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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 3AI1F =310 o, FZHL filter paper(Whatsman
No. 2)&2 A2 & 50Cel|4 < 5=(Eyela Rotary evaporator
N-1000, Tokyo Rikakikai Co., Ltd. Japan)dto] 2 4]}
Atk SA2] I FE2E ZAS JaXe AA FAZ 2
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A 5 SRS G5 FE=0] Iits 242 DPPH (1,1-
diphenyl-2-picryl hydrazyl) anion scavenging activity[DSA],
ABTSJ2,2-azobis(3-ethylbenzothiazoline-6-sulfonate)] cation sca-
venging activity[ASA], nitrite scavenging activity[NSA] 2! ¥+
A= 2o 7 Hr8ItHlung IC & Sohn HY 2014). WA
DSA 27e] A%, Tl FEE 543 AR 20 Lol 99.5%
ethanolol] 8814171 2x10* MDPPH &< 380 LS Y1 &
grato] 37CellA 30 &< "EAIZL £, 516 nmoll 4] micro-
plate reader(Epoch, Biotek Instruments Inc., VT, USA)E A}
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(Sigma Co., USA) 5 mL%} 140 mM potassium persulfate 88
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domonas aeruginosa KACC 10186, Proteus vulgaris KCTC
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-amylase A3l 37} a-glucosidase A3 4= Hrlste] U
ERQITE WA a-amylase A3 EAFL 7] Eil(Lee RK et
al 2014)%} FL3HA € 555 2.5 uLe} 50 mM phosphate
buffer(pH 6.8)%2 3|43} g-amylase(0.25 U/ml) 25 pLE &3+
3t 37T oA 103t preincubation3t T, 0.5% soluble starch
(Samchun Chemicals Co., Korea) 25 pLE 7}3lo] 37ColA]
105-7F WH8-3A L) ©]F 100l 583t 71 sle] whe-&
ARAZ o, "hg-olo] 150 puLe] DNS(3,5-dinitrosalicylic
acid, Sigma Co., USA) €& 7}8te] 100TCollA 587 714
sto] WAgE 5 AhRof| A kel A2 96 well mic-
roplate readerZ ©]8-3to] 540 nmollA EFE=E SN o
w, Z4zte] AEe 33] vhEgh & HiEghks Fote] v
2oz Aaflgs AT

H7F Al a-amylase 43/

A& (%) = [1-(FF F2=
A19] a-amylase 43)] x 100.
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BHH | a-glucosidase A3l 432 pNPG(p-nitrophenol gluco-
side; Sigma Co., USA)E ©]-&-3lo] #7159 2 H(Lee RK et
al 2014), & EF F=EF 2.5 pL9} 50 mM sodium acetate
buffer(pH 5.6)Z 8433} a-glucosidase(0.25 U/mL) 25 L& &
stalo] 37ColA 10823 WA3kaL, 1 mM pNPG 29 25 L
Z 718k 60Tl 1083 W83kt ©]F 1 M NaOH 25
uLE 7Feto] WhE-& BFAIAI71 A, 405 nmellA] FF=E S5
ato] theo] oz Aa&S Arteadth

A&lE& (%) = [1 —(EF F=EF 37} Al a-glucosidase &4/
A7F A9 a-glucosidase E43)] x 100.
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78t Brlsidtt @72 EFEZHMD Pacific Co., China)
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Table 1. Proximate compositions of the red-bean used in this study

Samples Energy Water content Crude protein Crude fat Crude carbohydrate Crude Ash
P (kcal/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° 10.1£0.2° 0.20.2° 36.0£0.9° 1.240.1°

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 14.840.36 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, 625
ng/mL; [, 12.5 pg/mL; /7], 25 pg/mL, and [, 5O ng/
mL, respectively. Symbols for red-bean (A, B, D, E, G and H):
B 0 poml; [ | 625 pgmL; . 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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AE2] 739, 500 pg/mL FEolA 26.4%2] DSA 2 71.1%
o] ASAE JERfiRleH, SRR 7% B A 10.6%
©] DSA % 52.3%2] ASAE YEMIQITE B, tjZ=F=2 AL
€9 vitamin C9] 7% 6.25 pg/mL EEoA] 29.4%2] DSA
2 63.3%°] ASAE YE o] AE 9 SA29] radical A
52 vitamin C2] <F 1/55~1/751 3Bl thFig. 1). £t
g o] ol AE-LS 046(0D 700 nm) < YERARL
ol FAREE 0.102 #E YEho] o] ek bty
< YeRAth 28y nitrite 22752 2 9-9= 100 pg/mL
SLZoA AEo] 18.0%, TAFEC] 33.2%°] & TS HER
o], 23| TAFEo] AYBET} 188 5 A EHE H
o, A9 nitrite 47 %S vitamin C2] 1/7557F2.
yebstt) 3-8, 24 radical 50% 427%9 RCs S A4
O 1(Table 3), ©]& 71&2] R i(Lee RK et al 2014)¢} H] 1
g 23, 2 dF FEEY s G4 dEE FEE9

13~1/4 FF0 2 YEow, 2o 3its)t &4 tiF-E2

=
E nirite 2753 BAE BAe B RS FEE

e g, SAREe 4 FE=d w1 eE lsiith

Hrketdnk WA A xR AFE-E ampicillin(l pg/disc)
S O A 2 O S Al FEAE g 2SO
BRI 2™, miconazole(l pg/disc)e -3t 2T A S
YeERRITE A8 A4 FEE(500 pg/disc)S 28 %4 Al
T 4% B5oA dag gt S-S Jeloy, a3 &
AAT 2 R daldes o] gt Table 4).
Hh | Z=2pEo] 79 500 pg/disc FEHA AEHFF 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- 1,0002+12.15°  248.8+4.66°  1,369.6+£10.62°
red bean
Boiled- 2,439.4425.60°  472.4+734°  1,067.7+12.73°
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 of raw- red bean and boiled-red bean against pathogenic and

food-spoilage bacteria and fungi

Growth inhibition zone (mm)

;ZIEEZS{S Gram positive Gram negative Fungi
SAY SE LM BS EC PA PV ST CA sC
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 thafl g=o] YeRR] gkott) olg g Axle A2 U 62.5 pg/mL FEo A 44.3%2] a-amylase A3l 2 47.8%<] a

SARE] dgtE FEEoME Ftdo] YehA] &= 71€ -glucosidase AalE Ve

Azt vlmehw, gel A5 F%

°] B al(Lee RK et al 2014)%}, &S] 70% ol&E FEE0| 2 A o2 vv)3t g-amylase 2 a—glucosidase a2
ased 3 gl ATl disl 2,000 pe/disc FE & UEME RS & 5 slen, 718 2o dgks FEE
oA FHeAS Uebdths 7|EH 3 (Kang ST & Han YS 3} Bl Alol % 1/3~1/49] #1242 Ve AtHLee RK er

2012)5 nEsHH, B 84 AEo] Al o & al 2014). Wt 2] A2

S G5 35 A AR RABE B2

Eﬂﬂﬂﬂ] ol TG A= T Fo 24 e Agdriy = o] AaEdo] 2AES EAsIsTh
SE AT G A dF FEEINAT Yepn
= z‘so]:_é’: olo] SRR FH AT L gt FFl I I 5. & d &= gEAN &4
74 7)&el ggk A7t D esittn wokdch A 9 A2 A FEEY] gAML ES F
7}3 A3}E Table 591 YERAATE
4. T AUH =E20| oty A A dE2TE AFEE of~T (15 mg/mL)S TT,
e R AR Pk DL 500 pgml FEONM in- PT, aPTTE FA7FP vla) 2b2h 1owl, 1.79) 5 199 &

[e]
=5
vitro a-amylase 2 a-glucosidase S 275] skl Hrksk 4 FAA 45 A A AL S YIS oy A
o
=

7}, B 10% ©3ke] FA1E vhet A a2

Hep et < 2 49 AR I FEEY] A5 5 mgmL FEAAE TT,

oM 29 B ABAE AREE L 9l acarbose®] A7, PT, aPTTS| ¥37F YehdA] gof, &84 242 A=A

Table 5. Anti-thrombosis activity of the hot-water extracts of raw-, and boiled- red bean

Concentration Anti-thrombosis activity (x control)
Samples/chemicals
(mg/mL) TT 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 1.1+0.1° 1.1+0.1* 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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Fig. 2. Comparison of nitrite scavenging activities of the
hot-water extracts between raw- red bean and boiled- red bean.
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Values are means+standard 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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