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Figure 3. Chemical structures of proanthocyanidins and cyanidins from
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WEADAE (KCTONA RFol AHgatgith, 4 #5E 1gFH79

o,
aki

o
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Streptococcus mutans KCTC 3065, Streptococcus sobrinus KCTC 3308
o F HA H#FE ARSI T3 dFE AHEIATS Prevotella
intermedia KCTC 3692, Porphyromonas gingivalis KCTC 5352,
Fusobacterium nucleatum KCCM 42180, Actinobacillus
actinomycetemcomitans KCCM 122279 47} #FE5 AF&33lth. iy
TFRE 288X Escherichia coli KCCM 11234 ¢ 13kA <l
Staphylococcus aureus KCCM 41291 #FE AT, 45 widS 9
sk vl X+ Tryptic Soy Agar(Becton, Dickinson and company, U.S

Tryptic Soy Broth(Becton, Dickinson and company, U.S.A.)E A}-&3}S%]
o 755 HAE o] &3ste] 37T incubator(MIR—253, SANYO Electric
co. Ltd, JAPAN)oI Al 24417t w3t 5 33] Ald) wgste] o] 354

+FE A2t Incubatord H%+ A 95% S X8 tH(Tablel).
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Table 1. List of microorganism and media used for antibacterial activity test

Microorganism Gram Media Temp.(TC)
Cariogenic Streptococcus mutans KCTCY3065 + TSA&TSB 37
bacteria Streptococcus sobrinus KCTC3308 + TSA&TSB 37
Prevotella intermedia KCTC3692 — TSA&TSB 37
Porphyromonas gingivalis KCTC5352 - TSA&TSB 37
Periodontopathic  ropacterium nucleatum 2 - TSA&TSB 37
bacteria KCCM“'42180
Actinobacillus
) ] KCCM12227 - TSA&TSB 37
actinomycetemcomitans
Comparison Escherichia coli KCCM11234 - TSA&TSB 37
bacteria Staphylococcus aureus KCCM41291 + TSA&TSB 37

Y Korean Collection for Type Culture

? Korean Culture Center of Microorganism
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=35l A& A BE 200 ug/ml, 400 pug/ml, 600 pug/ml, 800 wug/ml, 1000
ug/mle] &% Fol 1 ml7F HEF TEdnk 7)ol 2% Na.COs

(SAMCHUN Chemicals, Korea) 1 mlE 7}sle] 387 Wx3k & 50%

N JN'

o

Folin—Ciocalteu(SIGMA-ALDRICH, U.S.A.) Al¢F 0.2 ml& 7}3lo] A2
A 308 A X3 T Spectrophotmeter(UV-9100, Human co., Korea)& 9]
£33l 750nmolA] SFEE =AYl Tannic acidE o] &3 ¥+ A

Hol A g3t F Aw HFE FFS HEIAL.
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NaOH(SAMCHUN Chemicals, KOREA) 1 mlE &&s3slo] 37C & A9

!

=

S
|

5

=
=

0

=]

=

WA 55 sl

Al=2E 200 pg/ml, 400 pg/ml, 800 ug/ml, 1000

Ly
e

513 =
sk =

2}

A 1AZE EeF HEE A7l & spectrophotmeter(UV—9100, Human co.,
KOREA)ZE o] &3] 420nmolA] &3S =A5A ) ruting o] 83 3%
= A AHEste] F SR o= S bEE sl
(3) DPPH radical 24 &4 A
2] DPPH radical 274 %< Blois MS(Blois MS 1958)¢] WHS o] &

sto] AT 29 70% ethanols 7}8Fe] shaking incubater(M5Y-C
JISICO, KOREA)©IA 2443k &3 2]
(1236MG, GYROZEN, KOREA)3&}<] o
AZ o] 0.4mM  2,2-depheyl-1-picryl-hydrazyl(ALDRICH CHEMISTY,
GERMANY) &3} Aol FATH7E ethanol
blank® 3}¢] spectrophotmeter(UV-9100, Human co., o] &3}
=48kl

DPPH radical scavenging activityS F& Al

2 EAGke] ey,

3 3068xg oA 20%zF LA

e Feshan,

=]
RN

<

AMEE ZFR 5 303t

Korea) &

=

=

b

o -

517nmeol A &

& A mAnTe Y

s
a

Z ) =Ke]
2H5 W&
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3) &9 proanthocyanidin ¥4

(1) 29 proanthocyanidin 41 93 A& AZ

b

&9l  proanthocyanidin A& Ae 98k AE  A|FXE Ryszard
Amarowicz et al(2006)9] A3PA L= nvigo

(HMF-1000A, HANIL, KOREA)®E &3 5 &< 4 AAREWS X

O
il
ol
o,
38
)
mg
o
(=)

g

o
M
o)
N

et #2sle] 80% acetone= 200 ml FH7}ste] 40C=
incubator(HB—201UT, Hanbaek, Korea)oll A 2443t &
&S Aspirator(DOA—P704—AC, GAST Manufactring, U.S.A)E A&
ted Whatman No.2 o A2 oA g & o dE 40T A Id L &
% 7](N=N Series CCCA—1110, EYELA, JAPAN)Z <ko] 1 ml7} € uj7}
A FFAY. o] AREE -70CZ FA=H+E deep freezer(CHAYON
Laboratories Inc., KOREA)el R33stH 2o A8 3}

"

0

O

(2) &R Z2nE 23 (HPLC)S 93 proanthocyanidin £4]

Z9] proanthocyanidin A% 72 Begona Buendia et al(2010)2] A3
A& vtge = 39lth. Bond Elut-Cis 7FE# A (Agilent, 500 mg, 6 ml)
of WgE 5 mlet S5 5 mlE SR F F ARE AAANAM 10%
Hee Fgdow FAEES YA olFA ¢S AlRE I T
5% 7](N=N Series CCCA—1110, EYELA, JAPAN)Z <ol 1 ml7} € o
7MA F53% F syringe filters(Merck Millipore LS, 25 mm)® 13]
filtering 38fe] HPLC-MS(HP 1100 series, Agilent 6130 Sin-gle

quadrupole LC/MS)Z #4311 1 4 7S Table 29 2}
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Table 2. Operating condition for proanthocyanidin analysis of small red

bean

Item

Operating condition

Column

Mobile phase

Gradient

Flow rate

Injection volume

Column temperature

Detection wavelength

Tonization mode

Capillary voltage

Gas temperature

Gas flow

Nebulizer

Sim mode

Zorbax Eclipse XDB—Cisg
(3.0 X 100 mm, 3.5 um)

A 1% acetic acid

B: methanol

Time(min) 0 5 10 15
Solvent A (%) 97 97 95 90
Solvent B (%) 3 3 5 10

0.3 mL/min

5 ul

25C

320nm

Negative ion electrospray
3500V

325C

11L/min(N3)

45 psi

865
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Cont.: boiling time 0 min, SR1: boiling time 8 min. SR2: boiling time 16 min.

SR3: boiling time 24 min, SR4: boiling time 32 min, SR5: boiling time 40 min.

Figure 6. Sample of the small red bean tea according to boiling time
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(1) pH 54
719 Alzte] 2 Zx A& C, SR1, SR2, SR3, SR4, SR5¢ pH+ pH
meter(Delta 350, Metter, England)S A}&3te] SHsI . 2AE zHz)

10 ml A &} Test tubeo] Y3 33 Wk =4 319},

(2) 3% =4
7k A zbe & 23 A& C, SR1, SR2, SR3, SR4, SR59] ¥W&E+=
4 W97F Brix 0-32%¢] FE=A(PR-1, ATAGO, JAPAN)E o] §3}¢]

gararh. dEsel 24 ARE WgAA 38 42 Sgsqr.

A

|

(3) €& =4
7t A7 w2 22 A]E C, SR1, SR2, SR3, SR4, SR59 dx:= o
A (PAL-035, ATAGO, JAPAN)E o]&3te FAHsIAT. A=A 23k

ARE WA 33 W g

=
Bt §59 1¥9=9 HrE dehle FA2AMYS Lee et al 2000)
A A7l @2 ¥ak A5 C, SR1, SR2, SR3, SR4, SR59] HX+ YS
Lee(2000)9] WHo] we} A3 3. 3 AJ8E5 Z+Z}; spectrophotome-
ter(UV-9100, Human co., Korea)® 675nm 34 33 W& S35k
=3
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7Fd Algbel]l whE &3k AlE Cont, SR1, SR2, SR3, SR4, SR59] A==
AMZFA (JC-601, Colormeter, Japan)E AFE3Fe] 90x15 mme Petri
dish(10090, SPL, KOREA)e| Z}7}e] &2} Al5E& 15 ml Yo & E59
= % L%k(Lighness), a#k(Redness), b#k(Yellowness)S A3tk Lak
S HEE YEH oS A 100(H ) Alolo] X2 EAISFAL agh
M2 +3kS AN, -34S 54 Aes yedd. bt SN EE +3)
o &4, —gtol A A=E YT (Choi EO 2009). o] o &4 L

i)

98¢l calibration plateE A}-& 3%

1.
v dwel A% Asle 747t 33 W S4ste] ek

n—butanol %% (Shibata et al 1965)°] ez} A
Fatadvk. =, 4o 2a A= 10 g0l 80% ehtanol(DAEJUNG, KOREA)
5 mlE B 70C FE&4dA 1A 23] 5% v o] A (Whatman
No.2)® o3sqitt. 2§ 60TCA 3xd S 5F7[(N-N Series
CCCA—-1110, EYELA, JAPAN)Z ¢t &= 3o /5 3 mlo &3t
Tl Zg) 7)o  #H3sFe]l 3 ml diethyl ether(SAMCHUN Chemicals, Korea)
2 33 §HE FEste] A& RS AASNY. 2 F FE5ES EoA
n—butanol(SAMCHUN Chemicals, Korea)= 3ml¥ 33] 7}slo] #Elsta

n—butanol =& FHFAA ZAIEI S 92 F 105CoA o] & uf7}X
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8) Bxe I &4 A

(1) 378 SA/S A4 AE Ax

7FE A zbel mpE &2} Al& SR1, SR2, SR3, SR4, SR6E Z+7; 3] A
U 5% 7](N=N Series CCCA—=1110, EYELA, JAPAN)Z 45T 48 o
A2 mk 2 wi7bA A8 55 S o] AEE —T0CE #fAH=
deep freezer(CHAYON Laboratories Inc., KOREA)o| X #sly shetAl 2
doll A skl

(2) &4 54

Ak Awel FdES S48 918kl Zaika IL(1988)¢] Wl ek
paper disc methodsE ©| &3t 8% #F5 217 1 W Fo] A
10 ml®] brothell A FstaL, 37 ColA 2443 &k viksto] &4 A7)
33 Al skt o] #FE 100 ¥ TSA wixo] Z=wala W o
paper disc(AKJ—T049005020, ADVANTEC, JAPAN)9] 2.0 mg/disc® &
=R A7) 22 ARE ST F dFE =2 TSA wiAe] W 9
o] =t} o] petri dishE FH oA 37CE FX 5+ incubater(MIR-253,
SANYO Electric co. Ltd, JAPAN)oIA 24717t <t wieksiolch, 1 %
disc 99| inhibition zone® # 74 (mm)< digimatic caliper(ABSOLUTE
DIGIMATIC, Mitutoyo Corp., JAPAN)Z =43} th o] AL 3 HbE
sto] FHAE AHE &l
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(3) A2 A8 5= (Minimum inhibitory concentration) =73

Bate] FHAxA ) F=(MIC)E broth microdilution method(Amsterdam D
1996)5 o] &3tlth. 96—well plate(FALCON, U.S.A)ell TSB Hj# & 100
WA BEFstar Zhzbe] #x AlEE 100 A 2v) A dle] FEE A3
T 9 FEE 2x10°~10° CFU/mle] =% S|AAIA 100 ul¥ 7}
A, 2 % 37CeolA 24417 wjekgt H, 650 nmolA microplate

reader(Biolog Inc., US.A)E TF=E =AH3IAY. TF =7} 0.00S E
Y= A8 58 MIC gte= Aot

9) &5

Zzake]l s Are FHE AFddsty gt 159 S gt eE &
A (Yun GY et al 2005)< Frarste] AEAE Al #sdA A 72%
ZALE ATk 6719 A s &5 47 Aol "ol Al o 7
HAEWHE AFESFAL 142 ofF w448 ‘B
2 Yegdek H37F 2o AMZ(color), F9 3 (Odor), B¢ U (taste),

§-$-3(refreshing taste), ©3(sweetness), ZHY(saltyness), A&l A

oft
ﬂ
= ol
o
<
N
oifi
£

N

% % (overall quality)= 3}$ T},
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10) BAAE

B oATe Ade Holw 3¢ MEel FFEEFADS T & A
8otk 2t g5ol WE A8 $AL $I5he] SPSS 18.0 B 74 =

= 19 (Statistical package for the Social Sciences)S AME3}S T EALE

H(ANOVA)= AAsto] Aeled el seristed e Fo4d& AEsit

HA

of

sk ool e A #AolHFES Yl p<0.05 FFolA Duncane] t}
H 744 (Duncan's multiple range test)S ©]-&3}o] AlEH =S 33T}
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M A+Z23 5 n3

3 [e)
2 AR ANARS 24

ol

A¥= Table 33 #rh 4ol 1.0%=

] 3.6%, G0l 12.8%, M Aol 18.7% = UEIRO
W gestEe] 63.9%% 7Hd wol E3EHO A FE FFS ARk
7ol AFel AFe 9.11~13.74%9 WHE YEtwth(Lee HK et al
2010). g=2b ol gk o] 5(2010)¢] A5 A 2o A
SR 13.74%, Z2HWA 21.12%, =AW 0.68%, 3)E 3.22% = LERY

(Lee HK et al 2010) ¥ A5t Ao} fFAFeH 4SS eI

Table 3. Proximate composition of small red bean

Compositions(%)

Sample ) Crude
Moisture  Crude ash Crude fat ] Carbohydrate
protein
small red
12.8 3.6 1.0 18.7 63.9
bean
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2o F = IFE 5A AN A= Table 49 Fig. 79 WERHS]
ot 2o T vl StES 29 FR7F molkETs #FoA 2 ®(p<0.001)
Z7Fekd k. 1000 pg/mle] s=olA 13.3 mg/70ge 2 74 %¢kar 200
ug/mle s=olA+= 1.89 mg/70go&® 7HF w& =S YWY, ¢ =
(2010)¢] Aol w=d FFE Y F s FFS 19.00-34.75

mg/glo.Z W65 A9 34.75 mg/ge] FHFS How, FUEY AP
< 77} 30.84 mg/g, 30.61 mg/gd] H& FFS YEUAT L B g3l

o

(Woo KS et al 2010). o]+= ¥ A3l Ayl thh olE HP=d o]
Ae Ad HAH T A al&o] Aol

(2003)9] F FFo W& kst g3 Ao =W #2] phenolXd 3Hg
9] o]l 1.28 mg/mlE thE Fol w3 Edvtar &%= (Park MY

2003) oA Fo] FAwoly] wjFEel Aow HAHt FH F5(1996),

Helgh, =gk ub

m&:Fm

5(2003)9 AFoAE M v= FAUFES e Aol =gkal o=
HE53tetE ) QrEAoPIA MAa wjFolgtal 3+ tH(Choi HC et al 1996,
Oh HS et al 2003).
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Table 4. Phenolic compound of small red bean

Sample .
(ug/ml) Phenolic compound (mg/70g)

200 1.89+0.0175

400 9.2440.01°

600 10.72+0.01°¢

800 11.98+0.01"

1000 13.30£0.02"%
F—value 391331.15%*%

Y Mean+SD.

2 A B G DB peans in a row followed by different superscripts are
significantly different(p<0.05) by Duncan's multiple range test.

% p<0.001
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Figure 7. Total phenolic compound contents of small red bean
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2o F EHRLoE IS 54 A A= Table 59 Fig. 89 4
et 29 sx7t FoldaE FoH 2R (p<0.001) ETE o= IF
T S7lete Ae A = AdRNew 1000 pg/mlé FEolA 7.35
mg/70go.® 7} =%ow 200 png/mle FElA 1.40 mg/70go = 7+
Ao s Bt o] 5(2010)d 93t TR ZEtRicol= e
UEbd TRl stlal agolA et eol= Fhefo] b
4.20 mg/g® |FS HERlTaL skltk(Lee HK et

al 2010). o= ¥ A3 Aiok= ta ztolE BY=H oA AF

flo

_31_



Table 5. Flavonoid of small red bean

sample Flavonoid (mg/70g)
(ug/ml)
200 1.40£0.10""%
400 2.95+0.01"
600 4.62+0.03°
800 5.3240.01°
1000 7.35+0.03"
F—value 6797.66%%x

Y Mean+SD.
2) A, B, C, D, . . .

means in a row followed by different superscripts are
significantly different(p<0.05) by Duncan's multiple range test.

wkx p<0.001
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Flavonoid (mg/70g)
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Figure 8. Flavonoid of small red bean
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3) DPPH radical &7 @49 &3

&9 DPPH-radical &7 @45 Mg ZA¥+= Table 63 Fig. 99 1
Bt 2 F=E9] F%27F 200 ng/mlF-E 1000 ug/mlZ sFobd a5 &
Aol F994(p<0.001) 0.2 ol om 7}z 41.19%, 71.23%, 81.00%,
82.06%, 86.41%% ¥ DPPH-radical £27%S HoFAL 53] 400
ug/mle] FZolA FAFA HolAE ZE veldch 1H(2003)S E9
DPPH-radicaldll w3 HAgofayrt 16.29%ckaL skl em(Park MY
2003) ©°] S(2010)9 HAFoM= FF FE=
DPPH-radical ~7%<S ®ol 3o olo] F WA= =9kt

(Lee HK et al 2010). o]x¥d && {29 AHAS A
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Table 6. DPPH radical scavenging activity of small red bean

Sample ”

(ug/mD) DPPH” (%)
200 41.19£0.01V%
400 71.23%0.01°
600 81.00£0.00°
800 82.0640.01"
1000 86.4140.01"

F—value 12552996.36xx

" Mean£SD.

2 DPPH radical scavenging activity.
A B G DB peans in a row followed by different superscripts are
significantly different(p<0.05) by Duncan's multiple range test.

wkx p<0.001
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DPPH-radical scavenging
activity (%)

Figure

200 400 600 830

10040
Concentrations {pg/ml)

9. DPPH radical scavenging activity of small red bean
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3. 29 proanthocyanidin #4]

Z9] proanthocyanidins #2]3+ A3}l+= Fig. 109 YEFASI T
(A)¥ HPLC-DAD #4 A#= F337% 320 nmolA retention timeo]
7.5894-%] proanthocyanidine 43t (B)& HPLC-MS &#4 A¥=
m/zE 865% A4 39S vl retention time©] 7.880+%<! proanthocyanidin
S EA31% Y. Begona Buendia et al(2010)¢] =7] proanthocyanidin®
HPLC—-DAD 4 ZA¥elA= F33% 280 nm, 320 nm, 360 nmolA]
proanthocyaniding  #A43¢loy 2 AFoA= 320 nmelA]
proanthocyanidin®] peck= o g3} A| A1 3kSl T sk =7

proanthocyanidin®] HPLC-MS #4 A7 = m/zE 86562 AP S

uj (epi)catechin A& F32E 7FZ proanthocyaniding 47/ w25kl C
U AT 1709 peck®t 4] skl ol9f e AUt vEbd A
= A R gl 2o Aol= Qlgk Aojgt AzteEY. wetA & A
AFo 2N G2 moll 783 A AEALS & F US AR H
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(A) UV 320 nm

— T T — T T T T
0 2 iz 14 min

(B) m/z 865

]
on-]

5 [
=

S e B L s e e e e L NNLEE B T T ——T— T
L1 2 4 -] g 10 12 14 mir

(A): HPLC chromatograms obtained at 320 nm

(B): Peak is (epi)catechin—(epi)catechin—(epi)catechin (m/z 865)

Figure 10. HPLC—DAD(A) and HPLC—MS(B) extracted ion chromatogra

ms innegative ionization mode of proanthocyanidin from small red bean.
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7tE AlRbel] wE #xF A= o]38A 412 Cont, SR1, SR2, SR3,
SR4, SR59] pH, B&=, 9%, gxZ EX39T).
pHE Table 7, Fig. 113} Zt}. pHE 7Fddls= A gto] AojA5-= A3y
= A%E BT Cont7t 6.81% 7 %3l SR12 6.54, SR2+¥ 6.11%
FH02(p<0.001) #43dAom SR3, SR4, SRHE H|52d HAEgS WS
o}
T+ Table 7, Fig. 129 £t 249 @=+= Cont, SR1, SR2 7}A+=
fol WERYA @7 SR3FH o)A 2= (p<0.001) S7Fskel SRz 7t
.23 Brix, SR4 A&7} 0.67 Brix, SR5 A&+ 0.83 Brix® el t}
T Table 7, Fig. 13% Zuh 2L 100g9 1mge YEFS dH3tn
dom (A8t et al 2007) o]& Q& Tam sFAE= A]7ko] Ao A
g dx7t SUMstE AES HYu SR59 dEE 0.7%E FoFHow
(p<0.001) 7}& =om SR4E 0.53%R 3 SR3E 0.20%% SR2, SR1
Az et AR A3E YER QAT
Z2ke] = Table 7, Fig. 149 . SR1, SR2, SR3+= #9444 Ho
2] kot SRAFHE F9802(p<0.001) 5718 SREE FAH
F7Vele AES Bt o] AL BE Jtdsts AlZte] AE=E fo] ARo]

o @Wo] £&%7] wiEel Aow Hth FH(2010)¢ 2= o]&3F S8

=N

2 =

=

=
—
(=)
o
O
>—*
©
o
=]
N
©
o
=
w
(0¢]
co
e

o} Mthar 3t (Choi SY 2010) &2
7V A AeE gx2rt ke 919 Ao v s S JERI AT
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Table 7. pH, sugar content, salinity and turbidity of small red bean Tea

sugar

Sample pH content (Bx) salinity (%) turbidity
Cont. 6.81£0.07"**  0.00£0.00°  0.00£0.00°  0.00%0.00°
SR1 6.54+0.02" 0.00£0.00°  0.13%£0.06°  0.00£0.00°
SR2 6.11£0.02° 0.00£0.00°  0.13%£0.06°  0.02£0.00°
SR3 6.06+0.02°  0.23+0.06°  0.20£0.10°  0.0440.01°
SR4 6.0440.01" 0.67+0.06"  0.5340.06"  0.12+0.01"
SR5 6.0340.01" 0.83+£0.06%  0.70£0.00*  0.97+0.09"
F-value 285.40" 249.33" 66.30" 302.807
D Mean%SD.
2 A B G means in a row followed by different superscripts are

significantly different(p<0.05) by Duncan's multiple range test.

##% p<(0.001
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pPH

Sugar content

6.8 Q\
6.6

N

5:1 \
N

5 v * -
58
5.6
Cont. SR1 SR2 SR3 SR4 SRS

Time(min)

Cont.: boiling time O min, SR1: boiling time 8 min.

SR2: boiling time 16 min. SR3: boiling time 24 min,

SR4: boiling time 32 min, SR5: boiling time 40 min.
Figure 11. pH of small red bean Tea

a9

0.8 A

EI.? /

EIIE /
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nis /
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El:l /

- -
Cont. SR1 ER2 SR3 R4 ERG
Time(min)

Cont.: boiling time O min, SR1: boiling time 8 min.
SR2: boiling time 16 min. SR3: boiling time 24 min,
SR4: boiling time 32 min, SR5: boiling time 40 min.

Figure 12. Sugar content of small red bean Tea
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Salinity

0.8

07 /.

pd

0.5 /

/

03 /

0z —

01 /
0

v

Cont. SR1 SRZ SR3 SR4 SRS
Time(min)
Cont.: boiling time O min, SR1: boiling time 8 min.
SR2: boiling time 16 min. SR3: boiling time 24 min,
SR4: boiling time 32 min, SR5: boiling time 40 min.

Figure 13. Salinity of small red bean Tea

12

SN

turbidity
o
L]
-\_\

. /

Cont. 5R1 5R2 5R3 5R4 5R5

Time(min)

Cont.: boiling time O min, SR1: boiling time 8 min.
SR2: boiling time 16 min. SR3: boiling time 24 min,
SR4: boiling time 32 min, SR5: boiling time 40 min.

Figure 14. Turbidity of small red bean Tea
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7t A3t
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o

)3k A} Cont, SR1, SR2, SR3, SR4, SR59 ML=
Table 8, Fig. 159 #t. ¥x=& WeW+= L& SR2 FF SR5 A=
oA o= (p<0.001) A5ttt 53] SR5NA Lako] FA 3l 453t
23.89% YT, AT E YE = agk Contdll Al SR67FA] {94 o
2 (p<0.001) “F&stqlrh. ContollAl SR2 7FA& —#<S UERUo] F5A0
7V o1k SR3 HE = 0.23, 0.79, 1.85% H M| 77 AE A4S B
o FAEE YEl e bk Contoll Al SR2 7HA & F94d S HolA %2
A9k SR3 FEE F9 A0 Z(p<0.001) F7Fe i SR5E 8.672 bkl
F43] A5t =, L, a, bake BF 7tdslE Alzke] HolHd ule)
O

sglom ol e shdel uhel el ol Aol §Eso] Aol WA

s}
o3t 100Tol Al 2417 FoF F&3F 2o ML= Lito] 24.3, adte] 5.1,
el o = o Lk} bako] SR59}
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Table 8. Hunter's color value of small red bean tea according to boilling

time

Hunter's value

Sample”
L a b

Cont. 11.29+0.10%" —1.1640.04" 2.36+0.17°
SR1 11.04+0.00" —0.7740.02° 2.4040.00¢
SR2 11.04£0.00° —0.6240.06" 2.81+0.14°
SR3 11.0740.05° 0.2340.49¢ 2.97+0.14"
SR4 12.67+0.00% 0.79+0.12" 2.2740.008
SR5 23.8940.04 1.85+0.21% 8.64+0.14"

F—value 34066.15" 450.38" 1300.83™

Y Cont.: boiling time 0 min, SR1:

SR2: boiling time 16 min. SR3:

SR4: boiling time 32 min, SR5:

2 Mean=SD.

3) A, B, C, D, E

means Iin a row

boiling time 8 min,
boiling time 24 min,

boiling time 40 min.

followed by different superscripts are

significantly different(p<0.05) by Duncan's multiple range test.

wk p<(0.001
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-5
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Cont.: boiling time 0 min, SR1: boiling time 8 min,
SR2: boiling time 16 min. SR3: boiling time 24 min,

SR4: boiling time 32 min, SR5: boiling time 40 min.

Figure 15. Hunter's color value of small red bean tea according to

boilling time
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Table 9. Crude saponin of small red bean tea according to boilling time

Samplel)

Cont. SR1 SR2 SR3 SR4 SR5 F—value

Saponin(mg/g)  0.00£0.002"  0.86+0.02%% 1.24+0.03° 1.37£0.02° 1.93+0.01° 3.82+0.03* 8864.38""

Y Cont.: boiling time 0 min, SR1: boiling time 8 min, SR2: boiling time 16 min. SR3: boiling time 24 min,
SR4: boiling time 32 min, SR5: boiling time 40 min.

? Mean%SD

oA B CGDE T eans in a row followed by different superscripts are significantly different(p<0.05) by

Duncan's multiple range test.

#xx p<(0.001
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Cont.: boiling time 0 min, SR1: boiling time 8 min,
SR2: boiling time 16 min. SR3: boiling time 24 min,

SR4: boiling time 32 min, SR5: boiling time 40 min.

Figure 16. Crude saponin of small red bean tea according to boilling

time
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Table 10. Antimicrobial activity of small red bean tea against the several microorganism

Inhibition zone diameter! (mm)

Sample” S ) P P. F. . 4 .
S. sobrinus ) o actinomycet E. coli S. aureus
mutans intermedia gingivalis nucleatum )
emcomitans
SR1 -3 - - - - - - -
SR2 + ++ - + - - + +
SR3 ++7 +++ +++ +++ - - ++ -
SR4 ++4+Y +++ +4++ +++ - - ++ ++
SR5 ++ ++ ++ ++ - - ++ ++

Y Diameter of clear zone including disc diameter of 6.0mm.

2 Cont.: boiling time 0 min, SR1: boiling time 8 min, SR2: boiling time 16 min. SR3: boiling time 24 min,
SR4: boiling time 32 min, SR5: boiling time 40 min.

¥ Not active (6mm).

Y 4: Very slight inhibition (6~10mm), ++: Modeate inhibition (10~12mm), +++: Heavy inhibition

(12~14mm)
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Cont.: boiling time 0 min, SR1: boiling time 8 min, SR2: boiling time 16 min.

SR3: boiling time 24 min, SR4: boiling time 32 min, SR5: boiling time 40 min.

Figure 17. Antimicrobial activity of small red bean tea against the

several microorganism
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2) 4 A38]% = (Minimum inhibitory concentration) &7

Minimum inhibitory concentration(MIC)¥ ®|AE o] AL-S A 3fs=4]
o3 HA FEF 9t Ao Z(Park SJ et al 2010) #o] F&4F
gt ol 2 Aotk 7tE MRS =Ed A SR1, SR2, SR3, SR4,
SR5° t3&}4] broth microdilution methodE &3t A¥}= Table 119 1}
B ATt. 8F 2 #F FTolAM F nucleatum™ A. actinomycetemcomitans®
2% AT 659 TFolA MIC @k YEFHAUT.

Oy FAd A AT 2% AFAE AURY, S mutanss SR27F 2000
ug/mle] #he& Hof wlnlA et &Ao] uekal SR3, SR4, SR5= 500
ug/mle] MIC #< Bol 7bd & @Ae] FA uewth S sobrinust
SR27F 1000 pg/mlz &=t Aol Wokal SR4= 125 ng/mlz A2 Fo=
T o ARe dAsts e e 24S BT

O §49 7H w5 2Fe AdE AR, P intermediaz= SR27}
1000 pug/mlZ 33 Aol wokal SR3, SR4+= 125 ug/mlzE & 3ot &
S HAY. P gingivalis= SR27F 1000 pg/mlz @& g4 FAS HS
31 SR47F 125 pg/mlE F& 9t &5 eIt

il 2F9 ARE AHEW, E coli= SR27F 2000 pg/mlE &
dol wkal SR47F 500 pg/ml= x& ot SAAES HAFAY. S aureus
SR27F 2000 pg/ml= %<& MIC #& H3Lal SR3, SR4, SR6= EF
1000 pg/ml= wlw# it Aol v yvebwtth. webA S mutans, S.
sobrinus, P. intermedia, P. gingivalis®} v|lnd] RS wl £ coli S

aureust= ¥ MIC #S HEA7] witdd S, 73 a9 I+ &40 ¢

rr

22k AR e e A4S dAuRi, SR12 MIC @& YEhA S%e

1 SR2E A F o2 =S MIC #S B I Aol 35S &4 5 A
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t}. Wb SR4+= S sobrinus, P, intermedia, P. gingivalis 3%F2 ol A

125 pg/mle] W2 MIC 3 Hol AL Jozh 9o AES oA
T AU
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Table 11. Minimum inhibitory concentration(MIC) of small red bean tea against the several
microorganism
MIC" (ng/ml)
Sample2> S P P P A.
S. sobrinus ) o actinomycet E. coli S. aureus
mutans intermedia gingivalis nucleatum )
emcomitans
SR1 - — — — — - — —
SR2 2000 1000 1000 1000 - - 2000 2000
SR3 500 250 125 250 — - 1000 1000
SR4 500 125 125 125 - - 500 1000
SR5 500 500 250 500 - - 1000 1000

1 . .
) Values represent an average of three determinations.

2 Cont.: boiling time 0 min, SR1: boiling time 8 min, SR2: boiling time 16 min. SR3:

SR4: boiling time 32 min, SR5: boiling time 40 min.

* Not active.
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Table 12. Score of sensory evaluation for small red bean tea according to boilling time

Samplel)
F—value
Cont. SR1 SR2 SR3 SR4 SR5
Color 1.6740.827¢  3.4740.92°  5.33+1.11%  6.07£0.96% 5.67+1.23*  3.00+1.51° 36.87"
Odor 1.0040.00%  1.87+1.06° 3.20+1.08° 3.73+1.39° 4.93+1.53® 5.93+1.39" 36.06™
Taste 1.0040.00"  1.804+0.68% 3.33+0.72° 3.93+0.80° 5.07+0.80°  6.4+0.74% 129.68"™
Refl‘eShil’lg D C AB A BC D EEEY
st 2.20+0.77 3.53+0.92° 4.33+1.05 5.00£1.31*  3.93+1.03 2.60+0.91 16.33
aste
Sweetness  1.53+0.52°  2.53+0.64° 3.47+1.06° 4.33+1.18" 4.87+1.06" 3.33+1.68" 18.34™
Saltyness 1.7340.59°  2.60+0.63° 3.47+0.83% 4.20+0.86"" 4.73+1.03* 3.87+1.88" 16.00™
Overall D c B A A BC -
it 1.93+1.03 3.20+0.77 4.2741.10 5.80%1.21 5.53+0.92%  3.80+1.01 30.68
quality

Y Cont.: boiling time 0 min, SR1: boiling time 8 min, SR2: boiling time 16 min. SR3: boiling time 24 min,

SR4: boiling time 32 min, SR5: boiling

2 Mean+SD

3) A, B, C, D,

E, F

Duncan's multiple range test.

*xx p<0.001

time 40 min.
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Cont.: boiling time 0 min, SR1: boiling time 8 min, SR2: boiling time 16 min.

SR3: boiling time 24 min, SR4: boiling time 32 min, SR5: boiling time 40 min.

Figure 18. Score of sensory evaluation for small red bean tea according to boilling time
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Abstract

Studies on the anti oralmicrobial activity and

selected functional component of Small red bean tea

Kang, So—lJin
Department of Food & Nutrition,
The Graduate School,

Sungshin Women’s University

This study purpose to develop a tea with small red bean which have
been known effect of anti—obesity, fatigue recovery, edema recovery,
blood circulation and etc. In order to provide baseline data for small
red bean tea investigated the general components, antioxidative effect
and proanthocyanidin analysis in small red bean[Phaseolus angularis
W.F. Wight.]. It was also measured physicochemical analysis(pH, sugar
content, salinity, turbidity), color, anti oralmicrobial activity, content of
saponin and sensory test of small red bean with different boiling time
in 8 minutes(SR1), 16 minutes(SR2), 24 minutes(SR3), 32
minutes(SR4), 40 minutes(SR5).



It was shown that general components of small red bean was the
lowest level of crude fat with 1.0% and the highest level of
carbonhydrate with 63.9%. The moisture, crude protein, crude ash
content of small red bean were 12.8%, 18.7%, 3.6%.

The antioxidant activity was estimated by DPPH free radical
scavenging activity, the total phenolic compounds content and flavonoid
content in small red bean. DPPH free radical scavenging activity, the
total phenolic compounds content and flavonoid content of small red
bean significantly increased(p<0.001).

The results of analyzed proanthocyanidin was distinguished by
characteristic UV -—visible spectra with absorption maximum at 320
nm(# 7.589 min). The peak was (epi)catechin—(epi)catechin— (epi)cate

-chin at m/z 865(#& 7.880 min).

As the boiling time of small red bean increases, the pH was
significantly decreased(p<0.001). Also, sugar content, salinity and
turbidity were significantly increased(p<0.001)

As the boiling time of small red bean increases, Hunter L, a and b
values were increased(p<0.001).

As the boiling time of small red bean increases, crude saponin was si

gnificantly increased(p<0.001)

The results of analyzed small red bean tea activity against oral
bacteria, S. mutans, S. sobrinus, P. intermedia and P. gingivalis showed
a higher antibacterial activities than £. coli and S. aureus. Also, SR3

showed most strong antibacterial activity against oral bacteria.



Minimal inhibitory concentration, MIC of small red bean tea extract
was measured and resulted showing S. mutans, S. sobrinus, P.
intermedia and P. gingivalis showed a lower MICs than £. co/i and S.
aureus. Also, SR4 was the lowest MICs(125 pg/ml) for S. sobrinus, P.

ntermedia and P. gingivalis.

The results of measuring sensory test the small red bean tea
according to boiling time are as follows. In case of Color, Refreshing
taste and Overall quality, SR3 had the highest preference overall among
tested samples. In case of Odor and Taste, SR5 had the highest
preference overall among tested samples. In case of Sweetness and
Saltyness, SR4 had the highest preference overall among tested
samples. The sensory test of the small red bean tea that the SR3 had

the highest preference overall among tested samples.

This study purpose to provide baseline data for small red bean tea
investigated the wvarious experiment. As a result, confirmed the
antioxidant activity and proanthocyanidin of the small red bean. Also,
confirmed the strong antibacterial activity against Cariogenic bacteria
and Periodontopathic bacteria. As the boiling time of small red bean
increases, the content of Saponin was increased and the sensory test of
the small red bean tea that the SR3 had the highest preference.

Thus, the study examined a development possibility of the small red
bean tea through development of functional drink using characteristics

of various ingredients in small red bean.



Sensory Score Sheet

4 4 _d a4 Al olsr

Bge B3 24 stz nhe 639 AR Y
= 7

2
&
H

1. A (Color)

(12 of5 ymt} 4= HF, 742 ofF Frh= 3

oFF
T 2 3 4 5 6
| way | @ | @ ) G | ®

F0(D)

2. &9 (0dor)

o1
e 2 3 4 5 6
| wagy | @ | ® ) (5) (6)

o

FH(D)

3. &9] Yl (taste)

o1

k(1)

T (2) (3) (4) (5) (6) o FH(7)




4., /N2 (refreshing taste)

oFF

vhm (1)

(2)

(3)

(4)

(5)

(6)

ob FH(T)

5. @

(sweetmess)

o7

k(1)

(2)

(3)

(4)

(5)

(6)

ok FH(T)

. A"H(saltness)

oFF

k(1)

(2)

(3)

(4)

(5)

(6)

oFF

F9(7)

. AAF 2 713 % (Overall—acceptability)

oFF

L c}(1)

(2)

(3)

(4)

(5)

(6)

obF FTHT)




	Ⅰ.서론
	1. 서언
	2. 이론적 고찰
	1) 안토시아닌(anthocyanin)
	2) 사포닌(saponin)
	3) 치아우식증과 치주질환


	Ⅱ. 재료 및 방법
	1. 실험재료
	1) 시료
	2) 시약 및 기구
	3) 사용균주 및 배지

	2. 실험방법
	1) 팥의 일반성분 분석
	2) 팥의 항산화 활성
	(1) 팥의 총 페놀 화합물 함량 측정
	(2) 총 플라보노이드 함량 측정
	(3) DPPH-radical 소거활성 측정

	3) 팥의 Proanthocyanidin 분석
	(1) 팥의 Proanthocyanidin 분석을 위한 시료 제조
	(2) 고속액체크로마토그래피에 의한 Proanthocyanidin 분석

	4) 팥차의 제조 방법
	5) 팥차의 이화학적 분석
	(1) pH 측정
	(2) 당도 측정
	(3) 염도 측정
	(4) 탁도 측정

	6) 팥차의 색도 측정
	7) 팥차의 사포닌 함량 측정
	8) 팥차의 항균 활성 검색
	(1) 항균력 측정을 위한 시료 제조
	(2) 항균력 측정
	(3) 최소저해농도(MIC) 측정

	9) 관능검사
	10) 통계처리


	Ⅲ. 연구결과 및 고찰
	1. 일반성분 분석
	2. 팥의 항산화 활성
	1) 팥의 총 페놀 화합물 함량 측정
	2) 총 플라보노이드 함량 측정
	3) DPPH-radical 소거활성 측정

	3. 팥의 Proanthocyanidin 분석
	4. 팥차의 이화학적 분석
	5. 팥차의 색도 측정
	6. 팥차의 사포닌 함량 측정
	7. 팥차의 항균 활성 검색
	1) 항균력 측정
	2) 최소저해농도(MIC) 측정

	8. 관능검사

	Ⅳ. 결론


