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An 8-week feeding trial was conducted to investigate the effects of dietary supplementation with probiotics
as a feed additive for juvenile olive flounder (Paralichthys olivaceus). Three experimental diets supplemented
with Bacillus polyfermenticus (BP), Bacillus Izchemformzs (BL), or Bacillus polyfermenticus plus
Saccharomyces cerevisiae, (BP+SC) at 1.0x10" CFU/kg diet on a dry-matter basis were prepared. The
basal diet was used as a control. After the 8-week feeding trial, the respiratory burst activity (NBT assay)
of fish fed the BP+SC diet was significantly higher than that of fish fed the control diet. Fish fed the
- BP, BL and BP+SC diets had significantly lower cumulative mortality than did fish fed the control diet
after the third day of the challenge test (P<0.05). However, there were no significant differences among
fish fed the experimental diets in weight gain, feed efficiency, protein efficiency ratio, hematosomatic index,
condition factor, survival rate, or lysozyme activity. Results could suggest that dietary B. polyfermenticus,
B. licheniformis, and B. polyfermenticus +S. cerevisiae enhance nonspecific immunity and disease resistance
in juvenile olive flounder.
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S, BEH Ao, 5Asl PFAyA L ezl o) g A o, AHARA A 2E ] Fgol o3 HAdFo
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< detglol, A Ee] © A--F SelA

AEZ 9 "9ded 2971 4S5 A (Lin et al., 2004;
Lara-Flores et al., 2003).

dale 4HFE FEAL Zeo] SEAL, Ayl st
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FARetd FAALE ATFAHZ SRk AFALE
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F 873 TEIA

ABAIE 2 Al AH
Aol AHEHE HFALR S 239t YRS Table 19]
PRIk AAbEe] vl Ao 2 Bopol R (white fish
meal), ZZFEE (corn gluten meal), B35} (dehulled
soybean meal)S AHEStP o, @ EFYdoE2E WIHE
(wheat flounE, JAYo 2= TR I A4 (n-3 HUFA)
o] o T E A AT (squid liver oil)E AHE3FR Tt A
A9 ANEAE #3817 Y8t Bacillus polyfermenticus
(BP), Bacillus licheniformis (BL) % E-3+& (Bacillus poly-
fermenticus + Saccharomyces cerevisiae, BL+SC)% AHALR
Well 242} 10" CFUKg diet % 2.2 A7 8tk AFALE Y
ZehAd ke 50.0%, 7HEIURIE 16.4 kg (BHE, 167
ki/g; AA, 37.7klig; B35, 16.7kl/g)e.2 ZHIFT
(NRC, 1993). Z1&]3L 2} A@FA 2 AFA 9 A7 i
FHgeid A o 2ol MEE QA (cellulose)S H7Fste 5
Al gtFo] FUTh RE APAEe A8E TR F B
A2 4E-4Fe ALHAS. PR DE-5ho
20T Ws Ba3pHA AMEsHATH
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Table 1. Composition of the basal diet for olive flounder
(% of dry matter basis)

Ingredients %
White fish meal' 40.0
Corngluten meal® 17.0
Soybean meal® 18.0
Wheat meal® 9.0
Squid liver oil® 9.0
Vitamin premix® 1.0
Mineral premix” 3.0
Cellulose 3.0

'Suhyup Co. Pusan, Korea.

?Jeil feed Co. Haman, Korea.

*American Soybean Association.

*Young Nam Flourmills Co., Pusan, Korea.

SE-Wha oil Co., Ltd., Pusan. Korea.

®Contains (as mg/kg in diets): Ascorbic acid; 300, dl-Calcium
pantothenate; 150, Choline bitatrate; 3000, Inositol; 150,
Menadione; 6, Niacin; 150, Pyridoxine-HCI; 15, Riboflavin;
30, Thiamine mononitrate; 15, dl-a-Tocopherol acetate; 201,
Retinyl acetate; 6, Biotin; 1.5, Folic acid; 5.4, B, 0.06.
"Contains (as mg/kg in diets): NaCl, 437.4; MgSQy4-7H20,
1379.8; NaH,Ps 2H,0, 877.8; Ca(H,PO4)2-2H,0, 1366.7;
KH;PQ., 2414; ZnSO; 7H,O, 226.4; Fe-Citrate, 299,
Ca-lactate, 3004; MnSQ4, 0.016; FeSQ4, 0.0378; CuSOs,
0.00033; Calcium iodate, 0.0006; MgO, 0.00135; NaSeO;3,
0.00025.

AHES FA3H7] sk 2402 AAAIZ §F MS222 (100
ppm)E HHAIA oA FAE EASIAT 4FFE F, $A
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AP oz FA T 2AS &S 12417 24
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7y AEFE T, FAlE A9 S dY 4y
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oo v]RA A AL HE3I & micro-hematocrit
 (Brown, 1980)°] 2]3} 3¢} E = 2] E (hematocrit, PCV)E
Z43s}al, A9 Drabkin's £%-& AL83l4 cyan-methemo-
globin ¥ (Sigma Chemical, St. Louis MO; total hemoglobin
procedure No. 525)8.2 3| ZZZ1I (hemoglobin, Hb)S &4
STk @R £4E fste] A A& F3 AL
AP H A e AAEe T ¥ Aol 307t AR ¥
3,000 rpmoil A 10&3F A4F 2] she] FARFSHA 164]3E
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= 34¥HoZ 183 GOT (glutamic oxaloacetic acids)®} GPT
(glutamic pyruvic acid) Reitman-Frankel}] &2 ¥4} %t}

BIS0|x pojurg

Respiratory burst activity'= Secombes (1990) ¥ Hol whz}
B8t A AH 09 head kidneyS F-w#Ho 2 &8
1l teflon-glass homogenizer (099C K4424, Glass-Col Ltd.,
Germany)Z2 B3] @ AX dgdE Frsth AX
Het)-2 51% percoll (Sigma Aldrich Co. Ltd) density gradient
o] S&3ked 4T, 600 goll A 30837 FAE] 3R Ao
macrophage &2 @olwo] 5,000 rppmoll A 287+ 94 E5
o] 1-15 medium©. 2 washing@t U3 HFH 0 Z L-15 medium
ol 44 52 AeatAh 96-well culture platedl] ¥ S
A 100 L (5%10° cells/'wel)Z 2+ wello] H7}8 & NBT
(nitroblue tetrazolium, Sigma-Aldrich) 1 mg/mLE 7}l
PMA (phorbol myristate acetate) 1 xg/mLE 2}=A|FH 25Tl A
2022 SR AI AT 1 FH ATHE AAS L well 70%
methanol= washing 3t ¥ 4-&dlA Ad AZAHT. 1 F
2M KOH 120 gL/mLE& A 713} insoluble blue formazans-
8o 2 H3A71 DMSO (dimethyl sulphoxide, Sigma-
Aldrich) 140 pLiwellE A7t th #F 202 2 plateE OD
620 nml| A micro-reader (Packard Spectrocount TM)Z <73}
of A3 o9 respiratory burst activitysS #2938} R T}

Lysozyme®] 848 H7}8}7)9s] zkzho] AP ool A
223 ¥4 0.1 mL¥% 0.05M sodium phosphate buffer (pH
6.2)9 Micrococcus lysodeikticus (0.2 mg/mL)E F-+*17
suspension 2 mL3} EF3IHTH WL 20C 260X B3
FASA Y 8= 530 nmoll A 0583 458 SHsAT
Lysozyme2] &4 &9l £ 00019 F3E 2442E Vel
© 8549 4o Aol

Z4A &

AFEAE FE F 24/ AAA R GX] X o E AHESHA
th 54d0) QU= Edwardsiella tarda 559 (1x10° CFU/mMLYS
1.5% NaCle] 37}= trypticase soy agar (RSA)S| 27 Coll A
48213t wjFate] FrlstAnh. ol 77 v elot H/EE 0.1
mL¥ EZFAE 3 HALS 715k watel ] HAERl
< #s7] A mid HALE oA RRE S A FH st
TSAO ¥Wi&sted E. tardad EAE F31GTH

SA X

EE 289 F5A A= Computer Program Statistix 3.1
(Analytical Software, St. Paul MN. USA)Z #4224 (ANOVA
test) S AAIete] FHFAAA (LSD: Least Significant
Difference) 2. 2 H 7] f-2A (P<0.05)2 HASHH

O

AY 8571 A A9 Azl Table 20 VR AT n]Ad
2 A A Hrb WE A8 (WG), A

Table 2. Weight gain, feed efficiency, specific growth rate
and protein efficiency ratio for oliver flounder fed experi-
mental diet for the eight-weeks of feeding period’

Diets Pooled
Control  BP BL BP+SC  SEM®
WG (%) 96.3 111 127 130 6.7
FE (%) 610 601 672 741 5.0
SGR (%)  1.22 120 1.34 1.48 0.10
PER (%)  1.19 133 145 1.48 0.06
CF (%)° 1.15 118 117 1.19 0.01
HSI (%) 2.52 251 247 2.39 0.20

"Means of triplicate groups; Values in the same row with
different superscripts are significantly different (P<0.05).
*Weight gain: [(final wt.-initial wt.)/initial wt.]x100.
Feed efficiency: (wet weight gain/dry feed intake)x100.
*Specific growth rate: [(log final wt.-log initial wt.)/days]x
100.

*Protein effciency ratio: wet wt. gain/ protein intake.
®Condition factor: {fish wt. (g)/fish length (cm)3}><100.
"Hepatosomatic index: (liver weight /body weight)x100.
®Pooled standard error of mean: SD/Vn.

(SGR), At &8 (FE) ¥ w2 A3}&-8 (PER)o| QoA &
5 AFF §9% zolrt vEhR] kst
AAe Aokl uldE FAlolw, ojFr) o)5S HFHY

ZWAF= &2 Fu) (Irianto & Austin, 2002; Gatesoupe,
1999). ol&3k ok Apy, Adel 7], BAAgo] B e
ool Qe Bacillus spp. S} Streptococcus spp.2) FFLLZ
ARAET AR RE S| UL BaE o] 3l ot} (Maurilio
et al., 2003; Raida et al., 2003; Porubcan, 1991; Queiroz &
Boyd, 1998), & Aol loiX {28 2po|7} gle AR
ARSEE 0] 15+2CQA A3 @i-0] 342402 pptE AT E
o] Whol FAYEGAUS Aow Hor] ot Pack et al.
(2001)2} Baro| X Al 2 7}Ee) ALE-EE probiotics2] # &
2571 37CE Rustgon, d2oje] AL 0] 15:25TC
N3-& et Fajojol AE-El7ol = FAHsThaL Az
wjoj Xtk webA s GFofoll A ARE-S Bharat ohd, me
AR Frox AY 4= & probiotics®] 7)ol He sty
AztEo] Am, oj2|gt Ae olagd JoldA EaA,
aRA B AHAE Hrretas W AREIS A5 ES A
o A7} gdtte Buel U283k (Noh et al., 1994).

AaAE A7 AFAEE GR 2ole] ¥ & A
JEHZE Table 39 YERAATH 9] GOT 11X BL
S A7vete 5% 28771 BPS BP+SCE &3 7hste
FTE AEFESG FosA w2 S JEALH (P<
0.05), h=T-2k= F% &o]7t 2% Tth Hemoglobin, Hema-
tocrit, Serum Total protein, Serum glucose & Serum GPT=
B A0 F-23 Zol7t gtk o Fo A E
A, A 2 2EH 2 A9 Ao Ago] Tt
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Table 3. Hematological and serological characteristics of olive flounder fed experimental diets for the eight-weeks1

Diets 4

Control BP BL BP +SC Pooled SEM
Hemoglobin (g/dL) 6.23 6.15 5.94 6.11 0.07
Hematocrit (%) 27.8 28.2 28.7 26.9 0.54
Serum GOT (IUL)? 48.8% 46.7° 52.0° 46.4° 0.87
Serum GPT (IUL)’ 10.1 10.2 10.4 9.67 0.45
Serum Total protein (g/dL) 3.63" 3.60 3.33 3.20 0.16
Serum glucose (mg/dL) 47.4 46.1 46.2 46.5 1.08

'"Means of triplicate groups; Values in the same row with different superscripts are significantly different (P<0.05).
*Glutamic oxaloacetic transaminase. One unit is defined as the amount of enzyme causing the transamination of 1.0 £mol

of L-aspartate per minute at 25C and pH 7.4.

%Glutamic pyruvic transaminase. One unit is defined as the amount of enzyme causing the transamination of 1.0 #zmol of

L-alanine per minute at 25C and pH 7.4.
*Pooled standard error of mean : SD/vVn.

873 2 A% BEME wstEtta EFH Ao (Siddiqui,
1977; Garrido et al., 1990).

H| 5012 HAn-g-9 b= Table 491 YEFHRAT HIS
o] AoRHg FA o Z NBTHZ E3W lysozyme &
2L ERl3td o, BP+SCE FFF A4F 2 NBT &4d0]
gzt Hlal fFoletA & FS B (P<0.05), BP,
BL % BP+SCE sw¢ A 73tel= F4H Aol7h vt
R ekskth ey B9 lysozyme B4 o= A
ARTE QoA FoAF el 7t §IATh (Table 5). 8429
WA ALR Y B. polyfermenticusS} S. cerevisiae®] % A 71A|
H| 5ol A Wouls-g Frr7e dAE &eld 4+ Aok
Taoka et al. (2006)°] HEilo] wr2™, {X|o] QlojA B.
subtilis, Lactobacillus acidophilus, Clostridium butyricum and
Saccharomyces cerevisiae% B34 7) 39S AF vl Eol4
Huhgo] 7S U, B dFodME 5
3 AHE I3 EE?}, A $ (Penaeus vannamei)®l] 14|
S. cerevisine®] Fgo] HIEo|d HAHZE FIIAIFIH,
Vibriod] tdk AR S SRS Biig dAsAd
(Scholz et al., 1999).

ol ftell slo] HlSo]d Hetgo] dvi Fof HA=AE
AR A W & ole DAL JTeN ANTEH
(phagocyte activity) A o] o] AMSHT I 9 AP
lysozyme &4 B BHA| o] &4 Fo] AMEEI 9lon, WU

Table 4. Non sepcific immune factors of ohver flounder fed
the experimental diets for the eight- weeks'

. NBT Lysozyme activit
Diets (0.DH0® cells) ! (yU/mL) Y
Control 0.05° 50.8
BP 0.08% 48.0
BL 0.08% 496
BP+SC 0.11° 51.6
Pooled SEM? 0.01 1.31

"Values are means from triplicate groups; Values in the same
column not sharing a common superscript are significantly
different (P<0.05).

?Pooled standard error of mean: SD/Vn.

Table 5. Cumulative mortality (%) after mtraperltoneal
injection of E. tarda in cultured olive flounder'

Days Diets Poolezd

Control BP BL BP+SC SEM
1 25.0° 2.78° 5.56° 5.56° 3.05
2 55.6° 41.7° 22.2" 13.9° 543
3 80.6° 50.0° 50.0° 33.0° 6.02
4 91.7° 72.2° 69.4° 58.3° 4.24
5 100° 83.3° 86.1° 69.4° 3.53
6 100° 88.9° 91.7° 77.8° 2.54

'Means of triplicate groups; Values in the same row with
different superscripts are significantly different (P<0.05).
*Pooled standard error of mean: SD/Vnq.

A& AR olfel Estel A4 HoKech A
HAE] B FY37) As AgHolz YL 4T &
o) s} Bolth. EFEEe|

W3}, gotegd W3t 2 S50
& AAEI} A2 B 5L T2 EFE siA Ast
S d A AHl o] F7HEE FA19 0y, OH, H,0.9
28 A4t 2 (reactive oxygen intermediates, ROIsyS -3k
o2 WEste @44E i, o3 RO BUAE Fol
=4 % 3t} (Siwicki and Dunier, 1993).

2% 488

Cumulative Mortality (%)

Days of after injection

Fig 1. Cumulative mortality (%) after intraperitoneal injection
of E. tarda in cultured olive flounder.
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Table 6. Proximate analysis of whole-body composition for olive flounder fed experimental diets for the eight-weeks (%

of DM basis)’

Diet Crude Protein Crude Lipid Crude Ash Moisture
Control 65.4 19.9 13.1 73.6
BP 64.7 19.5 134 737
BL 65.1 19.4 134 73.8
BP+SC 65.6 19.9 131 74.0
Pooled SEM’ 0.04 0.06 0.07 0.33

'Means of triplicate groups; Values in the same row with different superscripts are significantly different (P<0.05).

2Pooled standard error of mean: SD/Vn.

o]8 g T EFZ WS ZAsh= HPHO R NBTHo] Bo| A5
oz o, FHZ chemiluminescence (CLYH O] YH ARRE 1L
At
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5%} Fig. 19] JeRNSIT E wrdadtol Hi3F A3HAS 913
A3} BP+SCE F7s 437 A A8 7Sk 2
Hshel Habgo] Solahl we e UEhiich A} A
t E wrda® AEFRA 1945 24 e, 35F
795 28 dgtt 28 HAIE MAZANA E tardardol
& FATE-S dellon, AAE H e 4 AlsT
7} dizgol] vlsl] Z271gALE o] B YeidTh FEAES
AAG sAHRE T84 AAE BP+SCE FFE
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