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A Comparison of Radical Scavenging Activity and Cyanobacteria Growth Inhibition of Aquatic
Vascular Plants. Kwon, Sung-Ho, Hye Ryun Na', Jongduk Jung, Nam-In Baek? Sangkyu
Park and Hong-Keun Choi* (Department of Biological Science, Ajou University, Suwon 443-
749, Korea; Northeastern Asia Plant Institute, Korea; >Graduate School of Biotechnology &
Institute of Life Science & Resources, Kyung Hee University, Suwon 449-701, Korea)

Methanol extracts of aquatic plants were analyzed for allelopathic activities against
Escherichia coli JIM109 and Microcystis aeruginosa UTEX2385 which were compared

to its 2,2-Diphenyl-2-picrylhydrazyl

(DPPH) radical scavenging activities. The radical

scavenging activities were detected from the extracts of Persicaria thunbergii, Persi-
caria amphibia, Trapa japonica, Myriophyllum spicatum, and Brasenia schreberi. Also,
the inhibitory activities against cyanobacteria were analyzed according to the order

of B. schreberi, T. japonica, P. amp
aquatic plants did not show any i

hibia, and M. spicatum. Most of the extracts from
nhibition against E. coli except B. schreberi. We

found a positive correlation between the antioxidental activities of methanol extract
of aquatic plants and the growth inhibitory activities for cyanobacteria in terms of
the DPPH radical scavenging activities (R?=0.381, P<0.0001). The inhibitory activities
of methanol extract against E. coli growth was not correlated with the other activities
of aquatic plants (P>0.04). We suggest from this study that the allelopathic effects of
aquatic plants against cyanobacteria could be screened by using the bioassay based

on DPPH.

Key words : aquatic vascular plants, cyanobacteria, DPPH, allelopathy, antioxidental

activity

M =
e}3H21 4 (allelopathy) & A% Abzzbe] ey
goll wet olzgol} gs F= Aststd

[e]

% 2] €le} (Molish, 1937). FE-o|v | ElA = o]
[2Edgss E 4 ik (Muller, 1966). o|E 7] &=
709) egbataol BAE s BAL BEA (alle-
lochemicals) o]z} 3o} (Whittaker and Feeny, 1971).
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12 HME - sld - BEY -

Eofl A3 WejEdaze F23 JFL 3 He= A
a2 gl (Stamp, 2003).

w3h AEES A 3 27l ek 248 o
el diAb AHES AR O F st &4 ke
g Z-g 278 kel £l o|t)(Gibson et al., 1990;
Choi et al., 1993; Gross, 2000; Jung et al., 2007). ©]&] 3}t
FAks BAS A7) 9ldte f2] =he#<l DPPH
(Di-Phenyl-1-Picryl Hydrazyl)E o]&3 &2 =z
&7 FAWe] wo] o]8¥ 3 9)th(Martin and Ridge,
1999; Jung et al., 2007). W & A] o8] 7}A] A]E-o|A]
229 YA Se o3 DPPH iz 47840 1
2¥8} ¢k (Choi et al., 1993; Navarro, 2003; Su et al.,
2007). £3], sl=}3} (Rosa rugosa)2} °Fx| %L (Potentilla
fragarioides), 28] 37 AFE-Al}5-(Prunus davidiana)2]
wete FZE3} AFHEZ (Rhododendron yedoense var.
poukhanense)®] F&hg ZojA] 2]l (+)-catechin, iso-
quercitrin, B-glucogallin, quercetin <, caffeic acid, rutin,
ohameull 3} e ol AR e Barsh Bl
=2 7loz2 B IF 3 ¢lu}(Choietal., 1997a, b; Jung et
al., 2007).

T3 AR Dz T W3l EpRlL o 3= o
2+E-4=A 1] (Myriophyllum spicatum), -o]u}E(Cerato-

phyllum demersum), 4 && (Eleocharis acicularis), /<
= (Potamogeton oxyphyllus), F-¢}% (Limnophila ses-
siliflora), Y}AFZ (Vallisneria asiatica), o] glw}&- (Cabom-
ba caroliniana) 5-2] 27 AAel that oA FAle] »u
= 9lok (Nakai et al., 1999, 2000, 2001, 2005). o]o]| A

o] AFE-A 1] (M. spicatum)ell M= s Al 3HHE<]
Fehu o =} Al Fol 27 A4S odalshe o
AEAQ Aoz BIuFgdH. o9t vlEe] Hluxpint
(Najas marina), o 7]v}& (Trapa incisa), A3} 3% (Acorus
tatarinowii), Z3% (A. calamus), 22|32 Zd] (Phragmites
australis) & ©]8-3 AA3} 9l Pk Fel Araz)
ol 27 24 oAl BN AA) B 25|
A70= »v} glo}(Greca et al., 1989; Kérner and Nicklisch,
2002; Gross et al., 2003; Park et al., 2005; Li and Hu,
2005; Mulderij et al., 2005, 2007; Hilt, 2006; Zhou et al.,
2006; Nam et al., 2007, 2008).
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A9 |AUF] FAAE Stelsa, dal el g e
AEE vk £ 45T 5 98 mne s

A} spde.

1LAE AF 2 AAz

ATl AHE FAAERE 2] s4ell4] 2006
HEE 2008 Alolel] A= 183} 26F 34FFH2] A=
7} o] &= i} (Table 1). A T2 B2 £7]9} A2 &
Az Fol Bshse] 80% vjskeo] 2441704 21 W3
2231900} 228¢) A2l GFIC oAz oiziat &
Z}at==27] (EYELA, Rotary Evaporator N-1000)2 o] &
3 & ¥ 60% vskel] £A1A LAl B
Halelch 229 Alg 94 =27](EYELA, CYE-2000)
2 55T F 53R 3 Wl 34eln, #5 A
2} o

& vl g gl AkeE olgslel @

s4Aks} A DPPH 2hel 2 47 34 while] o4
At 1mge] SAREAE FHAEE F FI7F 1mLr}
E == 80% methanolel] £+43] =<l =], 0.4mM DPPH
3.8mLol] kA EﬂEPﬁ’—OJ] % HE A2 0.2mL & AH7tst
o] 80% methanol B8 Y& 7AS 7|30 2 e 517nm
A A EF =S 574'6]—°I‘$}(Yen etal., 1995). ==
o-tocopherolz} BHT (butylated hydroxyl toluene), BHA
(butylated hydroxyl anisole)S Al&-3}3c). 3HAks} 24
L =A% 747te] E3}x (Sample)E 0.4mM DPPH 3.8
mLel] 80% methanol 0.2 MLE 412 A]£°] &3 (Blank)
s} ofelsh 7o) Mlaatel e aAxen AN
4 .

Antioxidant-activity (%)=[(Blank-Sample)/Blank]*100
(G



13

H|

9002 ¢ "das
9002 6T "das
9002 ¥T "das
900¢ 6T "das
900z 2z "unr
9002 6T "das
9002 SZ INC
9002 ¢T 'INC
900z 8z "unc
9002 2z "unc
900z 62 "unr
9002 80 'Bny
9002 SZ INC
9002 ZT 'INC
900z 8z "unc
9002 2z "unc
900z 8z "unr
9002 80 'Bny

900z 6T "das

82103 Y1nos ‘op 16-6unkyy

‘unb BunAd-e9 ‘unAw 3ng ‘11 em-eH W MemeH
82103 Y1nos ‘uomns ‘nb Buol-bunoA

‘Buop unya-uopn “Ausitaaiun noly ‘puod Alun noly

82103 YInos

‘ues-08S "UNAW YobB-IC “14 0A-3eq "J10AI3S3Y MOD-IC
82103 YInos

‘unyabunoA "unAw ue-3ng "110A19S9Y aepbues-n A
23403 Y1Nos ‘uomns

'nb Buol-BunoA ‘Buop IN-897 "19Npanbe unyd-uopn

"£3403 Y1Nos ‘uomns

'nb Buol-BunoA ‘Buop IN-8a7 "10Npanbe unyd-uopn

22103 YInos ‘opwreubunysbuny) ‘unb ue-ae |

‘dna unAw-uy ‘11 UoM-Bunas "110A18S3Y TUOM-Bunas

©a103 Yinos ‘opwreubunysbuny)d ‘unb ue-ae |

‘dna unAw-uy ‘11 UOM-BuNas "110A18S8Y TUOM-BUNas

©a103 Ynos ‘opweubunysbuny) ‘unb ue-ae |

‘dna unAw-uy ‘11 UOM-BUNaS "110A18S8Y TUOM-BUNas

"BaJ0 Yyinos
‘uUesS-08S "UNAW obB-IC “14 0A-3eQ "410AI13S3Y HOO-IC
2103 Yinos ‘aloa

‘unAw Mow-Buer ‘11 Mow-Buer “110A18s9Y dow-buer

‘duwrems »o06-0Q
©a103 Yinos ‘opwreubunysbuny) ‘unb ue-ae |

‘dna unAw-uy ‘11 UoM-Bunas "110A18S3Y TUOM-BunNas

©a103 Yinos ‘opwreubunysbuny) ‘unb ue-ae |

‘dna unAw-uy ‘11 UOM-Bunas "110A18S8Y TUOM-BUNas

"B2103 Yinos -opweubunydbuny) ‘unb ue-se |

‘dna unAw-uy ‘11 UOM-BuNas "110A18S8Y TUOM-BUuNas

"BaJ0 Yinos
‘uUeS-08S "UNAW obB-IC “14 0A-3eq "410A13S3Y HOO-IC
"Ba40 YInos ‘opweuelung

‘unb uil-6uey] "unAw we-o0Q ‘11 I-3A9 "X9a4d we-0Qg

‘dwems 1n-03
"2aJ0M YINOS ‘UoMNS
'nb Buol-BunoA ‘Buop IN-897 "10npanbe unyd-uopn

drd

SHIN

dvd

did

drl

SHV

VdSIN

€dSIN

¢dSIN

TdSIN

10d

Sdd

YVINd

EVIN

¢VINd

TVINd

d0d

TANd

1dd

(B rad)

‘pnals eoluodel sewbeayd
(f58)

Mee 7 [a6ay 1M0Xes103 BLI0YIOUON
(k&)

Aeao (‘1) eiqiydwe eraeaisiad
(2{a)

sso049 ‘H nbiaqunyl wnuobAjod
(BAm)

MoJ3|4 eatuodel edea

(& EA=ly)

"SSeH MesIay ews|lauy

(lalv=rEtx o)

1 wnyeaids wnjjAydoAn
(tedz 1z te)

*110d Shupueld0 uoyebowelod

(B®)

7 snjjisnd uolabowrelod

(teds$ )

‘uuag v snuenjoeew uolafowelod
(&

"] snds149 uolsbowrelod

(el<tp)

‘biA snuerelew uolsbowelod

(tz42)

‘udag 'y snioullsip uolabowrelod

(=)

oeaulwelo

(=fsa)
sesoeIISpaIUOd

(=& aia)
aeadeuobAjod
(=% k&)
aeadeIYlAT]
(=2bH
aeadeUIjaWIWO0)D

(=filato)

aeadebeloeH

(= trd2)

aeadeuolabowelod

a1ep uova||0D

als Uuo193]10D

uoIeINSIgaY

alwreu o11IU3INS

awreu Ajiwe-

'syue|d JejnaseA dlrenbe paulwexs Jo 1S1| UoI198]|0d pue sa19ads ‘T ajqel



14

1591 Yymwoab esoulbnuse "s11sAo0401A 10} syue|d paulwexs Ajjeuoilippe Jo 1SI| U01199]]09 pue sa10adS

1002 6T "AON
,00z 8 "ung
L00Z 82 "InC
900z 2z "unr
9002 T0 "das

9002 6T "das

9002 6T "das
9002 2 10
9002 6T "das
9002 SZ 'INC
9002 2T "INC
9002 6T "das
9002 90 Aen
9002 82 'bnv
9002 Gz 'INC
900z 2z "unr
9002 6T "das

9002 90 Ae\

82103 YInos ‘uomns ‘nb Buol-BunoA
‘Buop unya-uopn “Ansiaaiun noly ‘puod Alun noly

2403 Ynos ‘sl-wio uanry uib-buog

‘2403 ynos ‘nl-unc 'nb uil-yng

‘Buop Buns-oH "abpis al-unAH "110A19S9Y MNs-aeg
8210 YInos ‘opweubunydbuny) ‘unb ue-se |
‘dna unAw-uy ‘11 UoM-Bunas "110A18S3Y Uom-Bunas
83410 YINOoS ‘unyduosy)

‘unAw ng-es ‘14 BunAd-uopn -aoe|d Buiysiy jom-as
83403 Y1Nos ‘uomns

'nb Buol-BunoA ‘Buop IN-897 "10npanbe unyod-uopp

2340 YINOoS "UoOMNS
'nb Buol-BunoA ‘Buop IN-897 "10npanbe unyd-uopn

B340} YINos -opweuelunt
‘unb BunoH-buer ‘11 BunoH-buer "abplLig ues-unA

sp
8210 Y1nos ‘opweubunydbuny) ‘unb ue-se |

‘dna unAw-uy ‘11 UoM-Bunas "110A18S3Y TUOM-BuNas

8210 Y1nos ‘opweubunydbuny) 'unb ue-se |

‘dna unAw-uy ‘11 UoM-Bunas "110A18S8Y TUOM-BUNas

‘83403 YIN0S "uomns
'nb Buol-Buno A ‘Buop 1N-897 "A10AI8SDY UNYI-UOAN
"£9103 YInos ‘uomns ‘nb Buol-BunoA

‘Buop unya-uopn “Ansiaaiun noly ‘puod Alun noly
B340 YINOS ‘unyodar

‘Buop ues-ol\ 'Jooyas Arejuswaje buemy-buoH
22103 Y1nos ‘opwreubunysbuny)d ‘unb ue-ae |

‘dna unAw-uy ‘11 Uom-Bunas "110A18S3Y TUOM-BUNas

B340 YINos

‘ues-08S "UNAW XobB-IC “14 0A-3eq "JI0AI3S3Y MOO-IC
82103 YInos ‘uomns ‘nb Buol-BunoA

‘Buop unya-uopn “Ansiaaaiun noly ‘puod Alun noly
82103 YInos ‘uomns ‘nb Buol-bunoA

‘Buop unyas-uopn “Ansitaaiun noly ‘puod Alun noly

1Sd

1dS

ONN

43S

SST

NLN

1SS

ERIR

49N

¢INH

TINAH

diN

VYINO

osd

z0aon

10a0

171

oVl

(B
"7 sajo1edls ensid
(ft 22 o)
p1a1yds (1) eziyJAjod elapoaids
(#B)
Jauliaes) eiayonu oquiniaN
o |_|lv

=1 =
71 wnoa4s wniuebireds
(s )
awn|g (1yeA) eaoplqisses eliydouwi
(R&R)
DiIA SIjNedInus] eLe|nalIN
(& =) BorreH
(‘b)) e1Rj2d0ooN3) "dsgns
"7 e1joymbes eenibes
(Binfo<rlv)
"AIJO SIsuauls ejjaded |
(~12t)

a|11e@ eaulweab seleN

(&)

alkoy (14 1) ereq1o1348A e 1IPAH
(Ehlzte)

azauny () eoipul saproydwAN
(=< le) UMO (edeH) wnolyelse
“JeA "7 snfew wniuop1pyd
(k=)

]aWS "4°C 14302440S eluaselyg

(B1{ale& &) ounjeN wnuidsupenb
“JeA "] wnsJawsp wnjjAydoress)d
(B&F2

"7 eijogire] eydAL

(B letbe)

7 erjoynsnbue eydA L

(=)
aBaIRIY

(=t o)
oBaJRUWd T«

(= k)
aBaJeUOqWIN|BN x
(=& f%)
seadeluebieds
(=R &)
seaoelIe|nydolos
(=)
seaoelIR|NQIIUST]

(= 1v )

seaoeeWsl|yY

(= e )

aeaoelepad

(f=&1a )
seaoe1lIeY204pAH
(=EhE®)
aeadeylueAus|y
(= lal=4o)
oradeianeded
(f=E1afete)

aeaoequioge)d

(f=Eate )
aeade||Aydoresa)d

(=24
aeadeydA L

a1ep uoI199]10D

als U0193]10D

uoIeINSIgaY

alwueu 2111UBI0S

awreu Ajlwe4

‘panunuod ‘T ajqeL



3. iAo A% &4

o) A+ (Escherichia coli IM109)2] A =& 3hql s}
7] $18ted A LBufA|ell S FFAIA 37°ColA]
12A)7F wfeFgt % oA 30 mL A LBul=] 2] wljF7]el]
75 AHET oh, 37°CellA] 12A17F wlj k(150 rpm) A1 R
o}t o] & 50mL HA LBuj Aol 3mge] FAHELAE F
FAEE 60% w|vhE 0.1mLe)| =2l A& Ao & 5,
Al oFEE T 300 uLS Wl 37°C wi k7ol A wl oFA]
71MA] 1A17F =912 550 nmel| A F4=s skl
(Miller, 1972). 24 € A5 A7y W2 Aste] A
7 A A4S vtk 27 o-tocopherolE A}

TEEE

4 A AR 2A

A (Miscrocystis aeruginosa UTEX 2385)-2 90 mL
©] L16 A wiA] (x 12 NaNOg)ell vl kstsdet. 54-a
=27} 0.500~0.600ug mL™! A% dufjo] A (M.
aeruginosa)< 10 mL (10% v/v) v eFelo]] =3+ =, 1 mg
ol FAD/EAE FHFAEE YolFd (Lindstrém,
1983). AJA=x7-2 25°C, 150 rpm, 2,000 lux ©]A}, Light/
Dark=16/8, 37|33 7oz fAslgch o4 24
=242 AAgNA Wikl 1~29 FHHo= A8E
AF 3k 600~800 nm FA e FF=E A3
=72 o-tocopherolE A3l SAE I 9
231w (0.D.; optical density)2 RE GFE4-a2] k& 1)

M2 B 15

chlorophyll-a=11.85*A.D.664

—1.54*A.D. 647 -0.08*A.D.630 A 2
*A.D.664=0.D.664—0.D.750
A.D.647=0.D.647-0.D.750
A.D.630=0.D.630—0.D.750

g=[Ln(CY—-Ln(Cyl t 4 3)

*g: A1 7be] B AR =

Coand C; A&7} t o] 2] Ja-a%}

5. 84 A% 24

DPPH2| 2tz &7 &AJ5} diadt A A 24, A
T ARAA A ARE WL )= AT F 474
34 7k 413 3724 (linear regression analysis) - ©]
£-3}o] Ar#A-S- vl B4 319 o} (Mathwork Inc., 2007).

zd _TI_I.

1. DPPH g% 274 84

o] AFE-2=A| u] (Myriophyllum spicatum)2] 47 & =%
40% o] 2k (27 =2 90% o|Ahel e &7 Aew
Balen, vt E3 AEE3} vlE (Trapa japonica)- &

100 +

~ 901 1

&

,4? 80

2

‘g 70 i

o

£ 604

>

]

z 50 1 .

S -

= 40 A

L2

B 304

1.

T 20

a

HHHHHH
SCFOAAY DO ASITWLCONEEZAEANON I JN—A0dr NN
STIo<paiapLaadnsnNa DEPO=XgXSJd0n<kE<<uEoO
R R R Ja a>z Fadons> >

cEmeo-2%a883F3 a5t zZ53F<akFa®vz2>>0200

Sample

Fig. 1. 2,2-Diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity of the methanol extracts from aquatic vascular
plants; blank=0, abbreviation is defined for sample list, a-Toco=a-tocopherol.



16 ANS -

T 70%7} o]k =2 FAxE HYv 53] <X (Bra-
senia schreberi)= 94.7%2A] ) 2F-2 AFS-3 3FALSHA|
S BHTL BHAS] $4] 2YoRe 4] B4 & 2l
o bl Aol 4 Baae] ABEE 10%¢] )]
A Z3he =S Hylon —9—"5] 3
lum demersum var. quadrispinum)z} Z3A ¢ (Hydrilla
3%l = PR 3 F3] v FA=

u}=- (Ceratophyl-

verticillata)2

Table 2. Growth inhibition activity of Microcystis aerugi-
nosa UTEX 2385 cultured in media with the methanol
extracts of aquatic vascular plants. Abbreviation is defined
for sample list. a-Toco=c-tocopherol.

Relative growth rate against

ol . uarg .

M. aeruginosa UTEX 2385

Sample
4 days 6 days 8days 10 days 12 days 14 days

Blank 1.000 1.000 1.000 1.000 1.000 1.000
a-Toco 1.176 1.088 1.193 0.965 0.903 0.845
PDT 1.176 0.764 0.540 0.435 0.360 0.332
PML 0.853 0.940 1.255 1248 1543 1.914
PCR 1909 1.217 0.959 0.806 0.697 0.776
PMA1 1856 1.176 1.062 0.829 0.761 0.647
PMA2 1353 0.925 0.766 0593 0.492 0.460
PMA3 1.704 1.040 1.641 0.937 0.771 0.753
PMA4 1557 1.204 1.029 0.944 0.771 0.754
PPS 1557 0.750 0.653 0.642 0.531 0.497
POT 1.175 0.939 0.713 0.606 0.531 0.497
MSP1 0.853 0.588 0.531 0.441 0.400 0.471
MSP2 1.028 0.750 0.582 0.435 0.434 0.465
MSP3 0.822 0.587 0.520 0.434 0.389 0.428
MSP4 0.881 0.588 0.530 0.435 0.463 0.461
NGR 1.853 1.365 1.070 0.765 0.708 0.625
AKS 1852 1.702 1.244 0959 0.760 0.711
PTB 1.028 0.764 0.583 0517 0.537 0.562
PAP 0.881 0.513 0.488 0.276 0.297 0.278
TIP 0.703 0.338 0.235 0.193 0.229 0.273
MKS 2939 2759 2213 1614 1406 1.311
PJpP 1879 1.792 1540 1.165 1.034 0.963
TAG 2.031 2.156 1.795 1.172 0.863 0.808
TLT 1.732 1.615 1.305 1.083 0.897 0.872
CDQ1 1.231 1.217 1.010 0.883 0.732 0.717
CDQ2 1529 1.541 1.428 1.207 1.103 1.059
BSC 0.528 0.250 0.235 0.200 0.268 0.214
CMA 1531 1.115 1.133 1.013 0.937 0.941
NID 1.353 1.013 0.948 0.724 0.697 0.652
HvVT1 1557 1.177 1.193 1.000 0.932 0.904
HVT2 1204 0.926 0.888 0.683 0.595 0.583
TSE 1.730 1.087 0.887 0.717 0.491 0.492
SSL 1966 1.189 1.010 0.765 0.663 0.648
UTN 1.762 1.366 1.132 0965 0.835 0.776
LSS 0.852 0.689 0.662 0.524 0.474 0.475
SER 1.354 1.190 1.193 0924 0.766 0.712
NNC 1500 1.277 0.938 0.800 0.594 0.551
SPL 1.381 1.040 0.836 0.641 0571 0.571
PST 1.057 1.027 0.897 0.890 0.806 0.850

Pk

&2

£ 23 (Fig. 1).

2. B2t (E. coli)9] A% 47

FEE A3 S B3 2E SARE Sl
] £=3)| (Brasenia schreberi)2] FZE-ol|A Ao 43+

< IR 5= FAde] FelF o) &4 (B. schreberl)-/] >
B2 3A)7be] Ayt ZRE] A4 FAS He] ¢F 15%
R A

4

=

3. YAl (Microcystis aeruginosa)2] A3 234

R AR FEES HUista A Azte] A
gt Foll AR AA] B Bon, dB FAHAE F
52 A FA o] gAY 2318 FAATIE ARE B
ik (Table 2). HFH Q] A &AL £ (B. schreberi),
ul-=(T. japonica), Eo3 7 (P. amphibia), ¢]AFE-4=Au] (M.

spicatum)d] 4o =2 ARz FFAlo] A eEphto
o]E EF 4dAREE AT Aol F&eH A
HeE Boloh 53] A9 75, 6AFE 70%
Fo] =2 oA AL B B opt 1 &I} A
o2 fAEE A3E ¥l
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4. A BRGNP D 24

A3 A LA Az DPPHE 47 A3 dAT (E.
coli) 97| &4 7+e] 7]€7] 7he 3.19722 4] oFgt ¢ke)
ABe el o, §-2&-% (p-value, P) 0.05 o3z
A R el gloe 7ML Eeled 4 gl Aoz v
ehget. skx]mt 73 Al 4= (coefficient of detemination, R?)
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Fig. 2. Linear regression graph between growth inhibition
activities for E. coli JM 109 and DPPH radical scavenging
activity; R2=0.121, P=0.0406, Gradient value=3.1972.



7} 012124 EAFY] 12.1% $Fo 2R o 2o 71538
FE9 Aoz vepgt(Fig. 2).

o )

= A Ao A A.-31= Filipendula ulmaria, Alche-
milla vulgaris, Lithospermum officinal, Rosmarinius
officinalis, Nelumbo nucifera®} 72& AEZ2 ozt
230 g 2ARA] e Aew T A °l':}
(Choi et al., 1993, 1997a, b; Trouillas et al., 2003). &
FAFAAM = 3wl (P. thunbergii), £ % (P. amphi-
bia)¢} v}&(T. japonica), o]AE-4=A|n] (M. spicatum), <=
A (B. schreberi) 5] vl&hg FE2E52 2oz &7 24
< 7HE Aoz velRge (Fig. 1).

Ao Aol slelx= <A (B. schreberi)7} ]n]
UE A4 L RYS ¥ YRR o fAAMEE
= oFg A BAS HolAu A FA4e] i+ ol
4:217}4) (Potamogeton pectinatus), 5-2-<12 (Potamogeton
perfoliatus), 2 (Ruppia maritima)¢] =g FZZo)
WAEE. col)} e TkeAel FEES ARl 2
J8FS Fx| Eal= A= A= (Nascimento et al.,
2000; Bushmann and Ailstock, 2006).

FAAE FEEo| 28 FAM|F (M. aeruginosa)®] AJ
Aodal Age =A ¥ b 2gez vd & 4 sk
ARG B ASHL A BAE el 159
2) 54 ARl AFHoz alE 2l o] F A&H
% AR}l a5t = 4=A) (B. schreberi), 7}=(T. japon-
ica), &7 (P. amphibia), ¢]2+E<=+| 1] (M. spicatum)e|
Al A ZAJ o] ket wHE (T japonica)o] 70% o]
AA S Hele Zoz FlFglon, o]AEA ]
(M. spicatum)= 50% ¢F2] ¥ el &l HH
(Nakai et al., 1999; Lim et al., 2000a, b; Kérner and Nick-
lisch, 2002; Nam and Park, 2007). =3t Z=2 @&} (Chlo-
rella pyrenoidosa)2} op}w|L} (Anabaena flos-aquae)ol]
gt AR 7} 2 Gzl 43 (B. schreberi):= A7
(M. aeruginasa)el] tsled = 75% o]Ake] =2 oA A
o] F7h2 el H3lom, o)x +AAE FolA Bel7)
713 =& 4=*] o]t} (Elakovich and Wooten, 1987). ¥4
o AA &Ae] sl Aoz o2zl di7lel (P. malaianus)
9} Fob (L. sessiliflora)e 4] FAo] 3= o=z 1}
byt (Wu et al., 2007). E-o]u}E(C. demersum) ¥ Z9l
LA Bo]u}E(C. demersum var. quadrispinum)-2 10%

ujuke] ofst &A1& H v}l (Nakai et al., 1999; Kérner
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Fig. 3. Linear regression graph between DPPH radical
scavenging activity and growth inhibition activity for M.

aeruginosa UTEX 2385; R?=0.381, P<0.0001, Gradient
value=0.6426.
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Fig. 4. Linear regression graph between growth inhibition
activity for E. coli JM 109 and M. aeruginosa UTEX 2385;
R?=0.098, P=0.0676, Gradient value=2.9908.

and Nicklisch, 2002).

o]d AFolA slE A% AFEe] AbF Akt 2

g2 ARl FATRS ARE AN & sl A7)
= #} 9Jv}(Nakai et al., 2001). o]= gle|zto] AAEA
g AARA 2GS HAEFE A wI7) ol 2

S A, e 2 A A A2

6}-1% skrl g el Ih&E] (Petroselinum crispum)$} 7.

(Coriandrum sativum)®] FZ&E2-o skaksl A7} ‘H’é]’



18 HMS - Ul - BE

o ARAA S Hlt}(Wong and Kitts, 2006; Yeo et al.,
2006). A sHAk3A| 9l BHA 9A] 3 Alo] Bu¥l
uhglowl, {1 ABEE ofo] 4AYE Hel: oz
uk33 2] w} ¢lo}(Basile et al., 2005; Shan et al., 2007). &

AT Aol M= A3 378 23} DPPH 47 &4 3t
tH?PT(E coli) S| &4 zbell 43 AR i HF
ot ofsiAn} <kl AAE BATH(Fig. 2). =¥
A5 (M. aeruginosa) A4 B4} Ao AR
AA 24 7ke] A3 AEAN e W 7]&7] Zh-2 2.9908
o gA] o3t cko| Asto] yebidtt (Fig. 4).

el =218 nie} Zo] AN ES] FEEL T A
B3 A4S e ot 324l 2] polut AEA]
F-olell whE B ko] A by ol whet Ao’ &4
zto) 7} velRd 4~ gluh(Kumer and Gopal, 1999; Alves
et al., 2000; Alzoreky and Nakahara, 2003; Navarro et
al., 2003; Wong and Kitts, 2006; Jung et al., 2008). =3}
Ao S oy AHA Ao, AA AE Fo| AR
o} 22 BAQ 2ol A B4 B WAL Aol
7h S glevms AEA FEEL ZA of e o
g ARl slelM= A eF S Fe] St} (Gross,
2000, 2007; Hilt (nee Kdrner), 2006; Nam and Park, 2007;
Nam et al., 2008). 12|31 & dF-ol|A] 23zl nie} 7ro
A} 7o) o2 X BAE dehls A4 o)
ol ne}t AUsky A A77t BeF Aoz 4
2=}, il Aol dEE A ESHA wjeFAlde] AL
g Moz a3} T 4 gl W= TekEojof
3 7oz welek

N 2

FAAE] 7ML ol ERFFEA T e S obof
B7] $3te] wvkE F2E2] DPPH 2ozt 427153 o
A3t (Escherichia coli)#} 244 (Microcystis aeruginosa)el|
A3k A B3-S EAME L A3} 3t (Persi-
Eo 7] (P. amphibia)?} =} (Trapa
japonica), ©]2FE-4=2|n] (Myriophyllum spicatum), <=
(Brasenia schreberi)7} ez A4 A4S Yehjon,
A, vbg, Eo3F, oA ERAN] 5 el HE =
= AAGA S-S JERY v EAE Al QR g2

FAAES FEES o] ARl ddk gA A o]
e A eisteh A E FEE] A3 elgbabgel o

caria thunbergii),

@ 43 34 Ash DPPH e 8 47 8402 249
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