duval®} Shetty (2001)2] o]l
uel 24319 &, Alm £ 1 mLoj 95% ethanol 1 mL
I} SF 1 mLE 7hsto] & 50 F1L 5% NaxCOs-8-%
1 mL3} 1 N Folin-ciocalteu reagent (Sigma-Aldrich) 0.5 mL
= 71t 3 A2oA 6027 WAAIZ] th 725 nmoj| A &

2751901, tannic acid (Sigma-Aldrich)E &5
AR HEAS 2Hste] AR g ug tannic acid equivalent

(TAE, dry basis)® YE 3]
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OlEtE FSE9| Attty AHY

oes FE=ol it 4teFE/d2 DPPH (1,1-diphenyl-
2-picrylhydrazyl, Sigma-Aldrich) ! ABTS (2,2'-azino-bis-3-
ethylbenzo-thiazoline-6-sulfonic acid, Sigma-Aldrich) radical
9] 2AZAS AR HChoi et al., 2006). DPPH radical
9] £2AZAL 0.2 mM DPPHE-4(99.9% ethanolo]| £-3f)
0.8 mLof| A|& 02 mLE H7}gF 3 520 nmoj|lA] &3] 30
H 3o g% 7tAXE A3k ABTS radical®] 47
248 ABTS 7.4 mMI} potassium persulphate 2.6 mM-2
813 ok ohhol WA|sle] ABTS oFol&g B4 F
o[ §O1% 735 nmol A FHE Flo] 14-157 HEE 2 F
FAP(e=3.6410" Mem™)E o]§3te] etz 5|45}

o, 3|45 ABTSS9] 1 mLo 329 50 uiLE 7}siol &
FEo] BskE Ags] 308 ol 45ttt DPPH %
ABTS radical®] £2A&AL2 A& 100 gF mg TE (Trolox
equivalent antioxidant capacity)= ¥ &3}t

Y EUo| 5 £ U To| EY
S Eeko] EOoKvery poorly drained paddy
soil)#} 2F7HETFS] &% (imperfectly drained paddy soil)
S

7 v4=(open ditch drainage) o2 #2332 A% Hj

Table 1. The soil water characteristics and crop yields of adzuki bean with drainage form in very poorly drained and imperfectly

drained paddy soil.

Drainage Drainage Distance between Moisture contents of soil (%) Adzuki bean yields
state form ridge (m) Mean+SD Max. Min. (kg/10 a)
1 17.9349.71 33.97 1.90 145.07 &V
5 23.48+6.84 33.82 11.19 165.55 "
Under 10 21.04+8.49 39.00 9.19 178.33 "
drainage 15 18.89+7.28 38.33 10.18 259.29
20 11.28+5.37 24.05 425 294.60 "
Very poorly drained Mean+SD 208.57+64.75
paddy soil 1 25.53+8.49 38.69 12.46 63.011
5 20.90+10.88 37.59 2.77 63.68 1
Open ditch 10 16.93+6.49 33.36 7.30 71.471
drainage 15 16.82+6.16 34.59 6.46 74.54 1
20 14.89+8.43 36.64 2.98 89.26 ™
Mean+SD 72.39+10.65
1 8.35+4.38 22.02 2.53 169.51 "
5 14.69+9.26 34.05 2.33 198.07
Under 10 16.85+8.38 34.51 4.48 261.49 <
drainage 15 13.03+6.99 31.95 3.19 270.64 ¢
20 21.44+9.95 30.16 3.99 337.21°
Imperfectly drained Mean+SD 247.39+65.77
paddy soil 1 18.55+9.42 36.62 3.62 103.29 "
5 23.14+10.14 42.07 4.87 136.97 ¢
Open ditch 10 20.45+10.51 38.76 3.21 175.08
drainage 15 18.37+7.98 33.84 5.40 246.26 ¢
20 12.68+7.21 26.56 3.13 276.92 ¢
Mean+SD 187.70+72.88

YValues with different superscripts are significantly different at p<0.05 by Duncan's multiple ranged tests.



Supgol e mobe] pRYF S3hE Lo U 23
Sk A3} Table 13} o] Uebgth AAH o= AJFA] B
9] £ HSlEFe Z7HEB(5~15 m)o] =& S Hol= A
OS2 Yeptth il =% B BS A A
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64.75 kg/10 a, HAul4 Wl

kg/10 ag Al HefolA] =2
e B A4S A

65.77 kg/10 a, HAu|S H
72.88 kg/10 a2 SHHEE E
FS 2tk A Hew #
o9 W2 FFS W A0 R YEREIL =04 2 Aul *l

[}
‘”74311 £ ¢ o% ES‘ 7 H—’F

=

-1 A

=13
s

T

.

353

AHOo = 63.01~337.21 kg/10 a2 M2 Yebytrh w4
S A3 A|R= 268.57+
S A3t AR 72.39+10.65

“l‘ ] E Eo—h:l‘ HH/\ 0—1]:
HS 228t A| R 247.39+

Aelgh Al
= A A7t =& 4
TS EYY SRl

= 187.70+

e e A1
7] 913} xﬁuw
A7} 2

Table 2. Proximate compositions and minerals compositions of adzuki bean with drainage form in very poorly drained and
imperfectly drained paddy soil

Drainage  Drainage ]t?ei:\tj;lgg Proximate composition (g/100 g) Minerals composition (mg/kg)
state form ridge (m) Moisture  Protein Fat Ash P,0s K Ca
1 10.6 ™ 19.13 <" 0.48° 2.98 € 915.5 ¢ 1,470.1 3105 ¢
5 108%™  21.75° 0.73 ° 3.16 953.9 < 1,356.6 & 341.0°
Under 10 10.1°¢ 1931 %% 036° 298¢ 10167 1,388.2 " 3234°
drainage 15 104 2025 0.02™ 2.97 8453 " 1,345.7 " 322.0°
20 11.6° 20.69 ° 0.03™ 339 1,008.6 ¢ 1,466.0 300.2 ¢
Very poorly Mean=SD 10.70+0.57 20.23+1.07 0.32+0.30 3.10+0.18  948.0+70.8  1,405.3£59.4 319.4+£15.3
drained bed be 1 odef of of; 6
paddy soil 1 10.6 20.25 0.04 3.15 937.8 °'t 1,407.9 ° 282.5
5 107 19.63 % 0.14] 3.05 & 930.2 °® 1,388.6 " 336.0 °
Open 10 107 18.25° 003™ 319 999.7 ¢ 1,393.7 ¢ 3254°
ditch de cde k b ab c d
drainage 15 10.3 19.81 0.07 3.34 1,060.0 1,497.3 296.2
20 10.1 14.131 0.03™  345° 1,059.5® 1,448.7 < 300.7 ¢
Mean+SD 10.48+0.27 18.41+2.51 0.06+0.05 3.24+0.16 997.4+63.0  1,427.3445.7 308.2421.9
1 10.1°¢ 18.31" 0.46 ¢ 3.04 961.5 ¢ 1,371.1 ¢ 256.7 ¢
5 10.1°¢ 19.19°% 043¢ 3.10%"  1,0732% 13754 ¢ 295.7 ¢
Under 10 107 1956 ** 044 ¢ 295" 1,083.7° 1,434.0 " 2782
drainage 15 11.0° 19.13 %" 036° 3.08 %% 1,011.9¢ 1,389.6 " 205.5"
20 10.5¢%  1925%% 018’ 3.22° 918.7 1,300.2 321.2°
hfillfzi‘aﬂy Mean+SD 10.48+0.39 19.09+£0.47 0.3740.11 3.084010 1,009.8+70.9 1,374.0+48.21 271.5+43.8
paddy soil 1 10.5°° 18635 026" 281’ 1,046.5 ™ 1,447.5° 2700 "
5 107" 19.00™  024°¢ 2.90 1 961.8 1,345.0 " 232.8"
girt):qul 10 107" 18.19° 020" 2.97 ¢ 922.8 " 1,782.7° 298.2 ¢
drainage 15 11.0°  1844™ 020" 2897 9273 1,499.7 ¢ 196.0 "
20 10.1°¢ 1994 023¢ 3.13 < 945.0 °® 1,588.2° 2752 ¢
Mean+SD 10.60+0.33 18.84+0.68 0.23+0.03 2.94+0.12  960.7+50.4  1,532.6+165.2 254.44+40.2

YValues with different superscripts are significantly different at p<0.05 by Duncan's multiple ranged tests.



354 OHEIX|(KOREAN J. CROP SCI.), 59(3), 2014

N
~

ut
ol o d

ko] ok 71
kg/10 a2

8 0
N
=

N ag
L
pa)
12
o
A

w 0&1‘
f
O

2
o < it
)
jaky
2
x
=
N
[\e]
\O
=
N
N O
haf

He
2
lo
-

4 4 ooz
=2

o

ikid

Oﬂi

ft

o0

10 Y

=

flo ®r 4> |o

= (o
==

W Aejgt Pem |y
63.68 kg/10 a®2 ZALE Rith
= A= TR A=A
2L, =4
w*l7l°ﬂ H|3f 7H§}7l°ﬂ A fé FA710l R rhol] AEH
25 7P ol ®al Egrart Aval 4 tk(Jung
1991; Griffin & Saxton, 1988;

5 m AN

=] 3i0] o5t

S X
s

=
1> =

lm'

et al., 2011; Evans et al.,
Scott et al., 1989).

BSOS ol YuhME

vk o] whE o] Y E 9 FUIAR RS B4
gt 23} Table 29} Zro] HAHOR FRIFITFS 10.10~
11.60 g/100 g<] W2 Yelgtth v oj-E5F Eok9]
A4 HHS A YgE AlE= 10.70+0.57 g/lOO g, 17
Hij<= BPHS ek Al B 10.48+0.27 g/100 g & LbERS;
o} = oRTHERF EQFO] 9 A Al RS A et A
T 10.48+0.39 g/100 g, WA |4 WS HEle A B=
10.60+0.33 /100 gO & UERdTh w4 mjoEak ok} of
e EoF9] bzl dhake 7hzk 18.41+£2.51 9 18.96+
0.57 g/100 g© & eI AAuRE A3t A2+ 2+t
20.23+1.07 2 19.09+0.47 g/100 g, HWAu| A2l= zhzt
18.41+2.51 2 18.84+0.68 g/100 g2 & 7 ul4= 2] of A
ok7} t=gkth 2 AW FHFS AR H O 0.02~0.73 g/100 g
o] W& Yepton, 238 T2 2.81~3.45 g/100 g2
AR yebgtth vl o] wE 2o Q4L ZE ¢
Zh4r ke 7h7) 845.3~1,083.7, 1,300.2~1,782.7 & 196.0~
341.0 mg/100 g9 92 Yep; EFE, vy 9 A]
= A ZP%ﬂ et & HolE Hol= Ao & Yepgth ¢l
ALS] 7 8- wlj= mij -EvF Eoke] rAug W P AU
W 223k A|Fol|A] 242k 948.0+£70.8 L 997.4+63.0 mg/100
g9 FFS B v FHEY EFolA At AlEE
717 1,009.8+70.9 2 960.7+50.4 mg/100 g2 FFe 2
th ZE R v wj-E5F EgolA = 242 1,405.3+
59.4 9 1,427.3+45.7 mg/100 g, Hj<= SF7HEEF EQFo] A

L 747+ 1,374.0+48.2 9 1,532.6+165.2 mg/100 gO & 1}
Epsith Za2 vl i -E5F EoFo] Al g A ul
22 WP Aa|at A B A Z+2F 319.4+15.3 2 308.2+21.9
mg/100 gO & wjj<r oF7hEaF Eoko| A5 (Zhzh 271.5+43.8
gl 254.4+40.2 mg/100 @)t} B 3RS H ) o]Ato
A= AES 2 v o] oheb 2k To) gty

ui

iz

3} 57 Re] ggel JFe vAE Ao AZEw, of
B3t ol SHo) Qaros F2o| B ofof oie mrk

AAEE A7 28T AR Hlnh

B T

= of
ol W 2 F E = d
Zo| ghatel e lere BAS AT Fig. 13} 7*°] A 1k
Ao k!

o

2 & 3 ¢9} = }%k% 7}
o AL ek B @t 5 AerleE T Aew o
24 Qlth(Rice-Evans et al., 1997). & E2|d= o= (Fig.
1(A)) 2.73~4.14 mg GAE/go] W& uehtom, i
o e Eoko] Aul4r WS AEgh AR 3.52+0.16
mg GAE/g, BAu|%= w2 #J2)3t A| B 3.87+0.17 mg
GAE/go &2 Jepyth g oFHEsF BEoFo] A9 A
WS Aa]dt A8 3.45+0.41 mg GAE/g, H7uj4 vl
WS A3t A2 3.44+0.14 mg GAE/go. 2 e} A
Ao 3*94 F E2vs g2 B R et 494
E@‘ ou & o7t gl ASRE Yepytth 7H

S 2l A7 wjs uH B Bk gAA4
A2 5 m X]’éioﬂ/\i AF 3 A EE 4.14£0.05 mg GAE/g©
2 yepgon, 7p¢ H& IS 2l k2 w4 ok
2 EoFo] WAulg A2l 20 m AFANA YF3 A BE
2.73:0.20 mg GAE/g®] ¥ W orh

% ZolE ol RS Fig. 1(B)9} 7o) 1.07~1.43 mg
CE/g®] HMel= vehston, v &g =8 S
= S AEe ARE L 20i0 07 mg CE/g, ¥ 7|ulj<> 1}
W& ARt A& 1.37£0.06 mg CE/go &2 ‘I‘HHHTOM
b EA Jebstt wigr AhERF BEoke] A9 A
S Ae)st AR 1.27+0.11 mg CE/g, UﬂﬂHH’\ I

23k A|EE 1.21£0.09 mg CE/go 2 eyt A
o7 PO F Eopilco|E R I EYds U
A 2 EQk 2o mhEh folFel Alolg Bylou &
zFol7F At MR =2 SRS Hol L7ES b u)oE
F B HAS ] 5 m 2FoA] AHFHE AR 143+
0.03 mg CE/go= Uepgtal 7P 2k ek Bl 417k
4= oFrhERF Eoke] WA X 20 m A ollA] A
3t AJ2& 1.07+0.01 mg CE/go & Uepytr},

Z g4 e Fig. 1(C)¢} Zo] 1.27~1.84 mg TAE/g2]
HISIE Uebg o, wias mf eEF B oA WS
RIS /\]ib 1.36£0.08 mg TAE/g, A4 BHH-S Ag)
3t AJRL 1.60£0.15 mg TAE/gO & Uepych w4 o7t
B E%u 79 AAuS S AT AlEe 1.52+0.10

X o o 19

A
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Fig. 1. The total polyphenol (A), flavonoid (B), and tannin (C) contents of adzuki bean with drainage form in very poorly
drained and imperfectly drained paddy soil. "Values with different superscripts are significantly different at p<0.05 by

Duncan's multiple ranged tests.

mg TAE/g, HAu4 RS A3t A8+ 1.4120.09 mg
TAE/go & 14.1:,].143]. ;q;q]x% o7 #o] £ By e =
Zeju)s % Behuieol= P v R B 8o
ek FoH 9l 2felE Halou & Apol7h gl 7M=&
© PG Bel A7 w5 v B Eope] WAus A
2] 5 m AFo)A A3 A EZ 0.84+0.05 mg TAE/gO.2
UehaL 7P 2h ghds 2ol 72 v o e B
& A A2 20 m A M HF ARE 127+
0.04 mg TAE/go 2 Uebyith
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Fig. 2. DPPH (A) and ABTS (B) radical scavenging activity of adzuki bean with drainage form in very poorly drained and

imperfectly drained paddy soil.
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