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Abstract

We evaluated the antioxidant properties of adzuki beans and the quality characteristics of sediment using various cultivation
methods. There were significant differences in total polyphenol and flavonoid contents in beans grown using different
methods of cultivation (p<0.05). Also, DPPH and ABTS radical-scavenging activities were significantly different depending
on cultivation method (p<0.05). The sediment yield before drying of Chungju-pat, Hongeon, and Arari was 296.64~339.01,
271.36~282.24, and 268.21~292.32%, respectively, and the sediment yield after drying was 71.68~85.41, 77.90~85.19, and
74.15~78.65%, respectively. The L-value of Chungju-pat and Arari sediments revealed a significant difference given different
cultivation methods (p<0.05), but Hongeon sediment did not show a significant difference. There was a significant difference
in the a- and b-value of adzuki bean sediments cultivated using different methods (p<0.05). The particle size of Chungju-pat,
Hongeon, and Arari sediments was 66.21~98.80, 61.62~97.07, and 82.96~106.71 um, respectively, and all were significantly
different depending on cultivation method (p<0.05). There were also significant differences in the water absorption index,
water solubility index, and swelling power when different cultivation methods were used (p<0.05).
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Table 1. Antioxidant compounds and radical-scavenging activity of the adzuki beans with the cultivated methods

Seeding date Seed spacing

Antioxidant compounds

Radical-scavenging activity”

Variety (MM/DD) (cm) Total polyphenol” Total flavonoid” DPPH radical ABTS radical
15 6.90+0.229 <) 0.95+0.06° 4.13+0.69 6.82+0.52%

7/1 20 7.34£0.63 ° 1.01+0.13° 4.59+0.84% 7.72+1.26*

25 7.07£0.56 0.94+0.15° 4.44+1.01% 741+1.34%®

15 6.98+0.73 ** 0.93+0.25° 4.68+1.01° 7.51+1.49®

Chungju-pat 7/10 20 6.65£0.37 ™ 0.92+0.06° 3.5240.38% 6.56+0.58 %
25 6.56£0.15 © 0.98+0.13° 3.38+0.23¢ 6.37+0.33¢

15 707040 © 0.90+0.15° 4.03+0.67 ¢ 7.33£0.97%

7/20 20 6.61£0.11 ™ 0.89+0.24° 3.7240.23¢ 6.67+0.17%

25 7.05£043 ©® 0.98+0.07° 3.90+0.60 4 7.54+0.91 %

15 9.85+1.24 ° 1.83+0.32" 5.64+1.35° 10.20+1.93°

71 20 10.5740.69 * 1.86£0.22% 6.64+0.58° 11.57+0.92°

25 10.86+0.99 * 2.1140.09° 7.16+0.89° 12.26+1.17°

15 7.98+0.37 ° 1.67+0.25°4 3.36+0.68°¢ 8.0120.84°

Hongeon 7/10 20 8.30+0.27 © 1.47+0.07¢ 3.4840.21°¢ 8.2240.29°¢
25 8.15+0.17 ° 1.66+0.39 " 3.4340.17°¢ 7.82+0.22°¢

15 8.02+0.40 © 1.44+0.13¢ 3.4840.33¢ 7.87+0.56¢

720 20 8.40+0.51 © 1.57+0.15% 4.00+1.04° 8.74+0.78°¢

25 8.0340.14 © 1.45+0.07¢ 3.6440.89°¢ 7.93+0.33¢

15 7.06£0.16 ° 1.10£0.01™ 2.79+0.86™ 6.89+0.30"

71 20 7674040 *° 1.26+0.06° 3.5240.97° 8.08+0.87°

25 6.82+0.42 ™ 1.10£0.17% 3.2240.55%® 6.41+0.88 ¢

15 710027 ° 1.20£0.12%® 3.48+0.36° 6.66+0.61"

Arari 7/10 20 6.97+0.20 ° 1.13£0.04 3.56+0.29° 6.79+0.53°
25 6.58+0.25 0.98+0.08 3.27+0.26™ 6.03+0.31¢

15 6.460.53 1.08+0.21" 2.560.69 5.81+1.10¢

7/20 20 621022 °© 0.91£0.10¢ 2.1120.31¢ 4.96+0.51°

25 6.17£0.31 © 0.87+0.14¢ 2.18+0.419 4.79+0.73¢

D mg gallic acid equivalent/g sample (dry basis)

? mg catechin equivalent/g sample (dry basis)
3

9 Each value is mean£S.D. (n=3).

® mg Trolox equivalent antioxidant capacity/g sample (dry basis)

% Any means in the same column followed by the same letter are not significantly different (p<0.05) by Duncan’s multiple range test.

o] AL BT, olgtal= 7¢ 1Y 2 102 20 cm X2 o)A
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ABTS' - o] 44519 2855] Y42} B4of ol ABTS

o] 27 Hjo] radical T5-9] A<l HSAo] AL, o)
= #eg Yehfo] 559 ABTS'

Lo 27 BHE

AT & de= PHL2(Kim F 2009), o] 5 BAT A=
Table 13} Zro] Yelyth. 38, &A % ofgte] 9] ABTS
radical 2AEAL 242} 6.37~7.72, 7.82~12.26 D 4.79~8.08
mg TEgo 2 yeht Fdo] thE &350l vis] foxe= =
UL (p<0.05), 53] 74 19 25 cmE FHF3H A=A
1226 mg TEgO. 2 =2 FAL Btk 25T 79 1€ 20
eme} 7¢ 102 15 em A2 o)A 22t 7.72 © 7.51 mg TE/gQ)
S e, ofgte]= 749 1Y 20 cm A 2|04 8.08 mg
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Table 2. Sediment yield before dry and Hunter color value of adzuki beans sediment with the cultivated methods

Seeding date Seed spacing Sediment yield

Variety (MM/DD) (om) (%, web basis) L-value a-value b-value
15 296.64+11.1"%) 46.3242.94% 5.97+0.93 ¢ 0.28+0.61%
7/1 20 337.87+45.9 ° 45.51+0.98 % 6.5140.26% -0.16+0.17¢
25 339.01£10.6 * 44.80+1.47% 7.24+0.56™ 0.70£0.33 ™
15 314.09+18.4 * 44.63+1.73% 6.5120.71 0.73£0.48 ™
Chungju-pat 7/10 20 324.28+6.88 ® 44.4142.29° 6.32+0.81% 0.60:£0.73 ¢
25 318.36+4.58 ® 41.68+1.81¢ 7.4140.24° 1.67+0.38°
15 314.10+£2.56 * 46.44+1.25% 6.840.22" 1.30+0.24°
7/20 20 317.53+4.45 ® 46.53+1.23° 6.53+0.27% 1.18+0.26®
25 298.58+12.7 © 44.84+0.36™* 6.54+0.36 0.51+0.89°¢
15 277.73£2.78 ® 45.8242.01° 7.57+0.41° 1.63+0.73°
7/1 20 273.92+0.55 ™ 46.74+1.93° 6.96+0.48" 1.81£0.41°
25 281.3145.70 * 45.56+1.73° 7.3240.56® 1.89+0.75°
15 281.74£5.29 * 45.41+0.87° 6.89+0.24 1.8140.26°
Hongeon 7/10 20 276.9243.33 ** 45.02+1.44° 6.98+0.41" 1.68+0.53°
25 271.36+1.79 © 453142.79° 6.500.60° 0.82+0.49°
15 280.45+1.32 ° 46.48+1.71° 6.700.61°¢ 1.39+0.40°
7/20 20 282.24+1.98 * 45.80+1.34° 6.910.42" 1.84+0.61°
25 278.30+1.97 * 46.50+1.33* 6.77+0.50° 1.81+0.59°
15 268.21+10.0 ¢ 4327+1.23° 6.12+0.58*® 1.62+0.96*®
71 20 270.98+0.98 ¢ 44.55+1.67% 6.26+0.93*® 1.92+0.94*
25 278.3240.86 ° 44.73+1.65%® 6.15+0.59%® 1.87+0.50°
15 282.75+1.53 ¢ 45.7241.09° 5.93+0.28° 1.15+0.37°4
Arari 7/10 20 202.3242.61 ° 43.9542.60% 6.53+0.49° 1.93+0.63°
25 289.89+1.39 © 44.77+1.38%® 5.74+0.29° 1.29+0.25%
15 283.84+2.34 43.66+1.62° 5.07+0.24¢ 0.89+0.29%
7/20 20 279.94+0.89 ° 44.80+2.24% 4.92+0.46° 0.83+0.39%
25 281.08+3.77 © 45.58+0.80° 4.77+0.27° 0.62+0.351

" Each value is meantS.D. (n=3).

? Any means in the same column followed by the same letter are not significantly different (p<0.05) by Duncan’s multiple range test.
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Table 3. Sediment yield after dry and Hunter color value of adzuki beans sediment with the cultivated methods

Seeding date Seed spacing Sediment yield

Variety (MM/DD) (om) (%, dry basis) L-value a-value b-value
15 78.46+7.96" 59.66+1.55° 3.34+0.18¢ 4.5240.26°¢
7/1 20 74.56£2.33 57.90+2.66° 3.89+0.26° 4.78+0.86 "4
25 71.68+0.57 © 57.99+2.13° 4.39+0.38° 4.87+0.30*
15 79.34+6.53 ** 58.42+1.63° 3.97+0.19° 5.27+0.66"
Chungju-pat 7/10 20 83.67+0.59 ° 58.861.07° 3.75£0.27" 5.14£0.48™
25 85.4144.27 * 58.76x1.62° 3.75+0.33" 4744037
15 81.69+127 *® 62.17+0.92° 3.5240.31 4344031 %
7/20 20 85.2444.73 *° 61.23+1.00° 3.43+0.32% 4.03+0.26°
25 79.14+1.23 ¢ 61.49+1.60° 3.67+0.54%¢ 4.15+0.35°"
15 84.97+6.33 ° 63.25+1.60° 5.75£0.71° 5.17+0.43
71 20 78.10£2.70 © 62.00+1.14° 3.89+0.12° 5.10£0.37
25 85.19+1.81 * 63.13£1.03° 5.26+0.23° 4.8340.32%
15 80.66+2.04 63.03+1.13° 4.24+0 .45 5.23+0.24°
Hongeon 7/10 20 83.9042.20 * 62.97+0.97° 4.63+0.46° 4.98+0.37%
25 81.14+2.71 62.55+1.10° 4.09+0.34% 4.63+0.47¢
15 79.33+1.11 62.43+1.77° 4.28+0.29°% 5.94+1.05°
7/20 20 78.12£1.01 © 62.77+1.26* 4254026 6.50+0.48°
25 77.90+0.57 © 62.24+0.96° 4.48+0.11% 6.37+0.48®
15 75.14+4.18 ° 59.44+1.71% 4.30+0.20° 6.02+0.56™
71 20 75.08+1.73 ° 59.43+1.30% 4.04+0.67® 6.28+0.55°
25 74.15£.84 ° 60.82+1.16™ 3.09+0.08°¢ 5.53+0.38 %
15 78.65+1.40 ° 60.23+1.18* 3.58+0.46 5.46+0.46°
Arari 7/10 20 76.88+0.18 *® 60.82+1.00%® 42340.17° 5.87+0.31>¢
25 76.75£0.31 *® 60.18+2.18* 3.74+0.35" 5.40+0.13°
15 75.37+0.30 ° 59.36+0.86° 3.660.37°¢ 6.08+0.37%
7/20 20 76.67+0.23 * 61.47+0.98° 3.030.16¢ 5.67+0.36°¢
25 76.24+0.65 * 60.43+0.88 ™ 3.260.16 5.23+0.19°

" Each value is meantS.D. (n=3).

? Any means in the same column followed by the same letter are not significantly different (p<0.05) by Duncan’s multiple range test.
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p

2tolE B0 (p<0.05), T $-229l 2po| S HolR| &
bk HAE o] A2 7hz}k 334-4.39, 3.89~5.75 L 3.03~4.30,
AL ZH7E 4.03~5.27, 4.63~6.50 T 5.23~6.28 2 Ajujuby
of wat Fol%Ql Ao]E Kol AR YERGTHp<0.05).
&% 4T AT I3 vEe) BY Y PUEE A%
7hohe A BREon, ANEE o Fadte AT

4. THERERHY E 13| 9ZTYIQt DIMTE

Al we B ofge) WA Ae 2T A
Table 49} Zro] 2 T o 9 olg}g|7} ZHzF 66.21~98.80,
61.62~97.07 9 82.96~106.71 ym= AjujfHE=Z S-2]F el =}
o]2 Holt Ro2 Uehth(p<0.05). Na 5(2000)2] A7l
ool EE] obe] YEE 420 ime] A7|E Hol: A
o2 Rusigon, AT FH B AR YIS
BA A}, 247H 2578 @ 27.35 im A B Ao
2 B ArHKim 5 2003). 71 AT} Holg Hol= A
oz gzl Holo] 7|3t Aoz 7T, 2 g B

:

o 5
B} Park & Cho(1995)9] ATol A B Fo] Mzt
o, ANz 9 37 7k 3319, 5.80 2 3952 X 115}
Ay, PEE B AT o e 7S vehygla, 24
o} GHEL H2E $3E Yenj o

ol o ot

Table 4. Particle diameter, water absorption capacity, water solubility and swelling power of adzuki beans sediment with

the cultivated methods

Seeding date Seed spacing

Particle diameter

Water absorption index Water solubility index

Swelling power

Ve ampp) (om) (um) (%) (%) %)
15 95.3+11.5" 2 505.94+60.26 86.91+4.08° 124.03439.15°
7/1 20 884+12.4 ® 566.86+88.79° 86.57+3.39° 122.04+31.97°
25 66.2+16.5 ° 546.74+67.85® 76.25+6.57¢ 68.97+20.54°
15 92.8+223 ® 520.42+78.88 % 82.44+3.79% 90.29+23.59°
Chungju-pat 7/10 20 77.8+31.8 ® 495.04+35.80™ 81.58+2.29% 82.07+ 8.62°
25 97.1425.8 ° 460.73+29.77°¢ 78.6144.70 "4 70.57+15.59°
15 80.0+20.7 * 527.97+£77.29% 79.61:4.07 > 76.94+14.28°
7/20 20 9344329 ® 488.83+38.73 ™ 76.76+5.01¢ 66.05+£14.61°
25 98.8+16.1 * 493.79+55.78 ™ 77.26+5.88% 69.19+£19.59°
15 80.4+22.8 ® 488.70:£38.40° 74.88+4.47" 60.15£10.56"
71 20 86.8+19.6 * 509.29+80.21° 82.97+3.48% 89.22+16.68
25 61.6£17.7 °® 486.40+51.61° 79.48+1.77¢ 71.99+ 4.59°
15 81.0+32.8 * 507.76+32.26° 83.79+1.42>¢ 93.14+ 8.62°
Hongeon 7/10 20 69.9+11.6 *® 503.94+29.19° 81.25+2.36% 80.02+ 7.69%
25 86.7424.5 ® 516.51+49.92° 79.23+3.08° 73.28+ 9.43°
15 97.129.3 °® 493.26+27.30° 84.34+4.31 ™ 97.95+20.14 %
7/20 20 90.0425.6 * 505.77+24.81° 86.18+1.39® 108.00+9.22%
25 85.74283 ® 526.95+23.64° 86.85+0.71° 114.86+5.95°
15 97.4+36.9 * 543.67423.73° 86.39+0.74 11212+ 7.29%
71 20 90.8+24.2 * 496.01+48.89° 84.7744.03° 100.94+20.79°¢
25 106.7+23.7 * 507.59+£32.36% 87.42+0.97® 118.60+ 5.34%
15 93.9+11.1 ® 501.09+£28.50° 86.48+0.83 110.16+ 6.51%
Arari 7/10 20 92.9426.7 * 489.11433.04° 85.4143.84™ 104.37422.96°¢
25 9484244 * 506.57+33.70% 88.26+0.74° 125.22+10.25°
15 83.0£15.8 * 489.99:+45 48" 87.70+1.33° 119.15+13.16®
7/20 20 9444238 ° 496.05+41.82° 86.87+1.16" 112.53£10.34
25 89.6+20.8 ° 505.14+54.45® 88.1240.68" 123.35+ 7.07%

" Each value is meantS.D. (n=3).

? Any means in the same column followed by the same letter are not significantly different (p<0.05) by Duncan’s multiple range test.
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2 as A8TH RauEo] §lrk(Leach 5 1959). EZH
22|A7d0] W2 2ol AHgRe) WEkE FAAEFe
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1 B35t tHRockland & Jones 1974). Kim $(1987)& 7}
23 OF 1B WHFEE FAAAENGLD B
23}, T LEC v T LES TFY Az
CEEE R =,

o
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M st

L

5. HHEHHS & ofgo| +EAEE, Sl & WEY

42 A3} (water absorption index) 2 AEQA}Le] FHo| &
e AU, YRR JARE= 59 42 SAT AR Al
Hol 2 2 da9 +EZEFE S 533 A= Table 49
Zol 942 Zol& U Achp<0.05). 558, T4 H
olgte] ofF9] £~EAT -2 7+z) 460.73~566.86, 486.40~526.95
2 489.11~543.67%% §-2]2 ¢l Z}o]E H g O w(p<0.05), 3
Zo] A9 7Y 199 20 cmE T}FEFE A BT} 566.86%E 7+
Z =9k, 5918 7Y 209 25 cm T A| 8(526.95%), of=t
gl 7¢ 1Y 15 om T A B(543.67%)7F =2 7HS B gt
Cho & Park(1997)9] Ao A FFo W& T 49 &
E2FE 0] 3224-355.0%2 Rt B daol AT
FEET 22 FEARYS 7R Ao E YEh &=
(water solubility index)+= Table 49} Zto] 38, 3¢ U ot
2] o}Zol|A ZFz} 76.25~86.91, 74.88~86.85 L 84.77~88.26% 2
oA el Zolg BYP2H(p<0.05), & 2olE HolA] gkt
olg}g]e] 7€ 1099 25 cm= £33t A| 27} 88.26%= 713
=94, T2 79 190 15 em= w53k A&7} 86.91%, 5
A& 749 20¥0] 25 cmZ TESH A| 27} 86.85% % =& IS
e it 3-8-S(swelling power)2 Table 482} o] S34,
] o olaty] oA 22 66.05~124.03, 60.15~114.86 L
100.94~125.22%2 S-2]&9] 2}o]2 H P rhp<0.05). 3
o A%, 74 199 15 4 20 em2 TF3 Al mo|A 242+
124.03 2 122.04%2 =43, AL 79 209 20 & 25
cmE T}EF A 24 ZHzZ 108.00 L 114.86%2 LFERGE L,
olgtg]ls 7€ 10¥9] 25 cmZ TS A|2o||A 125.22%2
=2 g2 Ho AAH R P{YPL2 FFTolY o H]

AegE 2o g=

u ahaet 54 141
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Fig. 1. The microstructure (x300) of Vigna angularis var.
nipponensis cv. Chungju-pat sediment with the cultivated methods.
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Fig. 2. The microstructure (x300) of Vigna angularis var.
nipponensis cv. Hongeon sediment with the cultivated methods.
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Fig. 3. The microstructure (x300) of Vigna angularis var.
nipponensis cv. Arari sediment with the cultivated methods.
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