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Integral Antioxidative Capacity and Antimicrobial Activity of Pressurized
Liquid Extracts from 40 Selected Plant Species

Mi-Ae Kangl, Mi-Bo Kiml, Ji-Hun Kimz, Young-Hwan Kol, and Sang-Bin Lim"

IDept. of Food Bioengineering and ZMajor of Plant Resources & Environment,
Jeju National University, Jeju 690-756, Korea

Abstract

Forty natural plants collected in Jeju, Jeonnam-Goheung, and Gyeongbuk-Ulleung were extracted using a
pressurized liquid. Extraction yields of total soluble solids and total phenolics (TP), and integral antioxidative
capacity (IAC) were measured, and antimicrobial activity was tested against Strepfococcus parauberis,
Streptococcus iniae, Edwardsiella tarda, and Vibrio ordalii. Jipsinnamul showed the highest content of TP (174.4
mg GAE/g), followed by Mulchamnamu (116.9), Seoeonamu (113.3), and Buknamu (108.2). Percent TP/TSS
was high in Jipsinnamul (72.6%), Seoeonamu (47.3%), Mulchamnamu (46.4%), Jageumu (40.2%), and Baneulkkot
(40.1%), respectively. Magamok, Nadosongipul, Buknamu, Mulchamnamu, and Seoeonamu showed 5.81, 3.96,
3.63, 3.63, and 3.34 mmol ascorbic acid equivalents/g of IAC of water-soluble substances, and Seoeonamu,
Magamok, Seipijilpul, Mulchamnamu, Baneulkkot, and Seomgirincho showed 8.51, 6.57, 5.68, 3.85, 3.83, and 3.69
mmol Trolox equivalents/g of TAC of lipid-soluble substances, respectively. Only nine species such as
Baneulkkot, Dokhwal, Jipsinnamul, Mulchamnamu, Nadosongipul, Seipijilpul, Seoeonamu, Seomgirincho, and
Sumbadi of 40 selected plants showed the antimicrobial activity against four bacteria tested. Jipsinnamul showed
the strong antimicrobial activity against S. iniae, while Dokhwal, Nadosongipul, and Sumbadi against S. para-
uberis and S. iniae, and Mulchamnamu, Seoeonamu, and Seipijilpul against V. ordalii.

Key words: natural plants, pressurized liquid extraction, integral antioxidative capacity, antimicrobial activity
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gHxk3kA ol = superoxide dismutase, catalase, glutathione
reductase 52 E4AIE2] oW gAikskA| 9} phenol’d 3+
3HE- flavone XA, tocopherol +, ascorbic acid, carot-
enoids, glutathione, o}P] =2t 52 M gxakslA ¢} BHA
(butylated hydroxy anisole), BHT (butylated hydroxyto-
luene), PG(propyl gallate) 52 &4 &2FeA7F A TH@8).
a9 4 g4EsiAIQl BHAS BHT 52 €€3 g4ts)
anet BAA wiel AF7HA de] AREEo ghout b
Aol =3ko] o] &g AF ol AME-Fo] AA3] A
Ha JTi9). kA ZEoll= ATte] L5 A A A
o I FASZHEE AA o At FakslEo] =
% g o] &3t = A7l i3] o] Fojx|a gt
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FZ {718 FE2H o] Bol o]&Fo] st=u, o] W
gAHoz 3 F78ulE UF ALY, FEATE
o] 28FE FAHS /X ot wetA] HFole ol
S GHE B35 Y8t el FEH Al=EH 9]
=, o] FEHAAE 52 4HF 25E o)&st=d, =
2 e FE28 AT HES TV =2 2
Tt A8 9 phenolic-matrix 2¢S A A B2 A H 9
FE& 8o|sHA stof Lk o] WHe Ao {8 E
AREEIH FEANE Bo] @28 5= e AR o] ATHIO,
11). ¥4 Kim 5122 1t {718 & o]-&3te] Aj-¢-H-F
ZRYH ZYdE 3FgEY FE218 HAgse AFE
T3t

gFatal &4 Zgol= DPPH(2,2-diphenyl-1-pic-
rylhydrazyl), TEAC(trolox equivalent antioxidant capacity),
TRAP(total reactive antioxidant potential), ORAC(oxygen
radical antioxidant capacity) 5 & 7}A W o] o},

77} 54 Azdel ARHoE HgH L Utk wheby Far
5 582 S4seE K88 WEe £84 221 484
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$4 Gus 5Ee ASIE, B33}
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(photochemiluminescence, PCL)S AAZ &4 4
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HHolgtes AHS
photosensitizer?] luminolol] z}2]4-& ZAFSIH
}%E‘r\:liJOl Bty oz YA E, o] gryde Pt
stE Ao ot Ao Z AALHIL Folle LS
HAE710A stetEd ) vheste] B = YEEREH 3
=9 TH(13-15).

FH HAE ol B BPBL FT A= At
T,
(<]

Azriilm?:
N

rj(_q

_YE

Aoz &4 ded, AF7HA JAEZHEH 4 FA
= QAT AA A Ao g A7t 2ol o] FolA
231 TH(16)

A B 04?% AT, Ad 18, 5 5= A8
= A EAY 4055 gtz ustev FE3 T34 &
28} T gt S-S HAFte], AFAG 8 M4

Al
y 1
28 gasted 1 =250 g,

E A3 ol A1-83 A A EL Table 13 2o, A5=(16
3), A 13(11%), BE £5E13F)AA 40ES A3}
o M# -3 & 30 meshE FH8== E4)7](Ika Work,
Inc., Wilmington, NC, USA)Z E435} -20°C Y5l
BRsEA 228 B AT

Ao AHE-E 88 FE A (SFX 3560, Isco Inc.,

NE, USA)= syringe pump, pump controller,
sample cartridge’} A€ 1% chamber, 7% 222 93t
restrictor 18] 3L collection vialZ TAE o] Ak FEAI&
= FE8&M9 s5& &oleA syl Ao
cartridge®] SIF-E O ZRE sea sand(15~20 mesh, Junsei
Chemical Co., Ltd., Tokyo, Japan) 2 g, AZAI& 1 g, t}A]
sea sand 52 g& £33 o2 =238 119} chamberdl] %
sl &80 (A ehE 40%)E syringe pumpdll A 7+t
F A3 supply valveZ 53} sample cartridgeZ Y@
U 2%(50 O} 4= (136 MPa)ol A 38 53 % i]‘s}
T 3¢8ue AE7 TR E cartridgeE
¢ 1 mL/min® F&22 F&55 3 0}913
restrictor® 53} collection vialell EZ 33T} O]Zi
AL EFHIIZE 5% & FE8E 10 mL 4
3 0.45 pm cellulose acetate filter(Advantec, Toyo
Roshi Kaisha, Ltd., Tokyo, Japan)& & 3}3}e] -20°Coll A
AstAA 4G AER AT FEUHS Kim 5
(12)e] HAslg 15t FE2x7d we} Pttt 5
FEE 1 mLE FH3d}e] 105°Coll A &Fo] & wj7]X]

Lincoln,

sample
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TES FE
Axsto] SHEALS] S T3 F X AlFe] FA vgh
7Hed nFE] FA HlEE YehA Atk
Z s e &Y
% HE S Peschel 5179 W ol&te] =454
L=, AdE FE2E 01 mLel 75 7.9 mLe} Folin-
Ciocalteu's phenol A] 2F(Fluka, Buchs, Switzerland) 0.5 mL

E Jbekdnt 28 ¥ 20% S EF &9 15 mLE 718k
EeA AL, Aol 2417 & 765 nmoll A FREE =74
3ttt & AlE FFHL gallic acid(Sigma, St. Louis, MO,
USAE EFFSZ 200~1000 pg/L =2 AHEFAS 24
3+ & gallic acid equivalents(mg GAE/g of dry sample) &

LHER 1Tt

S3(integral  antioxidative  capacity)
Fak3} #4-& Photochemiluminescence system(Berlin,

=73 AtH15). ACW(antioxidative capacity
of water-soluble substances)®} ACL(antioxidative capacity
of lipid-soluble substances) kits= Analytik Jena AG(Jena,
Germany)ol A T43ted A3t ACW kito] 4] Rea-
gent D, @, @, @& 27 water, reaction buffer, luminol,
ascorbic acid &)™, ACL kitol A Reagent @, @, ©),

@<= Z+Z} methanol, reaction buffer, luminol, trolox & <4 o]

Germany)°. &

s

T84 584 F4ts 8 (ACW protocol) S oS3 2
o] =43} t}t. = Reagent(R)®°] R@= 750 pL 713}
R® working solution(R®-WS)& A Z3}$t} 490 uL RO
3} 10 uL H:SOsZ R@D7F £ = npo| gl 7138+ 3 20~30
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Table 1. Scientific and traditional names, and plant parts used
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Scientific name

Traditional name

Collected region

Parts used

Adenophora erecta Seonmosidae Ulleung root, stem, leaves
Adenophora remotiflora Mosidae Jeju root, stem, leaves
Agrimonia pilosa Jipsinnamul Goheung stem, leaves
Angelica decursiva Badinamul Jeju root, stem, leaves
Aralia cordata Dokhwal Ulleung stem, leaves
Ardisia japonica Jageumu Ulleung root, stem, leaves
Astilbe rubra Noruojum Jeju stem, leaves
Atriplex subcordata Gaknunjangi Ulleung stem, leaves
Carpinus laxiflora Seoeonamu Goheung branch, leaves
Cayratia japonica Geojideonggul Jeju stem, leaves
Chrysosplenium grayanum Gwaenginun Jeju stem, leaves
Davallia mariesii Neokjulgosari Goheung root, stem, leaves
Dystaenia takesimana Sumbadi Ulleung stem, leaves
Epilobium pyrricholophum Baneulkkot Ulleung stem, leaves
FEuphorbia sieboldiana Gaegamsu Jeju root, stem, leaves
Fallopia sachalinensis Wanghojanggeun Ulleung stem, leaves
Geranium wilfordii Seipijilpul Ulleung stem, leaves
Hedera rhombea Songak Goheung branch, leaves
Hepatica maxima Seomnorugwi Ulleung root, stem, leaves
Hydrangea serrata Tamrasansuguk Jeju stem, leaves
Isodon inflexus Sanbakha Jeju stem, leaves
Lactuca indica Wanggodeulppaegi Goheung stem, leaves
Lespedeza cyrtobotrya Chamssari Jeju stem, leaves
Lycopodium serratum Baemtop Jeju root, stem, leaves
Lysimachia clethroides Keunkkachisuyeom Goheung branch, leaves
Melampyrum roseum Kkotmyeoneuribappul Goheung stem, leaves
Patrinia scabiosaefolia Matari Goheung stem, leaves
Persicaria filiformis Isakyeokkwi Jeju stem, leaves
Persicaria filiformis Isakyeokkwi Ulleung stem, leaves
Phryma leptostachya Paripul Goheung stem, leaves
Phtheirospermum japonicum Nadosongipul Jeju stem, leaves
Pyrola japonica Norubal Ulleung root, stem, leaves
Quercus mongolica Mulchamnamu Jeju branch, leaves
Reynoutria japonica Hojanggeun Jeju stem, leaves
Rhus javanica Buknamu Goheung branch, leaves
Scrophularia takesimensis Seomhyeonsam Ulleung root, stem, leaves
Sedum takesimense Seomgirincho Ulleung stem, leaves
Selaginella tamariscina Bucheoson Goheung root, stem, leaves
Sorbus commixta Magamok Jeju branch, leaves
Viburnum dilatatum Gamaksalnamu Jeju branch, leaves

23 vortexAA EF3I R@ stock solutionS Al 23}
3, o] §9S ROZ 1110022 343te] R@ working
solution(RO-WS)S A x3tATt o] &4 10 uLol= 1
nmol9] ascorbic acid(EFE&H)7t = Jot. 84
A Fits 582 3dAE S48 194= RO
1500 pL3} R® 1000 plLe] S99+ sampling tubeo] R®
-WS 25 uLg 7}ste] blankE Z33Hth 29@A4= RO
1500 pL3 R® 1000 plLe] 919+ sampling tube] RE@
-WS 25 uL% RO-WSE 10~50 uL& 7hste] HaFa s 2
ATt 3TA AlZERAL A 2 Al RO-WS di4l
sHE FEF 10 ubS 7tk 33 ¥kE St
A84 5§84 &4tsl 52 (ACL protocol)S T3 72o]

< ROZE 1110002 34ste] RD-WSS Azt o] &
ol 10 pLoll= 1 nmol®] Trolox(FE &8 M)o] S5 o] At}
A &4 B34 a3 58 w3 3HAZ =4 194
+ RO 2300 uL= R® 200 pLeo] E°] 9+ sampling tubedl
R®-WS 25 uL& 7}3te] blankE =339t} 2@A= RO
2300 pL¥ R® 200 pLe] &9+ sampling tubeo] RO-
WS 25 L% RD-WSS 10~50 uL 713t A#ddS 2HAds)
Aok 39 AlEEAL A A4 A RO-WS ti4l 314
d FE2E 10 uLg 713l 33 wkE SAH39 Y.

AR dode 7HA 13 E g mmol ascorbic acid =&

Trolox equivalents®2 e AT}

=489th. %, RO ROE 750 il 75t RO-WSE Al eEs 23 BF
z3g Tk 500 L. RD< Trolox(R@)o] So] e upo] et B A AR e FAEA 2 g ezA 3
7h8 & B35t R@ stock solutione A 251911, o] &l ZHAA-23 0 KCTC(Korean Collection For Type Cul-
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Table 2. Fish pathogenic bacteria and incubation condition

Gram Strain Incubg 1.;10n
condition

+) Streptococcus parauberis KCTC 36561  37°C, 24 hr

Streptococcus iniae KCTC 3657 37°C, 24 hr

) Edwardsiella tarda KCTC 12267 37°C, 24 hr

Vibrio ordalii KCCM 41669 26°C, 48 hr

ture)9} S=m|AER EAE QJ KCCM(Korean Culture Cen-
ter of Microorganisms)ol| Al 23 A3+ 25 (Streptococcus
iniae KCTC 3657, Streptococcus parauberis KCTC 3651)
I o A48T 2% (Edwardsiella tarda KCTC 12267,
Vibrio ordalii KCCM 41669)2 &% Wol AF&-3tiom, A
&l A= BHIA(15% NaCholleH, zh 59 wikzz
< Table 29} 22w 33] Al st AME-sHAH

srEyol £
8} 8A] & National Committee for Clinical Laboratory

Standards(NCCLS)2] x|3 ol 3} disk diffusion method

Z 439 918). A& FE5(10,000 ppm)e FHAFE =
A7) 9lste] wE) wdd @ mMFd 0.2 mL10'~10°
CFU/mL)E Ztzte] mAujA] W 3l spreader® o
A5HA =gt o 7]e] B E paper disc(?7 8 mm,
Advantec, Toyo Roshi Co., Tokyo, Japan)& <7 %o}
YA & FE25 20 LS FFA1 O 4 7579 w1
Z700A vt A8 AR F(clear zone)2] Z7](mm)E

=339t

E| AKXl EE=(minimal - inhibitory  concentration:  MIO)
FZ2E 9 HoAsEEE NCCLSe A 19)o] we} agar
dilution methodZ =% ’6]-‘}?\1:]— w2 vt o w02
mL(10°'~10° CFU/mL)E AW} =] el 33} spread-
eri TLHA =23 b3 Z2H2he] X0l A 24~484] 71 Hi
w A E9] AY5o] TEAEXA o HATE
i—}‘ﬂ%}‘}it}. A A = =S AF3IASLEE7
L& 43 AAT F £ 5% DMSO9] &3 }01
7} 1,000, 2,000, 3,000, 4,000, 5,000 ppm©®] =

}‘HE}.

— -
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18

=
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%
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[0 _HN!

H1

& F2% 5mLE WA 15 mLel Eqste] Az

AF Ho)o] Z+zt 39.7%, 39.0% % 40F A E
TAM, ARAD, A7|d2, ZAY, 29
w3 o] 747} 34.1%, 32.1%, 31.5%, 30.6%, 30.1% =2 =&

oo et
Hir
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Table 3. Extraction yields of total soluble solids (TSS) and
total phenolics (TP) of pressurized liquid extracts from 40
selected plant species in Korea

Plant species TSS P TP/TSS
(%) (mg GAE/g) (%)
Badinamul 21.8+0.33 17.2+1.7 79
Baemtop 19.7+0.12 115+24 5.9
Baneulkkot 196+0.33  787+2.1 40.1
Bucheoson 11.1+0.26 7.8+1.0 7
Buknamu 27.7+0.00 108.2+6.9 39.1
Chamssari 23.1+0.18 76.1£2.0 329
Dokhwal 11.7+0.26 55+1.2 4.7
Gaegamsu 26.0+0.00 434+19 16.7
Gaknunjangi 19.4+0.45 80x09 4.1
Gamaksalnamu 20.1+0.14 224+2.7 11.2
Geojideonggul 19.9+0.12 182+19 9.2
Gwaenginun 39.0+0.05 36.6+2.3 9.4
Hojanggeun 20.4+0.21 80.8+2.7 39.7
Isakyeokkwi (Ulleung) 15.6£0.09 470+0.5 30.1
Isakyeokkwi (Jeju) 105+0.18 32107 305
Jageumu 23.6+0.33 95.0£25 40.2
Jipsinnamul 240+0.32 174.4+87 72.6
Keunkkachisuyeom 274+0.31 93.2+1.8 34.0
Kkotmyeoneuribappul 30.1+0.21 189+£29 6.3
Magamok 27.7+0.14 925+2.2 334
Matari 17.3+0.42 18717 10.8
Mosidae 30.6+0.21 89+0.9 2.9
Mulchamnamu 252+0.12 1169+3.2 46.4
Nadosongipul 24.21+0.08 34.1+0.9 14.1
Neokjulgosari 34.1£1.04 96.9+3.9 28.4
Norubal 257+061  495+1.7 19.3
Noruojum 21.1+059  659+2.8 31.2
Paripul 19.0+0.39  295+1.7 156
Sanbakha 219+0.01 57.0+3.1 26.1
Seipijilpul 220+0.05 828+1.1 376
Seoeonamu 24.0+0.21 113.3£89 47.3
Seomgirincho 31.5+0.54 91.1+2.3 28.9
Seomhyeonsam 39.7+0.42 88x14 2.2
Seomnorugwi 27.7+0.05 148£2.2 5.3
Seonmosidae 32.1+0.07 82x0.8 2.6
Songak 21.3+0.09 14.7+2.2 6.9
Sumbadi 259+0.21 19.3+1.8 75
Tamrasansuguk 17.0+0.09 15.7+2.3 9.2
Wanggodeulppaegi 21.2+0.09 162+19 7.6
Wanghojanggeun 12.6£0.09 46.4+2.1 36.8
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HEA SFES AEA0 ] ZEx e 23 tiAt
A} &S 7}AY | phenolic hy-
2 7e} A 2A=T 233t ks 1
T T Tk AYEAES HERATHZ2).

w4 1% AE = W A AYAE 40F
l;-]]ln/ﬂ glrtﬂ-‘:' 6]—&}:2-
=2 &Y tH(Table 3). & A=A zﬂr?ﬁﬁ g AAE ]
1744 mg GAE/g& ;w E F M8 =93, e g 53
U Mojui BuErh 242 1169, 113.3, 1082 mg GAE/

g2 E2 FHFS Yt 2 o dEaAte, AF5, &
NA444, up7tE A7dxE 242 96.9, 95.0, 93.2, 925,
91.1 mg GAE/gE ¥& IS Yeldda, AdeldE, &
A, wbe R, e, =ReE, Autele 247t 828, 808,

787, 76.1, 659, 57.0 mg GAE/g ©]’+& et 18y

=R oo H(2F), 84S, MEF, Bolw, Ued
o] &, o]t 7 (A F)= 30 mg GAE/g =9 ‘;&% TEFES
YERH AT

Kim 5(0)% AF A E 205 Hdoez 148
FE8t & Au4 e FEFS S, AT
9} AT UR7E Zh2F 1054, 1051 mg GAE/gZ 7H8 =9k

A, o2 o] AE, FAUE, 49, AU 242 1044,
92.2, 90.6, 905 mg GAE/gES YehAtta Haste] B 4
FAL} AN B dER A

98 Hyun S(21)& xﬂT AN E 54FS O T0%
g2 FE3to F dsd s dEs 4% 49
A7} 2879 mg GAE/g2 7} =931, o] A, o} 1w
g, Awg, AAGE, AAEFUEIE 247 2818, 268.0,
261.6, 259.6, 2456 mg GAE/gES UeErN AL, BxZE, 49,
/AU, 2AUE, ASUE, HUT, 22EY F5 200

B

mg GAE/g o139 £& §3% vehigckn nusge
H, B a7 Ao} vimste] B u) B AFA ) 14§
FERE LRG0 F2ERT F o=y HYE 3
of Mlmd e Aoz vehhth YMHO T NeHEe) 5
ol ASHi718v FEUET F A5y HHE FE25
o] £ A0E dgslgont e olfRE AR/ FUH
A gror wa Felsls HTEo] W, Ak, e NS
B2 3ggv Y A £40) oF Row FyHAo,
AF A ARG AR F A 2] e B} 2
& A7k Basthio11),

SHH FuPE GO itk F HEA E g v
(% TP/TSS)L AAYEo] 726%E 71 =1, A ojuF
(473%), B3 UI5F-(46.4%), A5F9(40.2%), vH=22(40.1%)

(

b &g 1253

O 1o

o>

Z &aks)t

ofr
i)
e

o8 2 HES BT 2 ﬂ"ﬂ TA(39.7%), &
W5(39.1%), Mol A E(37.6%), F3d(36.8%), E7H4]
A (34.0%), w}7HE(33.4%), ZL’“]-E](SZ 9%), =F 25(31.2
%), ol A (AF, 30.5%)% =L FHFS JERAA

Eatx ahisl =3 (integral antioxidative capacity)

AR AE 40F ] e FEE F 7HEA 113
of gt T =4 sld=E T vigo] =
st 847 A8 SFA P8 58S
Table 49} Z3kth 84 Fitst w8
mmol ascorbic acid equivalents/gZ 7} =%, o2

EFolE, Fur, BT, Aouirr 44
3.63, 3.34 mmol ascorbic acid equivalents/gS YERH AL
H, 342, AldeldE JAYUE, =FEFLE 247 287,
259, 2.53, 2.37 mmol ascorbic acid equivalents/gS YEM
Aok &4 dAakst 58 AoyUFr) 851 mmol Trolox
equivalents/gi 1 =3k, e o g nrE Ao dE

R vlsZE A7dx7r 44 657, 568, 3.85, 3.83,

3.69 mmol Trolox equivalents/gS YER T},

v7bE, Aoy ERUE, A O]’Q%O FE8F A&
}\4 Eb‘]—?ﬂ 6]-/\]_51_ ___Eﬂ _1]:1_1':_ L‘;_ol‘:_];_" ]h—./ﬂ :Q]_Q-E
shFe Zbz} 925, 113.3, 116.9, 82.8 mg GAE/gi o} o] &
AE FEE AS g 597 F A FF Abolde
M2 FABATE AATE Lee 5(22)% Ra §(RV)=E F #=
A BEHE g3 v sty f%?’?li} ﬁ*qol F7tsva Ba
gAY Kim 5(24)2 A2 &= %
£33z 3ars 58€e ;_X‘]B‘]— 7%,]. T84 6:3})‘\}33;} ==

Table 4. Integral antioxidative capacity (IAC) of pressurized

liquid extracts from 16 selected plant species in Korea
IAC of water—

soluble substances
(ascorbic acid,

TIAC of lipid-
soluble substances

Plant species (Trolox, mmol/g of

S(ﬁ;ﬁ/ *‘i Oﬁg) soluble solid)
Baneulkkot 1.94+0.10 3.83+0.10
Buknamu 3.63+0.14 1.24+0.01
Chamssari 0.97+0.03 0.35+0.01
Hojanggeun 2.87%£0.13 1.05+£0.02
Jageumu 1.24+0.07 0.76%0.01
Jipsinnamul 2.53+0.04 1.27+0.05
Keunkkachisuyeom 1.27£0.07 0.89+0.06
Magamok 5.81+0.34 6.57+£0.31
Mulchamnamu 3.63+0.19 3.85+0.12
Nadosongipul 3.96+0.05 1.78 £0.05
Neokjulgosari 1.00£0.06 0.82+0.05
Noruojum 2.37+0.17 0.58+0.02
Seipijilpul 2.59+0.03 5.68+0.09
Seoeonamu 3.34+0.14 8.514+0.03
Seomgirincho 0.86+0.07 3.69%+0.19
Sumbadi 0.81+0.00 0.53+0.01
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Table 5. Antimicrobial activities of pressurized liquid ex-
tracts from 40 selected plant species in Korea on the fish
pathogenic bacteria
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Table 6. Minimum inhibitory concentration (MIC) of pressur-
ized liquid extracts from 7 selected plant species in Korea
on the fish pathogenic bacteria

Plant species S, parauberis S. iniae E. tarda V. ordalii

Clear zone size (paper disc diameter: 8 mm): less than 9 mm,
—; 9~14 mm, +; 14~19 mm, ++; 19~24 mm, +++; 24~29 mm,

FHt 29~34 mm, Hrees

Dokhwal 4,000 3,000 - —
Jipsinnamul >5,000 1,000 — —
Mulchamnamu — — 4,000 <1,000
Nadosongipul 4,000 4,000 - —
Seipijilpul — — >5,000 <1,000
Seoeonamu — — 5,000 <1,000
Sumbadi >5,000 3,000 — —

—! not measured.
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