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Effects of Dietary Supplementation with Garlic Extract on Immune
Responses and Diseases Resistance of Olive Flounder,
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In this study, we investigated the effects of dietary 1% garlic extract on nonspecific immune
responses and fish diseases (Viral Hemorrhagic Septicemia Virus, Vibrio anguillarum, Streptococcus
iniae and Edwardsiella tarda) resistance in olive flounder Paralichthys olivaceus. Fish were fed a
commercial diets supplemented with 1% garlic extract for 4 weeks. After the 4 weeks feeding
experiment, the artificial infection was made by V. anguillarum, S. iniae, E. tarda and VHSV. And
the cumulative mortality was monitored for 2 weeks after artificial infection. The cumulative mortalities
decreased in all experiments except for group of E. tarda compared to control group. We observed
significantly higher levels of the hematocrit, glucose, total protein, lysozyme activity and the
macrophage activity in the experimental group compared to the control group. In the experiments
of drug sensitivity and MIC using the three bacteria (V. anguillarum, S. iniae and E. tarda), 1%
garlic extract was more effective than the previously reported fermented garlic powder. These results
suggested that garlic extract can increase the disease resistance of olive flounder against V. anguillarum,
S. iniae and VHSV and the ability of nonspecific immune responses.

Key words: Garlic, Viral Hemorrhagic Septicemia Virus, Vibrio anguillarum, Streptococcus iniae,
Edwardsiella tarda, Olive flounder
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s}, WA A3t Qg A7 SUE b
gk o] AW Aol FIigtel whet A9
AHE RIETE HAp F7hsta e FAlolth 1
A3, FAA ] g WA To] 4§ o] FellAe &
A ZHRoll W ARS A EA7F IA o TR HA
& 2Le] B0 271A] oo FAbE thEk &
HE YFA 71 8%o] H Aot wmepA HZ
B2 w7t A A AHE-S FAskAL Yo, 1
AHE T A Foll Ao RS & AV B S A
stxlo] A3, HztFE87]F (MRL, maximum
residue level) & AA st At AT} o2
Sk FAA Ao s BAgo] gle dAEH
& AEFTHAIE Jidsle] oF2A o] /7o WYY 9
ZE FAANII7] A% gL AFEe] YHI

o (Kim et al., 2006).
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(Chun and Lee, 1984). Tk Aqtoll A M+,
of, dAFE 18 vloly 2 Ze oY vAEE
o] uhzo Zrrds YdeEllE sl ® Bustqth
(Cavallito and Bailey, 1944; Hong et al., 2000;
Nakagawa et al., 2001; Wu et al., 2004). =3} tl=
ol E5 o2 AYENEY Mun ef al., 2004), T
2+3}F 3} (Shin et al., 2009; Chung and Kim, 2008),
&3 (Wi, 2003; Kim et al., 2004; Kim et al.,
2005), &2 (Shon ef al., 2001; Mun et al., 2004;
Kim et al., 2005; Park et al,, 2005) 5©°] X%t}
olFe] Heox Ay T4 EHEY FH=E U3
o F Aol g H|So]d HARIALS] A o] F
71t A woleE e S/ IYE Ruvt B

o (Jung et al., 2002; Choi et al., 2005).
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Table 1. Ingredients and nutrient contents of the basal
diet

Ingredients % (DM)
Crude protein 47.8
Crude lipid 6.3
Crude ash 16.1
Crude fiber 5.4
Calcium 1.7
Phosphorus 2.7
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BAS R 45 FQ AFY HFA B AR
wHEsR oM, FA 48 F 1% ks FEHo
7H A @Tek tizTollA 3utg] o] o /E FARR
=2 ME3}] 2-Phenoxyethanol &< (100 ppm) o=
npH AR $ Satde] Hel® FA]E AHE-she
o A e & AFTHEE A HAY
sttt AP gL

Hematocrit (Ht)X] & &% 3} Nitroblue-tetrazolium
(NBT) activityS &43l=d] o] &HATH &2 &
HL lysozyme activity X Nt Eag 9|3
5,000 ppm o2 1027 YA EE st EFS &
S & AESlR o, BE AL 33 HHEStY
Attt 4& g4 &4 A7k 70Tl Bt
Sttt A AY8)5HEA 7] (Express plus system,
Bayer, USA)E- o] &3}o] d WA}z HlE =
Astath =45 GPT (ALT-PII), GOT (AST-
PI), S A (triglyceride: TG), &F 32~ (glucose:
GLU), &Z | 2H & (total cholesterol: Tchol), FF
WA (total protein: TP) & & 6FE o2 3T
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D AE HA9 lysozyme 4 A

EHY lysozyme 2432 Takahashi et al.
(1986)2] WH| w2} Micrococcus lysodeikticus
(Sigma, USA) & A&l t3t &3 =] 74T
< SAToEA HrstATh WA ARl 21 ¢
0.1 M PBS (pH 7.2)5 A7} o5 A& 23}
AR F DA EE] (10,000 x g, 4T, 2083 oh&
F5de & A AL ANEE ARSI

2) A9 lysozyme A A}
29 W lysozyme] E4L Yeh er al. (2008)2]

S g o s FA3 T WA 0.05 M sodium
phosphate acid buffer (pH 6.2)°] 52 AZx"H M.
lysodeikticus (Sigma, USA)E 713t 0.2 mg/ml
Txo AES vhETh FEY 200 pl & 96-well
platesol] EF311L, o FolA B¢ 4 10 wE
E3%A1Z1 &, microplate reader (Thermo, USA)E ©]
83t 530 nmoll Al 1% 2 sEo FFE e 53
3t Lysozyme®] 2732 unit/mlE VEFH LS
H, FF= Fkol 0001 A FHE 1 unitE |3}

AT

3) WA Az B4 =AL

HH o] M E &4 Kumari and Sahoo
(2005)°] WHE o] &3t THFF T T 5F
7 (Neutrophils)©ll 2|3} oxidative radical 2§73 &
SAstd = EAUHEE e 2o ¢4 €
3} NBT solution (0.2%)< 1:19] ¥ &2 Z+zF 50
ulE glass tubeol] &7 &, formazon R3S ZAA
7171 913l dimethylformamideE 1 ml® ¥ =t} 1
% 2,000 x goll A 5% B¢ AEEE st HEFH
O ATHE T F, NBTY Z4aH«e M
£33 A (Genesys 10 UV, Rochester, NY, USA)
£ AHESEY 540 nmoll A FHEE SAHSIAT
Blank+= dimethylformamideS A}-&3}3A T

o] %52 A3 fste v2=A
A (disc diffusion method)¥ 4 A ©-7) 3] A ¥
(broth dilution method)< ©]&3l T+ o] 4
ABtATt vks 229 500 plot B EFF 500
pls st 124 @A 344171 3, 50 pl paper
discoll ojze] A AZAIHY Discd FE2&
o] -2 1,260 pgl ATk V. anguillarum (KCTC-
2711), S. iniae (KCTC-3651), E. tarda (KCTC-3657)
o HYA AT 1x10° CFUmIY] $E2 34
AlA Mueller Hinton Agar (MH agar, Difco)oll =%
3k & discE L 25C A 18~20A41%F vl k3 =
AAE SAstd &% AFE FAsAT &5
HaE 913l Penicillin (10 pg), Tetracycline (30
pg), Amoxicillin (10 pg), Erythromycin (15 pg),

i=3e}

Rifampin (5 pg) 2 Ciprofloxacin (5 pg) s 65
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M 22 vk ARR S Epithlioma papulosum
cyprini (EPC) cell linedll HEF3F & 18 CollAl 743t
w3} cytopathic effect (CPE)E 1313 T Al
E u] SN2 10% fetal bovine serum (FBS), 1% anti-
biotic-antimycotic (Gibco, BRL)E % 7}3t Eagle's
minimum essential medium (EMEM)< AF8-3F %A1,
BE AFel= 33 o]gtE Al vlol 2 2 ik
H-g A3 TE VHSVE 10° TCIDy fish' 2 3] 4]
NA 57 FAERT SAAFEE AAst V. an-
guillarum (KCTC-2711), S. iniae (KCTC-3651), E.
tarda (KCTC-3657) 5 3F2| Al 4242 1% NaCl
A7} tryptic soy agar (TSA, Difco) v Aol =23
F 25C, 2442t Wl F3te] 1x10° CFUMIY] F%7}F
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Student's t-test= H| L3} T (P<0.05).

47719 Aol 7|ZbEt 72+ Ttk AFES S
om, 1% vts FEA HJ7F AR ATk
E ¥ A3, F940 2ot BEEA|
© ™ (data not shown), T Al g Tl A H AL
7F YERhA gttt

A% nE 717 5
T7F HZ2FRT FolHQl F7
2). 3+ A A # ;37‘]§ AHEE T e
GOTS GPT+ tj&7of Hlste] 1% vhs 59
A7 A @ TollA e 27 #EES e, GLU
S ozl s AT X7 FAadte
A4S R AT Total cholesterol2 1% vlE F&Y
A7 AR E AFHTE AIE T izl Hlsl #o
How o k& ROy 3FA e thET
vl E& X7 2 H AT Total glucose= A
Q71 ¢ 2T AT ZFolA FH
ZFo] 7} YEFA] @49k, total protein®l A= 1~3
F o ool His] FelHo® e A BF
FHAA T, 4FH = 2T HlE @& X7}
#Z = T} (Table 2).

LysozymeX} CHAIM|ZZO| &M Ho}

Azl HAL o] &3 lysozyme BA S ZA}SH
AR, 1% vk FEY J7F AARE FFS AY
7} 7IZPEE )7 AolE Ho|A| gkkom, o
T MRS W= F949- YERGA eskth
A 9| lysozyme A3, AFF7F A7 52t Ol
ZTol vls WYy &Ao] Fkske e UER
ow, 1 F 4FA NPT (35+1.41)7F =T
(ino 196)¢t 7+ & Apol& YEFN AT (Fig. 1A).
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Table 2. Hematological changes of olive flounder, Paralichthys olivaceus, fed a commercial diet supplemented with

1% garlic extract for 4 weeks

Grou Ht ALT AST TG GLU Tchol TP

p (%) (U/L) (U/L) (z/dL) (mg/dL) (mg/dL) (mg/dL)

Oweek Cont 29.4+3 3.3+1 43+1 4.9+1 19.3+8 243422 3.6+1
Iweek Cont 30+1 3.8 45,544 4.6+1 43.149" 220+19 4.1
W 1% 33.6+2 2.9+1 3242 5.2+1 22+4 184+12 541"
Sweek Cont 32.7+2 3.8 39+5 5 3542 252+14 43
W 1% 36.2+11 2.6+1 26+4" 42 2543 117+11° 5+1°
week Cont 29.5+4 5.8+1 46.5+4 4.2+1 19.8+3 253432 43
W 1% 38.8+4" 2.3+1 19+5° 3.9 2745 140+8" 5.3+1"
Aweek Cont 42+4 4+1 61+5 4+1 35.5+2 215+40 4.2+1
W 1% 40.846 2.6+1 2142 3.9 2748 148+25" 3.6%1

Significant difference from control, P<0.05. Cont : control.
Ht, Hematocrit; GPT, Gulutanicpyruvic transninas; GOT, Gulutamicoxaloacetic transninas; TG, Triglyceride; GLU,

Glucose; Tchol, Total cholesterol; TP, Total protein.
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Fig. 1. Lysozyme activity (A) and NBT activity (B) of olive flounder, Paralichthys olivaceus, fed a diets supplemented
1% garlic extract for 4 weeks. *, significant difference from control, P<0.05.

3 1% vhs FE2Y HA7F AARE ASZ R I
g A7 dE2Tol HlE] fodoR w2 g4
< FAEGeH, o] 4L 4FA7A FA=H A
t} (Fig. 1B).

Ol FEY9| A& &N

nhs FENL FH3 disce oAl gk
&4 AF= Table 39 YEPAATE V. anguil-

larum3} S. iniae= 78.75 pg/disc®] =714 10~
13 mm, E. tarda= 630 pg/disc®] F=7FA 17 mm

AANE JeLR T, V. anguillarum3} S. iniae T
o gk nls FEE AXNIt E tardaR Tt A
UEgt vls FE2H2 08 A4, FEHF EF
o AAWE Yetdo] o] = A= A
HoAck vhsde] P S nasty] 8 659
FAAE AEst] AANE Z=AS A, Voan-
guillarum2 Penicillin(10 pg)= A3k 1 9] 44
ANA 16 mm ©]7, 45 mm ©|3+e] AT FHE
B oM, S inige= Penicillin (10 pug)3} Erythromycin
(15 pg)oll Al WAS Hol= Ao & el 18
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Table 3. The mean of the Diameters of inhibition zone (mm) of bacterial growth inhibited by different concentrations
of garlic extract concentrations and standard antibiotics

Garlic concentrations (pg/disc) Antibiotics

Bacteria P Cip TE RD AM  Ery
1260 630 315 1575 78.75 39.375
(10 pg) (5 pg) (30 pg) (5 pg) (10 pg) (I5 pg)

V. anguillarum 42 3.1 2.7 2 1.3 - - 4.5 3.5 3 2 1.6
S. iniae 44 35 24 12 1 - - 3 2.5 2 1.5 -
E. tarda 32 25 1.7 - - - 1.6 3.5 3.4 1.8 3 1.3

Values expressed are averages of three replicates.
P, Penicillin; Cip, Ciprofloxacin; TE, Tetracycline; RD, Rifampin, AM, Amoxicillin; Ery, Erythromycin.

YU E tardat Ev FAAANA 13 mm ©]%, 35 -7 A3l g9l HEo|Xol HY HIZ
mm ©]35+e] 448 BT (Table 3). s & &4 A4 A3 Fig 2014 e lom,
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Fig. 2. Cumulative mortality of olive flounder, Paralichthys olivaceus, challenged intraperitoneally with pathogens

after fed a experimental diets supplemented 1% garlic extract for 4 weeks. (A) VHSV (B) V. anguillarum, (C) S.
iniae, (D) E. tarda.
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Fig. 3. 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 lday(A) and 3day(B). *, significant

difference from control, P<0.05.

20%2] F3 HAREo] BEAEHAT AT 34 A
d A3, V. anguillarum™} S. iniaeE 53 APl
A dzTe 2d F 149400 50~60%2] F3
HAME S BAAT, 1% vhs 29 J7F Al
ANA = 27 20~30%°] F2 HAFSS HEWHRA
. E. tardas A&t AN A, 4E $
79 ool thETol A 100% F2 HAFSEH o,
N@TFAA = 80%2] & HAREo] #FHUT

NAAEZ &4 A3} E tardas AT BE 1
FollA freld ztole= AZEHA R, E. tardadl
A 197 F92 Zpol7t YA o8& wEH,
3UA ) Fe S BAY (Fig 3). A2 lyso-
zyme &4 A3 197 39A BE IFoA U=
TFERG A G/ FoHo2 52 A4S KL
o, 1% b= =9 J7F A RS 3ET § 344
e AN APl E 3GAVE 1E9R R B
E OFA fodez ve g8 Ye At
(Fig. 4).

a1 =

>

T ShE 40001 ©]d =43 RIZEe W] F=
Ag-Elo] o 71 theFshAl ATEo] & oFE
21 E-o]t} (Rivlin, 2001). 3 A Y =2

nhse BE WA= 7hEA 7P 2iE A
o,

I

of

o] Yo7l A, s¥elAxe ntes 274 9 A
o AH&3thal skt (Katsuzi er al., 2000).
AFAAE LEAZ vles B4 2 HT7E Fo
S Al, o F9] AJAME &4 (Jorgensen et al.,
1993a), natural killer cell 4 (Kajita et al., 1991),
2ol &Y &4 (Engstad et al., 1992; Jorgensen
et al, 1993b) 52 TFs WY SH4S 53 2y
o= Qg HAF ZAstRon, AR o /7o A
A4S ATk E R 3171 94T} (Chen and Ains-
worth, 1992). o]d o] ¥g nlEg o] &3 ATE
HEo g 2 AFodAMs vhse] F2 A& alli-
cin? ajoene®] W7} AL o8 AAEE AR
Az PHS A&tz AT

Ht AA= AA ] 2FA2HH53 (Chang et al.,
1999)& 7AW, 2E# 29} A AFE A}
3G 2 AFdAM = 1% vhE FE2Y HUT AR
E Aol & 2FARE oA oR S
a1, 29~39%= A A7 B H AT (Table 2).
Davis®} Parker (1990)°l ©=™ GOT% GPT= A
A Wl A T3 &, A4, S tiabe] Bost
= BAEA oA A dErt A TS T
of o7t dojyta &Aoo Fobd dF F=7}
S7kete Aoz HAuHAT (Gordon, 1968;
Casillas and Ames, 1985; Rao et al., 1990). ¥ <A+
AME 1% vk F29 JA7F AET7F 1457 T
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Fig. 4. 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 1day (A) and 3day (B). *, significant

difference from control, P<0.05.

HxzTHRT e FAE B, nhs 324 4371
GOT, GPTE #A&A7le Aoz Azddd. nhs
F=d H7tel o3t €4 S zEEH FAAA
o] Astaz= ojHe] AgtellA FHEUATH (Sharma
et al., 1976). Hur (2002)= |* 2532 %9
H1t-2 303 mg/digt A=, B AFNAE 1%
nhs FEAS FAUME BE APTOlA 22~27
mg/dl 9= W2 gho] YElt AT, |3 5
ol Y& olFor AN FAd £
Z FH3F9 . Total glucosedl A= 1% s &
N H7F Aol A Kang et al. (2004)°] A A S
QHg %k 2.71~2.86 g/dl Rk =4 YEPG O ZH, A}
48 ddojs DA thatel EA47F jle A=
STEEAS. B A7 A7 A3 diaAz 24
2 gholaztyd Aol froFom S8k, =
79 71 F713 AL2 Kol nps AR 23k
A% aRe AR

1% vk #2919 AL=o) A7hate] Aol 4]
o417 3 | BolHel Moy Z7heh B 27}
22431317 ST, ol el mael <J3he (Yoon,
2009), "l FE2HE B AA Escherichia coli,
Staphylococcus aureus, Salmonella typhimurium 5
o 4% #Ed U@ Fwd A4l 49, 4
oA e GEEol e, H4% FEAE B
ol el fktha B sty & 7ol

A rhs F2Ae H4AA AYS § & A, 1.
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