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A Comparison of the Components and Biological Activities in Raw and Boiled Red Beans (Phaseolus radiatus L.)
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In the course of study for the development of functional food using red beans (azuki beans, Phaseolus radiatus L.), the ethanol
extracts from raw-red bean (RRB) and boiled-red bean (BRB) were prepared, and the components and various biological
activities of both were compared. It was observed that the extraction yield, and the total polyphenol content, of the BRB were
1.2 times higher than that of the RRB. However, the contents of total flavonoid, total sugar and reducing sugar in the BRB were
30, 27.9 and 30.8% respectively when compared with those of RRB. In relation to antioxidative activity, both RRB and BRB
exhibited moderate DPPH anion, ABTS cation, and nitrite scavenging activities and reducing power, though in all cases RRB
demonstrated stronger activities than BRB. The extracts of RRB and BRB did not reveal any antimicrobial activities. In a o-
amylase inhibitory activity assay, RRB was higher than BRB, while BRB showed higher o-glucosidase inhibitory activity than
RRB. A strong and particular activity was observed in an anti-thrombosis activity assay of RRB. The extract of RRB
demonstrated strong inhibitions against prothrombin and blood coagulation factors, with moderate thrombin inhibition.
However, the extract of BRB did not exhibit any significant anti-thrombosis activity. Our results indicate that RRB has different,
but useful biological activities, and loss or elimination of the biologically active substances in RRB occurs during the production
of BRB. Therefore, to develop more functional foods from red beans, a study of suitable boiling, heating and drying processes
is essential, and the efficient re-use of boiled waste water from the boiling process is necessary. These results could be applied
to the further development of functional red bean beverages and sweat red bean pastes.
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S Zoll gt A= 2 FAMFB] E Aol it
AT[21, 2390 A A2 2 #8487 AT 2 B 7HE
Al ST AeET glon, Fd gtEAOPEA Ha
€ o837l At B A Aol #3 A4, 17, 22, 28],
L ‘%’&3‘2}[3, 26] ‘3! % 1]55 YA 517, B A"
, BdE detanto 4 ¥ &
9] -7‘7“\1]?01] EH? @t E[13], DNA &4 A4
@& 2419 5ol Baso] Yot E3 7h
AFE, A2 F7EE B 80 Sl H?f}
TR S4B A2 S4Bt d7H13], FaA
Zbo| wh2 olsteta 54 o Faket B A [24]= R

£ Ao AHEE FUAF B2 20129 HE HEolA A
Hjgh Al & (FFE)S Yt ARESHATH AR o]
E2E& AASEL, $A, E5te] 100-150 H 4= 243 &
108 FA9] 95% ethanol (Daejung Chemicals & Metals
Co., Litd. Korea)Z 7}3t & AF2 o)A 12417 23] 2£3514)
ot A 22T ZAE A= AT B 2589 B
7Fgt 3 90°Cof|lA] Ahs3t & Al BE| 3, 120°Co|A] 1
rEApst Whgst & SAAZ(PVTFD 100R, YAl Hlo] &
Hlo] &, Rh=r)ste] 2ASHR L, o]F 100-150 H| 4= 24
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gt = 108 FA9] 95% ethanolZ 7}sho] A2l A 12A1%F
23] -’]‘—%&%E} ZZNL filter paper (Whatsman No. 2)Z

£ T 50°Co| A Y %= (Eyela Rotary evaporator N-
1000, Tokyo Rikakikai Co., Ltd. Japan)ste] ELE XA
Soith. 24710 22 25L DMS00] Aot ¥ EE o,
in-vitro TAYS, B, e 9 FRA 4 B71o] Agel
Aok 718 ARERE AoFZ AoFE o] S & Sigma Co.
USA)Y AEFS FYst] ARESHAT. Aol AR 22
otedjstm AlEZoFskto| A B3}l 9tk (voucher specimen
2012-PR1).

aAst Y 2

9] gArsE &2 DPPH (1,1-diphenyl-2-picryl hydrazyl)
anion scavenging activity [DSA], ABTS [2,2-azobis(3-
ethylbenzothiazoline-6-sulfonate)] cation scavenging activity
[ASA], nitrite scavenging activity [NSA] X 3¥8 Ao
2 gristeih2]. WA DSA 39 AL, thgdt w2 3
A3 A& 20 ulo]l 99.5% ethanolol] £3AZ 2x 1074 M
DPPH €9 380 ulE i &3sto] 37°Col|lA] 30& &<t vt
SAIZ1 &, 516 nmo| Al microplate reader (Asys Hitech,
Expert96, Asys Co., Austria)g AFE3le] SF=E A3}
Stk DSA (o= AR W7ol wH7 7o) wage XA
SFATH2]. ASA &A 9 7L, 7mM ABTS (Sigma Co.,
USA) 5 ml¢} 140 mM potassium persulfate 88 mlE 4->
T 2o A 16A17F W& Apdste] ABTS ol FAJAl
Ao, o]% o] §HZ 414 nmo A FFE Lol 1.57} &
L& ethanolZ 3|Ast¢ich. 2A|E 3489 190 ple} A&
10 WE e $ A2 A 627 §HAIX] & 734 nmo]|
N EREE 24 b e Ao o5 ASACHE 2t
SicH11),

ASA (%) = [(C - 8)/C] x 100

C: DMSO #7H &% %, S: A& H7HA] %%

3H NSAZA O] AL ofdAatyd €M (1 mM)o| A|E&H
& 71 ©17]¢) 0.1 N HCLE 7}b3f pH 122 243 7,
7°C°ﬂ A 1A ZF ¥E-8-A1 71 & Griess reagent (Sigma Co.,
USAYE 7tstar Efstqict. o] % 1587 A-2oA ¥a] &
520 nmol A FFEE S5k TE nitrite F& S
ok NSA(%)= o9 Aol o3l A4tstgich2]
NSA (%) = [1 - (A - C)/B] x 100

A: 1 mM nitrite &Ho] A|52E H7}s}o] 1A7F vH-2A|1 71
S0 ZF=, B: 1 mM nitrite 889 FF=, C: B A2
FH=.
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3t & 0.5% soluble starch (Samchun Chemicals Co., Korea)
25 WE 7kske] 37°Col|lA 1027t ¥E-g-8kth. o] % 100°C
A 5ETE 7HE st WSS FAAZ eH, ¥hE-Hof 150 ul

2] DNS (3,5-dinitrosalicylic acid, Sigma Co., USA) &

Lee et al.
£ 7hste] 100°Co) A 587E 7hdste] Wash F 42 oA

164

398 H7LE YA+ ethanold] £33 A& 2.5 mlo]
0.2 M sodium phosphate buffer (pH 6.6) 2.5 ml¢} 10%
potassium ferricyanide 2.5 mlE & 7}3}1 50°Co|| A 20&

Azl &, 10% trichloroacetic acid 2.5 mlE & 7}3}

F3}L 4000 rpmof A 1087F A& st A
2 on g4st wrdst T WA AL 96 well microplate reader (Tecan

Co., USA)E 0]23}4] 540 nmo| A T4 =S 23t o,
et & JHgE Fate ool Ao

T

G

fai

O =za XN
= 7T
yAyAge) /‘K?l_g__o 3§]

2 A& Attt
BTl B

g

o W8E %
S8 gnotyn. 35T 45
S, A ASHA ZA)H 0.1% ferric chloride £ T} 5:1 (v/v)
W82 EUIHD 100 imol 4 FHES S etel Hhohe
o}h2, 14]. A7) 9] FAkst Ao A 2 F2 & vitamin C
Sirfj__c};isﬁf Q‘Ejji%i il E‘fi; ]2]1\;8;) AN %) = [1- N2 BATF &
S C S e e = E2E4)] x 100
o-glucosidase A3 &AL p-nitrophenol glucoside NPG;
Sigma Co., USA)E ©]&3to] Hrtstgen[15], B A=
2.5 W&t 50 mM Sodium acetate buffer (pH 5.6)% 3|45t
o-glucosidase (0.25 U/ml) 25 ulE &E3sle] 37°ColA 102

L EE R ALY L)
ge 71z Bug

g
+ S4EE T a2
7t preincubation 33 1 mM NPG £ 25 ulE 7}3s}¢

AL FE2EY
Wit FYskA Brrsth14]. &
JHAMFOZE  Staphylococcus aureus KCTC 1916,
epidermidis ATCC 12228, Listeria  60°Co| A 10&7F ¥H-3-3} ot ©]% 1 M NaOH 25 ulE 7}
gt 932 A A7] 1L, 405 nmol| A FFEE SA5to] A
&2 AAirsth

[e]

]

lo
oL

Staphylococcus
monocytogenes KACC 10550, Bacillus subtilis KCTC
19245, 1% S A|H L2 Escherichia coli KCTC 1682,

Pseudomonas aeruginosa KACC 10186, Proteus vulgaris
KCTC 2433, Salmonella Typhimurium KCTC 1926, X+ o] st =M
FEA AL 7|E0 Hud W[14]o] o2k EER B
ol (Thrombin Time, TT), T2 EEZ4] €< (Prothrombin
Time, PT) @ ofo] 1] €] €}%](activated Partial Thromboplastin
Time, aPTT)& &4sto] F7bstgict. @42 EEEHMD
ek Aeke

% 2 = Candida albicans KCTC 1940 ¥ Saccharomyces
cerevisiae IFO 02335 AHE3I AT IA &4 H7He 4
2 Nutrient broth (Difco Co., USA)®| Z+Zto] M+ HE
Sho] 37°Co| Al 24A17F F&F v gt &, 24 #55 0.D.goo
= Pacific Co., China)& 73} AF&3R LS
SigmaAt(Sigma Co., USA)9| Al &S FY3te] ARt
E5Y g, 2REEY B ool ZHYe thea
Ze Rgoez YU
TT: 37°Col A 0.5 U EEHl (Sigma Co., USA) 50 pl¢t
20 mM CaCly 50 ul, Tttt =9 Alg &9 10 us

0.12 %A3}9] Nutrient agar (Difco Co., USA) HjX & E
= = UAN
Amelung coagulometer KC-1A (Japan)®] FHof &35}

3tol= HF petri dish (90 X 15 mm, Green Cross Co.,
Ltd. Korea)oll 100 ul =431, z+zte] A|& 5 ulE I

S RZEEAMD Pacific Co., China)

disc-paper (A& 6.5 mm, Whatsman No.2)9| 7}sto], 37°C
=
100 uE H71e & o) 2 E w7 Y A7+ 2A 3}

oA 24X 7k St vkt o, Aad %ol Sabouraud
dextrose (Difco Co. USA)E o] &35l S U HHHo =z

30°Col A1 24417F B9t HjoF £, AR AT 275 53
287 WS A7

sto] &4 S Ut HoH14]. 272 E FALAIAL
A2l miconazole (Sigma Co., USA)< =
gt 2 2% okAm 2 (Sigma Co., USA)S AFE-3H 0.0,
&u) 272 A2 g4l DMSOF AH8s9lth. DMSOS]
A 32129 $TALE Uehsich E8H As) BTk
P A HFA 2 JeEglen, A7 A}t

ampicillin¥} g
SN
o
33] o]A HHES A Y
A9l SHAZFE S JERFe SAA O E U e g

TR, 83 o] B7h & & 232 e gt

|
Z7} 1 pgldisc FEE AHESHF om, &2 Se] 77|+
9 AEE mm EH =2

)
gotoz Mgl et
PT: R2BA 70 e} Th¥et BE9) A2 10 WE

ettt
Amelung coagulometer KC-1A%] £ B o] A 7}5}¢] 37°Cofl

245
el gt Y
A AL in-vitro a-amylase A3l AT} a-glucosidase
A &2 B7hste] Uehith WA o-amylase A&
25 A& 2.5 wet
A 387 7F2 &, 130 o] PT reagent MD Pacific Co.,
China)E H7leta 7o) g w712 9 AJ7kE 33]

e 71E BA15)% FYsHA 2
50 mM phosphate buffer (pH 6.8)2 3]X 3t a-amylase
0.25 Unl) 25 WS &3+5te] 37°Col| Al 1087t preincubation
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FAZ Uitk fETRE ki UL
41 gz72E DMSOE AH&3tath
DMSO0] %% 18129 $TAZHS Yehjgich ZeE2
W 43 B3 33 o4 wEe HYe AL eyl
o, A& M7 9 SuATHE & 2 SAAIES
Z U #eE Yyefgith

aPTT: @7 100 plo} ot =9 A& F294 10 plE
Amelung coagulometer KC-1A9] EHof A7}35}o] 37°Cof
A 3EZ 7FL% Z, 50ul9 aPTT reagent (Sigma,
ALEXIN’PM)E H7F81a ThA] 37°Col|A] 8 E7F vjokstict. o]

Z 50 ul CaCly (35 mM)S A7}t & EAbo] 211E wj7hA]
o) N2 24aec. ) G272 AR 64 DMSO
£ Agstgen, o] A% 55129 A7 YeRR ST
aPTT®] A= 33 HhESt A9 A2 Yehfglen, Al
& JA7HY SaAE & 2] SLAPe R Ye

#Ho 2 et
7[Et 2M

T FEE9Y F flavonoid?] T AL 7|&9 Hil[25]
of et ZAst o, 2tz AR E 18A17F HiEE wht

&3t o3t &Y 400 plofl 90% diethylene glycol
4 ml2 H7b5tT thA) 1N NaOH 40 pl €3 37°Co] A]
1A1ZF Bhg 3 420 nmof| A 6‘*5 245ttt FEA|F
O 2= ruting AHE3FTH2]. F polyphenol 2 +&
AN 400 uloﬂ 50 ul®] Folin-ciocalteau, 100 ul9] Nay,COs
ZGAS Ju A4 1AIZE FATE & 725 nmof A &
IdrE =3 ‘3}‘2111}[2] FFA 20 2 = tannic acidE A&

it T A= 729+ phenol-sulfuric acid¥-&, &
AG FF] H$ 1 DNS #HL o] g3gth[26]. ZH2He

A3 33 BEe Age) Bai A2 U

>~

e w—w W e, A9 Eae 2
u]2l b3 ofel tho] 74 1 AARE 37} ol g
Lol 44 284 AsjAAet ABF SHARE(0, 1]

2 QU8 WHEA] dobd M stolof Be. & AT A A

Biological Activity of Phaseolus radiatus L. 165

2L HETE o] SR fEHEL AENTA 5
ou, 24719 gre $2HE W A LA AIE Table 1
o Uehgiet. & age) A9 ARt FAwo] o 1.24)
Fhgglon, 2229 SEelE YFE FALo| 1.24)
F7hE gt ol meX o] og ¥ & Wate] B2 £
L EEE ECEERELESEEEE RS
EREEERECERELEENE SR R
Ak 712 e fAbseh24). TRt FARE H S
FEehuico|E YL AR thu] 0% £EOE FAsY
on], 5 0 SAY A o4 AR o] 27.0% L 50.8%
Szo2 Fastgth. ok 84 2ol 1 A5H
el £4slo] st dgoe Bass, 35 2 7

& Azl Qlof AABBA B e o AU
Aol Bage g

Stitst 2 Him
AT 9 FATY A A4S DSA 9 ASAR H7hg
A (Fig. 1), T A2 BEo|A £223 A3} AL e}
Wolth AE9| FAikst EA4o] FABET TS A U
Ehiton], 53] ASA B/ B2 Aol & UEY Atk (Table
2). AL 9 FAL FZE2 47 125 ug/ml FEA
40.2% 2 19.0%9) DSAS YEY 1L, 67.1% L 20.5%2)
ASAS B4SE UYof, A FEEY A HE2TE AN
= vitamin C9] 1/10-1/209] £2A AL 7HA 2 Uit} &
A 7o Ao = o] FALY oF 2.5 9] A
EFf $loH, nitrite 2A 59 F-$¢ ATo| FATEYG
g 2AFE YEr AT H%EW 2Y 32 B F FArst
E49 24 9 4o Y& 5T 5 oy, AT
A AR F7HE e dad SR ot
(Table 1) L 23th, F4tstEde F7HE S = 4
Byl g Ao G Ao woEt) 3 7| 5Ao] 743}
H 2 7AE NS feiA e A S48 Jidol 3
83k AL et

n+o| SEA
U

mo| SREH

4 4 SR $289 942 4 P2 WS 2
B A% AR 450 8 IGYY A2 IHEH 42
) 2240 430 500 pgiise 55717 FEE| e o

Table 1. The ethanol extraction yields of raw-, and boiled- red bean and their components analysis.

Extraction Content (mg/g)
Samples . o - -
Yield (%)  Total flavonoid  Total polyphenol Total sugar Reducing sugar
Raw- red bean 1.5+£0.07 6.25+0.73 15.73 £ 0.06 136.14 £ 0.62 4948 £0.6.25
Boiled- red bean 1.8+£0.13 2.00+0.10 19.02+0.29 38.03+0.0.87 15.23 £0.0.57

Values are means + standard deviation of triplicate determinations.
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Fig. 1. Comparison of anti-oxidant and nitrite scavenging activities of the ethanol extracts between raw- red bean and boiled-
red bean. Symbols for vitamin C (C, F, and I): Il , O ug/ml; ZZ4, 6.25 ug/mli; HBEA, 12.5 ug/ml; 7771, 25.0 ug/ml, and [, 50
ug/mi, respectively. Symbols for red-bean (A, B, D, E, Gand H): : I, 0 pg/mi; . 6.25 ug/ml; [, 12.5 ug/ml; 1, 25.0 ug/

ml, and [, 50 pg/ml, respectively.
QYth(Table 3). 7+ S[12]2 Streptococcus mutanss Z 33t

Q% TRA ) B G5 520 FRHL P B
B ok, Ao AgH 2§09 Holof ke FREYT
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Biological Activity of Phaseolus radiatus L. 167

Values are means + standard deviation of triplicate determi-
nations.

Table 2. The radical scavenging activities (ICso) of the ethanol 60
extracts of red-beans. A
Samples/ Radical scavenging activity: ICsg (ug/ml) &
Chemicals DPPH ABTS Nitrite S .l
Raw- red bean 240.38 79.57 >100 3
Boiled- red bean 402.14 328.80 >100 E
Vitamin C 15.2 4.0 17.6 §
>
S
?
3

B A% G7 TR EAT H5A

FF A5NE ol §3 37 BH B L

27} Basi),

60
B g &y I=’|

A g zz1ghol St B0 in yitro a-amylase I o-
glucosidase /& &3t Frlstgeh. WA AdollAl 2
H Gl XE2AZ ARE-EIA Q= acarbosed] -9 62.5 ug/
ml XA 46%2] a-amylase A3 ¥ 43%2] a-glucosidase
oS epgel e Zee A B ety dekFig .
2). B FEEY A camylase A &/Jo] 4513 C ° 0 1(‘)0 2[.)0 3z|)0 4(')0 5
™, a-glucosidase A 3| &/J-2 mju]gh BHH, ST 2 ¢
o-amylase AfBAHE A glen, JAHHLE o-
glucosidase A3 o] LEhdth AABAL srojzdo Fig. 2. Comparison of inhibitory activities against (A) a-

- oo amylase and (B) o-glucosidase of the ethanol extracts
Z2 UeEgon, 53 ¥ FEEL 62.5ug/ml F=1A  petween raw- red bean () and boiled-red bean (o).

9.7%, 125 pug/ml H=o)A 18.8%2] a-amylase A3|E LE Acarbose (V¥), a commercial anti-diabetic agent used to treat type
WO, ZAHEL 625 pg/ml S A 9.6%, 125 ug/ml 5 2 diabetes, was used as a positive control.

oA 10.7%9] a-glucosidase A S LFEFY STt wh2hA]

40

20 4

a~glucosidase inhibition (%)

® O

S 4
S

600

Concentration(ug/ml)

2o 32 LAY F, ocamylase A A2 & EO| W &Y
A 8l AZHH, a-glucosidase A3 B2 A E= AR 4 AR HE FEE9 FEA 4L Bk 2
gyt e & & AT Fig. 2. Ih= Table 4o GEFW Sitt. WA Aol FEAA R AL

Table 3. Anti-microbial activity of the ethanol extracts of raw- red bean and boiled-red bean against pathogenic and food-spoilage
bacteria and fungi.

Growth inhibition zone (mm)

(?i?:n:)ilceaslls Gram-positive Gram-negative Fungi
SA? SE LM BS EC PA PV ST CA SC
Raw- red bean »b - - - - - - - - -
Boiled- red bean - - - - - - - - - -
Ampicillin 24.0 22.0 24.0 28.0 10.0 14.0 36.0 18.0 - -
Miconazole - - - - - - - - 17.0 26.0

8SA: Staphylococcus aureus, SE: Staphylococcus epidermidis, LM: Listeria monocytogenes, BS: Bacillus subtilis, EC: Escherichia
coli, PA: Pseudomonas aeruginosa, PV: Proteus vulgaris, ST. Salmonella typhimurium, CA: Candida albicans, SC: Saccharo-
myces cerevisiae, °-: No inhibition.

The concentrations of the extracts and antibiotics used were 500 pg/disc and 1 ug/disc, respectively. The growth inhibition
zone expressed was included size of disc-paper (6.5 mm of diameter). The data represent a classical result of three indepen-
dent determinations.
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168 Lee et al.

Table 4. Anti-thrombosis activity of the ethanol extracts of
raw-, and boiled- red bean.

) Anti-thrombosis activity
Samples/ Concentration

. (x control)
Chemicals (mg/ml)

TT PT aPTT

DMSO - 1.0+0.0 1.0+00 1.0+0.0

Aspirin 1.5 19+01 1.7+01 1.9%0.1

R 5 84+01 >150 >15.0

aw 25 22401 >150 >15.0
red-bean

1.25 1.1+01 1.1+01 1.2+0.1

Boil 5 12200 1.1+00 1.2+01

oiled 25 10401 1.040.0 1.0+0.1
red-bean

1.25 1.0+0.0 09+01 1.0+0.1

5T U FAYA@GY BETE 15 mgmld) B
ZoA] TT, PT, aPTTE $347H70] vls) 22 10w, 1.76)
WLow AAA BT FEH BHS U st
Aek BB B 1.25 meml SEo AL A FAA
Aol tehtA g9tot, 2.5 mgiml =L EEU A
shell W TI7 2,20 AAELOH, Wel BA AR B
ofote ZzEEY 9 YA4LnAA Asje] wE PT U
aPTTE 15 o)4F A4 5 2% 384 B8 tehy
St Be] A%, o] £ AH FHE fibrino) 83
gy Ba[1gE v ok, 84 A AAE A &
e A7 2o ot glth BE F42Y AL, 5 mel
ml =A% TT, PT, aPTT 9% 837} 2% o|eksHA o
B 3Ed BAo] 2UE Y & 4 gtk ol
Ane 2o 3B B4 HEol FAHY F 1D A2l
ofa FAo] 2AFUAL, B A4 H7]5Hs BRelA
&89 Aoz 2290

A7)0 ANE FUT W, BL oW ABHE ALL
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