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Abstract

The purpose of this study was to investigate and analyze the total phenolic content (TPC), antioxidant activities (FRAP,
ABTS, and DPPH), and antibacterial properties of lotus (Nelumbo nucifera) extracts. Lotus leaves, stems, and seed pods
were extracted with deionized water at 95°C, and with 70.5% ethanol at 85°C. The TPC ranged from 8.12 to 215.12 GAE
mg/g. The ethanol extract of the seed pod had the highest TPC, and the TPC of the corresponding deionized water extract
was 161.45 mg/g. FRAP values ranged from 104.03 to 3,546.39 TEAC umol/g, ABTS radical cation scavenging activities
ranged from 105.11 to 3,956.94 TEAC pmol/g, and DPPH radical scavenging activities ranged from 37.29 to 2,549.46 TEAC
umol/g. ECso values ranged from 0.26 to 9.63 mg/mL, and 0.31 to 21.21 mg/mL for ABTS and DPPH, respectively. The
ethanol and deionized water extracts of the seed pod showed higher TPC and stronger antioxidant properties (FRAP, ABTS,
and DPPH) than those of characteristic of the leaf extracts. The ethanol and deionized water extracts of the seed pod showed
antimicrobial activity against Bacillus subtilis, Staphylococcus aureus, and Pseudomonas aeruginosa with inhibition zones
of 9.0 to 14.0 mm, and the ethanol extract of the leaf showed antimicrobial activity against B. subtilis and S. aureus with
inhibition zones of 9.0 and 10.0 mm, respectively. Thus, the lotus seed pod could be used to produce novel teas, and could
be a potential source of therapeutic ingredients for food and medicine.
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715 o|2771A] F @A EEHo| leH, a4 2.5 m 9]
We] MRS, 34, A, & 25 2 AR SolA A48t
), JAFAE st it A2 o|HEE v RS FEAY
R, Fo FolA LfAREEH £, 9, Gui(ad, HE 1)
9 (AL, HER7ER] AFT JFEo R ARGEO|A &
o} ofxo} A HoflA= Yoz RS WA AL o &
£ ofdl 272 thE A4t W A= U2 5ol
By|% she), Welg 2% aele] Yre chpshA Rejshod
soup, H7 S22 A ¢t E3F Dhanarasu & Al-Hazimi
(2013)9] AFAAE do] FRZAE tefstA L5
AL HIAAA £E, 23", T8, Ul gt A
Al e ARAR AR} STkl BTt Pal &
Dey (2015)= ¢, €71, €l & B7} A& A A2&5
AT AFYFELRE AR Eo] gron, s Full= FE
o] Tl 2H 9 {A A ew FREV|E ShaL, 7 BT,
Hee $3, 21§ &3, antiperkinsonian, A€, W5 5
o] &35 7}x| 1L Qithal ® s}l Hazarika $(2016)& ¢
o] ZZu}t Q% A oA A= Asian lotus(Nelumbo
nucifera)2}t 5] o] FH L R 2] Hof| A AYASt= American
lotus (Water chinquapin or Nelumbo lutea)2 EH=H, 3[<E,
Ao 2, atsl Futele s, AA WA, FES, T,
F BT, AR T 28, A8F Fol adE 7R ok
B 7314t} Huang S(2011)7} Rather 5(2016) A
| 2289 971E 2 B9 A3 da FA
a o] djste] Histgem, Qi & Zhou(2013)= AW A
ZZ59] Chinese cantonese sausage©]] )3t 3HAES 9 1)
W] g3k gt 3-84S Hustgnh 3 AY X} A
20t O F4d 54 9 dEo] 7154 252X i &
Tlof ofgt Kim 5(2006)3} Nanasombat 5(2015)2] H 1, ¢
wwo] A7t A3 gue) g FFanE deig
Th= X 3(Han & Yoon 2007; Yoon SJ 2007), | &% 7}
7h A vk 240 2 FHof| wX= Gl tiE 2t
UTHKim F 2002; Park 5 2005). o]&]o|= Ay} dAvt D A
9] Akt @A) St S-S AES ok Ay At
QltkJung 5 2003; Lee 5 2005; Lee 5 2006a; Rai 5 2006;
Li 5 2008; Akinjogunla 5 2009; Lee 5 2010; Yi 5 2016).

ool WA 23 9L ARAA ARA} A
QA= Bgstn, G @ 7t 7% ZAo| At ek
FeiH ACHE ST ok EF AT AT W vk
Agoz HEis gt Qck T A A
F QAT seed podh e AHE FolA] Aot & Foz
3 YR ST R 7 5 24589 A4Rs
213 ARG E A, 71 B2 HelEo] WeAT gl Aol
o, A £7] JA EEEHA ZtaL H7]H ik o]& #H7|

no
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ot g K

a

a:)

=4 EFIYEIA

)

LS &8317] Y3t A =2 Kim 5(2016a)2] Y, A £7]
9 AxpL Eo] 317 9] EF e QA mA]= FTF
o Hiat .31, Al-Khafaji AH(2012)9} Devi & Krishna(2012) &
Gnana & Estherlydia(2014)9] %t ZA-3 A £7]9] 44
e} ikt ATE HES Hi 508 WA A= ofF v
n|gt Ao 2 A 711 A7} o|FojAof & Holth

ojo] & A= A &7 AR ETolu o] F
ZESZ AEE 28 AHE ARFAY, 27 2
Aegd aTE 7L Qe 7164 AHeEA Y S8
A3t 71 2ARE AlFstaat F4ike H d S S35

A

AT

1. Al2 4|

Aol AHEE AGH)2 WP o2 A, J3t £7]&E 20144 9
4 F&, AFCETR)S ARGET)o] AAHE = 2014
g 109 skl A71% Aol YAz AGE) sHollAl <
ston, g o|l24R ExES AASt st 4
sk, IFEF & - 18T Y3 Husto] AHE-sHeiTt o]
E B3 AEE 20 g¥E 500 mLe] 95T & o] 259} 85
T 70.5% oflgtoll Z2t 7kste] e7¥2t7|71 F-2HE heating
mantleo] ] 3A17HH 28] 23 220 AT olz} ¥
A4E2](6,000 rpm, 30 min, 4T)3}aL, A-FHS 45To|A A
5= T, SZAAZ(LYPH-LOCK 12, Labconco, USA)3}4
1=1 S

2.

H A3 o) ARRH A|oFE2 712t 2,2'-azino-bis(3-ethylbenzo-
thiazoline-6-sulfonic acid) diammonium salt form(ABTS), 6-hy-
droxy-2,5,7,8-tetramethylchloroman-2-carboxylic  acid(Trolox)+<=
Fluka(Switzerland) A, Folin-Ciocalteu reagent(FC reagent), 2,
4,6-tris(2-pyridyl)-s-triazine(TPTZ), 2,2-diphenyl-1-picrylhydrazyl
(DPPH), potassium persulfatex= Sigma-Aldrich(St. Louis, MO,
USA) A&, gallic acid, sodium carbonate, sodium acetate, acetic
acid, FeCl; - 6HO+= Riedel de Haén(Selze, Germany) A &S
ARESFR O, 71EF A|9Fat &rfj= analytical gradeE AR&-3}
St

A

M yS|

o

w
oo

At}

e
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1) EEE AR =H|
80% methanol 10 mLo]| S AAZ Bl g)& 75k, 1A
ZF 2&ak HEjste] §AIA A2olA] 24X17F WA &, G4

=
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£2(8,000 rpm, 10 min, 4 C)s}e] 2A] A &(100 mgmL)E A
ZG0m, o8 24A12k o] ol AT,
2 |= &2t £H(Total Phenilic Content: TPC)

A9l A £7] 9 X & g geF =4S Waterhouse
AL(2002)%] WHgof oJste] A5t 24 Al& 20 pLo
g o]&< 1.58 mLE 7}5}3, Folin-Ciocalteau’s(FC) reagent
100 uLE 713t vortex 2 EFSHATE A-ofA] SE7t
S A7 &, 20% sodium carbonate 28 300 pLE 7}5te] A
29| Yol A 2A17F BEGA]7] AL 765 nmof| A FBEE S5
st & HE I A AR 1 gof dEsh= gallic acid
o] &HGAE mg/g dry weigh) &2 FEA|TFATH

Of

HO,
T e

3) FRAPO|| 2lst &l =3

A9, d £7] @ dAx}HEe] FRAP 3L Pulido 5(2000)
o] Who oJsto] SA43HSAtE FRAP 892 40 mM HCIo]|
10 mM TPTZ(2,4,6-tripyridy-s-triazine) & =<1 £ 2.5 mL2}
20 mM FeCl; - 6H,O 2.5 mL Z12]3 300 mM acetate buffer(pH
3.6) 25 mLE E35to] 37CoA Haisto] EH]stGIT). FRAP
91 900 Lol A 30 ULSF & O£ 90 WLE TN
37°CoAlA 3087F ¥R AlZ] £ 595 nm 2ol A Fg(Spectro-
photometer; Human corporation, Korea)ZS &35}t A& 9]
29182 troloxE ©]83}t9] TEAC umol/g dry weight2 A
SHTh

(

0

4) ABTS ZiC|E e A

ABTS izt 27 TAL Re (1999)2] S AR W
sle] A3tk 7 mM ABTS 283} 140 mM potassium
persulfate(KZSZOgg)S— Z3H5le] 12~16A]17F LAl A HEZA]
71 & phosphate buffered saline(PBS, pH 7.4)& AM&-3}o] 734
nm TR FHE F07(:0.02)0] HES 5)4she] X183}
9tk Radical inhibition(%)0] 20~80%7} 5| =2 3|43t 24
A& 10 Lo} ABTS &9 1 mLE EFsto] 1587 RESAIXL
3 734 nm A oA &34 =(Spectrophotometer; Human cor-
poration, Korea)S &3} th. ABTS radical cation scavenging
capacity= AAE F4] (Dl &ste] ALbstgen, ZF A&
9] oz 2275 TEAC pmol/g dry weight= EFH{TH

ABTS Scavenging activity(%) =
[(ABTScontrol =~ ABTSsumpte)/ ABTScontrot ] X100 +++++x++++ 1
ABTScontrol = Absorbance of a blank sample at the beginning
of the reaction (=0 min)
ABTSgample = Absorbance of a test sample at the end of the

reaction (=15 min)

s g4 B B4 773

[oJRLLY

5) DPPH ZHC|Z A7{EM =53

DPPH Ttz £A4 4L Thaipong 5(2006)2] Wl ¢
o] A3}t DPPH stock solution2 DPPH 24 mgS
methanol 100 mLof| £3A|71 & -20TCo|A RISHAA AR
3tgith. DPPH £-992 515 nm ulrxgow A% 7 1.1(0.02)
0] =2 methanol2 3]A3}o] AR5} Th Radical inhibition
(%)°] 20~80%7} E=2 3] A3t A A& 50 uLe} DPPH &
N 2 mLE E§eta] A9 ¢rioA] 3087 HFS AT T
methanolS blankZ 3}o] 515 nmoj| A X &Q] ZH& U-L]'E—-
=231t} DPPH radical scavenging capacity+~= A A| &
Al (ol ot ALt e, 2+ Algd oA A
TEAC umol/g dry weight2 YER AT

ol

DPPH Scavenging activity(%) =
[(DPPHCongot ~ DPPHsampie)/ DPPH ool X 100 ++e+eeeee+ @)
DPPHconrol = Absorbance of a blank sample at the beginning
of the reaction (=0 min)
DPPHgumpie = Absorbance of a test sample at the end of the

reaction (=30 min)

6) ECs value S

ABTS radical cation scavenging capacity®} DPPH radical
scavenging capacity2] ECs) valuex= Alexander 5(1999)2] "
of met AAE 54 G)ell &Jste] AAtst.

ECsp = D - [(A —50% max response)*(D - C)[/((A-B) --- (3)
A = Immediately higher response of 50% max response

B = Immediately lower response of 50% max response

D = log concentration corresponding to A response

C = log concentration corresponding to B response
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1) Preparation of bacterial cultures

A9, 4 &7 R AR B4 24L 9% 1
ST W I SAFL YT TLY ALY
(KCTC. Dacjeon, Korea)ol 4 -ejsigtonf, Ago] 489 @
Z9} wjR & Table 1] AASHA 2 25 of
&3t 30 9 37°Col|A] 23] Ao wjF & GHL 24 4
A7HA] glycerol(20%, viv)E 718l -80ColA HustFirt.

2) Antibacterial assay
F289 3 B4 disk diffision HOoE A3 ch
(EUCAST 2015). 3=t /9 B7HE 918l a5 vl 2|(Difco, USA)
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Table 1. Microorganisms and culture media
Microorganisms Media Temperature (C)
Bacillus subtilis KCTC 2189 Nutrient broth and agar 30
Staphylococcus aureus KCTC 3881 Tryptic soy broth and agar 37
Pseudomonas aeruginosa KCTC 2004 Nutrient broth and agar 37
Enterobacter aerogenes KCTC 2190 Nutrient broth and agar 30
Escherichia coli KCTC 1682 Tryptic soy broth and agar 37

o 2t 27 WES] 30 R 37CAA 18AIZF S vFR
3 Z} 55 0.5 McFarland turbidity standards® Z7%3}o]
Mueller-Hinton agar(Difco, USA)o] 100 nL =835}, Z+F A| &
225 20 uLE &&A)7] paper disc(6mm, Whatman, USA)S
Mueller-Hinton agaro]l 31, 35£1 Coj|A] 16~20A]7} v &
HEAATmmS] 712 ZYste] FF BHS FIL
th )2 F 2= ceftazidime 30 pg, gentamycin 10 pg, cefotaxime
30 pg, chloramphenicol 30 pg antibiotic disc(Oxoid Basingstoke,
United Kingdom)& AF§-35 00, &A1 23] 27]% St
o2 80| Uehta) g Riol A mm B2 274

SHRAL, 39] o4 B7F  diE BHE YE itk

5. SHAzZ

RE B4 & Uittt S 33 ghEsto] AAEla,
E3F A3}= SPSS(version 18.0; SPSS Inc., Chicago, IL, USA)
olgalo] HELREWAE ToIoc.

ok

it

=

—
o

At}

fllok
for

1) & iz g

95T & 0]24=9} 85T 70.5% oeh-E 2259 % #|&¥§
2 Table 20] 419} o] ¢, A £7] 9 ALY F H=
2 8.12~215.12 GAE mg/g2 & Uyttt o3 dAxpre]
70.5% oerE FEE9Y A, 7P B2 215.12 GAE mg/g,
ARG & o] F5E9 A 16145 GAE mg/gs UE
Wol Aol vlste] 5.1~6.281 9] g UEh ek 22y
d &7 g olF FEET 70.5% gE FE2E0| 47
8.12 GAE mg/g¥} 16.26 GAE mg/g= UERo] A<l st
o 2%(31~39%)9] gvhe YEl It A3 A(Jeong 5
20100l = WY, WAL, THA D THIY e 5
SE9Y T H=IFEY FFol 77 2433, 513, 2325 4
492 mg/goletal B3t om, A9 80% ogtE FEE
ethyl acetate L8 E2] & H& o] 346 mg/go|gtl Bl
(Lee 5 2015)3}th E3E 1123 9] traditional Chinese medicinal

o

plant®] HghE F2E9 F = el 0.22~50.3 mg/100 g
o]gl= X 31(Cai 5 2004), herbal medicine®l Withania somnifera
9} Enicostemma littorale?] B4 %53} hot methanol &
o] £ g 80| 9.9-44.41 mg/go]gt= ¥ 11(Vinotha 5
2014), medicinal plant 42 80% WL FE£E9 & H&
glaFo| 33.42~84.8 mg/go]t+= X 3l(Johnson & Ayoola 2015),
E. arvense(root, reproductive stem, vegetative stem)®] G
S5 70.5% HEE FEEY AR F=o & T Hs &
o] Z+Z} 36.53~409.20, 17.87~203.20 & 16.53~167.87 mg/g
olgl= Ei17} tHKim S 2016b).

2) FRAP &Haly

95C & o] 242} 85C 70.5% olleh-& F+EE2 FRAP 3
A2 Table 20419} Zo] A, A &7] E AxpLe 8
L2 104.03~3,546.39 TEAC pmol/ge. 2 YElytTt o] &
AR 70.5% NEE FE2EY FF, 7PE B2 3.546.39
TEAC umol/gs Eow, Axpgo] & o] 2559 7
2 2,776.94 TEAC pmol/gS LreEFY o] Yol H|ste] 5.2~6.2
v o] ghl s YEh gt =iy A E7]+= 70.5% olE&
FE2 53 o o|24 FEE9] 207.19 TEAC pmol/ga} 104.03
TEAC pmol/gE vrepjo] Aol vlste] e hee(23~
30%)2 YR QIt) $HE, 455 9] medicinal plant®] 80% w|
g 2220 $Ygo] 1.23-453.53 umol/go]gt= B a(Li
5 2008), 4 =73t black tea”} 0.788 mol/kg, green tea’}
1.825 mol/kg, 13% 2] herbal tea”} 0.127~1.725 mol/kg, 1152]
fruit tea”} 0.301~1.121 mol/kg®] HPHES Vel fict= B
1(Veljkovi¢ 5 2013), herbal medicineQl Withania somnifera
9] ¥4 FZE37} hot methanol FZ&E90] 677 umol/gd} 1,266
umol/g, Enicostemma littorale®] B4 FZE3} hot methanol
2280] 244 umolgz} 659 mol/ge] BLS e Tk
H3(Vinotha 5 2014)7} lth 729 d4 &5} 70.5%
et 2&E9] 38 o] 33.54 ymol/gT} 42.21 pmol/go] 2t
+ X I(Kim & Choi 2015), moss(H. plumaeforme, T. kanedae,
L. juniperoideum)®] 84 FZE3} 70.5% o&tE FEE9]
3 o] 393.19~1,070.14 pmol/go]et= EaI(Shin 5 2016),

E. arvense(root, reproductive stem, vegetative stem)2] G4~ &
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Table 2. Total phenolic content and FRAP value of lotus

A 775

e}

Total phenolic content (GAE mg/g)

FRAP (TEAC numol/g dry weight)

bots DIW" EtOH? DIW EtOH

Leaf 25.68+0.45% 41.50+0.77 442.39+3.29 680.61+4.76

Stem 8.12+0.77 16.2620.63 104.03+1.86 207.19+3.70
Seed pod 161.45+2.32 215.1243.98 2,776.94+8.22 3,546.39+9.18

" Deionized water extract at 95<C.
? 70.5% ethanol extract at 857C.
® Values represented mean+S.D. of three parallel measurements.

ET 70.5% oHE FEEY A7 FEo IE SHd=o] Z
7+ 157.92~1,574.58 umol/g, 160.14~1,234.58 pmol/g L 161.25~
1,985.14 pmol/go]#t= R (Kim 5 2016b)E %1 o.M, foxtail
millet®] Z3-20fl(absolute EtOH:water:HOAC) F&E2] 3
22 o] 3.02~26.94 pmol/ge|gh= R 1% QItiZhang S 2017).

3) ABTS Z{CIZ 27{&d

ABTS #tjZ 2AZAL Table 3049t Zo] Y, A &
7] D Axpre] AAEA-L 105.11~3,956.94 TEAC pmol/g 2.
2 Uehidt). o] Axiare] 10.5% ofghs 22 Eo] Ao, 7}
A =2 3,956.94 TEAC imol/gs, AAES & o] =&
£9] A%, 3,187.55 TEAC umol/ge Uetio] Aol Hlst
o 41~6.7H19] 2ABHES YT T8y A E71=
70.5% oeE FEEI E o|4 FEE°| 287.39 TEAC
umol/g} 105.11 TEAC pmolige LFERo] A2le] wlse] 1
2 A2AZA(23~30%) YEF AT $HHE, 1123 9] traditional
Chinese medicinal plant®] Het-g FEE9] A7 A 0] 46.7~
17,323 umol/100 go]8= E.I1(Cai 5 2004), 455 2] medicinal
plant®] 80% HetE &89 AAEA 0] 0.97~265.43 pmol/g
olgk= EI(Li 5 2008), 4 F=3F 359 tea(green, white,
black)7} 1,772~1,328 pmol/g, 4% 2] herbal tea(lemon balm, pu-
erh tea, peppermint, chamomile)7} 610~180 pmol/g®] A=A &A]
= UBH itk Ei(Anna 5 2010)7} Qleh €4 &%

Table 3. ABTS radical cation scavenging activity of lotus

black tea”} 3.21 mol/kg, green tea”} 3.21 mol/kg, 135 2] herbal
teaZ} 3.17~3.27 mol/kg, 112 fiuit tea”} 2.59~3.23 mol/kg2]
2ASAHS YEYitheE B3 (Veljkovic 5 2013), herbal
medicine?l Withania somnifera®] 4 <53} hot methanol
ZFZ50] 88.42 umol/gx} 389.07 umol/g, Enicostemma littorale
o] d4 FZET} hot methanol FE&F0°] 38.95 umol/gi}t
253.80 pymol/g®] AAEAHS YEMth= R 3l(Vinotha 5
20148kt MLz Q¢ FE2EY 70.5% EE 5
29| 274840] 90.10 umol/gT} 116.97 ymol/go]eh= BT
(Kim & Choi 2015), moss(H. plumaeforme, T. kanedae, L.
Juniperoideum)®| B4 FEEI 70.5% o FE5E9 27
2Hdo] 1,078.11~2,587.33 umol/go|ah= ¥.1(Shin 5 2016),
E. arvense(root, reproductive stem, vegetative stem)®] G4 3
S5 70.5% oEE FEEY AR FEo IE 2AZA
o] Z+z}+ 317.00~3,529.56, 285.89~2,627.33 & 383.67~3,951.78
umol/ge|#t= H1(Kim 5 2016b), foxtail millete] E3H-&uj
(absolute EtOH:water:HOAC) F£EE2] AAZA] o] 3.69~59.92
umol/go]gh= %= QIth(Zhang 5 2017).

L]

.

4) DPPH aiC|Zt A&
DPPH #t]Z £AEALS Table 4049} Zo] AY, A &
7] @ Azpare] AATAL 37.29-2,549.46 TEAC pmol/g 2.

2 Yyttt o]F dxpe] 705% oehe 2289 A 7}

TEAC (umol/g dry weight)

ECsp values (mg/mL)

botws DIW" EtOH? DIW EtOH

Leaf 447.32+4.547 950.42+8.83 2.26+0.23 1.07+0.01

Stem 105.11£1.79 287.39+1.70 9.63+0.16 3.52+0.02
Seed pod 3,187.55£12.95 3,956.94+19.07 0.32+0.00 0.26+0.00

" Deionized water extract at 95<C.
2 70.5% ethanol extract at 857C.
? Values represented mean+S.D. of three parallel measurements.
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B =2 254946 TEAC umolig, AP & o @4 252
o] 7% 1,56746 TEAC ymolg Lrelio] dAglo] wulste]

74-9u9] 2A2L ek e A S 70.5%
et FEEI & o|24 FE5E°| 11446 TEAC umol/g
I} 37.29 TEAC nmol/g Webfjo] Ao Hlste] W &
AL (21~33%)& ettt HH, €4 &3 black tea
7} 0.181 mol/kg, green teaZ} 0.18 mol/kg, 135 9] herbal tea
7} 0.062~1.18 mol/kg, 11£2] fruit tea”} 0.034~0.181 mol/kg
9] AAEAS etk B 31 (Veljkovié 5 2013), herbal
medicine? Withania somnifera®] 4 <=3} hot methanol
FZ£50| 23.84 umol/gT} 134.41 umol/g, Enicostemma littorale
o] A4 FZEE7} hot methanol $&59] 5.89 umol/gx} 41.31
umol/g®] £AEAE YEMY It Bl (Vinotha 5 2014)
7} Qlch gz A4 22 ET} 70.5% e FEE &
A& o] 10.80 ymol/gT}t 14.90 pmol/ge]gts X 1 (Kim &
Choi 2015), moss(H. plumaeforme, T. kanedae, L. juniperoideumn)
o W4 2B 05% o 2EE] 2ABA0] 211~
298.78 umol/go| &= K 11(Shin 5 2016), E. arvense(root, repro-
ductive stem, vegetative stem)®] 4 FEEIT} 70.5% of|gh-=
FEEY MR F=o wE 2AZA 0] Z1Z; 49.33~940.44,
96.00~ 1044.89 2 119.33~1,021.00 pymol/ge]El= B (Kim 5
2016b)7} 9lo ™, foxtail millete] &3}+-&ufj(absolute EtOH:
water:HOAC) &592] £A&A 0] 0.93~4.74 pnmol/go] 2=
H1% QltiZhang 5 2017).

5) ECso value

ABTS #tjzt 27484 2] ECy valuel= Table 30] 419} Zo]
0.26~9.63 mg/mL=2 UEbgon, AxpHre] 70.5% ogE =
=9 7%, 026 mgmL, AR F ol 225 BF
0.32 mgmL2 Lebgth. DPPH S t)d &A 24 9] ECs value
= Table 49|49} ZHo] 0.31~21.21 mgmLZ UEFow, Hz}
o] 70.5% o|eHe FEE9] 3%, 031 mgmL, AR &
ol 24 &= A%, 050 mgmLE UER I °|F F3t
o] A=Ee] 70.5% EtOH &8} & o] &4 2&8o] 94

Table 4. DPPH radical scavenging activity of lotus

o 2B o 2719 FFE VIste] Ys] &S ABTS
471247} DPPH £712P4:8 e ek 22 2 5 U9

o},

2. g &Y
Aolal dxpare] 95T g o] &2 2223 85T 70.5% o
e FE2E9 559 7ol diT F EA2 Table 594
o

o o] 359 PRl AT 9.0-14.0 mme] ALA AT
= Uegleon, A9 oetE FEE°] B subtilis 10.0
mm, S. aureus 9.0 mm, AAPLS] & o] &4 2ZE0| B subtilis
12.5 mm, S. aureus 13.0 mm, P. aeruginosa 9.0 mm, AX}2]
et =&EEo| B subtilis 13.0 mm, S. aureus 14.0 mm, P.
aeruginosa 9.0 mmE UJeERWATE 1Y E aerogenes®} E.
coliolli= T+t B/4& UehA] gskon, A9 & ol &
EEN A &7 FEEL 5TY 45 25 et I+
& Yebl A gt o= S aureuse]] g AU ] 95%
et FEEI 70C S/ F2E°] 143 mm, 10.3 mm
o BEANTL UERAOLL £ colic] AL T T
S YERR] E3ch= B al(Yisa J 2009)2F Y 9] 50~95%
ofetE FEE0] S aureus®] T3t 10.68~7.22 mm2] A&
AREE e Ak B3(lee 5 20129 $ARE TS
UEtli itk 22y Arjun 5(2009)0] 21t A 9] wg-E
(50~100%) F=ZE2] SR Eo] B. subtilis 13.0~15.0 mm,
S. aureus 10.0~12.0 mm=ZA] SARSE AFS B oL E coli
9.0-110 mme] A9t Aol A4S el w3t
Q2] 0% e FEE] ZR% Reo| B subilis, S
aureus, E. coliol <+ S/3E YA gttt Eil(lee 5
2006b), E. colioll thate] & £7]9] Mgt FE5E(5~15 ng/
mL)o] 1.1~1.4 mm®] XS B = B (Devi & Krishna
20129 §A1 ARE e sich. B, A71E3 o)
Whe Q9 wel GREAE ehigrhs Rt &
Yoon 2007; Yoon SJ 2007), AZ2] hydro distilled water &
£ essential 0ilo] B. subtilis, S. aureus, P. aeruginosa®] o5}
Fat B U A ZRe, E coliof] thste] 19.3 mmo)

TEAC (umol/g dry weight)
Lotus

ECsy values (mg/mL)

DIWY EtOH? DIW EtOH
Leaf 173.21+0.49 340.61+2.01 4.57+0.01 2.32+0.01
Stem 37.29£0.08 114.46+1.41 21.2120.05 6.91:0.09
Seed pod 1,567.46+28.83 2,549.46+33.67 0.50+0.01 0.31:0.00

" Deionized water extract at 95<C.
2 70.5% ethanol extract at 857C.
% Values represented mean+S.D. of three parallel measurements.
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Table 5. Antibacterial activity of different common natural extracts concentrations and antibiotics against pathogenic bacteria

using disc diffusion method

Diameter for the inhibition zone (mm)

Lotus Extracts B. subtilis S. aureus P. aeruginosa E. aerogenes E. coli
KCTC 2189 KCTC 3881 KCTC 2004 KCTC 2190 KCTC 1682
DIWY NiZ? NIZ NIZ NIZ NIZ
Leaf
EtOH? 10 9 NIZ NIZ NIZ
DIW NIZ NIZ NIZ NIZ NIZ
Stem
EtOH NIZ NIZ NIZ NIZ NIZ
DIW 12.5 13 9 NIZ NIZ
Seed pod
EtOH 13 14 9 NIZ NIZ

Y Dejonized water extract at 95C.
2 70.5% ethanol extract at 85°C.
9 NIZ: No inhibition zone.

A& A& YEM it B a(Sittiwet C 2009), Lo
& 2E2E3 80% oekE F&Eo| B subtilis, S. aureus, E.
coliol] THFe] 18.0~33.0 mm, 20.0~36.0 mme] AJ&A A B2
UERA It E3l(Hassan 5 2009)9F A% A2 o] F&E9]
E. coliof tfste] 12.0 mmo] HFSAR|gs YEtH Ut
Al-Khafaji AH(2012)¢] B 1% 9lct

fex]
=

==X

al
=

24

Qo gl A

|

=
2 ATl 99 % M A3 F A5 o 2 2
APPE A2 AT WA/ AT NEZARE AE
shma GAsh 9 FTVHS AU B AE e
8.12~215.12 GAE mg/g 9= A, QAL 9| &g F&EE0]
7P whon, Axpgol g o] FEELS 16145 mg/gl
Z Yehstth FRAP 322 104.03~3,546.39 TEAC pmol/g
HQ, ABTS 2AZA-L 105.11~3,956.94 TEAC pimol/g *H ¥,
DPPH AAZA-L 37.29~2,549.46 TEAC pmol/g HYZA], &
AHO] ofghE FEEo] FRAP S8 1} ABTS &AEA
9 DPPH &A&Ao| 71 =4 detyton, Az &
o4 FEZEL FRAP &8 2,776.94 nmol/g, ABTS 47
A 3,187.55 umol/g, DPPH 2A&A] 1,567.46 ymol/gS LIE}
Witk ECs) valuel= 0.26-9.63 mg/mL(ABTS)2} 0312121
mg/mL(DPPH) |24 AR ogts F&E0] 7H &2
ABTS 9 DPPH &AZ4S Vet gich A9 ofghs 2
g o] & 2EF 9] B subtilis, S. aureus 2 P. aeruginosa®||
22 9.0~14.0 mme] FEA S-S YL
&t =ZE9| B subtilis?} S. aureus©] st &
9.0-100 mme] BEAA2S ek
ool g FE Y, Al 10.5% FE

ol
=

AQdol vlgte] F ws dFol o A
FRAP 33 ABTS 44 €4 9 DPPH &AE

2 7T QoA 712 ACKH) FO2 BEHE AUL
ShAlstel ARE AHCE) A AF ol Fof @ oFe it

2 7H3 gl Ao R BE FeAS g 4 ot
T B, EF AR FF ste] T DS vehfol
Aze G AAoRA 7= glrka sk
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