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Abstract

The objective of this experimental study is to determine the effects of
fermented garlic Powder(0%, 0.5, 1%, 2%) in the feed on the drug sensitivity,
MIC, blood analysis, nonspecific immune responses resistance to fish disease
(VHS, V. anguillarum, S. iniae, E. tarda). The amount of fermented garlic
Powder was gradually increased in the feed and were analysed for 5 week.
The effect was observed at 1% garlic undiluted in the feed, thus the fish
were fed for 4 week with 1% of garlic undiluted in the feed, and was
performed. For the experiment of challenge property, the disease resistance
of fishes was determined at the time of finishing fermented garlic Powder
and 1% garlic undiluted feeding through intraperitoneal injection of three
bacterial suspensions and one virus suspension (1 ml each). The fermented
garlic Powder and 1% garlic undiluted were serially diluted to estimated drug
sensitivity and MIC, revealing that fermented garlic Powder had no effect 1%
garlic undiluted was effective on the fish-borne bacteria.

Hematocrit, glucose, total protein, lysozyme, and the macrophage activity
significantly high activities were observed in fermented garlic Powder 1%
group and garlic undiluted 1% group compared to the control group.

The cumulative death rate showed decreased trend at all attacking
experiments except the fermented garlic Powder of E tarda than that of
control group. Seeing the result of this study, it is strongly suggested that all
additives improve disease resistance and nonspecific immune response, and
that it is strongly suggested that all additives improve disease resistance and
nonspecific immune response, and that 1% garlic undiluted has more effect

than fermented garlic Powder.
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and Kim, 2008), &# & 1HWi,2003; Kim et al., 2004; Kim et al, 2005), &%t
(Shon et al, 2001; Mun et al, 2004; Kim et al, 2005; Park et al., 2005) SO|

B E[ALCE.
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Table 1. Proximate composition of fermentation garlic powder.

Content

Compositon

88.3

Dry matter (%)

23.2

Crude protein (%, DM)

6.3

Crued lipid (%, DM)

2.8

Crude ash (%, DM)

12.4

Carbohydrate

100-(% moisture +% protein + % lipid + % ash).
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EoH, 1%0t=3N AESEEE2 472 AL

Table 2. General composition of MP(moist pellet) feed.

Compositon Content
Crude protein (%, DM) 47
Crued lipid (%, DM) 6
Crude ash (%, DM) 16
Crude fiber (%,DM) 5
Calcium (%,DM) 1
Phosphorus  (%,DM) 2.7

3. cell line %! Virus

Ho{o| =% Ofaf o= EPC cell linedf| B¢ = 15°COIAM 3 Zh HI SO
CPEE ZHOISIYCE M HiYHES 10%Fetal Bovine Serum (FBS), 1%
antibiotic-antimy-cotic (Gibco BRL)Z H7tgt Eagle's minimum essential
medium (EMEM)E AtE3SIQUCE HIO|2{A 9| A= low multiplicity of infection
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7.2. 9 2iO|aXtY =4

™ LY lysozymeQo| Z/H2 Yeh et al. (2008)°| EAMEIHS HIEHoZ E2AMG}
SCt HA 0.05 M sodium phosphate acid buffer (pH 6.2)0ff SZ2 ZHXE
Micrococcus lysodeikticus (Sigma, USA)E H7t5l0] 0.2mg/ml sEO| HEIMHS

OFECH SIEM 200umE 96-well platesOf &F3t1, O|FOAM 222t & 10ut

g Z3%tA|ZI &, microplate reader(Thermo, USA)E 0| 83}0] 530nmOfjA 1E1}
580 S&: S =HOIQUCL Lysozymeo| & HCHQI= 2% 00010 S&E Z

73 OAM=ZE 28 24

HolLfjo| CHAME ZMe Kumari and sahoo (2005)2] EMut¥s 0]23}0]

SSEY FO9| T FF(Neutrophils)off 2|3t oxidative radical MMdzks ZHHS}
R[el 2AYHS CHE2ap ZCL M A ™)TE NBT solution (0.2%)2 1:19

H&Z 2tz 50lE glass tubel| &7 F, formazon MHEE ZAA|Z|7] LK

dimethylformamideE 1ml% P=CH O = 2,000 X gojA 52 SOt /MEZE
5to] zJFHeE HMEAUS Fot T, NBTQ ZaALls HRE 3=
(Genesys 10 UV, Rochester, NY, USA)E AE23I0] X|HO| SaEQl 540nm0j| A

Z™IRULCE Blank= dimethylformamideE At} LCt.
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O PGS BQISHE E CH2 WHORM NBT activiy2 Z7fotol HISO|

Ol OIS MBS BAELOD, VHSVE 18°C, LIX 1EL 24C2 $22

AMSIALR 2| HiX|= M SHE Al = (Completely randomized design)of| [I}2f
AMAISHRD, 2MZANtE SPSS  (Statistical package for the social sciences,
Version 12.0) =T213#-S 0|30 One-way ANOVAZ EH EMEL|ULC} GOl EH

2t2| £9|Xt= Duncan's multiple test(P<0.05)2 H|uw &|ULCt.
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2t & guH Had Z2ah o=

o
o

X=810 s|MA|ZI OE = E tarda
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7t 32Hi7ER| MA|CHS 2HRISIR LY, 64HI0M = M X|CH
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1). V anguillarum, S. iniae 2% 16H{7tX| X X|2t0| ZHEZ|RALCt (Table 3) and

ol L MHE BESIQUCE  Streptococcus  iniaed| A=  Penicillin - (10ug)2f

Erythromycin(l5pg)s AMelet 25 Mo Zd+d2 2ESIRAL. 2 I8
off M =2 SdH ZdxdE 29 ZdHe Cploxacin (Spg)at #2

fluoroquionoloneA| 2| &M A|O| ZMHE ERICt (Table 4) and (Fig. 5).

Table 3. Garlic susceptibility test of Inhibition zone (CM).

Bacteria 49 1/2 1/4 1/8 1/16 1/32
E.tarda 4.4 3.3 3 2.5 2 1.5
V.anguillarum 4.2 3.1 2.7 2 1.3 -
S.iniae 2.3 1.9 1.4 1.2 1 -

D tarda, V. anguillarum, S. iniae : 1x10° cfu/ml.

_13_
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Table 4. Antibiotic susceptibility test of Inhibition zone (CM)

Bacteria P (10ug) Clp (5pg) TE (30ug) RD (5pg) AM (10pg) Ery (15ug)

E.tarda 1.6 3.5 3.4 1.8 3 1.3
V.anguillarum - 4.5 3.5 3 2 1.6
S.iniae - 3 2.5 2 1.5 -

Dop Penicillin, Cip: Ciploxacin, TE: Tetracycline, RD: Rifampin, AM: Amoxicillin, Ery:

Erythromycin.

Fig. 1. Antibacterial activity of the isolated garlic serial dilution against E£. tarda.
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Fig. 2. Antibacterial activity of the isolated garlic serial dilution against S iniae (left) and V.
anguillarum (right).

Fig. 3. Antibacterial activity of the isolated garlic powder serial dilution against E. tarda (left),

S. iniae (medium) and V. anguillarum (right).
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Fig. 4. Antibacterial activity of the isolated antibioties against E tarda (A), S. iniae (B) and V.

anguillarum (C).

AN sEES™ ZLt, E tardas 1/8, W anguillarum, S. iniae 1/167)tX| 2HE L]

ULt (Table 5). SHX|T OisH2EE SHOM= XH2dMszel 27t LIX]|

_16_
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Table 5. Minimum inhibitition concentration (MIC) of Garlic against £ tarda, V. anguillarum,

S. iniae
Bacteria aqH 1/2 1/4 1/8 1/16 1/32
E.tard o) o) o) o) - -
V.anguillaru
0 0 0 0 0 -
m
S.iniae o) o) o) o) o) -

S5:Zt EROEEE MESES 2o EAUS M50 dAYE2o| HluZl= Fig.

50| LIEHYQICE SI0IEREIS BE Dls2Y MM HETEC &2,
1 F 1ATIROIM £ B2 HYKE R0IHQl Kol BEEX YYUCH
ASTZ 05% H7I7E MQIBh 1%9f 2%0IM CiETECE Y2 g =oon,

ATS DE OHsEY HIITOM (ETEC RoNoE Ko #u2 HUC

oz

L SSXI=

rlo

Z2E OtE2% H7H0M CHEet sty K2 2gEs B
UM, 2% HI7t70IA = et HuslY =2 s 2Rtk 2RIALME
L=}

Obs R HIITON HETEC RONOR H2BS

N

2E 270N Fo/H2 XO|7F ALt SEHUE2 = 2%s Mgt

0.5%, 1%0M =2 &

o

HoiCt
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(E) Glucose (3 Total cholesterol
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Fig 5. Hematocrit (A), AST (B), ALT (C), triglyceride (D), glucose (E), total
cholesterol (F) and total protein (G) in fish the experimental diets containing
different levels of fermentation garlic 0%, 0.5%, 1% and 2% for 5weeks.
Values are means of triplicate per treatment. Bars with different letters are
significantly different (P<0.05).
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Fig 6. Hematocrit (A), AST (B), ALT (C), triglyceride (D), glucose (E), total
cholesterol (F) and total protein (G) in fish the experimental diets containing
different levels of fermentation 1% garlic Control, 1week, 2week, 3week and
4week for 4weeks. Values are means of triplicate per treatment. Bars with

different letters are significantly different (P<0.05).
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Serum lysozyme activity
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Fig 7. Nitroblue tetrazolium (NBT) actitivity (A), serum lysozyme activity (B),
skin mucus lysozyme activity (C) in fish the experimental diets containing
different levels of fermentation garlic powder 0%, 0.5%, 1% and 2% for
S5weeks. Values are means of triplicate per treatment. Bars with different
letters are significantly different (P<0.05).
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Fig 8. Nitroblue tetrazolium (NBT) actitivity (A), lysozyme activity (B) in fish
the experimental diets containing different levels of fermentation garlic
Control, 1week, 2week, 3week and 4week for 4weeks. Values are means of
triplicate per treatment. Bars with different letters are significantly different
(P<0.05).

_26_

Collection @ jeju



SAMY Za VHSVE AR8SI0] A7l 42, daiss8ds T7IoH| @
zFoMe 248 =T 232M7EX| 60%2| +=HIAtE ERenl, dazit=2%
0.5%, 1%, 2% 1Z20|AM= 2tz 30%, 40%, 50%°| FHUAtES ESCt (Fig. 9).
V. anguillarumz A-83510] ZHAIZ] B2, Y2 Os2S HIMSHA %2 o=

Al

TOM Z4F = 9ZMO| 100%2| FHIAIES ERAXT, Yei==TH7t 4

\J
-

oot

T (0.5%, 1%, 2% groups)O| M= ZtZF 50%, 30%, 20%2| +FAM W A2 LIEILHRY

Ct (Fig. 10). S. iniaeE AtE3I0] ZEAIZ B2, HEFOME Y = 3LH
100%2| FHEALE Eon, LoOsE% 05% 1% 2% AE0Ms Z

30%, 30%, 50%2| +HHAlE ERD, 2= AF0M HEFEL X2 HAE

o

HICH (Fig. 11). E tardaZ A8t ZAAZI 42, 49 = 79 O[Lf0o| 2=
HYTOAM 100% =8 HASIR2D, CHRTeF Fo(XQl XHO|E EO|X| QUL
(Fig. 12).

Mz HAHZIO|AXY = ZLt, V anguillarum 1%, S. iniae, VHSV 2%0]| M

RONMoE w2 482 ERL, E tarda2 CIE 50| Hlg| |oMez HE
S EQCE EHe0|AXY 2Vd ZAat, V. anguillarum3! S, iniae2 1, 2%0|

N ge

]
|0

2 =

rlo

M2 B, E tarda 2%0|M SOo|Hoz £ w2
HYX|OL 05%0IME QOIMOR e B2 HOICH VHSVES 2%0|4 SoF

oz £ Mo BREYUC (Fig. 13).
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Fig 9. Cumulative morality of olive flounder fed the experimental diets
containing 0%, 0.5%, 1%, and 2% of fermentation garlic powder after

challenge with (A) VHSV by intraperitoneal injection.
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Fig 10. Cumulative morality of olive flounder fed the experimental diets
containing 0%, 0.5%, 1%, and 2% of fermentation garlic powder after

challenge with (B) V. anguillarum by intraperitoneal injection.
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Fig 11. Cumulative morality of olive flounder fed the experimental diets
containing 0%, 0.5%, 1%, and 2% of fermentation garlic powder after

challenge with (C) S. iniae by intraperitoneal injection.
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Fig 12. Cumulative morality of olive flounder fed the experimental diets
containing 0%, 0.5%, 1%, and 2% of fermentation garlic powder after

challenge with (D) E. tarda by intraperitoneal injection.

_31_

Collection @ jeju



Skin mucus lysozyme activity
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Fig 13. Changes of lysozyme activity in skin mucus, serum of olive flounder,
Paralichthys olivaceus injected intraperitoneally with various concentration
(V. anguillarum, S. iniae, E. tarda, VHSV) of 1lday (A) and (B). Values are
means of triplicate per treatment. Bars with different letters are significantly
different (P<0.05).
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3HUY F, VHSVES ALBSI0l 2YAIZ B2, 1% OIsUYUS I %L
EFOIME 2 3 OUR 100%0] FHHAS HYKIDL 1% OHsAY H7H7

OfM= 14LRY7ILK| 20%2| +H W ALE0| 2H&L|ACHFig. 14). V. anguillarums

0

AMEoto] ZZAZ B2, 1% Ot NS HIIoHK @2 =70 g = 14

LS

2o 50%2] FHHAES EJXT, 1% OsANF7 ddF0Ms 44

20%0| =XHAFRS LIEILHQICH (Fig. 15). S. iniae2 A0 ZHAA|ZI AL,
RTINS 24 & 14UMYIK| 60%2] FHRIEAIE HFOM, 1% OtsAAH 1

0= 30%2| +HHAEO0| LIEHGL) (Fig. 16). E tardag AMESHY ZHFAIZ

A9, 29 2 7Y oyof ZE HHTOIN 100% X HABIHOD, 1% Ot 8l
WHIE  MHEPOIME  80% FHEALBO| BEEQICHFig. 17). VHSV,

V. anguillarum, S. iniae, E. tarda T|AtO{9| LHE Z7|S SfESIY HAFLUSS

SHoISHRA L, MAMssl, YA, X=20 =€ S2Y0 59 dAXQ SHES
I} (Fig. 18).
CiAMzZgd Zat, E tardag Mot ZE OAE0M FoH Xi0|= 2HEE|X| 8

UL, E tardaO| M= 12R Fo|MXO|7} LIEHLER| &2 HHEH, 32M 2 249

LS

S EQICL (Fig. 19). HAH2to|AXtQ = A4t 1, 39™ V. anguillarum 1%0{| M

=l

ooz &2 Y

o

Helon, 3gM ZE IAF0A 0%ELE 1%7t Ro[H2
2 52 &8s 20 (Fig. 20). H20|2AQ 2 21 1, 38/ 2 OF

oM 0%ELE 1%7t RolHez =2 dd5 2%

|0

O, 3YMO| IEMECH 2=

JE0M ReHe2 e a/do| A E|QUCt (Fig. 21).
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Fig 14. Cumulative morality of olive flounder fed the experimental diets
containing of 1% garlic undiluted after challenge with (A) VHSV by

intraperitoneal injection.
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Fig 15. Cumulative morality of olive flounder fed the experimental diets
containing of 1% garlic undiluted after challenge with (B) V. anguillarum by

intraperitoneal injection.
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Fig 16. Cumulative morality of olive flounder fed the experimental diets
containing of 1% garlic undiluted after challenge with (C) S. iniae by

intraperitoneal injection.
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Fig 17. Cumulative morality of olive flounder fed the experimental diets
containing of 1% garlic undiluted after challenge with (D) E. tarda by

intraperitoneal injection.
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Fig. 18. An outbreak of (A) VHSV, (B) V. anguillarum, (C) S. iniae, (D) E. tarda

infection of olive flounder from this study.
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NBT activity
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Fig 19. NBT reduction of phagocytes in blood serum of olive flounder,
Paralichthys olivaceus injected intraperitoneally with various concentration (PBS,
V. anguillarum, S. iniae, E. tarda, VHSV) of 1lday (A) and 3day (B). Values are
means of triplicate per treatment. Bars with different letters are significantly
different (P<0.05).
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Skin mucus lysozyme activity
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Fig 20. Changes of lysozyme activity in skin mucus of olive flounder,
Paralichthys olivaceus injected intraperitoneally with various concentration (PBS,
V. anguillarum, S. iniae, E. tarda, VHSV) of 1lday (A) and 3day (B). Values are

means of triplicate per treatment. Bars with different letters are significantly
different (P<0.05).
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Serum mucus lysozyme activity
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Fig 21. Changes of lysozyme activity in serum of olive flounder, Paralichthys
olivaceus injected intraperitoneally with various concentration (PBS,
V. anguillarum, S. iniae, E. tarda, VHSV) of 1lday (A) and 3day (B). Values are

means of triplicate per treatment. Bars with different letters are significantly
different (P<0.05).
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Of MMZIE =Hd(Raa et al, 1993; Jprgensen et al, 1993a), natural killer cell =
g (Kajita et al., 1991) 20| AKXt (Engstad et al., 1992; Joprgensen et al,1993b)
S Ot Bl Z2g S MWOZ QI3 HAF WA| U AU O{FO| MAS

SEAMAIZICH=E 21 7F QCHChen and Ainsworth, 1992). [M2tA 2 AFM=
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rir
0ok

=

_42_

@ jeju



Of LtEILEX] QRACL = AFOME OrsFE=2S S4A7 &

[ |

o

o 2 2
1t E tarda (1/32), V. anguillarum (1/16), S. iniae (1/16) °| S|MH{=0| = X
X|thES ZEEQUCH (Table 3). obX|2, LR0t=sw2 EH0M= HMX|CHO| 2z
E|X| §0F Db=FE=S 0|8% Auet XH0|Z ERACHFig. 3). UM Hdt

Ot FZEMUO| H|WA|, E tarda, V. anguillarum 1t RE AEHQM =2 §

XIHE EOQ A (Ciploxacin)?t SAtst HX|CHE ZESIQULCE (Table 4).
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MO
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0ok

Td =22

mjo

2

FESIH O FE H(Streptococcus
iniae, Edwardsiella tarda, Listonella anguillarum et.)0| CH3F XAANsE =
d AAOf| TSt =354 2/(2001) 200f 25tH £ tardaOM 7t H2 oo
gdol EAELy 2 Ao HAdMsE HdY 2l OeFE=0AM E

tarda (1/8), V. anguillarum (1/16), S.niae (1/16)2M 2| =21t SAISHA E

tardaOf| A 743 H2 ata=hdo| BRI (Table 5), V. anguillarum, S. iniae2

HAOier HaAHs=0M ZEEX @2 A2 A2LSAFA O=Zaz

SIOPESE BOQIRHE MH|9| MASUHSE(Chang et al, 1999)8 7HX|D], &
Epact MolEY KER ALSEHCL UHHOR X7 RS YT WHES

Of LIEtLIN, X7t =2l ST % HET 37t 90| LEfHLE 2 A7
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L RAoLf, 23~27%2 Ot H2 #X5 22, 1%0tsds Fotet A&

OME 2FMRE QO|MoZ S8t D, 29~39%C 2 A £=K|7F BAEE|ACH
{Fig. 5(A) and Fig. 6(A)}.

Davis & Parker(1990)0| M2 AST2} ALT= MALHOAN =2 &, X2,

rm
&

ZCHALO] 2HOlSt= Ra=z M, OMel HE|JEZt X Ye+s5F 2] Fof
(Gordon, 1968)7} 2O{Ltd EY0| HOIM €F sk7I 7%t ALz EX
T|QCHCasillas & Ames, 1985; Rao et al, 1990). & HJOAM= 2UZOIs22
0.5%= Mgt 1%, 2%0|AM CHz==t0| HIsH 2 etEs ERA, 1%0t=2%Y F
7bM| S 1~47F SO OIETELD K2 d8E 20, Ok 4F Al AST, ALTE
ZtAA|F|= HoE AFEEICHFig. 5B, C) and Fig. 6(8, C)).

O H7tAo ofst ¥ Sy 2HEN SIXNZEL Mozt SHEUACH

mr

(Sharma et al, 1976). Qureshi(1983)2 O}50| SMX|EL ZAAsUoLt 2
HE +=F2 #a7t gittn 210 E|QUCE OtsEafT 3 1%0s{Y 25 [f
ZT0 Hgh FOFMoR W2 TS HQl HoZ EOof Ok MFA| LaA7|s
Ao =2 AFREICHFig. 5(D, F) and Fig. 6(D, F)}.

FIAE O|FQ &g |X0 Zast oUX|YS ERE St=0, ojmf A
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