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Abstract

Two consecutive studies were conducted to investigate the effects of
dietary supplementation of probiotics on growth performances, feed
utilization, innate immunity, disease resistance against Streptococcus iniae
and water quality for juvenile olive flounder (Paralichthys olivaceus). In
experiment I, four experimental diets were prepared by supplementing three
different Bacillus spp. probiotics (B. subtilis, B. pumilus and B.
licheniformis) into a control diet at the level of 05 %. Fish (initial mean
body weight, 25 g) were randomly distributed into twelve 150 L capacity
polyvinyl circular tanks (25 fish per tank). Triplicate groups of fish were
fed the experimental diets to apparent satiation (twice a day, 09:00 and
17:00 h) for 8 weeks. To analyze innate immune responses, blood samples
were collected at the end of the feeding trial and after three days of
challenge with S. iniae. At the end of the feeding trial, weight gain,
specific growth rate, feed conversion ratio and protein efficiency ratio of
the fish fed B. subtilis supplemented diet were significantly (<0.05)
higher than those of the fish fed the control diet. Respiratory burst activity
significantly increased in the group fed B. pumilus supplemented diet at
both sampling times and in the group B. subtilis after challenge test in
comparison to the control group. The lysozyme activity did so in the group
fed B. subtilis only after challenge and significantly higher levels of
superoxide dismutase were observed in the fish fed B. pumilus and B.
licheniformis diets. However, the serum myeloperoxidase level was not
significantly affected by dietary supplementation of probiotics. The fish fed
the control diet showed the highest cumulative mortality rate, and it was
significantly higher than that of the fish fed B. pumilus and B.
licheniformis supplemented diets. In experiment II, the fish were fed a

commercial diet to apparent satiation and they were transferred to 64 L
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plastic tanks with three replications at a density of 30 fish per tank. The
water of the tanks was not exchanged for 5 days and the ammonium
concentration of each tank was measured with 24 h intervals from the
addition of probiotics. Three different types of probiotic microbes including
Bacillus subtilis (1), Bacillus subtilis (2) and Bacillus licheniformis were
used. Each probiotic solution was prepared to 10" CFU/ml. The ammonium
concentration was significantly decreased when B. subtilis was added to
the rearing water indicating improvement of water quality in the presence
of probiotic. Also, significantly lower mortality was observed by addition of
B. subtilis to the water in comparison to the control group. In conclusion,
the use of B. subtilis can be suggested for enhancement of growth and
innate immune responses as well as improvement of water quality for olive

flounder.
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A, HAsEE A (H0:) B dtElg e Als At Al FefiAled 2 Foad
TTES Aoz 437 A5g8s SHAAIE o2 HuFHdn
(Klaenhammer, 1988). B3t Ast7| oA @il Fajgio o3 F3lEo=
Ae] Tt FRAdel gle ddo] Adth(Cleveland et al, 2001). A Al =
FAMNAA A FFo] dEYotE AR sty FHS AN HE
AFEo] Byl JUH(Chuntapa et al, 2003; Khatoon et al, 2007; Zhou et
al, 2009). olF&FA ol Aol 7 ZHARQD A= ofFol wel =R
Lactobacillus %= Streptococcus (Enterococcus) 7 744 #o] Ah&5 a1
A tH(Lara-Flores et al, 2003). o] 2 thA S 2, Lactobacillus i++2 A& W
A7k Fulel A2lste ¥ S24 A8l (Santos et al, 1996), 1914 74

o o] AEE FJ(Gatesoupe, 1994; Gildber et al, 1997, Robertson et al,

o

2000) ¥ WoI=H F7FH(Gatesoupe, 1994)0 FAH A2 FeFS v|AE= HAoRE H
RS o=

Y X| (Paralichthys olivaceus)= $-#lugtoll A 7 wo] k2 H
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st P o]Fo|th(Ministry of Maritime Affairs and Fisheries 2009). 3}

B, HEAY 1 FAom AW 2Eg o] o3 of
Abe] A o] of7|H AL vk FoJrtES FAA W FEekEe] oEsta 9
ARk, opgk A o] ARES HEolY ARE HE ofHA s Sl do
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tHRodriguez et al, 2007).
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(Vanbelle, 1989; Avella et al, 2010). wetx F2E3 YA AL AW
o R FAFY WHATHS PN HAARHIMAC #3 ATE0]
By QH(Kim et al, 2006; Kim et al, 2009; Son et al, 2009; Kim et al,
2010; Geng et al, 2011; Song et al, 2011). F*]7} %°], Snook, 4o % X
S e s 3 Ao e AR W Streptococcus T ¥ Bacillus FFE
A7betis W AT AlREEo] SUHE AV By At (Vaquez—Juarez et
al, 1993; Mohanty et al, 1996; Bogut et al, 1998; Kennedy et al, 1998; De
Schrijver and Ollevier, 2000). ¥t¥, €et3jo}E o2 AlE Ul S faecalis
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Experiment I

1) Ad3A=s

Aol AbEE 47 APARE 29MA 43%, AT 14%2 A x84
o, oy A= 174 MJ/kg® AN FLdsA A=A eH(Table 1). 23
ol Ab&¥ Bacillus 59 4284 Z3= Table 201 Yetliddth d3As

= AEAZE HA7FEA e 2Tl 44 05%9] AtAlE H7bske] A=At

o,
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Table 1. Composition of the basal diet for juvenile olive flounder (%
DM)

Ingredients %
White fish meal 36.0
Soybean meal 12.0
Corn gluten meal 8.0
Wheat flour 30.5
Squid liver oil 5.0
Soybean oil 5.0
Carboxymethylcellulose 1.0
Cellulose 0.5
Mineral mix ' 1.0
Vitamin mix ° 1.0

"MgS04.7H20, 80.0; NaH»P0,.2H,0, 370.0; KCl, 130.0; Ferric citrate, 40.0;
7ZnS04.7H20, 20.0; Ca—lactate, 356.5; CuCl, 0.2; AICl3. 6H20, 0.15; NasSe03, 0.01;
MnSO0,4.H20, 2.0; CoCl2.6H20, 1.0.

“L—ascorbic acid, 121.2; DL—a tocopheryl acetate, 18.8; thiamin hydrochloride, 2.7;
riboflavin, 9.1; pyridoxine hydrochloride, 1.8; niacin, 36.4; Ca—D—pantothenate, 12.7;
myo—inositol, 181.8; D-—biotin, 0.27; folic acid, 0.68; p—aminobezoic acid, 18.2;

menadione, 1.8; retinyl acetate, 0.73; cholecalficerol, 0.003; cyanocobalamin, 0.003.
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Table 2. Proximate composition of the 4 experimental diets (% DM)

Diets Dry matter Protein Lipid Ash

Control 88.5 43.8 14.2 7.34

B. subtilis 88.4 439 14.1 748

B. pumilus 87.6 45.0 14.6 7.44

B. licheniformis 89.1 439 14.0 7.09
- g-
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B Ao A3t Bacillus 55 Y9]8 probiotics S AM&dTh

o]
o
A AE g Hasas &4 9 Streptococcus iniae,

Aeromonas salmonicida, Edwardsiella tarda, Vibrio harveyi 52 W4 Al

U

ftlo
ofr

T

03

ANw)

T FAFFold ek 539 ddLd 3 siderophore B W7 T
Adbel FSolth Ade] A8 370 5= B, subtilis, B. pumilus, B.
licheniformis® %74 % 3t}

B. subtilis 755 =W G %A Fo A B2 FFE protease, amylase,
cellulase, lipase®} 2 A3lghdA o] 43t HAXY dFF9o] AAAA H
 X¥S 93 siderophore Aol wow S iniae, A. salmonicida, E.
tarda, V. Harveyi ° =& &Aool Q= Aoz MEEr} Ziaei-Nejad
(2006)°ll w=W B. subtilis= WA protease$t tHE &Ao FHE X

AT, el dtede Artste] WHeds st JFad

.‘
E[o{t
Sy
i

w02 H 35 JtH(Vaseeharn and Ramasamy, 2003).

B. pumilus 7+F% S. iniae, A. salmonicida, E. tarda, V. Harveyi °l vj
F =2 FHFAHS 7A 1 53], amylase, cellulase, lipase 23t& 9] Ak
Aol -3 Aoz B IEJHGhosh et al, 2002)

B. licheniformiste =W A% A HEsk FF24 proteaset
amylase®] Aol 43t AA] S. inige, A. salmonicida, E. tarda, V.
harveyiol i@ Aol Hold Ao w A #Folth. B. licheniformiss A

Ty WS FAAI7IA Fvteld A g3 tha B aE It (Arena et al,
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2006;Raida et al, 2003; Bagheri et al, 2008).
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8T AlsFH 5, oAF9 HIFHFAE SAHSIY SA|&(Weight gain),

O

o 7FA A& (Specific growth rate), A& 8 & (Feed conversion ratio), 4 2 o]

(Protein efficiency ratio) % A&EE&(Surviva)e AR HEFA

ofo
fol
o

=3 3 7 £z 6vtgl(AETE 187tE])e] Ado]E AR e
2-phenoxyethanol & % (100ppm) LS. & mH A1 71 & 6utg] 5 3utg]s & 3@ ol
Aeld FAZIE ol gste] mEl wHFEAgA AP AT. APE HES

hematocrit, hemoglobin %t} Al 324 (NBT; nitroblue-tetrazolium) 49 ol

{

o] &%tk Hematocrit>  datdo] Ay  mAdY AHIFHE

A9 AR GY A E 2] 7] (Micro Hematocrit VS-12000, Vision, Korea)oll 4] 10

7F AA Ryl kS =A 39 th. Hemoglobin, triglyceride, glucose, total

Sh

protein, total cholesterol, ALT (alanine aminotransferase) % AST
(aspartate aminotransferase) 21 Z}7be] Ald KitA] oF7F QESAIZ1 & &
off A 3} 814 7] (Express plus system, Seac, USA)E o] &3lo] B3t &
= 3utE] o] RS g udo] AP EA &G FAIE ol&ete] xAPst o
A AL Ad2A 607 WAAIZ = A4 725,000 x g) S

#-2]5le] myeloperoxidase ¥ SOD (superoxide dismutase) &4 S #4314

3N, 23w AHIAGRUG0T, 6417, BHALe A5 zou Ay

(Kjeltec System 2300, Sweden)Z 4% o, AW Folch et al. (1959)2]

_11_
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W o] whgl Soxhlet F3 % %] (Soxhlet Heater System C-SH6, Korea)Z ©]

ol o] A A >xeA2 Kumari and Sahoo (2005)2] A W9 S o] &3}
o %79 oxidative radical AHFS FAGAT. dH(Hd€E)¥} NBT
solution (0.2%)& 1:12] vl &= 22 50 w¥ &3 & 25TCo|A] 30% <t
WS A1 7]l WGBS 50 el F R 27 & formazon AAS THAA7]7]
#38l dimethyl formamideE 1 mL» 2tk o] 2,000 x golA 5% &<t
AR ste] =S H3 5 23337 (Genesys 10 UV, Beckman, USA)
= o] 83}o] 540 nmollA NBTS 4 WS =43 Blank:s dimethyl
formamideE A3kt

g4 W myeloperoxidase (MPO)&4 & Kumari and Sahoo (2005)¢] =

S 7] A8tk W HBSS (Hanks balanced salt solution)& 92

PN'

96-well platesel]l 80 w* 53 tg A 20 s ¥ & 20 mM TMB
(3,3'5,5'— tetramethyllbenzidine hydrochloride) &3 5 mM H:O.& N4 S 4
3L, 287 A7l 3 AM HoSOs8 995 35 b H7F3Fe] microplate reader
(Thermo, Biochrom, USA)E ©]&3}o] 450 nmolA FH =& FA3A L
g% W superoxide dismutase (SOD)Z4 2 superoxide dismutase assay

kit (Sigma, 19160)& ©]-&3slo] 4] = A},
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el HAsATE S iniged] FAAN APAE 120ve)= & 1279

A = A oh(Fig 2). e X% 22-26C F22=2

e FEU2E FA s Wl 100% gE )

Figure 2. Experimental tanks for challenge tests against S. iniae
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Figure 3. Experimental rearing tanks (3 ton FRP and 64 L plastic tanks)
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2) Probiotic #5
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il

of A3t Bacillus spp. ¥+ EA°] v 3 79 Bacillus
subtilis (1)3} Bacillus subtilis (2)3t2} Bacillus licheniformisit< AF-83}33t}.
B. subtilis (1)~ oF&4b bR ol #3lsdo] £ 3oE FAHEAL B
subtilis (2) = 23& 2, amylase, cellulose, protease, ¢tE Yo} % of&d4 &
Aol FL& Aow FAHIJY. I B licheniformist cellulose,
amylase, protease’} £2 Zo =z FAHAY. AF AEH Bacillus spp.2

Fetel S FH)atglen], Z47e] probiotic @EFAS 101 CFU/mI¥ o 244 3¢
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e
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I REgAIZL & BEASAT dRYol o] 2(NH, )9 TE=HE 02-7.0 mg/L

e

50-20.0 mg/L “F 7FA9] #99 Kitg Abgatslon, ofd4td(NO; )9
sERSIE 05-250 mg/Le 71EE ARG, AL (NO3 )9 =W el=

5-225 mg/LAt}.

4 BALH £
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aL, MiES HolH = arcsine WE gom AXtste] A 45T

_17_

Collection @ jeju



Experiment I

H as SAE, 48 E, AR EE 28 @™ol &3 &l A Control 1

pumilusEe 353 IFoA FoHoz =2 AEZES HAY o AT A

B. subtilis %7} g #FEEel W 94X YIS WA AL B

o
kol
X
o,
HE
I
il
Ihe
™,
>,
Y
>
il
o,
e
1=
i
[
oty
nqo
o
o|N

subtilis 7 S A H3

ANAL Ao

tt
o
A\
i,
i
do

>

Fsb AFA=z debylol(Aly et al, 2008),
white shrimp (Balcazar et al, 2007) 2] 3. a4 (Zhang et al, 2010)= i<
2 g AFoNA fFAS AFE BT o FolA e Alm Wl AEAY b=
protease, amylase, lipase (Bairagi et al, 2002, Skrodenyte-Arbaciauskiene,
20079k &2 23t a o) Aol oef o Fo kgl FFE AR oF
Aol ZF7teteE Ao ® ®aEATHSon et al, 2009). B. subtilisys & 49
S FEANFHeEA AUdAM e YL FFE ST HuEdu
(Zhang et al, 2010). 5] Hiud AHAZE dido]Fy Agdxdo ot
gt 1§ gEA YEE ¢ den wd o wrets T 540 wet
1 A= AoleA vElhd g vk wEbA 7 ofF o] Sl A e A
of &I o] o Ao

HAAEE Aol FGF AR, vtold s 5L AFRAToRA BYY
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2 (reactive oxygen species, ROS)E S7IA171A =& ol& <ol 14
W © 2 nitroblue tetrazolium (NBT) test”} o]€¥th. MPOE #4333 9%
HS-o 2838t 4%, A49d 550 548 Fo HYA vAES AHEA

Zthal B E Aok (Palic et al, 2005). SODEAL #abslo] & abasl 72

SraR wFE Wee Sujsit hEA Fus L2z, Al F9

o
ok
{0
—_>‘4—",
il
2
)
ol
ol
rr
12
i)
ftlo
e

Foh(Fattman et al, 2003). A2 3o 1 &
NBT&A (Fig. 5o+ B. pumilusE 71 IFoA Fdoz w2 43
S HAou FAAY F WARBMNM = B subtilis®t B. pumilusg 3 7}3
dFoA Foder =& s EAY. LysozymeZ A (Fig. 6)olA & AFS4A
3 T HARMAE FoAQd AolE HolX gskon FAAT & HgRE

oAM= B. subtilise H7Fs IFAAN FYHom =& AEFS HATH

2 52 4%S Boy A4 F dgEAdAAE 7oA AeolE Ho
A ekt MPOEA (Fig. 8ol BE 2FoA o2 o7t fldh
Gilthead seabream (Sparusaurata)s W/3o= At Ul AdAE H7betd<S
ul o] F Ao WY =2 E W (immunoglobulin; Ig)¥} acidophilc granulocytes
7} 27 ske] WA e S A T B a5 9 a1 (Picchietti et al, 2007), o)Al %
AolE Aoz 3 AFoA = lymphoid cells, macrophages, granulocytes,
Ig M3t 2& ®HgQart S7iHol wefego] FgHATr HuHdr
(Bakke-Mckellep et al, 2007). wtebA, Algo] H7ted AdAe] 85 &
ofFol FUdA A&H = Ao] ol FAAES T, AF, AdEAL A

FAel 25, oy 2 AbsEd wel gebd f Qonm 7} ofEe] A
A}
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o AFWAALES Frrjote] FEo} oW WskahiEA dobns] s F 5
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AN2E AFeert. dRYol FE&E Fig. 49 YE
o} o uEA A OAZFEE B4AI A E 0.3-04 mg/LE A9 #W3r 19
UF 54413 o] 5B = PR Yote] FX=7F 5438 Frhste] 12043l = 41
mg/L7b A S7HE Atk AAle] FAAS s EHs TAREH] $18 37HA
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Table 3. Growth performance of olive flounder fed 4 experimental diets containing 3 different probiotics for &

weeks.

WG (%)! SGR (%) Survival (%) FCR® PER*
Control 103£5.6° 1.42+0.06 77.3+15.1° 1.59+0.15 1.10£0.1°
Bacillus subtilis 130£9.3" 1.67+0.08" 97.3+2.3" 1.1620.05" 1.40+0.0
Bacillus pumilus 121+13.8% 1.58+0.12% 98.7+2.3" 1.24%0.05" 1.30£0.1%
Bacillus licheniformis 108+14.7 1.47+0.14% 86.7+4.6™ 1.35£0.16™ 1.20£0.1%

Mean values of triplicate groups are presented as mean * SD. Values in the same column having different superscript
letters are significantly different (P<0.05).

'Weight gain (%) = 100#(final mean body weight — initial mean body weight)/initial mean body weight

“Specific growth rate (%) = [(loge final body weight — loge initial body weight)/days] x 100

*Feed conversion ratio = dry feed fed / wet weight gain

Protein efficiency ratio = wet weight gain / total protein given
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Figure 4. The changes of ammonium concentration in the rearing

water of olive flounder after a satiation feeding in a preliminary test.
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Figure 5. Nitro Blue Tetrazolium (NBT) activity of olive flounder

berfore and after the challenge test
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Figure 6. Lysozyme activity of olive flounder berfore and after the
challenge test.
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Figure 7. Superoxide dismutase (SOD) activity of olive flounder

berfore and after the challenge test.
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Figure 8. Myeloperoxidase (MPO) activity of olive flounder berfore
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Figure 9. cumulative mortality of olive flounder fed four experimental

diets 3 different Bacillus spp.

after challenge with S. iniae by

immersion (10° CFU/ml).
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Figure 10. The effect of probiotics on the changes of ammonia

concentration in the rearing water for olive flounder (10* CFU/ml).
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Figure 11. The effect of probiotics on mortality of juvenile olive

flounder in probiotic treated rearing water after 120 hour.
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