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Abstract

In the case of olive flounder aquaculture in Jeju, it has been important
to produce safe and healthy fish because diseases increased caused by
increased temperature and increased water temperature due to climate
change, the burden of using antibiotics was charged, and the demand for
eco—friendly aquaculture olive flounders(Paralichthys olivaceus) was
raised. This study experimented and analyzed effects of feed additives
with garlic and mixture lactic acid bacteria on nonspecific immune
response of olive flounders(”. olivaceus), and it could drive the
following conclusions.

1. This study supposed that the feed additives could improve disease
resistance against S. parauberis, V. harveyi, and E. tarda by including
mixture lactic acid bacteria and garlic powder with strong antioxidant
function and active oxygen removal function and enhancing the
nonspecific immune responses.

2. In the experiment of the garlic and the mixture lactic acid bacteria,
this study made olive flounders(F. olivaceus) infected by S. parauberis
and V. harveyi The relative survival rate was 40% or higher compared
to the control group, and it had a high antibacterial effect. As a result,
this study expects that garlic and mixture lactic acid bacteria would help
reduce the use of synthetic antibiotics, which has been a problem
recently, and can be used as feed additives to increase the immunity of
olive flounders (. olivaceus).

3. In the experiment of the garlic and the mixture lactic acid bacteria,
when the water temperature was high, the antibacterial effect did not
occur evidently on £E. tarda. It is because the £E. tarda has a high

pathogenicity compared to other bacterial species. This study suggests



further studies are needed on the relationship between the antibacterial
effect on E. tarda and the water temperature in the future.

4. As a result of measuring the efficiency of the feed including the
mixture lactic acid bacteria, this study found that it was helpful for the
growth of olive flounders(P”. olivaceus) and its feed efficiency was also
improved by about 7—12%. This study did not perform the efficiency of
the feed additives including garlic and multiple lactic acid bacteria.

5. This study found that the feed additives, including the multiple
lactic acid bacteria, which has antioxidant effects and active oxygen
removal function, and the garlic, which has an antibacterial effect, would
be helpful for nonspecific immune responses against S. parauberis and
V. harveyi bacteria of aquaculture olive flounders(P. olivaceus). It

verified that the feed additives can be used as natural feed additives.
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2009). a8 71T HIHA dFeld  FIolde & AEHA &
FUAHE Aoy & T4 AES s A2 X% (Brunner et

al., 1998; Del Bigio et al., 1999; Piao et al., 2004), 53t 0.1% |92

ANMA 439 AbRe a8 S, AW AP T2 adUt e A=
HIH P (Kim et al., 2006). T3+ 14 3, FIold, =FS 9A Ao
Atz H7EsE Adolq Fmoldtk 0.4%x AR W a3rp 53 Zow

el (Kim et al., 2013). 3lF %0 Melosire nummuloides®t 1714
w2l d vlol e AggtE o] &sto] kA YA (Paralichthys olivaceus) AtE:E
FTwe A% x 2% F7F A AR A9l w2 a9t Qe AoE
ek o, wpole AgrtelA: Ay wWel dAe gyl e Ao=
UYERSEE(Noh, 2021). Z#]a tepdl FE=s 7|d=2 3 ikt oot
2 JA (P, olivaceus) 8} =55l A=

HA = 8FFE A7 dx27RY 52 @45 Hola, v AF 1259
xR ot oF 3u =2 A4S B A 34 AdelA= | A
Vibrio anguillarums 9392 Al, AdF7F diFzTo]  Bls]  18%,
Streptococcus iniaeE FAsFF S Al, A7} 23% =2 =SS HAT
559 A, V. anguillarum® Fo343 tiz+2 w®lEl 17%, S. iniaed
FoAddt g9 HlE 16% = ATES YEEt(hon, 2009). @

T

-

dl

anE P QB F odary olgse & vhze 53, we AT
ek vhs WAS e UE R alicin, ANHAE R4

scordinine, 183 At dd AAHES JASE ajoene Fo] kA<l
Aitolw, w2 Futolel A, WY 7, 1F Vs 3, Fgad sol dHA
SltH(Song et al.,, 2001; Nakagawa et al., 2001; Kim et al.,, 2002; Kyung
et al., 2006).

oA E uis 9w §Ar B3A HrY AYgE7y g X (Paralichthys

¢

olivaceus) 2] TL M WA  Edwardsiella tarda, Streptococcus
parauberis X Vibrio harveyi©] W3t H]Eo]H WHAAHESo] u|X= JEFES

Stolraia} ST,



1. BFEZA A7 AE H8 AE

1.1. g3 izt Fo] 44
AINY X (P olivaceus) = W FAFAFEEAA L AFA FHF
T8 967-9) A EFs Wopx & A AREEEST
A7 Bt F 14709 el AR 21S tEA skl Hols Folaksla,
7 WA FE s FAT

) 2% =8kl 470

e 29 9
AR 2L ARTES AuAbEel BE §ALE (a4
Tx, BAPTS dikxtse 5 fARED) 2% s 9 Fx,
Yr2e 1 s AuAlRS Folstan
TS 9 RE B g Awnzd A7 AR Al d@
Folel s, & oAb, A slAE S obdle Mol St ATh(Table 1).

Table 1. Measurement of Related Numerical Values for Cumulative Mortality

Rate and Feed efficiency of Each Group
= x=7 B¢ A 94 | 38 fAaw 22
Fukel g 10,000 ©}e] 10,000 ©}e] 10,000 ©}e]
T H AL 1770w} 1038 w}g 691 vt
2 H A 17.7 % 10.4 % 6.9 %
=] 2| ==
(20?;%541?(_)1.) e e e
2ots.0501)
3 Z A 2k
(2019.01?5:2@1303.01.) e 104 ¢ o e
x| A2 Lol ek
(2019.8?01.}301;?)3.01.) 231 264 ¢ 213 ¢
AlRE S 32 % 39.4 % 441 %
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Table 2. Primer Sets used for PCR Analysis

Oligonucleotide
. Expected
Primer sequence target sizes Reference
(5' to 3' direction)
pSP—-F TCCAGTCTTTCGACCTTCTT
. Woo et al.,
S. parauberis 220 bp 2006
pSP—-R CAAAGAGATGTTCGGCTTG
VH—4F GTGATGAAGAAGCTTATCGCGATT .
. Kim et al.,
V. harveyi 601 bp 9015
VH-7R  CGCCTTCTTCAGTTAACGCAGGA
E-1 CGGTAAAGTTGAGTTTACGGGTG .
Sakai et al.,
E. tarda 415 bp 2007
E-2 TGTAACCGTGTTGGCGTAAG
Table 3. PCR Analysis Conditions
Target PCR Condition Expected Reference
sizes

95C 5min pre—denaturation,
95C 1min denaturation’,
55C 1min annealing’,
72C 1min extension!,
72C 7min post—extension
(! =1 set x 33 cycles)
94°C 5min pre—denaturation,
94T 30sec denaturation?,
607C 30sec annealing?,
727 30sec extension?,
72C 10min post—extension
(2 =1 set x 25 cycles)
95C 2min pre—denaturation,
95°C 20sec denaturation®,
55T 20sec annealing®,
72C 1min extension®,
72C 7min post—extension
(¢ =1 set x 30 cycles)

S. parauberis 220 bp

V. harveyr 601 bp

E. tarda 415 bp

Woo et al., 2006

Kim et al., 2015

Sakai et al.,, 2007
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Table 4. General Feed Composition

Ingredients % (DM)
Crude protein (%, DM) 62
Crude lipid (%, DM) 12
Crude ash (%, DM) 3
Crude fiber (%, DM) 17
Calcium (%, DM) 3.3
Phosphorus (%, DM) 2.7




2.2. Disc diffusion WS o] &3 &+ &3 &4
nhs 4 53 fAS HdSwTE ARESH] 1/28 @A A ske] 50uL
=

paper diske] Hojry AAAEAFOH, o]ZS o]&3}e] agar spotted
methodE ©]&3}4] Disc diffusiong A AT}

TTFEE FARAN dEzHow W= 3F(E tarda, S. parauberis,
Vibrio sp.) 2 oAl 11 wFol thste] 1x10° cfu/ml HEZ 343t

AAE e,

b 9 53 fabs FA7ESE Abs gl A¥E 373 IBA AFiE
SFte Aol s W 5FE fakrs JUS AMRE el AT, A
Al AR S HRl diETelA 2z |dA gnbeds AR A st
kA ok AEIE W AMS E3ko] heparin A FAIE ARE-SHO]

A e gaggsty B8 9] Yoz 3vig]e] NS 1719 AE
Aol AFEsIR I, AFHT NS 12,000 rpmeollA 3EZF dA Eyldto]

= wyeidla, wdd g2 Al dAAseEA Y] (Vettest,

—

IDEXX Lab.) & AR&3to] 7 & &4 d55 43T

2.4. 34439
e 3 59 fAale A7EE Adel yH: gle AFddw
igetd el vk W BF fAEE WM ARRE Hel AT

ANALE
Zoddd wde] "a AARE FY3 F, AES st AFdgtw
AR ksl

awrE Agels 4L Astel 7 growpdR 47l el 200HEH
o]

+ H(Fig. 2), 26F0.5TCY F2oA 347 =AAZ <+,



FFE A sk, X9 F2 AT W{AAQl E tarda, S. parauberis
9DV, harveyis Z}Z PBSE 1 x 10° cfu/mLo] HEE dHesto], 7t
group = {X 9 H7e] 100 LA AFedtt. 4 thxz724 PBSE 949
el 100,LA AFATh F&2 26£05CE FAARHL, wWd 134

5)
wasFE 21903 F AN BRE

PCR #4 A] A} primer sets@} PCR Z1& t}23} 2t} (Table 5 & 6).

A =S (relative percentage survival, RPS)

= {I-(FE79 74 A be/dz79 74 #HAAR)F X 100

Fig. 2. A Tank used for the Fish Infection Experiment in Jeju National University
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Table 5. Primer Sets used for PCR Analysis

. Oligonucleotide sequence Expected
Primer \ o target . Reference
(5' to 3' direction) sizes
pSP—-F TCCAGTC CGACCTTCTT
S. parauberis 220 bp Wogof(e)tGal.,
pSP—R CAAAGAGATGTTCGGCTTG
VH—4F  GTGATGAAGAAGCTTATCGCGATT .
V barveyi 601 bp M;Oelt;l”
VH-7R CGCCTTCTTCAGTTAACGCAGGA
E-1 CGGTAAAGTTGAGTTTACGGGTG S
E tards 415 bp 2108; .
E-2 TGTAACCGTGTTGGCGTAAG
Table 6. PCR Analysis Conditions
Target PCR Condition Expected Reference
sizes

95T bmin pre—denaturation,
95C 1min denaturation',
55C 1min annealing', Woo et al.,
72°C 1min extension', 220 bp 2006
72C 7min post—extension
(! =1 set x 33 cycle)
94°C b5min pre—denaturation,
94°C 30sec denaturation?,
60°C 30sec annealing?, Kim et al.,
72°C 30sec extension?, 601 bp 2015
72°C 10min post—extension
(2 =1 set x 25 cycle)
95C 2min pre—denaturation,
95T 20sec denaturation®,
55C 20sec annealing®, Sakai et al.,
72°C 1min extension®, 415 bp 2007
72°C 7min post—extension

(® =1 set x 30 cycle)

S. parauberis

V. harveyi

E. tarda

_’I’I_
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7k7} theFat 2719 AA b s A BAsYT (Fig. 3)
= fAb 2 AFFT AA FAME AES] A, EE disc diffusion

23 AR 2 AE SRl AAY Akt AlE BT AR Bk e
53 A AlE F1OAAN fAbd AlE EF |
AVLER Y E. tarda, S. parauberis W Vibrio sp. & 3%°] thdk 50709
WA Aol tiste] gyl ®olx] ekt

1>
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Fig. 3. Disc—1, Mixture Lactic Acid Bacteria Stock Solution.
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fe1Aal 2ol 7k LhEbA] ¢hgkth(Table 7 & 8).

of AW¥E B W, B faw A4y B 2wy ARAAE 9
PAGAE Age st Bage] e s Row wus, ¥x9
AFRAAAZA RS o] el et

Table 7. Blood Physiology Analysis of P. olivaceus having Probiotic—added

Feed for 2 months

e A 39T B 28T
3= - Chs 8 2% 4NT WP | s @ B 44T ED)
© T

1 2 3 1 2 3 1 2 3

ALB | 1.3g/dL | 1.2¢g/dL | 15g/dL | l4g/dL | l4g/dL | 1.3g/dL | 0.9g/dL | l.4g/dL | 1.5g/dL

Ca 12.5 11.9 12.5 12.5 12 11.8 12.6 12.4 11.9
mg/dL mg/dL mg/dL mg/dL mg/dL mg/dL mg/dL mg/dL mg/dL
CHOL 121 100 162 178 152 121 121 138 114

mg/dL mg/dL mg/dL mg/dL mg/dL mg/dL mg/dL mg/dL mg/dL

CREA | Omg/dL | Omg/dL | Omg/dL | Omg/dL | Omg/dL | Omg/dL | Omg/dL | Omg/dL | Omg/dL

13.6 13.1 11.7 11.7 9.1 10.7 12 9.8
PHOS mg/dL mg/dL mg/dL mg/dL 9mg/dL mg/dL mg/dL mg/dL mg/dL
TBIL 0.1 0.1 0.1 0.2 0.1m 0.1 0.1 0.2 0.1

mg/dL mg/dL mg/dL mg/dL g/dL mg/dL mg/dL mg/dL mg/dL

TP 5.2¢/dL | 4.9¢/dL | 5.8g/dL | 5.4g/dL | 5.3g/dL | 5.1g/dL | 4.9g/dL | 5.6g/dL | 5.3g/dL

GLoB | 39g/dL | 3.6g/dL | 4.3g/dL | 4.0g/dL | 3.9g/dL | 3.7g/dL | 4.1g/dL | 4.1g/dL | 3.8g/dL

*  ALB;Albumin, Ca;Calcium, CHOL;Cholesterol, CREA;Creatinine, PHOS;Inorganic
phosphate, TBIL;Total bilirubin, TP;Total protein, GLOB;Globulin.
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Table 8. Blood Physiology Analysis of P olivaceus having Probiotic—added

Feed for 2 months (Average)

o i O €1 AT T | 5 S50 D
ALB 1.3+0.2g/dL 1.4%0.1g/dL 1.3%0.3g/dL

Ca 12.3%0.3mg/dL 12.1*£0.4mg/dL 12.3+0.4mg/dL
CHOL 127.7+31.5mg/dL 150.3+£28.5mg/dL 124.3+112.3mg/dL
CREA 0.0+ 0.0mg/dL 0.0*£0.0mg/dL 0.0£0.0mg/dL
PHOS 12.8+1.0mg/dL 9.9+ 1.5mg/dL 10.8+1.1mg/dL
TBIL 0.1+0.0mg/dL 0.1+0.1mg/dL 0.1+0.1mg/dL

TP 5.3+0.5g/dL 5.3+0.2g/dL 5.3+0.4g/dL
GLoB 3.9+0.4g/dL 3.9+0.2g/dL 4.0+0.2¢g/dL

*  ALB;Albumin, Ca;Calcium, CHOL;Cholesterol, CREA;Creatinine, PHOS;Inorganic
phosphate, TBIL;Total bilirubin, TP;Total protein, GLOB;Globulin.

ol

S. parauberiss A3t TFAAIT] T, AAAE HUeHA @2
gxzreldes 2 F 39UA7A 100%S FF wHAMES How, A
AT (48 AdA) 9 B AFF(ELE AaADAME 44 73% U
87%2 F& wHAHES YEFUTHFig. 4).
V. harveyrg AHg3te]l HAAZ A, ti2T, A AT 9 B AT
A8 F7 A7 47z 80%, 73% 2 87%2 A HAFES HATH(Fig. 5).
E. tardas AHE3E] ZAAIZL A, gz, A AT 9 B A@FeAe

AR FE AR 247 67%, 53% 9 60%2) FA AAES wdvhFig. 6).

.
FAAY A1 B AN YA ARFF BBL Bl AF AR
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AeEgel UEhbeAE HASHnFig. 7, AF WF B PCR A

AAete] HES Aol vl HAEHEAE BT skt (Fig. 8, 9, 10).

o

rlr

S. parauberis

100
2D
50
40

20

Cumulative mortal ity (%)

1 3 5 7 9 11 15 15 17 19 21 25 25 27 29 31 33 35 37 39
Days

g LiQUID g POWOST s Coriiro |

Fig. 4. Cumulative Mortality Rates of P olivaceus in Experimental Group A
(Liquid—type Probiotic), Group B (Powder—type Probiotic) and Control
Group (Commercial Mixture Feed) inoculated with S. parauberis into

Abdominal Cavity.
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V. harveyi

100
8D
60
40

20

Cumul ative mortal ity [9)

1 3 5 7 9 11 13 15 17 1% 21 23 25 27 29 31 33 35 37 3%
Days

g | QU] g Poyyder  sseges Control

Fig. 5. Cumulative Mortality Rates of P. olivaceus in Experimental Group A
(Liquid—type Probiotic), Group B (Powder—type Probiotic) and Control Group

(Commercial Mixture Feed) inoculated with V.Aareyi into Abdominal Cavity.

E. tarda

100
20
50
a0

20

Cumul ativa mortal ity [(9%)

1 3 5 7 9 1113 15 17 19 21 23 25 27 29 31 33 35 37 39
Days

e | iU = Powder  e—ge—Control

Fig. 6. Cumulative Mortality Rates of P. olivaceus in Experimental Group A
(Liquid—type Probiotic), Group B (Powder—type Probiotic) and Control Group

(Commercial Mixture Feed) inoculated with £ tarda into Abdominal Cavity.
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(A)

- ;‘;_.lr';,—_; =
HIeleeres .

fl=] s olmo] 2

©)

So

Fig. 7. External Symptoms of Bacterial Infection of P. olivaceus that Died
during the Artificial Infection Experiment.
(A) Dead Fish of Group Infected by S. parauberis, (B) Dead Fish of Group
Infected by V. harveyi, (C) Dead Fish of Group Infected by E. tarda.
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(A)

(B)

©)

Fig. 8. Each Bacterial Culture Result of P. olivaceus that Died during the
Artificial Infection Experiment.

(A) Dead Fish of Group Infected by S. parauberis, (B) Dead Fish of Group

Infected by V. harveyi, (C) Dead Fish of Group Infected by £, tarda.
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1,000bp

500bp

100bp

Fig. 9. PCR Analysis of Strains Isolated from Death P. olivaceus of Each Group
after inoculating S. parauberi into Abdominal Cavity (220 bp).
Lane 1; A group (Mixture Lactic Acid Bacteria—Liquid Type), Lane
2; B group (Mixture Lactic Acid Bacteria—Powder Type), Lane

3&4; Control Group), M; 100 bp DNA ladder.

1,000bp

soobp

100bp

Fig. 10. PCR Analysis of Strains Isolated from Death P. olivaceus of Each
Group after inoculating E. tarda into Abdominal Cavity (416 bp).

Lane 1; A group (Mixture Lactic Acid Bacteria—Liquid Type), Lane 2;
B group Mixture Lactic Acid Bacteria—Powder Type), Lane 3&4;
Control Group), M; 100 bp DNA ladder.
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2. vhs 9% AERZA A7t AR Hg A

2.1. Disc diffusion ¥

2 o] &3 o 7 4

A Ax vis 9 23 §AHFS GEEERSE AREske] 1729 9
3143t discollA a3 e AA U/ #EEJQ L (Table 9, Fig. 11), g
AFEE 119 5 9ol Wty a8 S 7HA =

Table 9. Length of Stoppage in Antibacterial Experiment using Disc Diffusion
Method

(&$:mm)
Bacteria 9 o 271!

273 274 275
parauberis—1 13 13

parauberis—2

R
14

parauberis—3

parauberis—4

R R
14 10

parauberis—5

R
12

R
V. harveyi—1 12

R R R
V. scophtalmi 18 17 18 18

V. anginolyticus

V. harveyi—2

E. tarda—1

20

20

20

18

23

18

18

16

14

E. tarda—?2

32

29

20

18

18

17

14
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(A) (B)

©) (D)

Fig. 11. Antibacterial Experiment Results using Disk Diffusion Method

(A) V. scophtalmi, (B) E. tarda (C) S. parauberis, (D) V. anginolyticus.
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FAEE M ALRE Fol 2B
=7 Atole] 8F 2 3+ (ALB, Ca, CHOL, CREA, PHOS, TBIL,
GLoB)°l oj# @ & AN A dzTe] va) ARTolA
F914 Aol 7} vheht] @ghek(Table 10, 11).

Ak Al WA E

)=]
o ¥4

of Auz B oW whs @ By A Al A @xedE go)
gelgHow Ragol vehbd ke Zom wusle gAe ARAZHAA

ebdstthe slo] selHgic

Table 10.

Blood Physiology Analysis of P. olivaceus having Feed with Garlic

and Mixture Lactic Acid Bacteria

=T s 9 5% AT
35
1 2 3 1 2 3

ALB 0.0g/dL 0.0g/dL 0.0g/dL 0.0g/dL 0.2g/dL 0.0g/dL

Ca 11.8mg/dL | 10.6mg/dL | 10.8mg/dL | 13.6mg/dL | 13.5mg/dL | 12.5mg/dL

CHOL 105mg/dL 92mg/dL 69mg/dL 96mg/dL 76mg/dL 63mg/dL

CREA 0.0mg/dL 0.0mg/dL 0.0mg/dL 0.0mg/dL 0.0mg/dL 0.0mg/dL

PHOS 13.5mg/dL | 10.9mg/dL | 9.0mg/dL 9.7mg/dL | 12.7mg/dL | 8.6mg/dL

TBIL 0.3mg/dL 0.3mg/dL 0.3mg/dL 0.3mg/dL 0.3mg/dL 0.3mg/dL

TP 1.3g/dL 1.4g/dL 1.0g/dL 1.6g/dL 2.1g/dL 1.1g/dL

GLoB 1.3g/dL 1.4g/dL 1.0g/dL 1.6g/dL 2.0g/dL 1.1g/dL
*  ALB;Albumin, Ca;Calcium, CHOL;Cholesterol, CREA;Creatinine, PHOS;Inorganic

phosphate, TBIL:;Total bilirubin, TP;Total protein, GLOB;Globulin.
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Table 11. Blood Physiology Analysis of P. olivaceus having Feed with Garlic

and Mixture Lactic Acid Bacteria (Average)

o ES e 9 Bg GaE
ALB 0.0£0.0g/dL 0.1*£0.1g/dL
Ca 11.1+0.5mg/dL 13.2%+0.5mg/dL
CHOL 88.7+14.9mg/dL 78.3+13.6mg/dL
CREA 0.0£0.0mg/dL 0.0+0.0mg/dL
PHOS 11.1£1.8mg/dL 10.3+1.7mg/dL
TBIL 0.3£0.0mg/dL 0.3£0.0mg/dL
TP 1.2£0.2¢g/dL 1.6+0.4g/dL
GLoB 1.2£0.2¢g/dL 1.6 £0.4g/dL
*  ALB;Albumin, Ca;Calcium, CHOL;Cholesterol, CREA;Creatinine, PHOS;Inorganic

phosphate, TBIL;Total bilirubin, TP;Total protein, GLOB;Globulin.

2.3. 3343

%)
g
A
S
T
N
o

o

AL R Th(Fig. 13).
E tardss AEste] A7)

2ol = 6

A%, b

49 F 6WA R AL wAs,

ke
T

)

ol AL HAE e

24 )
R BEE

T
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ATl Heh=AE Rl (Fig. 15), Alet Wik W PCR 2415 A A|s}o]
AFS Aol A AsH=AE B glsiiv (Fig. 16, 17, 18, 19).
Gram(+) At?1 S, parauberiss AH&3sto]l |Alo A A9, A
AEEES 40%°1 3, Gram (=) A V. harveyis AFE3H A-$-, A
AEEL 44%01R 0o, &= Y2 Gram(—) AHtQl E tardas AH&3 49,
z7-2F sdstA Aol E 100% A ROz vhERRE
oldel A WA FAHAY AdHu BRe AIAFolA HAE AAAHORE

WA 2P om oA 26£0.5TC9 H2 F2 oA A7 ujEel
3
AAAZ Ag, gzl v &)

stel %
anE JeUQAY, E tardad) A
WA UeE elf e £ $BWR ohie dg @5
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S. parauberis
100

20
&0
40

20

Cumul ative martality (%)

1 2 3 4 5 6 7 B 9 10111215 14 15 16 17 18 15 20 21
Cays

g BARL+-GaErlic =g Positive control = MNegative control

Fig. 12. Cumulative Mortality Rates of P olivaceus in Experimental Group
(Garlic and Mixture Lactic Acid Bacteria) and Positive Control
(Commercial Mixture Feed), inoculated with S parauberis into Abdominal

Cavity and Negative Control Group inoculated with PBS into Abdominal
Cavity.

V. harveyi
100

20
&0
40

20

Cumul ative martality (%)

1 2 3 4 5 6 7 B %9 101112 13 14 15 16 17 18 19 20 21
Days

g BAR L+ Garlic === Positive control == Negative control

Fig. 13. Cumulative Mortality Rates of P olivaceus in Experimental Group
(Garlic and Mixture Lactic Acid Bacteria) and Positive Control

(Commercial Mixture Feed), inoculated with V. harveyi into Abdominal
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Cavity and Negative Control Group inoculated with PBS into Abdominal

Cavity.
E. tarda
100
E
= &0
g o
EE-U
E
R
)
a4
Z
o
o
1] r—r—r—r—r—r—r—r—r—r—r—r—r—

1 2 3 4 5 6 7 8 9% 10 11 12 13 14 15 16 17 18 19 20 21
Days

g BAR L+ Garlic === Positive control == Negative control

Fig. 14. Cumulative Mortality Rates of P. olivaceus in Experimental Group
(Garlic and Mixture Lactic Acid Bacteria) and Positive Control
(Commercial Mixture Feed), inoculated with £ tarda into Abdominal

Cavity and Negative Control Group inoculated with PBS into Abdominal

Cavity.
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(A)

©

Fig. 15. External Symptoms of Bacterial Infection of Death P olivaceus during
the Artificial Infection Experiment Period. (A) Dead Fish of Group
Infected by S. parauberis, (B) Dead Fish of Group Infected by V. harveyi
(C) Dead Fish of Group Infected by E. tarda.
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(A)

(B)

©)

Fig. 16. Each Bacterial Culture Result of P olivaceus that Died during the
Artificial Infection Experiment. (A) Dead Fish of Group Infected by S
parauberis, (B) Dead Fish of Group Infected by V. harveyi, (C) Dead Fish
of Group Infected by E. tarda.
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1,000bp

500bp

100bp

Fig. 17. PCR Analysis of Strains Isolated from Death P. olivaceus of Each
Group after inoculating S. parauberi into Abdominal Cavity (220 bp).
Lane 1—4; Dead Fish of Experimental Group, Lane 5—8; Dead Fish of
Control Group, Lane 9; Positive Control, M; 100bp DNA ladder.

1,000bp

S00bp

100bp

Fig. 18. PCR Analysis of Strains Isolated from Death P. olivaceus of Each
Group after inoculating E. tarda into Abdominal Cavity (416 bp).
Lane 1—4; Dead Fish of Experimental Group, Lane 5—8; Dead Fish of
Control Group, Lane 9; Positive Control, M; 100bp DNA ladder.
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1,000bp

500bp

100bp

Fig. 19. PCR Analysis of Strains Isolated from Death P. olivaceus of Each
Group after inoculating V. harveyi into Abdominal Cavity (601 bp).
Lane 1—4; Dead Fish of Experimental Group, Lane 5—8; Dead Fish of
Control Group, Lane 9; Positive Control, M; 100bp DNA ladder.
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HX= £ tarda, S,
parauberis X Vibrio sp. 5 2.% 23t AW o7 HA FrletAA AAF &
Aol =31 Utk o2 Q& gx| & ik Aol Frhgel wel A ARE
T 57t Fabel flo] A edgow st YA AHFHORE UFEHI
ST (Son et al., 2009; Yoon et al., 2012; Romero et al., 2012).

ol st FAIE /Aetr] Qe AA=de AERHTHAE EEoto] gA9 WY
Fol Aol gk AFEE Fol7] fst Av-=0] uesiA x&dH L Uk
5|, RHolg o AT oA WA Aol oish &+ a3 ATtolA mhso]
ol o] gHo] grt. WA Aol Wit Avlks FEELS E. faecalis(ATCC
29212) ¢} P aeruginosa(ATCC 27853) 9+ thx A A Ampicillin 10 g
g fARSE A adrt AR, S aureus(ATCC 25923)9 E. coli(ATCC
25922) A= Ampicillin 10 pgRth Aol =4 ey vl F&580] H
Ao zokell A Algtel tigh Fwasrt Sl= o= YRt (Moon & Yook, 2014).

nhes 83 Aol ATeAME vl FEES o BT ¥ AT
ogANE AL, o7 2AME FA Jergensen et al., 1993a), #olx
(Engstad et al., 1992; Jeorgensen et al.,, 1993b)% tUloFst WAy =74
3 HAE FAAA A= Aol FdEv= A37F Qv (Chen and
Ainsworth, 1992). o]&]gt g v= A Z Q] S04l W3 o= e

e, Z2AolA uAE Ao dojuhy] el Wae] tgss] $ls) we

tlo

=
=

=
=

=z}l

tlo

AL W, phss BE FANE 29F A7 ARE FOIARS W WA Fiteel

n)x= s FAbelZ] Yste], WX Fo AT WA Edwardsiella
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tarda, Streptococcus parauberis X Vibrio harveyis WOZ d#ayr}
WE A APl

o frAt AT J7bE AR E wolds W e sty A4 Ay o
2T Atole] 8F 79 FH(ALB, Ca, CHOL, CREA, PHOS, TBIL, TP 4
GLoB) ol thst ol #A 5 AAE A3, dfx7o vlaf AAFolA F2o7 <l
Apol= YEbEA] kgkom | o] 22 d o A sl HAES UERA] feths

Y

=

A Ay S parauberiss TAANZ AS, AAAE HAUFEA &2 Uz
ToM= AE F 399A7HA 100%9] F4 HAMES ®Bow, A AT (A
3 A 9 B AAFCEEE AgAD s A2 73% 2 87%2 +7F HA
F5 HQt<Table 12>. V. harveyie Ar&3sto] ZAAAIZ A5, dlz=+, A A¥
T % B AgTNME AE TR A 42 80%, 73% B 87%°] T4 HAL
2 B3, E tardas AHEEY] AT A, diEzT, A AT 2 B AE
TFoME AP FE A 242 67%, 53% H 60%2] 74 HAMES Kol E
tarda®l W3 FHaN7F 25 O F2 Jow YEEH

|

Table 12. Comparison of the results of the artificial infection experiment

on the feed additive with mixture lactic acid bacteria

KA By Ay FAAAE (BEF 49
o =+ 100% (394 #])
A&
S. parauberis (gﬁ@éi;ﬂ]) 73% (394A))
15
e ) 87% (39A)
o = 80% (A3 FEAD
A &) N
V. harveyi (Q%J/ﬁﬁéa/kg‘jg;xﬂ) 73% (A8 FEAD
13 N
A 87% (1Y FEA)
= 67% (APFEAD
A& -
E. tarda (@]J/\;%‘é‘éé}\igﬂ]) 53% (AHAFFEAD
15 N
(%gﬁf%gxﬂ) 60% (HFFFAD




UM AZeA FRT FaaRrt dEbA kol vt (%) e HAME 53 &
At E8E (2% AMRE 2SS A iR A A 11dF F 9 7T
e Bom, 8 At ZA oA od A wTHAE f

oAl zpol= ATt FAASNME S parauberisE FHAAZ A, niE =
gt fAME S H7eHA e dETelM e 2 F 19U 100%9) ¥4 #HAE
= Byow, AYdTor= Aol TR 219474 60%9] F4 HAES
UER QB Table 13>. V. harveyiz #HAAZ 3%, vie 5% Fibds 37t

4 e dETANE F9 F 1094 R At TSR, B F 219

=
X
o
]
)
i

100%°] 74 HArbgs Bow, dfgods 29 & 1344 L5 HA sk
ok WA FAAE s F oA e AAES As AAEAR Foldlawe] 5
=2 20F17C, vhE 53 fAE HolRE Wi 2610.5C =2 2 84

oA APE ] BE AT HAE mEA AP Zlow dkA
E3|, S parauberisS V. harveyis AFE3dto] 7FAA 71 A

FHgEEC] 40% oo w £ FHaIAE UE A,

a237F A HErd ol & 2 &8N ol 3

Aol AHSE w2 Al Foll BlaiA v 7] dEdd AoR Atsd.
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Table 13. Comparison of the results of the artificial infection experiment on the

feed additives with garlic and mixture lactic acid bacteria

ZA AR FAAAE (FEE 49
o= 100% (194 A)
S. parauberrs
AT 60% (2144, ABFEA
of & 90% (2144, AFF=EAD
V. harveyr
AT 50% (2194, AHERA)
o =+ 100% (1144
E. tarda
AT 100% (134 #)

b WA vhzol FrbE vk W B3 fAE BUY 202 Aol A7t
ste we AREe doE PT A3 11RF 9 #FelN FFBHE 1Y
ovf, Fagesty wHoNA %A AW vRIAR §249 Aol Yt

o}:}

Ao\ = S, parauberiss AHEto] A A vhs @ 23 A

o= A7behA 2 dxTelMe A F 1994 100%9] 74 #Hikes ®al
on, AFeis APl FREE 21UA7A| 60%2] T4 HAMES e

®

V. harveyrg AHgEste]l FAAZ A4, vhE 9 53 fabts HubehA o
xzTeldes A9 F 1094 A srtolzy 2SR, A F 2194 7HA
90%°] FA HAMES Bylon, AFFM= T F 2
HAMES eI E. tardaS AFESEY] 749A7 A wis 9 B3 5

= FA7FHA 2 dxTelM s A9 F 644 3 HAbolrh S, 1194

100%9] 4 AAES ngon, AATAAL 749 F 1394 2% Aae
R WA FALYE F owA FAAYS AL ATREAN FolRSu e £
22 2051C, T BE FATE FO1PS Wi 265050 ¥ L 87

oA WaAEoe] BE ARTeNA HAZ} w2 AR Aoz i
%

E3), S. parauberis®}y V. harveyiZ AF&3sto] 7raAA 7
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