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Introduction

The adzuki bean (Vigna angularis L.) is cultivated around 

the world, mainly in Asiatic countries, as a diverse food source 

(Gohara et al., 2016; Rho et al., 2003). In China and Korea, the 

bean has been used to treat diuretic dysfunction and other 

diseases such as dropsy and beriberi (Gohara et al., 2016; Kim 

and Chung, 2013; Luo et al., 2016). Adzuki beans leaves are 

also used as medicine and in side dishes in Korea (Moon et al., 

2015). Sikryochanyo, the Korean traditional medical book, 

describes that adzuki bean leaves help treat and prevent diabetes 

(Kim and Chung, 2013). Although previous studies reported on 

characteristics of the adzuki bean such as antioxidant activity 

and phenolic and flavonoid content (Gohara et al., 2016; Han 

et al., 2015; Luo et al., 2016; Park et al., 2011; Woo et al., 

2016), few study authors have analyzed the bean’s leaves.

Reactive oxygen species (ROS) are oxygen-derived molecules 

that include the superoxide anion, hydroxyl, peroxyl, alkoxyl, 

nitric oxide, singlet oxygen, hydrogen peroxide, and hypochlorous 

acid (Fang et al., 2002). ROS damage cellular constituents such 

as DNA, proteins, amino acids, and lipids (Zou and ChangSam, 

2014), and damage caused by ROS is an important risk factor 

in the pathogenesis of numerous chronic diseases such as 

asthma, inflammatory arthropathies, diabetes, Parkinson’s and 

Alzheimer’s diseases, cancers, and human aging (Chiavaroli et 

al., 2011). Many have reported the beneficial health effects of 

antioxidants contained in some food (Kim et al., 2012; Kim et 

al., 2017; Maynard et al., 2003; Sabe et al., 2012). Antioxidant 

uptake from food is recommended because the antioxidants in 

foods are considered to detoxify ROS in the human body 

(Terashima et al., 2013). Some researchers have reported that 

some antioxidant compounds are present in bound form in food 

matrices (Acar et al., 2009; Gökmen et al., 2009; Serpen et al., 

2007; Serpen et al., 2008). Although these food-antioxidant 

complexes are not easily absorbed from the intestine, they are 

likely important for gastrointestinal tract health (Terashima et 

al., 2013).
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Flavonoids are a general name for a group of chemicals that 

includes anthocyanins, pro-anthocyanins, flavonols, and isoflavones 

(Luo et al., 2016). Flavonoids provide color to plants and attract 

pollinators and seed dispersers. They include antioxidants to 

protect plants against UV radiation, attract insects, act as 

signaling molecules to facilitate nitrogen fixation, and defend 

against bacterial and fungal attack, and their bitter or astringent 

taste repels birds and other animals (Croteau et al., 2000; Kim 

and Cha, 2017; Wildmann, 2001; Winkel-Shirley, 2001; Winkel- 

Shirley, 2002). Several beneficial health properties of dietary 

flavonoids have been recognized in humans due to their anti-

oxidant and antiproliferative effects, which protect the body 

from various pathologies such as cancers and cardiovascular 

and inflammatory diseases (Middleton et al., 2000; Nijveldt et 

al., 2001). 

The aim of this study was to evaluate the potential of adzuki 

bean leaf extracts, by-products of adzuki bean production, as 

alternative sources of phytochemicals, antioxidants, antidiabetics, 

and skin whitening. For this purpose, we analyzed the antioxidant 

activity, flavonoid content, and α-glucosidase and tyrosinase 

inhibition activity and compared these with the same activity 

in adzuki bean seed extracts. This paper is the first attempt to 

assess the flavonoid content and bioactivity in adzuki bean leaf 

extracts. 

Materials and Methods

Collection of plant material

We obtained 223 Korean adzuki bean landraces (KABLs) from 

the National Agro-biodiversity Center (http://genebank.rda.go.kr), 

NAS, Rural Development Administration, Republic of Korea. 

The KABLs had been cultivated with conventional cultural 

practices in the NAS experimental field during 2015. Fully 

matured leaves and seeds of KABL from the plants were dried 

at room temperature and stored at 4℃.

Adzuki bean extraction for antioxidant activity

We added 100 milligrams of each ground sample to 1 ㎖ of 

75% EtOH and sonicated the samples for 1 h. Then, we centri-

fuged the mixtures at 13,000 rpm for 10 min. We collected the 

clear supernatants in new tubes and used them for antioxidant 

activity assays.

DPPH assay

We assessed the extracts’ DPPH radical-scavenging activity 

using a previously published method with slight modifications 

(Lee and Lee, 2004). Briefly, we added DPPH solution (150 μl; 

150 μM in anhydrous EtOH) to 100 ㎕ of sample solution. The 

mixture was shaken vigorously and left to stand at 25℃ in the 

dark for 30 min. We measured absorbance at 517 ㎚ using a 

spectrophotometer (Epoch; Bio-Tek, Winooski, VT, USA), and 

the results are expressed as IC50 (㎕ sample volume) values.

ABTS assay

We estimated ABTS radical-scavenging activity using a 

previously described method with some modifications (Re et 

al., 1999). Briefly, we generated the ABTS radical cation by 

adding 7 mM ABTS to 2.45 mM potassium persulfate followed 

by overnight incubation in the dark at room temperature. We 

diluted the ABTS cation solution with methanol (MeOH) to 

obtain absorbance of 0.7 ± 0.02 at 735 ㎚, and we added the 

diluted radical cation solution (190 ㎕) to 10 ㎕ of sample solution. 

After 6 min of incubation, we measured absorbance at 735 ㎚ 

with the spectrophotometer. The results are expressed as ascorbic 

acid equivalents (ASC) per gram of dry weight (㎎ ASC/g). 

Ferric reducing antioxidant power assay

We determined ferric reducing antioxidant power (FRAP) 

using the method published by (Singh et al., 2012) with minor 

modifications. Briefly, we prepared the FRAP reagent by 

mixing 0.1 M acetate buffer at pH 3.6 (100 ㎖), 10 mM 

tripydyltriazine (TPTZ) solution in 40 mM HCl (10 ㎖), and 

20 mM ferric chloride solution (10 ㎖). We prepared the FRAP 

reagent freshly and warmed it to 37℃, and then we mixed 10 

microliters 300 ㎕ reagent and recorded the absorbance at 593 

㎚ after 30 min incubation at 37℃. The results are expressed 

as ㎎ ASC/g. 

Reducing power assay

We determined reducing power using a previously published 

method with slight modifications (Yen and Duh, 1993). Briefly, 

we mixed a 0.1 ㎖ aliquot of the extract with 0.5 ㎖ phosphate 

buffer (0.2 M, pH 6.6) containing 1% K3Fe(CN)6 and incubated 

the mixture at 50℃ for 20 min. After centrifugation at 200 g 

for 10 min, we mixed the upper layer (10 ㎕) with 390 ㎕ of 
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1% ferric chloride. We monitored absorbance at 700 ㎚ using 

a spectrophotometer, and the results are expressed as ㎎ ASC/g.  

SOD assay

We measured the superoxide anion scavenging activity as 

described by (Robak and Gryglewski, 1988) with some modifi-

cations. We generated the superoxide anion radicals in 100 ㎕ 

of Tris-HCl buffer (16 mM, pH 8.0) containing 0.3 mM nitroblue 

tetrazolium (NBT), 50 ㎕ NADH (0.936 mM) solution, and 

100 ㎕ sample + 50 ㎕ Tris-HCl buffer (16 mM, pH 8.0). We 

initiated the reaction by adding 50 ㎕ phenazine methosulfate 

solution to the mixture and incubating at 25℃ for 5 min and 

then measured the absorbance at 560 ㎚. The results are 

expressed as IC50 (㎕ sample volume).

Total polyphenol content assay

We measured total polyphenol content using a modified 

Folin–Ciocalteu method (Waterhouse, 2001). We added Folin

–Ciocalteu reagent (100 ㎕) to 100 ㎕ of sample solution and 

allowed it to react at room temperature for 3 min. After we 

added 100 ㎕ of 2% sodium carbonate, we incubated the mixture 

at room temperature for 30 min. We measured absorbance at 

750 ㎚ on a spectrophotometer using distilled water as the blank. 

Total phenolic content was reported as milligrams of gallic 

acid equivalents (GAE) per gram of dry weight sample (㎎ GAE/g) 

Analysis of flavonol content in KABL 

We transferred 1 gram of each sample into 5 ㎖ polypropylene 

tubes and mixed this with 2.5 ㎖ of 80% methanol containing 

1.2M hydrochloric acid for hydrolysis. We briefly vortexed 

the mixture and then incubated it at 80℃ for 2 h with tube 

inversion for mixing the samples with extract solution at 15- 

min intervals. After incubation, we centrifuged the samples at 

14 000 rpm for 3 min and transferred the supernatant into 2 ㎖ 

Eppendorf tubes. We collected the supernatant and filtered it 

using a 0.45 ㎛ syringe filter prior to analysis with an Agilent 

1260 Infinity HPLC system (Agilent Technologies, Santa Clara, 

CA, USA). HPLC conditions were as follows: solvent A, 0.1% 

TFA/H2O; solvent B, CH3CN; gradient, 20% (B), 20-50% (B) 

in 5 min, 50-100% (B) in 6, hold at 100% (B) for 1 min, re- 

equilibrate at 20% (B) for 3 min; column temperature, 30℃; and 

flow rate, 0.40 ㎖/min. The filter detector was set at 370 ㎚.

Analysis of isoflavone content in KABLs

We added 1 gram of each sample to 2 ㎖ of 80% MeOH and 

sonicated this for 1 h. We hydrolyzed the sample in each tube 

using 150 ㎕ of 2N NaOH. After mixing for 10 min, we 

neutralized the solution with 50 ㎕ of glacial acetic acid and 

centrifuged the sample at 3,000 rpm for 5 min. We collected 

the supernatant and filtered it using a 0.45 ㎛ syringe filter 

prior to analysis with the Agilent 1260. We performed the 

analysis using a Cosmosil 2.5 Cholester (3.0 ㎜× 75 ㎜, 2.5 ㎛; 

Nacalai Tesque, Inc., Kyoto, Japan). HPLC conditions were as 

follows: solvent A, 0.1% TFA/H2O; solvent B, 0.1%TFA/ 

CH3CN; gradient, 10% (B) for 0.35 min, 10-30% (B) in 3.96 

min, hold at 30% (B) for 0.36 min, re-equilibrate at 10% (B) 

for 1.8 min; column temperature, 30℃; and flow rate, 0.58 ㎖

/min. The filter detector was set at 254 ㎚. 

α-Glucosidase inhibition activity assay

We measured α-glucosidase inhibition activity as described 

by (Zhang et al., 2015). First we premixed each sample (10 ㎕) 

with 10 ㎕ α-glucosidase (1.1 U/㎖) for 10 min at 37℃; then 

we added pAPG/MPA/AuNPs (60 ㎕) into the mixed solution 

and continuously incubated it for 20 min at 37℃. After that, 

we added PDBA (30 ㎕) to the resulting mixture to obtain its 

final concentration of 3.00 mM. Lastly, we allowed the reaction 

solution to stand at room temperature for 15 min. We recorded 

the absorbance for each sample using UV-vis spectroscopy 

with the calculated IC50. The inhibitory ratio (%) was expressed 

as follows: 

Inhibitory ratio (%) 

= (A650/A520-A’650/A’520)/(A’650/A’520)*100

where A650/A520 was the ratio of the absorbance at 650 ㎚ to 

that at 520 ㎚ in the presence of both the sample and the 

enzyme and A’650/A’520 was the ratio of the absorbance at 

650 nm to that at 520 ㎚ in the presence of the enzyme. The 

results are expressed as IC50 (㎕ sample volume).

Determination of Tyrosinase inhibition activity

We determined tyrosinase activity using L-tyrosine as a 

substrate. First, we mixed 70 ㎕ of L-tyrosine (0.03%) with 70 

㎕ 0.05M PBS (pH 6.8). Then, we added 60 ㎕ of sample and 
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10 ㎕ of tyrosinase (125U/㎖) solution and incubated this at 

37℃ for 10 min. After that, we immediately incubated the 

solution on ice for 5 min. We monitored absorbance at 475 ㎚ 

using a spectrophotometer. We calculated tyrosinase inhibition 

activity as follows:

Inhibition (%) = ((A-B)/A)*100

where A was without sample and B was with sample and 

substrate. The results are expressed as IC50 (㎕ sample volume).

Data analysis

We used least significant difference (LSD) and correlation 

analysis to determine differences among the 223 KABLs using 

SPSS Statistics 20 (SPSS Inc., Chicago, IL, USA). The integ-

ration of antioxidant capacity results derived from different 

chemical methods (Sun and Tanumihardjo 2007) allowed us to 

calculate the relative antioxidant capacity index (RACI). 

Results

The distribution of antioxidant activity in leaf extracts 

from the 223 KABLs

The distribution of antioxidant activity in the leaf extracts of 

the KABLs is presented in Table 1 and additional Table S1. 

Among five antioxidant activities, DPPH showed the highest 

variation (coefficient of variation [CV]: 81.2 %), and ABTS 

was the lowest (CV: 6.9 %). DPPH and SOD ranged 12.6 to 

178.5 and 7.8 to 33.5 (㎕, IC50), respectively. ABTS, FRAP, 

and RP ranged from 7.4 to 12.5, 0.39 to 6.03, and 0.37 to 2.06 

㎎ ASC/g, respectively, and TPC’s range was 2.9 to 14.7 ㎎ GAE/g. 

Each antioxidant activity assay showed different ranges for 

the 223 KABLs (Table S1): the accessions with the most 

antioxidant activity were IT025842 in DPPH; IT142500 in 

ABTS; IT142625 in FRAP; IT142500 in TPC; IT142613 in 

RP; andIT120273 in SOD, and the accessions with the least 

activity were IT142514 in DPPH; IT142561 in ABTS; IT025789 

in FRAP; IT120278 in TPC; IT025789 in RP; and IT025885 in SOD. 

Fig. 1. Relative antioxidant capacity of leaf extracts of 223 Korean adzuki bean landraces.

Table 1. Descriptive statistics for antioxidant activity in the leaf extracts from 223 Korean adzuki bean landraces

Min Max Mean SDz Skewness Kurtosis CVy (%)

DPPHx (㎕, IC50) 12.6 178.5 30.8 25.0 2.438 7.561 81.2

ABTSw (㎎ASC/g)  7.4  12.5 11.7  0.8 -2.031 5.052  6.9

FRAPv (㎎ASC/g)  0.39   6.03  3.12  1.05 0.279 0.154 33.6

TPCu (㎎GAE/g)  2.9  14.7  8.4  2.2 -0.147 -0.161 25.7

RPt (㎎ASC/g)  0.37   2.06  0.95  0.17 1.241 9.609 17.5

SODs (㎕, IC50)  7.8  33.5 12.3  3.9 2.185 6.095 31.7

zSD: standard deviation, yCV: coefficient of variation, xDPPH: DPPH radical-scavenging activity, wABTS: ABTS radical-scavenging 

activity, vFRAP: ferric reducing antioxidant power, uTPC: total polyphenol content, tRP: reducing power, sSOD: superoxide anion 

scavenging activity.
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Integrating the antioxidant capacity results derived from 

different chemical methods allowed us to calculate RACIs, 

and the results are shown in Fig. 1. We found that IT142500 

had the highest RACI, 1.42, followed by IT142476 (1.18), and 

IT142507 (1.03), with IT142561 having the lowest, -2.23.

Selecting adzuki bean landraces with high or low antioxidant 

activity using RACI

In order to confirm the relation among antioxidant activity, 

phytochemical contents, α-glucosidase inhibition activity, and 

tyrosinase inhibition activity, we selected 10 KABLs with high 

or low antioxidant activity based on the RACI results (Table 

S2), and we present the distribution of antioxidant activity in 

the leaf extracts from the 10 KABLs in Table 2. Among the 

five antioxidant activity assays, DPPH, FRAP, TPC, RP, and 

SOD were significantly higher in the high antioxidant group 

than in the low group, whereas ABTS showed no significant 

difference between the two.

Comparison of flavonoid content between the high and 

low antioxidant groups

In order to compare the contents of phytochemicals between 

the high and low antioxidant groups, we measured six flavonoids 

(kaempferol, quercetin, myricetin, daidzein, glycitein, and 

genistein) related to antioxidant activity in 10 the selected 

landraces using HPLC. Among the six detected flavonoids, 

daidzein (36.1–67.3%, average of 51.9% in detected flavonoids) 

was the most abundant (Table 3). The daidzein, genistein, and 

glycitein content in the 10 selected KABLs ranged from 533.2 

(IT142507, high group) to 3959 (IT142561, low group), 92.8 

(IT120225, high) to 379.1 (IT142561, low), and 137.7 (IT025789, 

low) to 1068 (IT142500, high) ㎍/100g dried sample, respectively. 

Table 2. Descriptive statistics for antioxidant activity in the leaf extracts from 10 selected Korean adzuki bean landraces according to RACI

DPPHz

(㎕, IC50)

ABTSy

(㎎ASC/g)

FRAPx

(㎎ASC/g)

TPCw

(㎎GAE/g)

RPv

(㎎ASC/g)

SODu

(㎕, IC50)

HGt 14.5 ± 1.8 12.2 ± 0.5 4.8 ± 0.4 11.9 ± 2.1 1.1 ± 0.1  9.9 ± 1.7

LG 31.6 ± 15.0 10.1 ± 2.0 1.2 ± 0.8  6.2 ± 0.8 0.6 ± 0.2 19.2 ± 4.9

*s nsr ** ** ** **

zDPPH: DPPH radical-scavenging activity, yABTS: ABTS radical-scavenging activity, xFRAP: ferric reducing antioxidant power, wTPC: 

total polyphenol content, vRP: reducing power, uSOD: superoxide anion scavenging activity, tHG: high antioxidant group, IT142500. 

IT142476, IT142507, IT120265, and IT120225, LG: low antioxidant group, IT142560, IT025789, IT025962, IT142561, and IT142559. 
s*,**: Significance at p ≤ 0.05 and 0.01, respectively, rns: not significant.

Table 3. The flavonoid contents in the leaf extracts of 10 selected Korean adzuki bean landraces (㎍/100g)

　 IT Kaempferol Myricetin Quercetin Daidzein Genistein Glycitein

HGz

IT142500 235.8 ± 21.2 605.6 ± 2.0 473.3 ± 43.0 3450.6 ± 147.1 294.0 ± 68.4 1068.0 ± 60.8

IT142476 259.4 ± 21.3 333.7 ± 5.7 304.3 ± 16.2 2211.5 ± 116.4 270.5 ± 49.0  468.6 ± 39.2

IT142507  64.5 ± 2.7 200.5 ± 25.1 641.9 ± 29.5 533.2 ± 37.8 113.0 ± 5.7  407.3 ± 8.9

IT120265 237.2 ± 41.4 559.1 ± 9.7 371.6 ± 59.6 2576.5 ± 387.8 246.7 ± 6.0 1003.7 ± 190

IT120225  97.0 ± 4.6 247.2 ± 39.6 503.8 ± 15.4 981.0 ± 68.4  92.8 ± 19.6  379.6 ± 38.8

LG

IT142560 136.5 ± 24.4  55.0 ± 13.6 746.8 ± 53.8 1712.8 ± 326.6 143.6 ± 29.4  157.6 ± 51.9

IT025789 103.1 ± 3.4  61.4 ± 0.6 373.7 ± 25.7 1297.3 ± 102.5 104.6 ± 18.5  137.7 ± 47.8

IT025962  42.4 ± 1.7 227.1 ± 10.4 378.7 ± 27.2 640.2 ± 82.2  94.5 ± 2.8  391.8 ± 11.8

IT142561  90.3 ± 7.3 216.0 ± 17.1 793.1 ± 50.6 3959.7 ± 103.6 379.1 ± 68.7  446.4 ± 40.3

IT142559 106.3 ± 11.8 134.3 ± 18.2 691.0 ± 99.2 2172.7 ± 102.6 213.7 ± 29.0  278.0 ± 21.5

LSD0.05
y 33.6 32.7 87.8 332.6 68.6 128.3

zHG, high antioxidant group, IT142500. IT142476, IT142507, IT120265, and IT120225, LG: low antioxidant group, IT142560, 

IT025789, IT025962, IT142561, and IT142559.
yLSD0.05: least significant difference at p<0.05.
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Among the flavonols, kaempferol, myricetin, and quercetin 

content ranged from 42.4 (IT025962, low) to 259.4 (IT142476, 

high), 55.0 (IT142560, low) to 605.6 (IT142500, high), and 

304.3 (IT142476, high) to 793.1 (IT142561, low) ㎍/100g dried 

sample, respectively. 

Comparison of α-glucosidase and tyrosinase inhibition 

activity between the high and low antioxidant groups

We tested the leaf extracts from the 10 KABLs we selected 

for their α-glucosidase and tyrosinase inhibition activity (Table 

4); among the 10, IT142507 showed the lowest inhibition 

activity for both enzymes. AGC and TIA were higher in the high 

antioxidant group than in the low group except for IT142507 

and IT 120225. AGC in the high group ranged from 0.34 to 

0.55 (IC50, ㎍/㎖) and from 0.40 to 0.48 (IC50, ㎍/㎖) in the 

low group. TIA in the high and low groups ranged from 0.53 to 

0.83 and 0.58 to 0.69 (IC50, ㎍/㎖), respectively.

Table 4. α-glucosidase inhibition and tyrosinase inhibition activity in the leaf extracts of 10 selected Korean adzuki bean landraces

IT α-glucosidase inhibition activity (㎕, IC50) Tyrosinase inhibition activity (㎕, IC50)

HGz

IT142500 27.9 ± 1.2 45.6 ± 0.5

IT142476 28.5 ± 2.0 44.4 ± 0.6

IT142507 46.0 ± 4.6 68.5 ± 1.6

IT120265 29.8 ± 1.2 47.5 ± 0.2

IT120225 35.0 ± 1.6 53.2 ± 0.9

LG

IT142560 37.4 ± 2.2 52.5 ± 0.5

IT025789 39.0 ± 2.4 54.4 ± 0.9

IT025962 40.1 ± 2.4 57.5 ± 0.8

IT142561 32.9 ± 2.1 47.9 ± 1.0

IT142559 35.2 ± 1.9 51.5 ± 0.9

LSD0.05
y

3.3 1.2
zHG: high antioxidant group, IT142500. IT142476, IT142507, IT120265, and IT120225, LG: low antioxidant group, IT142560, 

IT025789, IT025962, IT142561, and IT142559.
yLSD0.05: least significant difference at p<0.05.

Table 5. Correlations among antioxidants, α-glucosidase inhibition activity, tyrosinase inhibition activity, and phytochemical contents

DPPHz ABTSy FRAPx TPCw RPv SODu AGCt TIs Kaempferol Myricetin Quercetin Daidzein Genistein

ABTS -0.112

FRAP -0.691*
r 0.531

TPC -0.722* 0.530 0.953**

RP -0.725* 0.334 0.851** 0.745*

SOD 0.491 -0.520 -0.826** -0.694* -0.909**

AGC 0.234 -0.064 -0.355 -0.39 -0.445 0.382

TI 0.078 0.105 -0.105 -0.153 -0.215 0.133 0.960**

Kaempferol -0.317 0.340 0.516 0.634* 0.455 -0.361 -0.834** -0.739*

Myricetin -0.553 0.308 0.739* 0.797** 0.718* -0.741* -0.677* -0.474 0.710*

Quercetin 0.386 -0.500 -0.365 -0.435 -0.259 0.294 0.279 0.210 -0.433 -0.434

Daidzein -0.196 -0.309 0.114 0.186 0.225 -0.118 -0.765** -0.771** 0.531 0.475 0.238

Genestein -0.286 -0.266 0.246 0.278 0.344 -0.226 -0.728* -0.705* 0.534 0.488 0.202 0.955**

Glycitein -0.518 0.236 0.669* 0.747* 0.661* -0.688* -0.625 -0.426 0.656* 0.985** -0.324 0.520 0.514

zDPPH: DPPH radical-scavenging activity, yABTS: ABTS radical-scavenging activity, xFRAP: ferric reducing antioxidant power, wTPC: 

total polyphenol content, vRP: reducing power, uSOD: superoxide anion scavenging activity, tAGC: α-glucosidase inhibition activity, 
sTI: tyrosinase inhibition activity.
r*,**Pearson’s correlation p-value of * < 0.05 and **< 0.01.
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Correlations among antioxidant activity, phytochemicals, 

and α-glucosidase and tyrosinase inhibition activity in adzuki 

bean extracts

Table 5 shows the correlations among antioxidant activity, 

phytochemicals, α-glucosidase and tyrosinase inhibition activity; 

among them, ABTS showed no correlations with other factors. 

For five antioxidants, DPPH, FRAP, TPC, RP, and SOD, we 

detected positive or negative correlations among them, but 

there were no significant correlations for AGC or TIA activity. 

AGC and TIA did show a high positive correlation between the 

two (r=0.960, p<0.01). Among six flavonoids, kaempferol, 

myricetin and glycitein showed correlations with antioxidant 

activity. We detected negative correlations for AGC and TIA 

with kaempferol, daidzein, and genistein, and myricetin showed a 

negative correlation with AGC only.

Comparison of antioxidant activity, phytochemicals, and 

α-glucosidase and tyrosinase inhibition activity between 

leaf and seed extracts

To confirm the potential uses for adzuki bean leaves, we 

compared leaf (LEs) and seed (SEs) extracts from the 10 

selected KABLs based on phytochemical content and antioxidant 

and α-glucosidase and tyrosinase inhibition activity (Table 

S2 and S3). Among them, DPPH and FRAP showed no 

significant differences between the LEs and SEs (Table 6). 

For antioxidant activity, there was only more RP in the SEs 

(1.4 ± 0.3 ㎎ASC/g) than in the LEs (0.8 ± 0.3 ㎎ASC/g). 

There were, respectively, 2.3 and 4.2 times more AGC and 

TIA in the LEs (35.2 ± 5.7 and 52.3 ± 7.0 (㎕, IC50), 

respectively) than in the SEs (81.0 ± 32.0 and 221.1 ± 134.2 

(㎕, IC50), respectively). For the six detected flavonoids, there 

was 133 times more daidzein in the LEs than in the SEs.

Discussion

For centuries, farming communities have continuously contri-

buted to the evolution, enrichment, and maintenance of landrace 

diversity on farms (Brush, 1995; Jarvis et al., 2008). However, 

little has been done to understand the landrace diversity or to 

improve these landraces (Sthapit and Rao, 2009). suggested that 

landraces can be effectively improved by simple trait selection 

if they offer sufficient natural variations in their populations. In 

this study, we evaluated the antioxidant activity, phytochemical 

content, and α-glucosidase and tyrosinase inhibition activity in 

the leaf extracts of Korean adzuki bean landraces to identify 

their potential as new industrial resources. Our results revealed 

that the leaf extracts of these KABLs had different physiological 

activities and phytochemical contents. The success of a breeding 

program depends on the existence of genetic variability available 

to breeders (Hoisington et al., 1999). Landraces contain important 

genetic variability, which determines their ability to adapt to 

changes in their environments (Frankel et al., 1995). In addition, 

Table 6. Antioxidants, α-glucosidase inhibition activity, tyrosinase inhibition activity, and six phytochemical contents between leaf 

and seed extracts of adzuki bean landraces

DPPHz

(㎕, IC5050)

ABTSy

(㎎ASC/g)

FRAPx

(㎎ASC/g)

TPCw

(㎎GAE/g)

RPv

(㎎ASC/g)

SODu

(㎕, IC50)

AGCt

(㎕, IC50)

LEr 23.0 ± 13.5 11.1 ± 1.8 3.0 ± 2.0 9.0 ± 3.4 0.8 ± 0.3 14.5 ± 6.0 35.2 ± 5.7

SE 23.6 ± 12.4 2.6 ± 0.1 2.3 ± 0.7 3.6 ± 1.2 1.4 ± 0.3 70.6 ± 8.2 81.0 ± 32.0

nsq ** ns ** ** ** **

TIs

(㎕, IC50)

Kaempferol

(㎍/100g)

Myricetin

(㎍/100g)

Quercetin

(㎍/100g)

Daidzein

(㎍/100g)

Genistein

(㎍/100g)

Glycitein

(㎍/100g)

LE 52.3 ± 7.0 137.3 ± 78.1 264 ± 188 527.8 ± 177 1953.6 ± 1152.1 195.2 ± 100.3 473.9 ± 317.3

SE 221.1 ± 134.2 2.7 ± 1.0 14.5 ± 15.5 12.2 ± 7.1 14.7 ± 3.6 7.2 ± 4.9 44.4 ± 24.2

** ** ** ** ** ** **

zDPPH: DPPH radical-scavenging activity, yABTS: ABTS radical-scavenging activity, xFRAP: ferric reducing antioxidant power, wTPC: 

total polyphenol content, vRP: reducing power, uSOD: superoxide anion scavenging activity, tAGC: α-glucosidase inhibition activity, 
sTI: tyrosinase inhibition activity, rLE: leaf extracts, SE: seed extracts.
q**: Significance at p ≤ 0.01, ns: not significant.
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landraces provide useful variability for breeding provided that 

they are accompanied by characterization and agronomic 

evaluation (Allard, 1996; Frankel et al., 1995). This information 

is essential for the correct conservation of genetic variability 

and for the accessions to be of use in breeding programs (Vilaro 

et al., 2004). Our results could contribute to more efficient 

conservation and utilization of adzuki bean landraces.

In this study, the leaf extracts from the adzuki bean landraces 

had more efficient antioxidant activity than did the seed extract. 

Other studies reported that flavonoids are present in leaf extracts 

but absent in seed extracts (Archana et al., 2012; Nanna et al., 

2013) ; their authors’ suggested that antioxidant, antimicrobial, 

and anti-inflammatory plant activity may be due to the presence 

of flavonoids. Flavonoids and total polyphenols are important 

secondary plant metabolites present at high levels in plants 

under stress (Koh et al., 2009; Stanojevic et al., 2009) because 

they play roles in reducing the oxidative stress caused by ROS 

(Patil and Jadhav, 2013). Flavonoids are free radical scavengers 

that prevent oxidative cell damage (Salah et al., 1995). Although 

our result did not show significant correlations between anti-

oxidant activity and flavonoid content, we suggest that the 

higher flavonoid content in the leaf than the seed extracts might 

be responsible for the leaf extracts’ high antioxidant activity.

Plant antioxidants have been purported to have anti-aging 

properties and may prevent numerous diseases such as cancer, 

diabetes, and neurodegenerative diseases (Bansal et al., 2013). 

In our study, we measured the antioxidant activity of 223 Korean 

adzuki bean landraces using various methods. Additionally, 

based on the antioxidant activity findings, we evaluated the α

-glucosidase and tyrosinase inhibitor activity in the leaf and 

seed extracts of the landraces. We found more α-glucosidase 

and tyrosinase inhibition activity in the leaf extracts, by 2.3 

and 4.2 times, respectively, than in the seed extracts, although 

there were no significant correlations between antioxidant 

activity and α-glucosidase and tyrosinase inhibitor activity. 

Shoots and leaves have been reported to have higher phenolic 

content than that in other plant parts (Bernardi et al., 2008), 

and (Shaik et al., 2011) reported that leaf extracts of Lessertia 

frulescens showed more phenolics, flavonoids, alkaloids, and 

saponins than did seed extracts. In particular, (Oleszek and 

Stochmal, 2002) reported that flavonoid content in the seeds 

was characteristically low. Our results agreed with the previous 

studies: The phytochemical content in the leaf extracts was 

greater than in the seed extracts, resulting in more antioxidant 

and α-glucosidase and tyrosinase inhibitor activity.

α-Glucosidase inhibitors are potential agents for diabetes 

therapy given that glucosidases are involved in several important 

and relevant biological processes (Fontana Pereira et al., 2011). 

Our results showed that the flavonoid content in the leaf extracts 

was higher than in the seed extracts. In addition, among six 

flavonoids, kaempferol, myricetin, daidzein, and genistein had 

negative correlations with α-glucosidase inhibition activity 

(IC50). Flavonoids are naturally occurring phenolic compounds 

that are widely distributed in plants, and some of them have 

been described as glucosidase inhibitors (Cazarolli et al., 2009). 

Tadera et al. (2006) reported that anthocyanidin and isoflavone 

and flavonol groups were potent α-glucosidase inhibitors and 

cyanidin, myricetin, quercetin, genistein, kaempferol, and daidzein 

especially showed higher α-glucosidase inhibition activity. 

Other studies reported that some flavonoids such as quercetin, 

kaempferol, and daidzein are strong glucosidase inhibitors 

(Fontana Pereira et al., 2011; Kim et al., 2000). (Andrade- 

Cetto et al. (2008) reported that high flavonoid content in some 

plant extracts efficiently inhibits α-glucosidase activity. 

In our study, we analyzed the tyrosinase inhibition activity 

of leaf and seed extracts from the adzuki bean, and we found 

higher tyrosinase inhibition, which could have been because of 

the higher flavonoid content in the leaf extracts than in those from 

the seeds (Matsuda et al., 1996). reported that several flavonoid 

derivatives including quercetin, myricetin, and myricetin- 

glucoside had varying degrees of inhibitory activity toward 

tyrosinase. Many flavonols and flavones such as quercetin, 

kaempferol, galangin, luteolin, chrysin, baicalein, and luteolin- 

7-O-glucoside were reported to have weak tyrosinase inhibitory 

activity (Kubo et al., 2000). In addition, Chang et al. (2007) 

reported that five isolated isoflavones such as daidzein, glycitein, 

and genistein showed tyrosinase inhibitory activity. 

In this study, we evaluated the phytochemical content and in 

vitro antioxidant, α-glucosidase inhibition, and tyrosinase 

inhibition activity in the leaf extracts of Korean adzuki bean 

landraces using various methods for the first time. KABLs 

contain high phytochemicals and exhibited strong bioactivity. 

With the present study, we demonstrated that leaf extracts of 

adzuki beans are a new source of natural antioxidants, cosmetics, 
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and medicines that could be used in industrial applications, 

which will strongly increase the utilization of adzuki bean 

by-products. This study laid a good foundation for developing 

and utilizing adzuki bean by-products as a new source.
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Table S1. Antioxidant activities of leaf extracts of 223 Korean adzuki bean landraces

# IT DPPH(ul, IC50) ABTS (mgASC/g) FRAP (mgASC/g) TPC (mgGAE/g) RP (mgASC/g) SOD (ul, IC50)

1 IT120213 18.6 ± 1.0 11.1 ± 0.5 4.3 ± 0.2 10.8 ± 0.4 1.0 ± 0.1 10.2 ± 0.4

2 IT120217 17.5 ± 0.8 9.4 ± 0.2 1.8 ± 0.1 7.1 ± 0.4 1.1 ± 0.0 8.8 ± 0.3

3 IT120225 17.5 ± 0.8 12.0 ± 0.2 4.1 ± 0.0 9.1 ± 1.7 1.2 ± 0.1 8.0 ± 0.2

4 IT120226 17.7 ± 0.9 12.0 ± 0.1 3.5 ± 0.2 12 ± 1.2 0.9 ± 0.1 10.1 ± 0.2

5 IT120233 15.5 ± 0.4 11.8 ± 0.2 2.5 ± 0.1 6.6 ± 1.2 0.8 ± 0.0 9.1 ± 0.3

6 IT120236 16.1 ± 0.5 10.4 ± 0.7 4.2 ± 0.1 10.5 ± 0.9 0.9 ± 0.1 9.6 ± 0.3

7 IT120237 16.9 ± 0.8 11.0 ± 0.0 3.2 ± 0.1 7.0 ± 0.1 0.9 ± 0.0 8.1 ± 0.1

8 IT120238 14.8 ± 0.8 10.5 ± 0.3 2.5 ± 0.1 9.6 ± 0.4 0.9 ± 0.0 8.3 ± 0.1

9 IT120242 28.7 ± 3.2 11.3 ± 0.1 1.6 ± 0.0 7.7 ± 0.5 0.9 ± 0.0 9.4 ± 0.2

10 IT120247 15.3 ± 0.6 12.2 ± 0.1 3.0 ± 0.2 8.6 ± 0.6 1.1 ± 0.1 8.1 ± 0.1

11 IT120248 15.6 ± 1.6 10.6 ± 0.2 2.9 ± 0.3 10.1 ± 0.9 1.0 ± 0.1 8.2 ± 0.4

12 IT120249 13.3 ± 0.5 11.6 ± 0.2 4.0 ± 0.0 9.9 ± 0.9 1.0 ± 0.1 9 ± 0.9

13 IT120251 34.9 ± 3.3 11.0 ± 0.6 4.0 ± 0.3 10.3 ± 0.7 1.0 ± 0.1 8.6 ± 0.2

14 IT120252 18.6 ± 1.7 10.9 ± 0.3 3.0 ± 0.2 9.5 ± 1.0 0.9 ± 0.0 9.2 ± 0.1

15 IT120253 15.7 ± 0.5 12.1 ± 0.3 3.1 ± 0.2 8.8 ± 0.4 1.1 ± 0.0 10 ± 0.2

16 IT120255 42.1 ± 1.9 11.9 ± 0.3 2.3 ± 0.2 9.1 ± 0.5 1.0 ± 0.1 9.2 ± 0.3

17 IT120257 62.3 ± 5.7 11.1 ± 0.4 4.4 ± 0.2 8.9 ± 0.1 1.1 ± 0.1 8.6 ± 0.2

18 IT120265 13.6 ± 0.6 11.3 ± 0.3 3.7 ± 0.2 11.0 ± 0.7 1.2 ± 0.0 8.6 ± 0.0

19 IT120273 13.3 ± 0.2 11.6 ± 0.2 3.8 ± 0.3 9.9 ± 0.6 0.9 ± 0.1 7.8 ± 0.2

20 IT120275 13.2 ± 0.5 10.1 ± 0.5 3.5 ± 0.1 6.4 ± 0.2 1.1 ± 0.0 8.1 ± 0.1

21 IT120277 65.3 ± 9.3 12.3 ± 0.1 3.6 ± 0.3 7.5 ± 0.4 1.2 ± 0.1 9.5 ± 0.4

22 IT120278 41.3 ± 6.0 12.4 ± 0.1 4.1 ± 0.1 2.9 ± 0.2 1.1 ± 0.1 8.9 ± 0.2

23 IT120281 42.4 ± 4.8 12.2 ± 0.1 2.4 ± 0.2 3.0 ± 0.1 0.9 ± 0.1 10.2 ± 0.2

24 IT120285 21.3 ± 1.1 12.1 ± 0.2 2.8 ± 0.0 3.4 ± 0.3 1.0 ± 0.1 8.8 ± 0.4

25 IT120286 17.0 ± 0.5 12.1 ± 0.1 3.9 ± 0.1 4.5 ± 0.2 1.2 ± 0.0 10.9 ± 0.3

26 IT120287 16.2 ± 0.1 12.3 ± 0.1 2.7 ± 0.1 5.3 ± 0.1 1.0 ± 0.0 11.7 ± 0.3

27 IT120289 37 ± 4.6 11.5 ± 0.3 2.7 ± 0.1 3.4 ± 0.1 1.1 ± 0.0 9.6 ± 0.3

28 IT120290 28.6 ± 3.1 10.9 ± 0.7 2.1 ± 0.0 7.6 ± 0.2 1.0 ± 0.0 9.3 ± 0.5

29 IT120292 20.9 ± 0.4 11.5 ± 0.3 2.7 ± 0.1 6.4 ± 0.4 0.9 ± 0.0 8.7 ± 0.3

30 IT120298 18.3 ± 0.6 12.2 ± 0.1 2.2 ± 0.1 4.3 ± 0.2 1.2 ± 0.1 8.8 ± 0.2

31 IT120302 22.2 ± 0.5 12.1 ± 0.1 2.1 ± 0.1 6.0 ± 0.1 0.8 ± 0.0 11.5 ± 0.4

32 IT120305 17.3 ± 0.4 12.1 ± 0.2 1.2 ± 0.1 5.2 ± 0.2 0.7 ± 0.0 11.1 ± 0.1

33 IT120320 19.0 ± 0.8 11.1 ± 0.7 1.9 ± 0.1 10.4 ± 0.6 0.8 ± 0.0 9.4 ± 0.4

34 IT120321 16.1 ± 0.6 10.9 ± 0.7 1.2 ± 0.1 7.1 ± 0.3 0.7 ± 0.1 9.6 ± 0.2

35 IT120334 15.6 ± 0.2 11.6 ± 0.8 1.5 ± 0.1 8.6 ± 0.6 0.8 ± 0.1 11.8 ± 0.9

36 IT120335 17.8 ± 0.6 11.2 ± 0.5 1.3 ± 0.1 7.9 ± 0.3 0.7 ± 0.0 10.4 ± 0.8

37 IT120338 16.3 ± 0.5 12.3 ± 0.1 2.1 ± 0.2 9.0 ± 0.2 0.8 ± 0.0 12.9 ± 1.1

38 IT120345 26.6 ± 0.8 9.5 ± 0.9 2.0 ± 0.1 8.7 ± 0.4 0.9 ± 0.1 11.9 ± 1.1

39 IT120353 35.8 ± 2.0 11.8 ± 0.2 3.0 ± 0.1 9.8 ± 0.5 1.2 ± 0.1 12.2 ± 0.9

40 IT120354 76.2 ± 10.6 11.8 ± 0.3 3.1 ± 0.2 8.1 ± 0.4 1.1 ± 0.1 12.5 ± 0.4

41 IT120369 17.8 ± 0.1 12.2 ± 0.1 4.0 ± 0.4 9.5 ± 0.3 1.0 ± 0.1 12.3 ± 1.1

42 IT120375 18.9 ± 0.3 11.4 ± 0.3 1.5 ± 0.1 9.7 ± 0.6 0.7 ± 0.0 13.0 ± 0.7

43 IT120376 22.7 ± 1.2 9.4 ± 0.4 2.8 ± 0.1 7.6 ± 0.3 0.9 ± 0.1 11.6 ± 0.8

44 IT120382 15.2 ± 1.2 10.8 ± 0.5 2.9 ± 0.2 7.8 ± 0.4 0.8 ± 0.1 13.3 ± 1.0

45 IT120383 14.7 ± 0.1 11.2 ± 0.2 2.4 ± 0.2 6.7 ± 0.5 0.9 ± 0.1 12.1 ± 0.8

46 IT120396 14.9 ± 0.2 11.7 ± 0.1 3.0 ± 0.2 8.0 ± 0.5 1.2 ± 0.1 10.8 ± 0.6

47 IT120398 14.3 ± 0.1 11.5 ± 0.4 4.5 ± 0.4 6.5 ± 0.1 1.0 ± 0.0 9.7 ± 0.5

48 IT120399 49.8 ± 5.0 9.1 ± 0.6 3.8 ± 0.0 6.9 ± 0.5 0.9 ± 0.0 8.8 ± 0.2

49 IT120401 94.7 ± 11.7 10.0 ± 0.7 2.8 ± 0.1 6.5 ± 0.3 1.0 ± 0.0 10.6 ± 0.6

50 IT120402 17.1 ± 0.9 12.2 ± 0.1 2.0 ± 0.1 8.4 ± 0.8 0.9 ± 0.0 11.4 ± 0.5

51 IT120405 15.4 ± 0.8 11.3 ± 0.4 2.7 ± 0.2 9.2 ± 0.3 0.9 ± 0.0 11.2 ± 0.5

52 IT120410 15.3 ± 0.3 10.6 ± 0.2 3.4 ± 0.0 10.3 ± 0.5 1.0 ± 0.1 10.8 ± 0.4
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# IT DPPH(ul, IC50) ABTS (mgASC/g) FRAP (mgASC/g) TPC (mgGAE/g) RP (mgASC/g) SOD (ul, IC50)

53 IT120411 30.2 ± 2.2 10.9 ± 0.4 2.3 ± 0.1 10.3 ± 0.1 1.0 ± 0.1 10.6 ± 0.4

54 IT120415 17.2 ± 0.3 12.0 ± 0.2 2.2 ± 0.1 8.6 ± 0.4 0.9 ± 0.1 10.4 ± 0.4

55 IT120422 17.4 ± 0.2 12.2 ± 0.2 2.6 ± 0.2 11.9 ± 0.2 0.9 ± 0.1 12.6 ± 0.6

56 IT120424 17.0 ± 0.2 12.2 ± 0.1 2.9 ± 0.2 10.5 ± 0.3 1.0 ± 0.1 9.4 ± 0.4

57 IT120425 16.5 ± 0.2 12.0 ± 0.1 1.4 ± 1.2 8.5 ± 0.6 0.7 ± 0.0 9.4 ± 0.4

58 IT120427 15.8 ± 0.0 12.1 ± 0.1 3.3 ± 0.1 10.5 ± 0.4 1.0 ± 0.1 10.2 ± 0.3

59 IT120431 19.9 ± 0.2 12.2 ± 0.0 3.0 ± 0.2 8.8 ± 0.3 1.0 ± 0.1 8.7 ± 0.4

60 IT120437 22.9 ± 0.8 12.2 ± 0.1 2.0 ± 0.1 10.3 ± 0.3 0.9 ± 0.1 11.5 ± 0.8

61 IT120459 24.2 ± 1.2 12.3 ± 0.1 1.6 ± 0.1 9.5 ± 0.4 0.8 ± 0.0 11.4 ± 0.6

62 IT120461 55.5 ± 4.6 12.2 ± 0.1 2.8 ± 0.2 10.0 ± 0.6 1.0 ± 0.1 11.1 ± 0.3

63 IT120464 76.3 ± 9.0 12.3 ± 0.1 2.3 ± 0.0 9.3 ± 0.4 0.9 ± 0.0 10.2 ± 0.3

64 IT120465 46.2 ± 1.8 12.3 ± 0.1 3.4 ± 0.2 10.5 ± 0.9 0.9 ± 0.1 8.2 ± 0.2

65 IT120468 28.8 ± 0.8 12.0 ± 0.1 1.5 ± 0.1 8.6 ± 0.8 0.8 ± 0.0 9.7 ± 0.3

66 IT120469 15.5 ± 0.1 12.1 ± 0.4 2.8 ± 0.2 9.6 ± 0.3 1.0 ± 0.1 11.3 ± 0.5

67 IT120470 56.4 ± 7.5 12.0 ± 0.3 3.4 ± 0.2 8.7 ± 0.6 0.9 ± 0.1 9.0 ± 0.3

68 IT120472 14.3 ± 0.2 12.2 ± 0.1 3.1 ± 0.3 6.2 ± 0.3 1.1 ± 0.1 13.6 ± 0.3

69 IT120478 13.8 ± 0.1 12.2 ± 0.1 2.9 ± 0.3 8.8 ± 1.5 1.0 ± 0.1 10.5 ± 0.7

70 IT120482 56.0 ± 7.8 12.3 ± 0.1 4.2 ± 0.3 11.2 ± 0.6 1.1 ± 0.1 11.9 ± 0.1

71 IT120483 88.6 ± 3.5 11.7 ± 0.4 2.5 ± 0.1 10.4 ± 0.4 0.9 ± 0.1 11.9 ± 0.2

72 IT120490 47.6 ± 6.7 12.1 ± 0.3 3.5 ± 0.2 7.1 ± 0.2 1.2 ± 0.1 9.7 ± 0.2

73 IT120491 30.2 ± 1.8 11.9 ± 0.2 2.8 ± 0.1 6.5 ± 0.5 1.1 ± 0.1 11.3 ± 0.2

74 IT120493 34.5 ± 0.7 10.1 ± 0.8 3.0 ± 0.0 8.7 ± 0.8 0.9 ± 0.0 9.5 ± 0.1

75 IT120502 45.1 ± 2.5 11.4 ± 0.5 3.4 ± 0.2 9.3 ± 0.1 1.1 ± 0.0 11.1 ± 0.2

76 IT120512 15.4 ± 0.7 12.0 ± 0.2 3.2 ± 0.1 6.8 ± 0.5 0.8 ± 0.1 10.0 ± 0.2

77 IT120522 17.7 ± 1.7 12.1 ± 0.2 3.3 ± 0.2 9.4 ± 0.5 1.2 ± 0.0 10.2 ± 0.1

78 IT120531 40.7 ± 3.1 10.8 ± 0.2 3.7 ± 0.2 8.5 ± 0.4 0.9 ± 0.1 9.0 ± 0.2

79 IT120532 15.8 ± 0.4 12.4 ± 0.1 3.2 ± 0.2 11.8 ± 0.1 1.1 ± 0.1 12.5 ± 0.5

80 IT120541 34.7 ± 1.7 12.2 ± 0.2 4.1 ± 0.1 10.0 ± 0.5 1.0 ± 0.0 10.0 ± 0.3

81 IT120548 14.9 ± 0.1 12.3 ± 0.1 3.8 ± 0.2 8.0 ± 0.3 1.0 ± 0.0 10.2 ± 0.2

82 IT120550 16.2 ± 0.1 12.2 ± 0.3 2.4 ± 0.1 7.1 ± 0.3 1.0 ± 0.0 11.7 ± 0.5

83 IT120551 14.3 ± 0.2 12.1 ± 0.1 2.0 ± 0.1 9.5 ± 0.5 0.9 ± 0.1 12.4 ± 0.1

84 IT120553 14.2 ± 0.6 12.3 ± 0.0 2.8 ± 0.1 7.3 ± 0.5 1.0 ± 0.0 11.6 ± 0.9

85 IT120554 79.4 ± 2.7 12.1 ± 0.0 1.4 ± 0.1 6.7 ± 0.4 0.9 ± 0.0 11.8 ± 0.8

86 IT120555 102.6 ± 8.2 12.2 ± 0.1 2.6 ± 0.2 5.2 ± 0.3 0.9 ± 0.1 11.2 ± 0.6

87 IT120559 41.3 ± 5.5 12.4 ± 0.1 2.6 ± 0.1 10.1 ± 0.2 1.0 ± 0.1 11.7 ± 0.2

88 IT120561 16.0 ± 0.3 12.3 ± 0.0 1.8 ± 0.2 9.5 ± 0.5 0.8 ± 0.1 9.9 ± 0.0

89 IT120563 32.4 ± 1.7 12.5 ± 0.1 5.3 ± 0.2 8.4 ± 0.2 1.0 ± 0.0 10.6 ± 0.3

90 IT120564 40.4 ± 3.8 12.2 ± 0.1 5.6 ± 0.2 9.0 ± 0.1 1.0 ± 0.0 9.5 ± 0.1

91 IT120566 28.0 ± 1.0 11.4 ± 0.1 3.0 ± 0.1 10.0 ± 0.4 1.0 ± 0.1 11.2 ± 0.2

92 IT120568 25.2 ± 1.6 10.4 ± 0.7 2.9 ± 0.0 7.3 ± 0.3 1.0 ± 0.0 8.3 ± 0.4

93 IT120570 123.8 ± 7 9.9 ± 0.4 3.1 ± 0.1 6.1 ± 0.4 1.0 ± 0.1 13.3 ± 1.3

94 IT120572 25.2 ± 0.6 11.4 ± 0.4 2.6 ± 0.1 8.2 ± 0.5 0.9 ± 0.1 14.9 ± 0.6

95 IT120574 20.3 ± 0.6 12.4 ± 0.2 3.0 ± 0.2 9.4 ± 0.9 1.0 ± 0.0 11.5 ± 0.5

96 IT120577 28.8 ± 1.8 12.3 ± 0.3 2.3 ± 0.1 5.9 ± 0.2 0.9 ± 0.0 8.5 ± 0.4

97 IT120578 87.6 ± 5.5 12.3 ± 0.1 4.0 ± 0.1 6.3 ± 0.5 0.7 ± 0.1 10.1 ± 0.4

98 IT120592 131.5 ± 3.6 12.3 ± 0.2 3.3 ± 0.2 6.0 ± 0.2 0.8 ± 0.1 10.0 ± 0.7

99 IT120593 17.7 ± 0.8 12.3 ± 0.1 2.9 ± 0.2 6.5 ± 1.2 1.0 ± 0.1 10.9 ± 1.1

100 IT120594 82.8 ± 6.0 12.3 ± 0.1 2.9 ± 0.3 7.5 ± 0.4 0.9 ± 0.1 13.2 ± 1.4

101 IT120595 15.3 ± 0.9 12.2 ± 0.1 2.2 ± 0.1 8.7 ± 1.0 0.9 ± 0.0 9.7 ± 0.2

102 IT120596 15.4 ± 0.7 12.5 ± 0.1 2.9 ± 0.1 9.8 ± 0.8 0.9 ± 0.1 9.4 ± 0.2

103 IT120597 80.4 ± 11.4 12.5 ± 0.1 4.3 ± 0.2 7.3 ± 1.0 0.9 ± 0.1 10.4 ± 0.5

104 IT120601 13.6 ± 0.1 12.5 ± 0.1 5.1 ± 0.3 8.9 ± 0.5 1.0 ± 0.1 15.8 ± 1.0
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# IT DPPH(ul, IC50) ABTS (mgASC/g) FRAP (mgASC/g) TPC (mgGAE/g) RP (mgASC/g) SOD (ul, IC50)

105 IT142476 13.4 ± 0.3 12.5 ± 0.1 5.4 ± 0.2 12.7 ± 0.5 1.1 ± 0.1 11.6 ± 0.5

106 IT142497 14.1 ± 0.0 12.3 ± 0.1 3.7 ± 0.1 10.5 ± 1.1 1.0 ± 0.1 10.1 ± 0.4

107 IT142499 16.7 ± 0.9 12.4 ± 0.1 3.8 ± 0.2 8.1 ± 0.1 0.9 ± 0.1 9.5 ± 0.5

108 IT142500 14.9 ± 0.4 12.5 ± 0.1 5.7 ± 0.4 14.7 ± 1.0 1.0 ± 0.1 9.7 ± 0.3

109 IT142503 21.1 ± 2.5 11.9 ± 0.4 2.3 ± 0.2 11.0 ± 0.8 0.9 ± 0.1 11.1 ± 0.3

110 IT142504 80.3 ± 6.8 12.1 ± 0.2 2.2 ± 0.2 11.0 ± 0.4 0.8 ± 0.0 11.1 ± 0.4

111 IT142505 43.4 ± 0.6 12.4 ± 0.1 3.5 ± 0.1 10.7 ± 0.7 0.9 ± 0.0 9.0 ± 0.2

112 IT142507 13.0 ± 0.2 12.5 ± 0.2 4.9 ± 0.2 12.0 ± 0.6 1.0 ± 0.0 11.6 ± 0.1

113 IT142508 80.0 ± 6.9 12.4 ± 0.1 4.4 ± 0.2 12.6 ± 0.3 1.2 ± 0.1 10.4 ± 0.5

114 IT142511 16.4 ± 1.1 11.3 ± 0.3 3.5 ± 0.2 11.3 ± 0.4 1.0 ± 0.1 11.3 ± 0.8

115 IT142513 37.3 ± 2.2 12.1 ± 0.1 2.4 ± 0.1 10.6 ± 0.1 0.9 ± 0.0 10.3 ± 0.5

116 IT142514 178.5 ± 6.3 12.4 ± 0.1 2.8 ± 0.3 12.5 ± 0.8 0.9 ± 0.0 10.6 ± 0.4

117 IT142515 16.7 ± 0.2 9.3 ± 0.4 1.9 ± 0.1 12.2 ± 0.5 0.8 ± 0.0 10.2 ± 0.1

118 IT142517 52.2 ± 0.0 12.2 ± 0.2 3.3 ± 0.1 11.4 ± 0.6 0.9 ± 0.0 10.2 ± 0.9

119 IT142519 25.7 ± 1.2 12.2 ± 0.1 4.3 ± 0.3 7.4 ± 0.1 0.9 ± 0.1 10.1 ± 0.4

120 IT142520 66.9 ± 3.8 12.0 ± 0.2 3.4 ± 0.3 10.5 ± 0.2 0.8 ± 0.1 11.2 ± 1.0

121 IT142523 27.5 ± 3.5 12.1 ± 0.3 2.5 ± 0.1 9.9 ± 0.1 0.8 ± 0.1 23.1 ± 1.7

122 IT142524 15.0 ± 0.2 11.8 ± 0.3 1.2 ± 0.1 9.5 ± 0.4 0.5 ± 0.1 10.3 ± 1.1

123 IT142525 12.8 ± 0.1 12.2 ± 0.2 4.2 ± 0.3 9.6 ± 0.4 1.1 ± 0.1 14.0 ± 0.9

124 IT142526 52.7 ± 7.5 11.8 ± 0.5 2.8 ± 0.3 8.9 ± 0.3 0.9 ± 0.1 10.7 ± 0.3

125 IT142537 36.0 ± 3.7 10.0 ± 0.9 3.0 ± 0.2 9.3 ± 0.6 0.9 ± 0.1 13.5 ± 0.9

126 IT142538 38.0 ± 5.4 10.8 ± 0.4 3.6 ± 0.3 9.0 ± 0.4 1.0 ± 0.1 12.3 ± 0.4

127 IT142545 45.9 ± 5.2 12.2 ± 0.4 2.2 ± 0.1 8.6 ± 0.6 0.8 ± 0.1 12.4 ± 0.2

128 IT142551 13.6 ± 0.3 11.9 ± 0.3 2.6 ± 0.2 8.4 ± 0.2 0.7 ± 0.0 15.0 ± 0.3

129 IT142553 14.1 ± 0.3 11.4 ± 0.7 3.2 ± 0.2 8.4 ± 0.1 0.7 ± 0.0 13.4 ± 0.6

130 IT142554 18.1 ± 1.7 9.4 ± 1.0 2.1 ± 0.1 7.9 ± 0.9 0.8 ± 0.0 12.5 ± 1.0

131 IT142557 99.8 ± 8.9 12.0 ± 0.3 3.6 ± 0.4 5.9 ± 0.5 0.9 ± 0.1 12.5 ± 0.4

132 IT142559 50.4 ± 11 12.4 ± 0.1 1.1 ± 0.1 5.0 ± 0.4 0.6 ± 0.0 14.2 ± 0.4

133 IT142560 42.3 ± 2.2 9.0 ± 1.0 0.6 ± 0.0 5.7 ± 0.2 0.4 ± 0.0 24.9 ± 1.1

134 IT142561 13.4 ± 0.1 7.4 ± 0.4 2.0 ± 0.1 6.9 ± 0.3 0.9 ± 0.1 16.8 ± 0.7

135 IT142562 18.6 ± 0.3 12.3 ± 0.1 3.1 ± 0.2 7.9 ± 0.3 0.8 ± 0.0 11.4 ± 0.1

136 IT142563 25.0 ± 1.1 12.2 ± 0.4 1.8 ± 0.1 9.4 ± 0.5 0.8 ± 0.0 19.7 ± 0.2

137 IT142565 50.5 ± 3.8 11.8 ± 0.3 2.9 ± 0.1 6.9 ± 0.4 0.7 ± 0.1 17.2 ± 0.6

138 IT142567 32.9 ± 1.0 11.2 ± 0.5 4.3 ± 0.4 9.9 ± 0.5 1.0 ± 0.1 19.3 ± 1.5

139 IT142568 31.6 ± 1.1 12.1 ± 0.1 3.0 ± 0.3 8.8 ± 0.6 1.0 ± 0.1 14.8 ± 0.7

140 IT142570 42.2 ± 3.0 12.1 ± 0.3 3.9 ± 0.1 9.9 ± 0.9 0.8 ± 0.0 19.6 ± 1.0

141 IT142573 71.0 ± 10.8 11.1 ± 0.5 5.9 ± 0.2 9.3 ± 0.5 0.9 ± 0.1 15.4 ± 1.5

142 IT142575 93.1 ± 8.7 10.2 ± 1.1 1.7 ± 0.1 11.1 ± 0.3 0.9 ± 0.0 15.9 ± 1.2

143 IT142577 23.6 ± 0.5 12.4 ± 0.1 2.5 ± 0.2 9.7 ± 0.7 0.9 ± 0.0 27.8 ± 3.5

144 IT142580 20.0 ± 1.2 11.6 ± 0.4 2.8 ± 0.2 8.8 ± 0.7 0.8 ± 0.1 10.8 ± 0.1

145 IT142584 15.7 ± 0.7 8.7 ± 0.9 4.3 ± 0.3 8.9 ± 0.4 1.0 ± 0.1 11.0 ± 0.4

146 IT142588 14.4 ± 0.2 11.5 ± 0.6 5.6 ± 0.1 9.1 ± 0.7 1.1 ± 0.0 15.0 ± 1.4

147 IT142590 13.9 ± 0.3 12.3 ± 0.2 3.5 ± 0.2 7.9 ± 0.4 1.1 ± 0.1 10.9 ± 0.1

148 IT142591 14.6 ± 0.2 12.5 ± 0.1 5.3 ± 0.1 14.0 ± 0.5 0.8 ± 0.0 16.5 ± 0.5

149 IT142592 15.6 ± 0.5 11.5 ± 0.2 3.0 ± 0.2 6.7 ± 0.3 1.0 ± 0.1 13.2 ± 0.5

150 IT142593 23.4 ± 1.0 11.5 ± 0.2 2.3 ± 0.1 5.5 ± 0.1 0.8 ± 0.0 16.7 ± 0.3

151 IT142594 16.7 ± 0.8 11.1 ± 0.6 3.5 ± 0.0 11.3 ± 0.6 1.0 ± 0.0 17.5 ± 1.1

152 IT142595 42.6 ± 2.7 11.8 ± 0.2 5.1 ± 0.2 7.3 ± 0.2 1.4 ± 0.0 14.2 ± 0.9

153 IT142598 16.0 ± 0.6 12.0 ± 0.2 2.9 ± 0.2 10.2 ± 0.4 1.1 ± 0.0 14.3 ± 0.5

154 IT142604 19.0 ± 1.5 11.9 ± 0.2 4.8 ± 0.3 6.6 ± 0.5 0.9 ± 0.0 8.3 ± 0.1

155 IT142609 18.4 ± 1.2 10.5 ± 0.6 2.8 ± 0.1 9.5 ± 0.2 0.8 ± 0.0 8.0 ± 0.3

156 IT142610 20.8 ± 0.9 10.4 ± 0.4 2.9 ± 0.2 4.0 ± 0.2 1.1 ± 0.0 14.0 ± 1.0
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# IT DPPH(ul, IC50) ABTS (mgASC/g) FRAP (mgASC/g) TPC (mgGAE/g) RP (mgASC/g) SOD (ul, IC50)

157 IT142612 123.3 ± 7.5 11.9 ± 0.3 4.9 ± 0.4 5.3 ± 0.1 1.1 ± 0.1 10.6 ± 0.3

158 IT142613 25.8 ± 2.4 12.0 ± 0.2 3.2 ± 0.1 5.2 ± 0.4 2.1 ± 0.1 10.7 ± 0.9

159 IT142615 14.9 ± 0.6 11.2 ± 0.6 4.4 ± 0.3 6.7 ± 0.1 1.0 ± 0.0 10.6 ± 0.5

160 IT142619 60.5 ± 6.9 12.0 ± 0.2 3.7 ± 0.1 5.7 ± 0.3 0.8 ± 0.1 10.5 ± 0.5

161 IT142625 16.4 ± 0.3 11.8 ± 0.3 6.0 ± 0.3 4.9 ± 0.2 0.8 ± 0.1 14.1 ± 1.0

162 IT142635 64.8 ± 2.7 12.0 ± 0.2 3.9 ± 0.1 5.9 ± 0.2 1.1 ± 0.1 12.8 ± 0.6

163 IT142640 17.9 ± 0.5 11.8 ± 0.2 3.8 ± 0.2 6.9 ± 0.1 0.9 ± 0.0 14.5 ± 1.1

164 IT142642 38.3 ± 3.8 11.8 ± 0.3 3.7 ± 0.2 10.0 ± 0.4 0.9 ± 0.0 11.8 ± 0.5

165 IT142646 19.5 ± 1.4 12.0 ± 0.2 3.9 ± 0.0 8.0 ± 0.2 1.0 ± 0.0 14.6 ± 1.3

166 IT142650 17.4 ± 0.5 12.1 ± 0.2 5.5 ± 0.3 6.5 ± 0.2 1.0 ± 0.1 12.0 ± 0.6

167 IT025806 14.5 ± 0.4 11.9 ± 0.1 4.2 ± 0.4 6.5 ± 0.3 0.9 ± 0.1 11.3 ± 0.6

168 IT025842 12.6 ± 0.0 12.0 ± 0.1 3.7 ± 0.1 9.7 ± 0.5 0.8 ± 0.0 16.3 ± 0.9

169 IT025785 36.4 ± 2.5 11.8 ± 0.2 2.3 ± 0.1 7.9 ± 0.2 0.8 ± 0.0 16.2 ± 1.6

170 IT025789 21.9 ± 1.0 11.6 ± 0.6 0.4 ± 0.0 6.3 ± 0.2 0.4 ± 0.0 24.0 ± 2.5

171 IT025790 73.6 ± 3.0 11.0 ± 0.3 1.5 ± 0.1 9.8 ± 0.3 0.7 ± 0.1 42.4 ± 3.2

172 IT025791 18.6 ± 0.3 11.2 ± 0.4 3.0 ± 0.2 11.7 ± 0.5 0.8 ± 0.1 11.9 ± 0.3

173 IT025805 17.0 ± 1.2 11.4 ± 0.3 2.8 ± 0.3 8.1 ± 0.5 0.8 ± 0.0 12.0 ± 0.4

174 IT025808 13.3 ± 0.2 11.9 ± 0.1 2.1 ± 0.1 10.0 ± 0.4 0.8 ± 0.1 12.1 ± 0.6

175 IT025875 22.1 ± 1.5 11.5 ± 0.5 3.1 ± 0.2 8.8 ± 0.2 0.8 ± 0.0 18.8 ± 2.1

176 IT025879 58.0 ± 5.5 12.0 ± 0.2 3.9 ± 0.2 10.3 ± 0.3 1.0 ± 0.1 12.8 ± 1.4

177 IT025885 15.6 ± 0.3 11.6 ± 0.4 2.0 ± 0.2 9.1 ± 0.4 1.2 ± 0.1 33.5 ± 1.6

178 IT025943 15.6 ± 0.8 12.1 ± 0.2 1.4 ± 0.1 8.6 ± 0.9 0.8 ± 0.0 13.4 ± 0.4

179 IT025945 15.5 ± 0.3 12.1 ± 0.2 1.2 ± 0.1 12.0 ± 1.0 0.7 ± 0.1 15.5 ± 1.0

180 IT025947 59.5 ± 5.7 10.9 ± 0.8 2.0 ± 0.2 9.7 ± 0.9 0.8 ± 0.0 10.7 ± 0.5

181 IT025948 15.5 ± 0.2 10.7 ± 0.5 1.5 ± 0.1 10.6 ± 1.0 0.7 ± 0.0 10.5 ± 0.3

182 IT025962 30.1 ± 2.5 9.9 ± 0.3 2.1 ± 0.1 7.0 ± 0.5 0.6 ± 0.0 16.0 ± 0.9

183 IT025970 18.7 ± 0.7 11.6 ± 0.3 1.4 ± 0.1 9.1 ± 0.3 0.8 ± 0.0 13.5 ± 0.9

184 IT100903 12.7 ± 0.1 11.9 ± 0.4 3.8 ± 0.1 10.1 ± 0.2 1.1 ± 0.0 10.6 ± 0.5

185 IT100916 17.0 ± 0.7 10.6 ± 0.7 2.6 ± 0.0 10.5 ± 0.4 1.1 ± 0.0 10.3 ± 0.4

186 IT100923 13.9 ± 0.4 11.5 ± 0.2 5.0 ± 0.2 5.0 ± 0.3 1.1 ± 0.0 8.9 ± 0.2

187 IT101078 13.6 ± 0.1 11.1 ± 0.3 3.0 ± 0.1 5.9 ± 0.1 1.0 ± 0.1 10.5 ± 0.2

188 IT105276 13.5 ± 0.1 11.6 ± 0.2 4.0 ± 0.2 4.5 ± 0.0 1.1 ± 0.0 13.2 ± 0.5

189 IT112745 28.2 ± 1.9 11.5 ± 0.1 4.3 ± 0.3 6.5 ± 0.1 1.2 ± 0.0 9.7 ± 0.2

190 IT115176 13.8 ± 0.5 11.7 ± 0.1 3.8 ± 0.2 7.3 ± 0.6 1.0 ± 0.1 8.8 ± 0.3

191 IT118986 13.5 ± 0.3 11.7 ± 0.2 5.0 ± 0.2 7.2 ± 1.0 1.2 ± 0.1 12.1 ± 0.5

192 IT138096 22.2 ± 0.9 11.9 ± 0.1 4.6 ± 0.4 5.5 ± 0.6 1.2 ± 0.1 14.1 ± 0.4

193 IT160598 13.7 ± 0.1 12.0 ± 0.1 2.7 ± 0.2 4.1 ± 0.3 0.7 ± 0.1 13.7 ± 0.5

194 IT160606 30.0 ± 2.3 12.1 ± 0.2 5.6 ± 0.4 8.8 ± 0.1 1.2 ± 0.1 25.3 ± 1.1

195 IT162895 14.3 ± 0.3 12.1 ± 0.2 3.3 ± 0.2 6.6 ± 0.2 0.9 ± 0.1 19.8 ± 1.0

196 IT167996 43.2 ± 4.0 11.9 ± 0.2 4.3 ± 0.2 4.5 ± 0.3 1.0 ± 0.1 9.5 ± 0.2

197 IT175828 14.1 ± 0.2 12.0 ± 0.1 2.9 ± 0.1 6.6 ± 0.2 1.0 ± 0.1 10.8 ± 0.4

198 IT175831 15.1 ± 0.8 12.0 ± 0.2 2.8 ± 0.2 8.7 ± 0.6 1.1 ± 0.1 10.7 ± 0.1

199 IT175879 32.3 ± 2.8 11.4 ± 0.5 1.6 ± 0.1 8.5 ± 0.4 0.7 ± 0.0 13.7 ± 1.1

200 IT175886 22.3 ± 0.6 11.6 ± 0.4 2.1 ± 0.1 8.8 ± 0.3 0.9 ± 0.1 23.7 ± 0.7

201 IT175981 43.6 ± 2.8 11.9 ± 0.3 3.2 ± 0.2 8.1 ± 0.3 1.2 ± 0.1 14.1 ± 0.3

202 IT178384 70.7 ± 7.0 11.8 ± 0.2 3.8 ± 0.2 8.9 ± 0.4 1.3 ± 0.1 9.8 ± 0.2

203 IT178390 56.5 ± 0.8 12.0 ± 0.1 2.3 ± 0.2 7.6 ± 0.4 0.9 ± 0.1 17.6 ± 1.2

204 IT180464 70.0 ± 7.9 11.6 ± 0.3 2.3 ± 0.2 7.2 ± 0.3 0.9 ± 0.0 14.2 ± 1.1

205 IT180478 18.3 ± 0.5 11.6 ± 0.3 1.9 ± 0.2 6.8 ± 0.1 0.7 ± 0.1 20.8 ± 0.6

206 IT180583 51.1 ± 2.1 11.8 ± 0.1 3.2 ± 0.2 4.8 ± 0.0 1.0 ± 0.1 13.2 ± 0.9

207 IT180585 14.8 ± 0.3 12.1 ± 0.1 3.3 ± 0.2 5.5 ± 0.2 1.0 ± 0.1 11.2 ± 0.6

208 IT180615 26.3 ± 2.3 12.2 ± 0.1 2.9 ± 0.1 8.9 ± 0.6 1.1 ± 0.1 10.1 ± 0.3
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Table S1. Continued

# IT DPPH(ul, IC50) ABTS (mgASC/g) FRAP (mgASC/g) TPC (mgGAE/g) RP (mgASC/g) SOD (ul, IC50)

209 IT180655 15.3 ± 0.7 12.0 ± 0.2 3.5 ± 0.2 10.1 ± 0.4 0.9 ± 0.1 13.2 ± 0.8

210 IT180892 14.5 ± 0.3 12.0 ± 0.1 3.6 ± 0.2 11.9 ± 0.3 1.0 ± 0.1 9.7 ± 0.3

211 IT180894 16.2 ± 1.0 12.0 ± 0.2 3.8 ± 0.0 9.4 ± 0.3 1.1 ± 0.1 14.4 ± 0.3

212 IT181957 14.4 ± 0.5 11.7 ± 0.3 3.9 ± 0.2 4.5 ± 0.1 1.0 ± 0.0 10.9 ± 0.2

213 IT181958 16.6 ± 0.9 12.1 ± 0.1 3.5 ± 0.3 3.7 ± 0.1 0.8 ± 0.0 12.9 ± 0.3

214 IT186256 15.1 ± 0.6 12.1 ± 0.1 3.5 ± 0.1 6.8 ± 0.3 0.9 ± 0.0 13.1 ± 0.4

215 IT186259 18.2 ± 0.8 12.3 ± 0.1 3.3 ± 0.1 10.6 ± 0.3 1.0 ± 0.1 17.3 ± 1.3

216 IT186269 23.1 ± 1.4 12.1 ± 0.2 3.8 ± 0.3 10.1 ± 0.9 1.0 ± 0.0 24.0 ± 2.0

217 IT186276 17.6 ± 1.6 12.1 ± 0.1 3.1 ± 0.1 8.7 ± 0.4 1.5 ± 0.0 20.6 ± 1.0

218 IT186277 15.8 ± 0.5 12.1 ± 0.1 3.4 ± 0.2 6.2 ± 0.2 0.9 ± 0.1 24.3 ± 2.9

219 IT186288 17.2 ± 2.1 12.0 ± 0.1 2.8 ± 0.2 5.5 ± 0.1 0.8 ± 0.0 23.3 ± 2.2

220 IT186305 23.9 ± 6.6 11.4 ± 0.4 3.8 ± 0.2 9.2 ± 0.1 0.9 ± 0.1 11.7 ± 0.4

221 IT186308 15.0 ± 0.4 12.0 ± 0.2 4.0 ± 0.3 10.9 ± 0.6 1.0 ± 0.1 11.4 ± 0.3

222 IT189394 18.0 ± 1.2 12.2 ± 0.1 3.7 ± 0.3 10.7 ± 0.4 1.0 ± 0.0 11.5 ± 0.5

223 IT189406 34.2 ± 2.0 12.2 ± 0.1 3.0 ± 0.1 11.9 ± 0.2 1.1 ± 0.0 16.4 ± 0.4

LSD 4.2 0.5 0.3 0.7 0.1 1.0

Table S2.  Antioxidant activity, a-glucosidase inhibition activity, tyrosinase inhibition activity, and phytochemical content of leaf 

extracts of ten selected Korean adzuki bean landraces

　 IT
DPPH

(ul, IC50)

ABTS

(mgASC/g)

FRAP

(mgASC/g)

TPC

(mgGAE/g)

RP 

(mgASC/g)

SOD

(ul, IC50)

AGCa 

(ul, IC50)

HG

IT142500 14.9 ± 0.4 12.5 ± 0.1 5.7 ± 0.4 14.7 ± 1.0 1.0 ± 0.1 9.7 ± 0.3 27.9 ± 1.2

IT142476 13.4 ± 0.3 12.5 ± 0.1 5.4 ± 0.2 12.7 ± 0.5 1.1 ± 0.1 11.6 ± 0.5 28.5 ± 2

IT142507 13.0 ± 0.2 12.5 ± 0.2 4.9 ± 0.2 12.0 ± 0.6 1.0 ± 0.0 11.6 ± 0.1 46 ± 4.6

IT120265 13.6 ± 0.6 11.3 ± 0.3 3.7 ± 0.2 11.0 ± 0.7 1.2 ± 0.0 8.6 ± 0 29.8 ± 1.2

IT120225 17.5 ± 0.8 12 ± 0.2 4.1 ± 0.0 9.1 ± 1.7 1.2 ± 0.1 8 ± 0.2 35 ± 1.6

LG

IT142560 42.3 ± 2.2 9.0 ± 1.0 0.6 ± 0.0 5.7 ± 0.2 0.4 ± 0.0 24.9 ± 1.1 37.4 ± 2.2

IT025789 21.9 ± 1.0 11.6 ± 0.6 0.4 ± 0.0 6.3 ± 0.2 0.4 ± 0.0 24 ± 2.5 39 ± 2.4

IT025962 30.1 ± 2.5 9.9 ± 0.3 2.1 ± 0.1 7.0 ± 0.5 0.6 ± 0.0 16 ± 0.9 40.1 ± 2.4

IT142561 13.4 ± 0.1 7.4 ± 0.4 2.0 ± 0.1 6.9 ± 0.3 0.9 ± 0.1 16.8 ± 0.7 32.9 ± 2.1

IT142559 50.4 ± 11.0 12.4 ± 0.1 1.1 ± 0.1 5.0 ± 0.4 0.6 ± 0.0 14.2 ± 0.4 35.2 ± 1.9

　 LSD 3.9 0.6 0.3 1.1 0.1 1.4 3.3

　 IT
TIA 

(ul, IC50)

Kaempferol 

(ug/100g)

Myricetin

(ug/100g)

Quercetin

(ug/100g)

Daidzein

(ug/100g)

Genesteiin

(ug/100g)

Glycitein

(ug/100g)

HG

IT142500 45.6 ± 0.5 235.8  ± 21.2 605.6 ± 2 473.3 ± 43 3450.6 ± 147.1 294 ± 68.4 1068 ± 60.8

IT142476 44.4 ± 0.6 259.4 ± 21.3 333.7 ± 5.7 304.3 ± 16.2 2211.5 ± 116.4 270.5 ± 49 468.6 ± 39.2

IT142507 68.5 ± 1.6 64.5 ± 2.7 200.5 ± 25.1 641.9 ± 29.5 533.2 ± 37.8 113 ± 5.7 407.3 ± 8.9

IT120265 47.5 ± 0.2 237.2 ± 41.4 559.1 ± 9.7 371.6 ± 59.6 2576.5 ± 387.8 246.7 ± 6 1003.7 ± 190

IT120225 53.2 ± 0.9 97 ± 4.6 247.2 ± 39.6 503.8 ± 15.4 981 ± 68.4 92.8 ± 19.6 379.6 ± 38.8

LG

IT142560 52.5 ± 0.5 136.5 ± 24.4 55 ± 13.6 746.8 ± 53.8 1712.8 ± 326.6 143.6 ± 29.4 157.6 ± 51.9

IT025789 54.4 ± 0.9 103.1 ± 3.4 61.4 ± 0.6 373.7 ± 25.7 1297.3 ± 102.5 104.6 ± 18.5 137.7 ± 47.8

IT025962 57.5 ± 0.8 42.4 ± 1.7 227.1 ± 10.4 378.7 ± 27.2 640.2 ± 82.2 94.5 ± 2.8 391.8 ± 11.8

IT142561 47.9 ± 1 90.3 ± 7.3 216 ± 17.1 793.1 ± 50.6 3959.7 ± 103.6 379.1 ± 68.7 446.4 ± 40.3

IT142559 51.5 ± 0.9 106.3 ± 11.8 134.3 ± 18.2 691 ± 99.2 2172.7 ± 102.6 213.7 ± 29 278 ± 21.5

　 LSD 1.2 33.6 32.7 87.8 332.6 68.6 128.3

a AGC, α-glucosidase inhibition activity; TIA, tyrosinase inhibition activity
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Table S3. Antioxidant activity, a-glucosidase inhibition activity, tyrosinase inhibition activity, and phytochemical content of seed 

extracts of ten selected Korean adzuki bean landraces

　 IT
DPPH

(ul, IC50)

ABTS

(mgASC/g)

FRAP

(mgASC/g)

TPC

(mgGAE/g)

RP 

 (mgASC/g)

SOD

(ul, IC50)

AGCa 

(ul, IC50)

HG

IT142500 38.8 ± 1.9 2.6 ± 0.0 3.4 ± 0.1 4.9 ± 0.2 1.5 ± 0.1 65.8 ± 1.4 41.2 ± 2.3

IT142476 51.0 ± 0.8 2.7 ± 0.0 2.5 ± 0.1 3.3 ± 0.1 1.5 ± 0.0 65.5 ± 1.4 92.8 ± 8.5

IT142507 14.7 ± 0.1 2.6 ± 0.2 1.5 ± 0.0 4.9 ± 0.2 1.6 ± 0.1 72.9 ± 0.9 120.4 ± 19.8

IT120265 20.7 ± 0.6 2.6 ± 0.0 2.1 ± 0.0 3.2 ± 0.1 1.5 ± 0.1 60.7 ± 0.9 56.7 ± 3.1

IT120225 25.9 ± 0.9 2.7 ± 0.0 2.6 ± 0.0 5.3 ± 0.1 1.6 ± 0.1 63.3 ± 2.1 139.7 ± 40.4

LG

IT142560 12.6 ± 0.2 2.7 ± 0.1 3.0 ± 0.2 3.7 ± 0.0 1.6 ± 0.0 79.5 ± 4.1 71.1 ± 5.0

IT025789 25.7 ± 0.7 2.2 ± 0.2 1.8 ± 0.1 2.8 ± 0.1 0.6 ± 0.1 72.2 ± 2.8 52.8 ± 1.0

IT025962 14.4 ± 0.6 2.4 ± 0.1 1.0 ± 0.0 1.4 ± 0.0 0.9 ± 0.1 88.3 ± 3.0 64.6 ± 3.7

IT142561 17.3 ± 1.0 2.5 ± 0.0 3.2 ± 0.2 3.2 ± 0.1 1.5 ± 0.0 67.8 ± 0.9 66.9 ± 7.0

IT142559 15.0 ± 1.1 2.7 ± 0.0 2.4 ± 0.0 2.8 ± 0.0 1.4 ± 0.1 70.2 ± 1.5 100.1 ± 27.7

LSD 5.9 0.1 0.5 0.1 0.1 3.1 19.8

　 IT
TIA 

(ul, IC50)

Kaempferol 

(ug/100g)

Myricetin

(ug/100g)

Quercetin

(ug/100g)

Daidzein

(ug/100g)

Genesteiin

(ug/100g)

Glycitein

(ug/100g)

HG

IT142500 84.1 ± 4.3 3.5 ± 0.6 8.9 ± 1.7 12.0 ± 3.0 17.9 ± 5.1 3.2 ± 1.7 24.2 ± 7.3

IT142476 794 ± 540.2 2.0 ± 0.0 3.2 ± 1.1 6.0 ± 0.7 9.2 ± 1.0 2.8 ± 0.3 24.6 ± 1.9

IT142507 510.8 ± 56.7 2.8 ± 1.3 5.6 ± 1.9 15.1 ± 3.5 13.5 ± 0.5 1.5 ± 0.1 27.5 ± 3.0

IT120265 105.1 ± 1.1 1.7 ± 0.3 8.1 ± 1.4 6.5 ± 1.6 9.0 ± 3.1 1.3 ± 0.9 43.6 ± 7.7

IT120225 158.9 ± 17.3 2.4 ± 1.7 6.5 ± 6.4 3.9 ± 0.1 14.8 ± 7.8 8.6 ± 8.3 35.2 ± 9.6

LG

IT142560 102.6 ± 1.8 2.7 ± 0.4 12.2 ± 1.2 10.3 ± 0.7 13.7 ± 0.4 6.5 ± 0.1 42.9 ± 0.4

IT025789 345.6 ± 94.0 2.0 ± 0.2 15.0 ± 8.4 22.9 ± 5.2 19.9 ± 1.1 10.8 ± 0.4 46.3 ± 7.8

IT025962 154.7 ± 13.9 4.6 ± 0.4 55.8 ± 13.6 24.8 ± 11.4 15.9 ± 0.8 10.1 ± 0.6 104.9 ± 4.6

IT142561 279.6 ± 73.5 1.4 ± 0.3 7.8 ± 1.6 7.0 ± 0.7 14.5 ± 1.5 15.2 ± 5.7 32.8 ± 1.6

IT142559 280.4 ± 21.9 3.4 ± 2.8 22.4 ± 6.4 13.2 ± 3.3 18.1 ± 5.1 12.1 ± 0.8 62.3 ± 7.2

　 LSD 198.8 ns 8.8 6.5 ns 4.8 8.8
a AGC, α-glucosidase inhibition activity; TIA, tyrosinase inhibition activity


