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Effects of Garlic, Allium sativum, on the Immune Responses of Olive

Flounder, Paralichthys olivaceus

Jun Hee Lee

Department of Aquatic Life Medicine, Graduate School,

Pukyong National University

Abstract

This study was aimed to investigate the effects of injection garlic, Allium
sativum, extract’ and immersion in garlic juice to “modulate. the nonspecific
immunity of the olive flounder, Paralichthys olivaceus, ‘and its' resistance to
Streptococcus iniae and Edwardsiella tarda. One group of fish were
intraperitoneally injected with different doses of 1, 3, 5, 7 and 10 % of garlic
extract and immersed different doses of 0.1, 0.25, 05 and 1.0 g L' of garlic
juice. Another ‘group of fish were immersed in different doses of 0.25, 0.5 and
10 g L' of garlic juice-after S. iniae BS10 or E. ‘tarda KE-1 challenged,
respectively. The nonspecific -immune mechanisms were assessed in terms of
skin mucus lysozyme activity, serum lysozyme activity, bactericidal activity of
serum, the number of lymphocytes and neutrophils in blood, NBT assay, SOD
activity and the number of bacteria in organs. RPS was assessed by the
challenge with S. iniae BS10 or E. tarda KE-1. Almost all the doses of
injected garlic extract enhanced skin mucus lysozyme activity, serum lysozyme
activity, bactericidal activity of serum at 12 hour, the number of neutrophils,
NBT reduction and SOD activity in kidney. In the challenge with S. iniae
BS10 and E. tarda KE-1 RPS 5 9% of garlic extract injected group was much

higher than in any other tested groups, respectively. Almost all the doses of



immersed in garlic juice enhanced skin mucus lysozyme activity, serum
lysozyme activity, bactericidal activity of serum at 12 hour, the number of
lymphocytes and neutrophils, NBT reduction and SOD activity in kidney. In
the challenge with S. iniae BS10 and E. tarda KE-1, RPS in the 025 g L' of
garlic juice immersed group was much higher than in other tested groups,
respectively. Almost all the doses of immersed in garlic juice post S. iniae
BS10 or E. tarda KE-1 challenged enhanced skin mucus lysozyme activity, the
number of neutrophils in blood and SOD activity in kidney. All groups showed
the decreased number of bacteria in surveyed organs. In the fish of immersion
in different doses of garlic juice post challenged with S. iniae BS10 or E.
tarda KE-1, RPS .in the 0.25 ¢ L' of garlic juice immersed. group was much
higher than in any other tested-groups, respectively. The results suggest that
the garlic extract and juice would be effective to enhance nonspecific immunity
and protective ability of olive flounder against fish disease such| as S. iniae

and E. tarda.
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o FFE& S°] Ao, levamisole, FK-565 (Heptanoyl-y-bD-glutamyl
-(L)-meso-diaminopimelyl-(D)-alanine), MDP (Muramyl depeptide), LPS
(Lipopolysaccharide), 7] 4} (Chitosan), glucan, nisin < ¢ 2] H|E 9]
A HgdAs FAAA Al td AIFdS FAAA F (Kitao et
al., 1987; Siwicki et al., 1990, Engstad et al., 1992; Kodama et al., 1994;
Solem et al., 1995; Kawakami et al., 1998; Kim et al, 1998, Sakai, 1999;

o

Villamil et al, 2003). o< H|5o]4 WA/NAZ= AEA HAUA

s

macrophage, granulocyte, neutrophil ¢ Ui, AP WA=

lysozyme, complement, interferon, transferrin S¢] Ut} WY F4A =
o]t H|Eo]|d MR S F7IANA AW AP S =d F A=

g, ol ol "W SZAE o]&% A of 7ol HAlE, &4 (Raa et
al., 1992; Jargensen et al., 1993a), natural killer cell &4 (Kajita et al.,
1992), gFo]A 9l (Engstad et al, 1992; Jorgensen et al., 1993b)¥} X A
o] YAl A= A (Yano et al, 1991) § ©AatA WS W3S 7F3lA] 7]
= o BHuFHoH ofFfe WY S T3l AWeRE /AT HAF B
A B ARG ool AL S AT BTk dd (Siwicki, 1987;
Chen et al., 1992).

Mhse A A REsE JBE AFOoRE ASHAW FHd A

np=o] gt ZgS AEI 5 (Michael & Reese, 1969), Albert
Schweitzer~= o}z e]7ple] ofuuid ol d 7ol misS dAH o= AME
stk (Block, 1944). 2 5 @A7HA olojA= B2 A7AEC] vhE Y
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e ATt (Cavallito & Bailey, 1944; Cavallito et al, 1944; Delaha &
Garagusi, 1985; Ghannoum, 1988; Soffar & Mokhtar, 1991; Deshpande
et al., 1993). T3 &4 W cholesterol +X& Y231, gt A dxu
3 Aot e 37t At (Mayeux et al, 1998; Sterling & Eagling,
2001). ¥ERF ofYe} et 'Y, w3t WA agla kst aae b
(Sheen et al., 1996; Hong et al., 2000; Nakagawa et al, 2001, Wu et
al.,, 2004). B 2=, A ALEH &4F (Zhang et al, 1997) 3 22
w2 a3ef gsrewl, UV ZAF (Reeve et al, 1997) 181 A€ 4
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1. o %

Algol Abg® J X, Paralichthys olivaceust™ A% 24 G %2
FOoRRE AY 2 MY Aol 2okt i AT 1143 g, B A
< 1012 cm®] YA E Aol ARt A 71 sk AbS S

20~22 T2 HA a3k

A dFEE 5ol A Ao BEA 9 1998W AFTE AA 4
21 7ol | R o A He gF Streptococcus iniae BS10 (5, 2006) 54} 2000
W ¥ A FAHY Y Xl Al Eel g Edwardsiella tarda KE-1 (°],
2005) #¥FZ Tryptic Soy Agar (TSA, Difeo)ell 1.5% NaClS H 713k uj

C

24 NZF Rt = Al ARgERlh
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5. 4F FF FA T mhs AF99 AR

Alg ool Streptococcus iniae BS10 ¢ Edwardsiella tarda KE-1

FEE A7 BY FAE e, 1 9 F vk FEAe] @A) wee

Streptococcus iniae BS10 3 1.0x10° Colony Forming Unit (CFU)
/ml, Edwardsiella tarda KE-1 3% 1.0x10° CFU/m9] s == 7tz} &
72 FAsta ¥4 F4h 19§ ukE 25 Age nks AR 9
#OERSE AR AS B ARR AuE vasd W97 A= FE
o3 20 L 3ol 0.25, 05 % 1.0 g/Le =2 dAHsSIY 2 o HF o=
3 3] 20 w1 A 8

WA Ax HY lysozyme 4 ZA}

S e AX NRAH T FAF ANADE 25 0bD g 2 9
Aol ettt HAS I F lysozyme FAS SAHEAT. A
lysozyme &35S SA3t7] 9139 slide glassZ Al@ojo AFE HYS
pooling&til, Al& 5 #je] 0.005 M PBS (pH 7.4)E5 #7}sle] f
T 9Al W2 (12,000 xg, 20 #, 4 C)g 5 FA NS AL o] AR

o} wg PBSHl #EEle] FEFE 530 mellA 060 HEE AT

Micrococcus lysodeikticus & S%stAt. S48 A5 05 mlol M.

ru>i
o
rol

-io

lysodeikticus ¥ <& 25 mlE FH7Fslo] 25 TolA 20 &3F WA &= &
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3o 4 T mwstel Aol Agsgh

HE
ro

AN B2 HEH

A g g
7} dxo] 8Ae GVBY (Gelatin veronal buffer: VB 200 m(¢, 0.03 M

Lo

CaCly - 2HO 5 m¢, MgCly - 6H,O 5 ml, 2 % gelatin 50 m¢, DW 740 m¢,
pH 745 A&ttt =& A8E GVBY'=Z 5v] 348 F, Escherichia
coli ATCC 259222 6x10° CFU/PS (Physiological saline solution) ml<]
TER 2AY T FF skl 20 TollA mi&gstAant M 5 0, 1,
3,6 2 12 A7t Ao Miles and Misra (1938)¢] ®# o] whe} TSA ]

ik gols oA A sle] AHEFstar 25 T, 24 AZF wikek & Ao HE

g Fo |\ Qi 7F A AEY £A Mele vhs FEF P4 4G
s Aol 34 AE 2 B d

Giemsa @M Ho =z JAs & 379

o,

< May-griinwal

T 5000 AE B AZT 59 52T So) waE A

10. A@ele] 22 W F5 W 24

7 FAR 9 vhs AFe] A G A4 F Agele 24 O #



% g & wAdsgtstdn. wds | 24 A4S TSAC 1.5 % NaCle] % 7hgh
wj Aol @A A & AH3pste] 25 TolA]l 24 AF wjFe o5 A HF

ZHE SOD activityS S48t =4 #HL SOD Assay
Kit-WST (Dojindo Co., Japan)E ¢]&3to] =Asith Algdel el
SOD &4 & superoxide anion®] #Asts= H| &3 T Attt SOD A&
279 Eir TF59 water-soluble tetrazolium salt”} #4~st ghell 2zt
sample®] water-soluble ‘tetrazolium salt’} ZFAeh g W 3 x47}

Baw e Uirol WEgE e,

12. Algole] A% dAAHE NBT 8¢ A ¥

i FEE FA ARG vk 23F9 A APS AN F, Aol
R gl A Aol Hsd #F B LA AAY A BAe e

o F21& Fodoz BE3tAY ol AS 2 % penicillin/streptomycin® 1



9% heparin®] % L-15 mediume 4%

dishell 4] nylon meshel F3A171 AEZ derolS FH|sFI T o] AX e
NS 34, 51 % percoll §WS FFTAA T2 Ao ZA=HA FFA
71 % 600 goll A 303 A4 Egdte] MEE Eesidv Eed g
T 2 % fetal bovine serum (FBS)7} &% L-15

23t o 01 % FBSol AMXE AAE3 0.1 % tryphan bluedl A
viability & #23 F 1x10° cells/mee] v=2 At 249 ALY
S 96-well cell culture plated] Z}ZF 100 w0 FEF3F oS 20 CTolA 2

AlZE FAZAZ & 7 welld] AANS 2AEZHA-AA S 01 % FBS7H

M

medium . Z 33 A

el L-15 medium S = 23] AlF3te] AAELE FH 8T NBT 8¢
Alge AgHE AFE2 zymosanse AFE AT Zymosan 0.02 goll
FBS 1 ml& #7Fste] 23 ColA 30%7F #E3A ATl wH&-Al 71 zymosanS
3,000 rpmel 10&3F @4l &EEste]l FANS AASAH.  wAdstd
zymosans L-15 medium®e 2 23] AlFs & A A2 W3l nitroblue
tetrazolium (NBT) 1 mg/L-15. medium ml= =

10 meo] A sFck AAxT7F HZH cell culture plate®] 2+ welll
blank ®+= zymosan®| “Z 7}&32] &2 100 el NBT £95 Ald sample
o] = zymosan°] F7Fd NBT €95 100 w® #H7Fste] 25 CollA 30%
b WA T WA & AR NS WeEa 5 % FBS7F H7kE L-15
medium & 2 A F g th3 100 % methanol® 1083t L AGA A 4%
AEE 70 % methanol® 23] A|H3 & HAxsto] Z} welldl 2 M KOH
gl 120 w9 dimethyl sulfoxide (DMSO) &9 140 wE 713k 3 630
mell A FF= gs SASATH

[0
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7w vbs FEAS FARRE AP} v HFds IAE Ao
of WA Aol W AFgHS FAE] et WA A
Streptococcus iniae BS10 ¢ Edwardsiella tarda KE-1 #++&5 27}
FAskath. S, inige BS10 #5 ¢ E. tarda KE-1 #5¢ LDy 3t 7zHzt

1x10°° CFU/ml¥} 1.0x10° CFU/ml °|lt}. 7zt H%9 vhs F& FA}
N s ZAEd Az AF Ez 29 & 7 PEE S jnige BS10
#FE 1.0x10° CFU/ml, E. tarda KE-1 #F% 1.0x10" CFU/ml ©.= 0.1
me/fish2 7t7h g4 FARsEsIth FAe Ao 8 Zh 7308 12 vk
2 o] At}
24 Age Ave 2 Fdze vA FAded 4o AEe RPS,
Relative percent survival®= 4YEIATE (RPS = (1 - % Mortality in

experimental group / % Mortality in control group)).

27 ¥ pRR A AWRF 6 AFY 4 A9 44 598 @
Fob AR ER BAUY 32 T4 ddom AN WY TR F 2793

g x=9F 7 AT Abole] FAITA {92 Student's t-test® H 1L
sl patel 0.05 v o feolAde] e RAoE Tk
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FAEE Aol o] AE H Y lysozyme &
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Lysozyme activity (Units/ml)

10 |

il

10

=

Control 1 3 5
Concentration (%)

Fig. 1. Changesof lysezyme activity in skin mucus of olive flounder,
Paralichthys  olivaceus; ~injected = intraperitoneally @ with  various
concentration (0, 1, 3, 5, 7 and 10 %) of physiological saline

extracted garlic, Allium sativum, respectively.
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1.2. Aldoje] A lysozyme &4 ZFA}
7 FALEE Al@ole] dH lysozyme BAS FA}
A7E Fig. 2] e T

s FE5E 1, 3, 95 %2 FASE Algole] EF lysozymeo] &4 9]
2o wlsiA] oAl F7HE YERTE 2 F 5 %9 viE FEE

FAF ATl 7P =2 AR A lysozyme 24 WERASIT

rol

N

50 1
45 1
40 *
35 1
30 1
25 1
20 1
15 1
10 1

HH

Lysozyme activity (Units/ml)

Control 1 3 5 7 10
Concentration (%)

Fig. 2. Changes of lysozyme activity in serum of olive flounder,
Paralichthys  olivaceus, injected intraperitoneally with various
concentration (0, 1, 3, 5, 7 and 10 %) of physiological saline

extracted garlic, Allium sativum, respectively.
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1.3. Aldole €3 W 47 589 AN ¥

AR Adolel @Y ) AT 5HE 2AY

0,1,3 % 6 A4S AGTE hRETo waste] oMol ol
e A gk 12 Al AR 3,5 9 7 9% Foldk @A ozl
wste] folMel AAE UERIROL 6 AbAe vs ATt S

Aoz Wol it AgHu= Aol dojutas & ¢ UM

410E+O6 r —O—Control
=1 %

=~ 3.60E+06 [ |——3 %
£ ——5 %
= 3.10E+06 [ | =7 %
) —-—10 %
< 2.60E+06
5
o 2.10E+06 [
8
= 1.60E+06 F
—~
ié 1.10E+06
=
Z 6.00E+05

1.00E+05 : : : : :

0 1 3 6 12
Hours (h)

Fig. 3. Changes of bactericidal reaction against Escherichia coli ATCC
25922 in serum of olive flounder, Paralichthys olivaceus, injected
intraperitoneally with various concentration (0, 1, 3, 5, 7 and 10%) of

physiological saline extracted garlic, Allium sativum, respectively.
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14, Agole B o AE 5 B3 24

rir
(K

AbgE Algole] =3 "o Yo Hdste Fx9)
= st A3 = Fig. 40 YeERAATE

ZHe] FE FEFE 5 F 4 AFFHT foAHd Aol gtk
a8y 2FTY FolA 1,5 2 10 %9 FEES FAS AlGTolA
2o vEiA ol F7HE YEHAY 1 F 1 %9 v FEE F

AL ARFOIA ok mmslA A e fo129) F7hE e gleh

1

80 1 0 Control
m1%
70 T @ 3%
r H 5%
60 — BE'7 %
P o == i m10%
50
3
540 T
0
g
2 30
20 1
10 1
0

Lymphocyte Neutrophil
Blood cells

Fig. 4. Changes in number of lymphocytes and neutrophils per 5,000 red
blood cells in peripheral blood of olive flounder, Paralichthys
olivaceus, injected intraperitoneally with various concentration (0, 1,
3, 5, 7 and 10 %) of physiological saline extracted garlic, Allium

sativum, respectively.
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1.5. A]g o9 SOD activity ZA}

24w s FEER FAR AIgele Ee, A B 3l 4 SOD

m
il

activity s FAFsH 23 E Fig. 591 YRS

Aol M= 7} FEE AT SOD &4¢] F99420 F7HE YERA
Ftou A= 1, 3 2 5 % Ald ol x4 vlastel SOD &
dol el S7Fe YEAL, 1 % ATl 7HE =2 7oAl
7M. YErdeh el e 1o 2-3-% Al g ol tiEztek vl uls)
SOD #A o] Fo4d 7t Yl o™ 1% ATd 7oA 7HE =2
°o]# el F7HE WERW L

2

| OControl /E1% ®@3% ®\5% B7% M10%

100 ¢ e
90 1
80 T
70 1
60
50 1
40 1
30 1
20 1
10 1

SOD activity (%)

Blood Kidney Liver
Organs

Fig. 5. SOD activity of blood, kidney and liver of olive flounder,
Paralichthys  olivaceus, injected intraperitoneally with various
concentration (0, 1, 3, 5, 7 and 10 %) of physiological saline

extracted garlic, Allium sativum, respectively.
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1.6. Aldoje] NBT 49 A ¥

E B2 FAE Alfole] A A Regh oA A E
NBT #e&S A 23E Fig. 60 YeERHSL
=5 3 %9 5 %5 Fold Adole] A tiAAEe] NBT 3

e
Aol gzyol maA feldel F7hE UHidth 1 % 5 %9 i
228 A AWTAA 4 we A% WAME NBT 8998 v
vt

0.250

o
)
o
S

*

0.150 f (

Optical density (630nm)

0.100 F J -
0.050 =
0.000 —
Control 1 3 5 7 10

Concentration (%)

Fig. 6. NBT reduction of phagocytes in head kidney of olive flounder,
Paralichthys  olivaceus, injected intraperitoneally with  various
concentration (0, 1, 3, 5, 7 and 10 %) of physiological saline

extracted garlic, Allium sativum, respectively.
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s 7t FEE FEE TAF AP T GA9 B Aatel] digk A
28 xAsl7] Yste] MAA AT Streptococcus iniae BS10 59

= FEE TA 2 4 5 7 AE Agodd S odnige BS10 o T
1.0x10° CFU/m!, E. tarda KE-1
AL ekl

A A F 14 43 A HARE S A AEes 2Aske] O ddE

Table 13} Fig. 70l eI}

N

i

= 1.0x10* CFU/mt o2 747 &

N

o

%)

Table 1. Cumulative mortality and relative percentage' of survival (RPS)
of olive flounder, Paralichthys |olivaceus, injected intraperitoneally
with various concentration of physiological saline extracted garlic,
Allium sativum, 2. days after following intraperitoneal/injection with

Streptococcus+iniae-BS10 and FEdwardsiella ‘tarda XE-1, for 14 days

Streptococcus iniae BS10 FEdwardsiella tarda KE-1
Group Cuml%lative RPS (%) Group Cuml%lative RPS (%)
mortality (%) mortality (%)
1% 83 % 9 % 1% 75 % 18 %
3% 58 % 36 % 3% 58 % 36 %
5% 50 % 45 % 5% 42 % 55 %
7 % 83 % 9 % 7 % 75 % 18 %
10 % 83 % 9 % 10 % 92 % 0 %
Control 92 % - Control 92 % -
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Cumulative mortality (%)

(B)

Cumulative mortality (%)

Fig. 7. Cumulative mortality of olive flounder, Paralichthys
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13 14

olivaceus,

injected intraperitoneally with various concentration (0, 1, 3, 5, 7 and 10

%) of physiological saline extracted garlic, Allium sativum, 2 days

after following intraperitoneal injection with Streptococcus iniae BS10

(A) and Edwardsiella tarda KE-1 (B), for 14 days.
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Fig. 8. Changes of lysozyme activity in skin mucus of olive flounder,
Paralichthys olivaceus, immersed in various juice concentration (0,

0.25, 0.5 and 1.0 g/L) of garlic, Allium sativum, respectively.
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2.2. Aldole] X lysozyme &4 FA}
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Fig. 9. Changes of lysozyme activity in serum of olive flounder,
Paralichthys olivaceus, immersed in various juice concentration (0,

0.1, 0.25, 0.5 and 1.0 g/L) of garlic, Allium sativum, respectively.
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Fig. 10. Changes of bactericidal reaction against Escherichia coli ATCC
25922 in the serum of olive flounder, Paralichthys olivaceus,
immersed in various juice concentration (0, 0.1, 0.25, 0.5 and 1.0 g/L)

of garlic, Allium sativum, respectively.
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Fig. 11. Changes in number of lymphocytes and neutrophils per 5,000
red blood cells in peripheral blood of olive flounder, Paralichthys
olivaceus, immersed in various juice concentration (0, 0.1, 0.25, 0.5

and 1.0 g/L) of garlic, Allium sativum, respectively.
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2.5. Aldoje] SOD activity ZA}F
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Fig. 12. SOD activity of blood, kidney and liver of olive flounder,
Paralichthys olivaceus, immersed in various juice concentration (0,

0.1, 0.25, 0.5 and 1.0 g/L) of garlic, Allium sativum, respectively.
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2.6. A1@ole] NBT &4 A3

29 vhs HFeo] AAT Adole Aol Fed oA xe
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Fig. 13. NBT reduction of head kidney phagocytes of olive flounder,
Paralichthys olivaceus, immersed in various juice concentration (0,

0.1, 0.25, 0.5 and 1.0 g/L) of garlic, Allium sativum, respectively.
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Table 2. Cumulative mortality and relative percentage' of survival (RPS)
of olive flounder, Paralichthys olivaceus, immersed in various juice
concentration of garlic, Allium sativum, ? days after following
intraperitoneal injection ~with | Streptococcus iniae BS10 and

FEdwardsiella tarda - KE-1, for 14 days

Streptococcus iniae BS10 Edwardsiella tarda KE-1

Cumulative Cumulative

Group ] RPS (%) Group ) RPS (%)
mortality (%) mortality (%)

0.1 g/L 83 % 9% 0.1 g/L 83 % 0%

0.25 g/L 58 % 36 % 0.25 g/L 42 % 50 %

05 g/L 58 % 36 % 05 g/L 50 % 40 %

1.0 g/L 75 % 18 % 1.0 g/L 58 % 30 %

Control 92 % - Control 83 % -

_27_



(A)

100%

—e— Control —&—0.1g/L
90% ——0.25 g/L —— 0.5 g/L
80% |t —*— 1.0 g/L
® 70% |
2 60% f
£ 50% t
o
E 40% |
4
3 30% 1
=
é 20% 1
=
© 10% 1
O% _. 1 . 1 1
1 2 3 4 '5) 6 7 8 9 10 11 12 13 14
Days
(B)
100% 1 —o— Control —&—0.1g/L
90% —2— (.25 g/L —— 0.5 g/L
—k—
80% | 1.0 g/L
¥ 70% t :
Z60%
[av]
£ 50% 1 > 2 /
5 40% | .
2z
E 30% I
2 20% [
jt
© 10% |
O% ——! 1 |
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Days

Fig. 14. Cumulative mortality of olive flounder, Paralichthys olivaceus,
immersed in various juice concentration (0, 0.1, 0.25, 0.5 and 1.0 g/L) of
garlic, Allium sativum, 2 days after following intraperitoneal injection
with Streptococcus iniae BS10 (A) and Edwardsiella tarda KE-1 (B),
for 14 days.
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Fig. 15. Changes of lysozyme activity in skin“mucus of challenged

(@}

separately with Streptococcus! iniae BS10 and Edwardsiella tarda
KE-1 on olive flounder, Paralichthys olivaceus, following immersion
n various juice concentration (0, 0.25, 0.5 and 1.0 g/L) of garlic,

Allium sativum, respectively.
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OControl M0.25 g/L @A0.5 g/L ME1.0g/L

1.00E+08

1.00E+07

3z

1.00E+06

1.00E+05

Number of bacteria (CFU/ml)

1.00E+04
S. Iniae E. tarda

Bacteria

Fig. 16. Changes of number of bacteria in organs .of challenged
separately with Streptococcus iniae BS10 -and. Edwardsiella tarda
KE-1 on olive flounder, Paralichthys olivaceus, following immersion
in various juice concentration (0, 0.25, 05 and 1.0 g/L) of garlic,

Allium sativum, respectively.
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T oAE AEES ZASIL 1 A3E Table 33 Fig. 19 YR St

Table 3. Cumulative mortality and-relative percentage of survival (RPS)
of challenged _separately with Streptococcus iniae BS10 and
FEdwardsiella tarda KE-1 on olive flounder, Paralichthys olivaceus,
following ' immersion insVvarious juice-concentration (0,0.25, 0.5 and

1.0 g/L) of garlic, Allium sativum, juice, for 14 days, respectively.

Streptococcus iniae BS10 FEdwardsiella tarda KE-1

Cumulative Cumulative

Group i RPS (%) Group : RPS (%)
mortality (96) mortality (%)

0.25 g/L 42 % 50. % 0.25 'g/L 42 % 58 %

05 g/L 58 % 30 % 05 g/L 67 % 33 %

1.0 g/L 83 % 0% 1.0 g/L 67 % 33 %

Control 83 % - Control 100 % -
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concentration (0, 0.25, 0.5 and 1.0 g/L) of garlic, Allium sativum,

respectively.

(A): Streptococcus iniae BS10; (B): Edwardsiella tarda KE-1
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(Jolles & Jolles, 1984; Grinde, 1989). # & (1992)> Y A9 lysozyme©]
Micrococcus lysodeikticus ©]%] ol %= Aeromonas hydrophila, Pseudomonas
fluorescens, Staphylococcus epidermidis®] tsle] =& A+ a34= e
Wtk B sttt Edlipta alba leafE B #tyolo] A T3S
A lysozymeo] Aol ol H iyl dow (Christybapita et al.,
2007), Solanum trilobatum leaf FZ &< "eldold B4 FASIA S
o %= lysozyme o] Eolfdtt= Hil7k ) (Divyagnaneswari et al.,
2007). 0.5 %9] levane Yool B+ FAsk3l= W @3 lysozymeo] =
Tol W& 1,56 8] SrHettE Hue 9tk (Dina et al, 2007). ¥ A3gl o
AFESE mlbs FEEY OE WY SAASY] AHA Hlus &
o tE W SAASE fFA A vhE FEES FASIA S e rhs #
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T Fgdoer HAD AT 24 Ul w WstE AYEE gz
A BE 3ol Al 7F S50t 53] Streptococcus iniae
BS-10 ATl A= 025 g/Let 05 g/Le] Aol x4 o w57k iz
of s A & ZAHE Ye AT

T4 A= vtEsE FEES 5 % FA3 & Streptococcus  iniae
BS10 24 Algd9 AuAdEgo] 45 %= /M =kt Edwardsiella
tarda KE-1& &7 FAst S Wo= vts F5E

5)
JogEgel 5 %= % Egth vhs FFAE FAF A
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Streptococcus iniae BS10S &2 A3
05 g/L #HAA A9 AuAEge] 24 36 %2 7Y =%
Edwardsiella tarda KE-1 34 FAbA = vls 259 0.25 g/L FA] A
AT FHABEEC] 50 %E 7HE E=UTh Alglolel BWHA 4 ¥ s
ZZd 2R gIE AELER dolH S uwo=  Streptococcus iniae
BS10 &4 54k - 025 g/L AlE 8] BldESc] 50 %z 7 =9k
Y. Edwardstella tarda KE=1 &7 % "l 259 A A FFoAM =
0.25 g/L. A9 AthalEgo] 58 %&E 7Fd =9t} Indian major carp
o Solanum trilobatum leaf. @5 FEE 400-mg/kgs 574 FASIAS o
Aeromonas hydrophila®] ta] Ao AEE0] 7084 %= UEGOH
(Divyagnaneswari et al., 2006), Tilapia®l| Eclipta alba leaf ¥4

01 %E 273 A Fo sisls ®W 75 %9 Al AEEs WHEHAG
(Christybapita et al., 2007). 0.5 %9} levanS Yoo A4 Fol 3AS o
o %=  Aeromonas hydrophila®l a4 100 % AEES YEU o
(Dina et al., 2007), tuftsine IL&EZ 43] FA} 39S Wl Aeromonas
hydrophila®} Edwardsiella tarda®] thaiA Ao =4 Jebd B ar}f

AT (Misra et al., 2006). Pl5S ZAIFojfFol Fo3 A75 BA o} &
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