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Variation in Physicochemical Characteristics and Antioxidant Activities of Small
Redbean Cultivars

Jung Sook Sung"’, Seok Bo Song', Ji Young Kim?, Yeon Ju An’, Jae Eun Park®, Myeong Eun Choe? Ji Ho Chu?,
Tae Joung Ha', and Sang Ik Han'

ABSTRACT This research was conducted to evaluate the physicochemical properties, antioxidant components, and their
activities for more taking advantage of small redbean cultivars. Seed size, 100 seeds weight, and hardness on the 8 cultivars were
measured. The free sugar and crude protein contents were evaluated using HPLC and protein analyzer, respectively. Amylose
content, antioxidant components, and activities were analyzed by spectrophotometer. The range of 100 seeds weight and hardness
were 12.55-18.81 g and 9,527.38-14,341.25 gf, respectively. Total free sugar, amylose, and crude protein were showed
22.49-31.07 mg/g, 13.53-15.67%, and 21.27-23.30%, respectively. The cultivar ‘Hongeon’ was higher antioxidant component
and activity more than others. In clustering the cultivars based on the results, the tree showed four major clades. The ‘Huinnarae’
group was high in total free sugar and amylose content. The ‘Hongeon’ group were high in 100 seeds weight, antioxidant
component. and activity, while amylose content was lower than that in the other groups. The results of the cultivars can be utilized
for research of functional materials. The findings of this study will provide valuable information for expansion of functional food
industry related on small redbean.
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Table 1. Seed size, hardness, and 100 seeds weight on the red bean cultivars.

Sample? Lengzll Widti] Thicknfss Seedz)hariiness 100 seedsiweight
(mm, n=10) (mm, n=10) (mm, n=10) (gf”, n=10) (g, n=3)
cl 7.88+0.57% 6.27+0.34% 6.06+0.46° 14341.25+4856.78° 17.35+0.59°
HE 7.82+0.37% 5.87+0.31% 5.42+0.10% 10225.54+1736.21° 16.81+0.53°
GG 8.37+0.77° 5.93+0.41% 5.64+0.48% 9527.38+1318.85° 13.98+0.20¢
AR 7.58+0.61" 5.90+0.48° 5.59+0.72" 9672.67+2657.98" 15.31+0.62°
HG 7.63+0.63"™ 5.74+0.37% 5.4240.36 12152.37+3693.59%® 18.81+0.54°
YD 7.13+0.51¢ 5.59+0.48 5.04+0.54¢ 10335.40+1494.50° 12.55+0.45°
HN 8.11+0.69" 5.50+0.21¢ 5.18+0.55% 11111.7543319.98° 14.12+0.39¢
HJ 8.05+0.31%° 6.3440.41° 5.89+0.43% 11187.6642786.26° 17.48+0.50°

YCJ: Chungju-pat, HE: Hongeon, GG: Guomguseul, AR: Arari, HG: Huinguseul, YD: Yeonduchae, HN: Huinnarae, HJ: Hongjin
Ygf: The gram-force is a metric unit of force (gf). The gram-force is equal to a mass of one gram multiplied by the standard
acceleration due to gravity on Earth, which is defined as exactly 9.80665 meter per second”. Then one (1) gram-force is equal

to 0.001 kg x 9.80665 meter per second’ =

0.00980665 kilogram x meter per second® =

0.00980665 newton (IN).

IData represent the means £ SD. Means separation within columns by Duncan’s Multiple Range Test (DMRT, p < 0.05).

Table 2. Stachyose, raffinose, sucrose, glucose, total free sugar, amylose, and crude protein on the cultivars.

Sample Stachyose Raffinose Sucrose

Glucose

Total free sugar Crude protein

Amylose (%)

(mg/g) (%)
CJ 18.58+0.434D 1.5940.03¢ 4.45+0.18°  0.71+0.08? 25.3240.53¢ 15.24+0.33° 23.08+0.07%%Y
HE 19.78+0.43¢ 1.72+0.04¢ 4.13+£0.11¢  0.00+0.00° 25.63+0.57° 14.08+0.06° 21.96+0.17°
GG 22.28+0.49° 2.14+0.03° 4.97+0.05°  0.77+0.00° 30.16+0.56° 15.13£0.04° 21.27+0.28¢
AR 17.52+0.10° 1.91+0.03° 4.14+0.13%  0.67+0.16° 24.24+0.36° 15.54+0.05°  23.03+0.21%
HG 18.07+0.31% 1.67+0.02¢ 5.03+0.06®  0.69+0.01° 25.47+0.39° 15.50£0.05°  23.30+0.16*
YD 23.20+0.18° 2.02+0.02° 5.12+0.28°®°  0.73+0.01° 31.07+0.46° 13.53+0.26°  21.40+0.22¢
HN 22.57+0.04° 1.67+0.08¢ 5.26+0.10°  0.00+0.00° 29.57+0.19° 15.67+0.55° 22.74+0.19°
HJ 16.58+0.38" 1.69+0.04¢ 4.2240.10°  0.00+0.00° 22.4940.50° 15.66+0.34° 22.80+0.30°

YData represent the means = SD (n=3). Means separation within columns by Duncan’s Multiple Range Test (DMRT, p < 0.05).
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B117} 9ltkLee e al., 2015) AR R 1 FE0R
oAl APEL ZZa|vs 3l 2.03£0.05 mg GAE-g’!

=
IR
4

} oLk

ZalH-olE FEF 1.13+0.05 mg CAE-g'2 ZRAbEo],
Ao ditr & o S A=Y FdFae i o

rlr FE—E >{IE

=R AR FAY AR FEETE 2
Ho | tHChun er al., 2017). 2Ze]w 3 1.52+£0.02 mg
GAE-g' 4 ZglH o= & 0.98+0.05 mg CAEg'
Hol= ofete] A, viEFEGANA AHuigt & A&



236 SIXEX|(KOREAN J. CROP SCI.), 65(3), 2020

Table 3. Total polyphenol, flavonoid contents and antioxidant acitivities on the red bean cultivars.

Sample Total polypheﬁlol Flavonoid_1 ABTS”_1 DPPHz)_1
(mg GAE-g") (mg CAE-g") (mg TE-g") (mg TE-g")

CJ 1.54+0.03" 0.84+0.01¢ 3.79+0.03° 2.5240.09¢
HE 4.28+0.13° 2.62+0.04° 8.15+0.04° 6.79+0.04°
GG 2.03+0.05¢ 1.13+0.05¢ 4.56+0.06° 2.92+0.01¢
AR 1.52+0.02° 0.98+0.05¢ 3.31+0.038 2.07+0.05¢
HG 2.69+0.08" 1.94+0.04° 5.33+0.02° 3.84+0.05"
YD 2.57+0.05° 1.89+0.11° 5.49+0.01° 3.61£0.05°
HN 0.5240.018 0.12+0.01f 1.64+0.03" 0.6440.05"
HJ 1.7+0.06° 1.06+0.02% 3.58+0.04° 2.2940.01°

12,2"-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid (ABTS), ?1,1-diphenyl-2-picryl-hydrazil (DPPH),
IData represent the means = SD (n=3). Means separation within columns by Duncan’s Multiple Range Test (DMRT, p < 0.05).

A E A Hek @t Woo er al, 2014). EZH
FHEY Ae9 TEYHE ¥ ERtE ol Fol 7t
7} 3.86+0.00 mg GAE-g”, 1.18£0.06 mg CAE-g" 2 5.44
+0.46 mg GAE-g", 1.91£0.05 mg CAE-g"'¢lt}= Song et
al. (2013)9] Axprct o ghE H ook

A ZEE2] ABTS radical AAHZA]L 3.58+0.04 - 8.15
+0.04 mg TE-g'9] BxE Her} 9] g0 8.15£0.04
mg TE-g'2 7P &9ka, A%, s3&, d1E, 252,
SA, ofgte] & Fueoll A Z+z 5.49+0.01, 5.33+0.02, 4.56
£0.06, 3.79+0.03, 3.58+0.04, 3.31+0.03 2 1.64+0.03 mg
TE-g'& eyt Slgg Axgo= $4H 3lvs 9 3l
U= 2kt 5.33£0.02 mg TE-g' 2 1.64+0.03 mg TE-g"
2 ol AolE HAth AuEgor S AFA=
5.49+0.01 mg TE-g'2 ®uwd =2 o=z eyt
DPPH 4 71o)| A= 0.64+0.05 - 6.79+0.04 mg TE-g'&
EE 597 Aol Kt 90| 6.79+0.04 mg TE-g"
2 7H &0l &8k, d4tE, ARA, dAE S5 B
A, ofgkg] 2 3y ol A 242 3.84+0.05, 3.61+0.05, 2.92
£0.01, 2.5240.09, 2.29+£0.01, 2.07+0.05 % 0.64+0.05 mg
TE-g'$=02 ABTS B7ke} ASH Aabgre ®gict ABTS
% DPPH H7lo| A EFE7H0] &/dol gt A3k A
L, Aghe] Aol WRSAES] Apolm Helnk webA, &
4ret g2 S wet dupgle] thEA dojd 4
7] ol Hoh vheket RS ARESke] E45Hs Ao
wlg2lshckar A ZE T Lee ef al., 2015).
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Table 4. Correlation coefficients among total polyphenol, flavonoid, antioxidant activities, protein, amylose, free sugar, and 100

seeds weight of the red bean cultivars.

Factor Flavonoid ABTS” DPPH® Protein Amylose Stachyose Raffinose Sucrose Glucose lowoei;e;tds
Total polyphenol 0.973""  0.993""  0.992""  -0.355 -0.047 -0.039 0.018 -0.291 -0.040 0.231
Flavonoid 0.968"" 0952”7 -0315  -0.068  -0.055 0.046 -0.214 0.057 0.225
ABTS 0.992°"  -0.407"  -0.051 0.019 0.058  -0.256 0.020 0.189
DPPH -0.334 -0.054 -0.038 -0.033  -0.316 -0.065 0.257
Protein -0.038  -0.708"" -0.736"" -0.232 -0.123 0.678""
Amylose -0.065 0.035 0.026 0.034 0.050
Stachyose 0.573"  0.716™"  0.109 -0.798™"
Raffinose 0.317 0.442°  -0.741"
Sucrose 0.248 -0.423"
Glucose -0.146
1)2;%'—%%ino-bis (3-ethylbenzothiazoline-6-sulphonic acid (ABTS), ?1,1-diphenyl-2-picryl-hydrazil (DPPH).

, ", ™" Significant at the level of 0.05, 0.01 and 0.001 probability, respectively.
Table 5. Eigenvector and eigenvalues generated by principal component analysis of the cultivars.

Characters PC1 PC2 PC3 PC4 PC5
Total polyphenol 0.482 -0.052 0.010 -0.016 0.060
Flavonoid 0.469 -0.060 -0.056 0.073 0.122
ABTS" 0.479 -0.084 -0.012 0.007 0.068
DPPH? 0.481 -0.035 0.038 -0.027 0.071
Protein -0.142 0.464 -0.079 0.192 0.227
Amylose -0.029 0.007 -0.578 -0.797 0.123
Stachyose -0.070 -0.476 0.247 -0.077 0.296
Raffinose -0.023 -0.456 -0.222 0.067 -0.380
Sucrose -0.189 -0.309 -0.001 0.077 0.774
Glucose -0.026 -0.182 -0.719 0.546 0.026
100 seed weight 0.152 0.456 -0.167 0.082 0.272
Standard deviation 2.055 1.870 1.043 0.987 0.898
Proportion of Variance 0.384 0.318 0.099 0.089 0.073
Cumulative Proportion 0.384 0.702 0.801 0.889 0.962
12,2'-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid (ABTS), *1,1-diphenyl-2-picryl-hydrazil (DPPH).
ME $6, TFIVE F7&3 AFHR TR 15 goldw, ofuRe s g ke wWolgot FAs) 4
W EAS A, OFIS WYY 2N G £ % B4 M 2o g2 Byt IFIVE HYFol
Aol 42T W oluRo AL w2 Wolgo  w, HReY YL £ Holy xuhiy g W
PAS AL W WAL WOtk IBIE WAF] 03 A HE 2 B4 Fage By
oS Holw, FHYeS XL ofdz e s ol chuly 2 A4 e # 50l Hel 1&g E o]
AT Hlnd i, AEs AR UHA EFFolA = o] A A4S WA HT SA4EFSS e
FAEE i 9 2o W Hof| &5t EAE HAt 2 ohefRt ARl Hiet HUkE stk 2 59
IFIRE WSl 1, SRy ol e St o|g}eta 54 7F Aol ofstd, IF19 A= AY
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Cluster Dendrogram

Group I Grpup I Groyp I Groupg IV

Height

Ed 2 2 3 % ¥ 3 e

Fig 1. Hierarchical clustering analysis based on evaluation
results of the red bean cultivars. Cluster analysis is
one of the methods for analyzing unsupervised learning,
and is an analysis that classifies entities based on the
similarity of information. Hierarchical cluster analysis
used R statistics to standardize variables, measured
the similarity of entities, and connected close entities.

CJ: Chungju-pat, HE: Hongeon, GG: Guomguseul, AR: Arari,

HG: Huinguseul, YD: Yeonduchae, HN: Huinnarae, HJ: Hongjin
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