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Evaluation of Useful Biological Activities of Hot-Water Extracts of
Raw-Red Bean and Boiled-Red Bean (Phaseolus radiatus L.)
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ABSTRACT

Raw-red bean (RR) should be boiled in hot water, and only boiled-red bean (BR) has been used in the food industry. In
the course of development of functional food using red- bean (Phaseolus radiatus L), hot- water extracts (HWEs) of RR and
BR were prepared, respectively and their components and various biological activities were compared. The extraction yield
at 100C of RR (16.2%) was higher than that of BR (14.8%), and contents of total polyphenols, total flavonoids and reducing
sugars of HWE of RR were 2.5-fold, 2.1-fold and 1.5-fold higher than those of HWE of BR. In anti-oxidation activity assay,
scavenging activities against DPPH anion and ABTS cation as well as reducing power of RR was higher than those of BR.
The results suggest that the anti-oxidant compounds in red bean might be heat-liable or discarded during boiling in hot-water
as a cooking drip. Unexpectedly, nitrite scavenging activity was stronger in HWE of BR than RR. In anti-microbial activity
assay, HWE of RR (500 pg/disc) showed growth inhibition activity against gram-positive bacteria, whereas HWE of BR did
not show any activity against any tested bacteria and fungi. Assay of in-vitro anti-diabetes and anti-thrombosis activities, which
were previously reported in ethanol extract of red-bean, revealed that HWEs of RR and BR did not show significant activities
against a-amylase, a-glucosidase, thrombin, prothrombin, or blood coagulation factors. Our results suggest that the anti-oxidation,
anti-diabetes and anti-thrombosis activities of HWEs of RR and BR were lower than those of ethanol extracts of red bean,
and bioactive substances in RR were destroyed during boiling or discarded after boiling. Further research on suitable boiling

and re-use of cooking drip of red bean is necessary.
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TollA 3AE FZF319 o, FFH-2 filter paper(Whatsman
No. 2)& A& & 50Cl|A < 5=(Eyela Rotary evaporator
N-1000, Tokyo Rikakikai Co., Ltd. Japan)ate] E-= A8}
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ABTS][2,2-azobis(3-ethylbenzothiazoline-6-sulfonate)] cation sca-
venging activity[ASA], nitrite scavenging activity[NSA] 2 %F
L= 2o 7 HrsltHlung IC & Sohn HY 2014). HA]
DSA 2%9] 7%, theksl = 3|48 A2 20 pLell 99.5%
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ghsle] 37CelA 30 B vHSAIZL F, 516 nmol| 4] micro-
plate reader(Epoch, Biotek Instruments Inc., VT, USA)E A}
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0.2 M sodium phosphate buffer(pH 6.6) 2.5 mL2} 10% pota-
ssium ferricyanide 2.5 mLE 3 7}8kaL 50 CollA 20&3F ¥k-g-
A1Z1 &, 10% trichloroacetic acid 2.5 mLE 3 7}3}k] ‘ﬂ'%%
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al 2014). 73719] 34ks} ARdol| A thE7=+= vitamin C(Sigma
Co., USA)E AH&stsion, &nf 72 DMSOE AHS-
sttt ZHzte] &4 Wrhe 27} 33] wHEgk Aol P
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33}4 anion, cation & nitriteE 50% A~ASI= H £ALFH =
A8 FE(RCs)E AlMFete] UERHATHLee RK et al 2014).
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AT RE Staphylococcus
aureus KCTC 1916, Staphylococcus epidermidis ATCC 12228,
Listeria monocytogenes KACC 10550, Bacillus subtilis KCTC
19245, 13 SAAIT S 2 Escherichia coli KCTC 1682, Pseu-
domonas aeruginosa KACC 10186, Proteus vulgaris KCTC
2433, Salmonella typhimurium KCTC 1926, T2 2= Candida
albicans KCTC 1940 2 Saccharomyces cerevisiae TF0 02335
Abgslint AT 24 Hr1e] - Nutrient broth(Difco
Co., USA)ell Z}zte] A& A Fsto] 37°CallA 24213 F<t
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buffer(pH 6.8)= 3|23} g-amylase(0.25 U/ml) 25 pLg &3
3] 37°Coll A 1023t preincubationdt - 0.5% soluble starch
(Samchun Chemicals Co., Korea) 25 pLg 7}3ke] 37Tl A
102:3F WHE-3lAth o] % 100Toll A 533t 7Fd st wHe-2
AR Z o, vkg-olo] 150 pLe] DNS(3,5-dinitrosalicylic
acid, Sigma Co., USA) €98 7}5le] 100CA 583 71
Sto] WAlgl & oA vyttt ”Wj“?’j‘ <96 well mic-
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BHH | a-glucosidase A8 2432 pNPG(p-nitrophenol gluco-
side; Sigma Co., USA)E °]-83l H7|5l5] 2™ (Lee RK et
al 2014), & &4 FE& 2.5 uL9 50 mM sodium acetate
buffer(pH 5.6)% 3|23} a-glucosidase(0.25 U/mL) 25 pLE &
ghste] 37CelA 1023t WA|8tas, 1 mM pNPG &9 25 L
£ 78t 60TollA 1023 §F-3-5tiTth ©]F 1 M NaOH 25
uLE 7Feto] WhE-& BAIAI71 4, 405 nmellA] FFEE S5
st the] Ao R AseS ALtstsith

A& (%) = [1-(LF F=5
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Sohn HY 2014)JJr FY3HA Thrombin Time(TT), Prothrombin
Time(PT) ¥ activated Partial Thromboplastin Time(aPTT)S-
S7sle] Hrlskdth 42 EEAMD Pacific Co., China)
< 73k AHesEs e, 718k A9k Sigma Co.(Sigma Co.,
USA)®] AlFS FYate] AH&3stATh 2H2He] TT, PT, aPTT
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aPTT 7ol wWE g} Sa A2 A7 A7 &
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2 x| 4 FEE9] total flavonoid (TF)S] &
& < 7]1#2] ®al(Valentina U et al 2007)°l w2} =73
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(Valentina U et al 2007). EFA] ¥ 2 = tannic acidE A
S5t 9 A &2l Z-$-oll= phenol-sulfuric acid H-<, 3
T3 %“«] 74 §-ol= DNS HH-S 0] 839 th(Valentina U et
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Table 1. Proximate compositions of the red-bean used in this study

T8 8.2~10. 8HH E—% 2‘«%
14). 2 F2E 3% TP &F2 S4

Samples Energy Water content Crude protein Crude fat Crude carbohydrate Crude Ash
i (keal/100g) (%) (%) (%) (%) (%)
Raw-red bean 332.5+1.2° 13.5+0.2* 21.240.3* 0.1£0.1* 61.6£0.6" 3.6+0.1°
Boiled-red bean 186.2+2.6" 52.5+1.4° 10.120.2° 0.2+0.2° 36.0+0.9° 1.2£0.1°

Different superscript in a column indicate significant differences at p<0.05.

Table 2. The hot-water extraction yields of raw-, and boiled- red bean and their components analysis

Extraction yield

Content (mg/g)

Samples o
(%) Total flavonoid Total polyphenol Total sugar Reducing sugar
Raw-red bean 16.2+0.25% 4.16+0.16" 19.61+2.08" 112.39+£7.91* 46.39+0.13*
Boiled-red bean 14.8+0.36° 1.96£0.16° 7.94+0.51° 198.15+3.02° 32.03+3.32°

Values are meanststandard deviation of triplicate determinations.

Different superscript in a column indicate significant differences at p<0.05.
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Fig. 1. Comparison of anti-oxidant activities of the hot-
water extracts between raw red-bean and boiled red-bean.
Symbols for vitamin C (C, F and I): [, 0 pgmL; 74, 6.25
ng/mL; [, 12.5 pg/mL; /7], 25 pg/mL, and [N, 50 pg/
mL, respectively. Symbols for red-bean (A, B, D, E, G and H):
B o pomi; [ | 625 pgmL; M. 125 ng/mL; [,
250 pg/mL, and B 500 pg/mL, respectively.

Values are meanststandard deviation of triplicate determinations.
Different superscript in a column indicate significant differences
at p<0.05 by Duncan’s multiple range test.
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Aol A4 500 pg/mL F =04 26.4%2] DSA 2 71.1%
o] ASAS YER oY, FA12e] S s 10.6%
©] DSA ¥ 52.3%°] ASAE YERNRATE BHA, 272 AL
2% vitamin C9 7% 6.25 pg/mL FEol|A 29.4%2] DSA
92 63.3%°] ASAE YEh o] B2 % FA29 radical 47
&< vitamin C-O/] oF 1/55~1/75°ﬂ 3l FoFA thFig. 1). &3

gl o] Aol = PEL 0.46(0D 700 nm) 7S JERAA
22122 0.102 S UJER o] AFo] 223 akele]
< et 23y nitrite 227%52] 7§l 100 pg/mL

FEoA AEo] 18.0%, SAFEC] 332%2] &A%
o], 23|18 SAFEo] ABHL} 1.88] 5
Hom, ZAE2 nitrite 2276 vitamin C2] 1/755F2.
UeRgeh §H, 4 radical 50% 427%5¢1 RCsys AlAFaIS
©H(Table 3), ©| & 7]&2] H3i(Lee RK er al 2014)¢} ¥] 3
o A3l B Q4 22Eo] GPAE GAL oEe 2SEo)
13~1/4 02 Veton, 2o 3itst &Aoo frie
doll Wz A o8 Uehds & 5 Atk

w3 nitrite 2457 BEE 2AL Ho] o 2R
e g, SRR 4 FEE B USS EelEsith

< vl
z:fl— _/,:7-] il/ﬂ_o_ H

}lr

3 :
< oy B O 54 Al %“ﬂé" gt %’r*é—% =
BRIl 2™, miconazole(l pg/disc)e
YERAATE A2 G+ FEE(500 ug/dlsc)ﬂ a3 g Al
T 4% BFoA Feg gt S velled, a8 &
AAlT 2zl disiAe o] flUtHTable 4).
Wk, SAREe] 7 500 pg/disc FE7HA] AR BT

Table 3. The radical scavenging activities (ICsos) of the
hot-water extracts of red-beans

Samples/ Radical scavenging activity: ICsy (ug/mL)
chemicals DPPH ABTS Nitrite
Raw-
aw 1,0002+12.15°  248.844.66°  1369.6:10.62°
red bean
Boiled- 2,439.4425.60° 47244734 1,067.7412.73°
red bean
Vitamin C 13.3+ 0.12° 4.5+0.02° 14.1% 0.09¢

Values are meanststandard deviation of triplicate determinations.
Different superscript in a column indicate significant differences
at p<0.05 by Duncan’s multiple range test.

Abbreviations: DPPH, 1,1-diphenyl-2-picryl hydrazyl; ABTS, 2,2-
azobis(3-ethylbenzothiazoline-6-sulfonate.
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Table 4. Anti-microbial activity of the hot-water extracts

food-spoilage bacteria and fungi

AE-

b

oA o} fAHEEEE

38

of raw- red bean and boiled-red bean against pathogenic and

Growth inhibition zone (mm)

cilaersﬁisl/s Gram positive Gram negative Fungi
SAY SE LM BS EC PA PV ST CA Ne
Raw-red bean 9.0 10.0 13.0 10.0 2 - - - - -
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

Y SA: Staphylococcus aureus, SE: Staphylococcus epidermidis, LM: Listeria monocytogene, BS: Bacillus subtilis, EC: Escherichia coli, PA:
Pseudomonas aeruginosa, PV: Proteus vulgaris, ST: Salmonella typhimurium, CA: Candida albicans, SC: Saccharomyces ce- revisiae,

2_; Noinhibition.

The concentrations of the extracts and antibiotics used were 500 pg/disc and 1 pg/disc, respectively. The growth inhibition zone expre- ssed
was included size of disc-paper (6.5 mm of diameter). The data represent a classical result of three independent determinations.

of el el vehA] sttt olelgt Azt A gl
AR dgtE FEEAAE o] YA &E 71E
©] H1l(Lee RK ef al 2014)9}, A&2] 70% °lgHE& FEE°|
aged 9 agerde] ATl tisl 2,000 pg/disc =
oA FtddE YERAThE 7|EK3(Kang SJ & Han YS
2012)F efsly, o] 84 AdTol AT 20 &

dHH, ole 25 de Y ol 2 B dgdva F

vitro a-amylase 2 a-glucosidase 84S =74 3lo] Hr13et 2

I}, BF 10% olske] FAIE whet AagdAdS JeRfIic o
Ao A 28 B X842 ALEE 3 Y= acarbosed] 7F

62.5 ng/mL oA 44.3%2] a-amylase A3l 2 47.8%2] a
-glucosidase A& UEPH A3} vwsid, 29 4 F&
E2 A o2 vn|dl g-amylase 2 a-glucosidase #1324
= Helle S & 5 o, 719 29 dgkE FE=
3} vl Al = 1/3~1/49] A& &4-S JERATHLee RK et
al 2014). webx] 2] A9, G5 F5 A AT Seld 24
o] Aafjddo] S FRlsksich

A 9 FAEe] A5 FE2E] A uAfEAH S I
7}t AT}= Table 59 JERNITE

HA A z2TE AFEE obAT (1.5 mg/mL)S TT,
PT, aPTTE T3 7ol vls] 2z 1.94), 178 2 1.98) <
AAA e G A dAEE S JERITE 22 A
2 9 AR I FEEY] A5 5 mgmL FEAAE TT,
PT, aPTT®] W37} YeptA] edol, @& 42 A=A

Table S. Anti-thrombosis activity of the hot-water extracts of raw-, and boiled- red bean

Concentration Anti-thrombosis activity (x control)
Samples/chemicals
(mg/mL) PT aPTT
DMSO - 1.0+0.0° 1.0+0.0° 1.0£0.0°
Aspirin 1.5 1.9+0.1° 1.7+0.1° 1.940.1°
Raw red-bean 5 1.0+0.0* 1.0+0.0" 1.1£0.1*
Boiled red-bean 5 1.140.1* 1.140.1* 1.0+0.0°

Values are meanststandard deviation of triplicate determinations.

Different superscript in a column indicate significant differences at p<0.05 by Duncan’s multiple range test.
Abbreviations: DMSO, dimethyl sulfoxide; TT, thrombin time; PT, prothrombin time; aPTT, activated partial thromboplastin time.
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