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Effects of Probiotic Microbes on Growth Performance, Innate Immunity,
and Pathogen Sensitivity in Cultured Olive Flounder

Ji-Hoon Lee, Young-Sik Chae*, Jung-Jin Park, Jun-Ho Choi,
Dong-Gun Kim™* and Kwan Ha Park’

Department of Aquatic Life Medicine, College of Ocean Science and Technology, Kunsan National
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Probiotic principles can be applied in aquaculture for the purpose of growth and immunity
stimulation, disease prevention and eventually better production performance. This study was to assess
effects of combinations of microbes containing two Bacillus sp., plus one Lactobacillus sp. as the
basal preparation (BSL-LAB), and additional Nitrosomonas sp. (nitrifying bacteria consortium, NBS)
in olive flounder (Paralichthys olivaceus). The effects examined were growth parameters, hematologic
parameters, innate immunity and pathogen challenge test. Fish were assigned to 4 treatments as Control
(no probiotics), Group A (Bacillius and Lactobacillus to culture water), Group B (Bacillius and
Lactobacillus both in water and feed), Group C (same as Group B with additional Nitrosomonas
in feed). Fish were allocated to the above 4 groups, each group being composed of triplicate 30
fish, for a 7-week feeding in the laboratory. Positive effects were observed both in growth and pathogen
sensitivity with all three probiotic combinations. Such effects were attributed to improved innate
immune functions. This result indicates that the tested probiotic microbes are beneficial to olive
flounder aquaculture.
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A Al R Aol o AZE D A4
Hoo] &7 vt ¢ AFAl (probiotics)
o] #AAo] FobA 3L AT} (Fuller, 1989).

A=8E AAQ] ALAE o] &3 ATV
AP Y=, AdAE Aoldes Fovy
olm HH o o3t sFFE AW Y=Y
HA, AW F3l Ao SA9A ¢ A5 E s
9] 715& Eotd Thse AL S A
131, el EAsh= A EF SOl Al Bifido-
bacteria®t Lactobacillius® A3AS AAAH o Z =}
ot A2 ¢HA Atk (Choi et al, 2011). &=
gk, HZe AFoA = AT ATy Bifidobacteria,
Lactobacillius, Bacillius B &5} 22 79 m|A
EE0] 7159 S FAANATL RaEHYS
TR SHAA AL Wb Jfd, WY,

o H ok
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o ™ oft
ojf
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LEF, o], A7 F B LRkl ekE Fol
= ZQA AEE 3L (Bae, 1997; Choi et al,
2011; Savadogo et al., 2004), Bacillus% Ao T
T2 A EAS ARt gEA do
(Jeong et al., 2010; Todorova and Kozhuharova,
2010). Lactobacillus Alvt2 BdAE de] o] &
Hi e tEHQ AFo R w=2Fo kT
(FDA)o A ¢tA stk QIA R v E o] ™ (Datta
et al., 1995; Leal-Sanchez et al., 2002; Orrhge and
Nord, 2000), Tk, A A3 A Z o] F2hsto] 2y
& AEAE NAANA #F9] A FalAl
o Azt Ao wE Fjits A a2 EY
oA, HY 43 A8 T sFsE B E%
S F= A2 ¢ Uy (Daeschel, 1989;
Dahiya and Speck, 1968; Savadogo et al., 2004). A3
TA= &5 &3l wel =2 Lactobacillius, Bacillus
9 Bifidobacterium% 5o #+T5 %ol o] &3l

Qom B Ao A= Bacillus subtilis, Bacillus li-

Table 1. Composition of experimental groups

Nz Q54 - s

cheniformis 18| 3L Lactobacillus plantarum-< ©] &
ol AT ARAE AR HEdtel o F 4
of HA= &3, AHAEdHS 3 FHAE Sl
84 #7E YAoIA B,

Mz o U

AlEof

A &= oA §4 s34 FEANA 7T
Ht ol AlF 8.2+0.6 g&] HAIE ARESIATE A F
= A4 =z F& F A3 tixT AR
FolFS ZTIAZIAA 253k A =X E 218
AT AFSFEERE 278(W) x 75(L) x 55(H) cm =
719] FRPFZ (5% 200 L FFO02 FXA, &
2242C, 9% 30 pswyoll A &H 02 Z7|3tAA A}
39t ZE A8 T 29 3074 3REE
o8 At o, 7731 ARANE TR F, ¥
e Yt 74 W A g Aol v
Ae FAANES AASA.

>~

= 3 AlEHEe £

TN AHEE WA= Bacilluss 9]
Bacillus subtilis®} Bacillus licheniformis, Lactobacil-
lus%: 9] Lactobacillus plantarum 452 T3 5 o]
A z" B2 (BSL/LAB)¥ nitrifying bacteria con-

sortium (Nitrosomonas sp., Kim et al. 2010)%22 S

(A Luto] Lol A ZA sk Al el ARSI
N T8L UA, AR E ARSol BSL/
LAB7} H7FEA] & tiz27S T438A 3 v
A NPTL 25 BSLILABE 5H0 2 55

313l group AT YHHALE, group BE BSL/LABE
ARl 0.05% # 7}, group C= BSL/LABE 0.05%
2 NBSE 0.1% H7}ste] T3tk (Table 1). Al

t&=
2o

Groups Inclusion into culture water Inclusion into feed

Control None None

Group A BSL/LAB 1x10" cells each/ton None

Group B BSL/LAB 1x10" cells each/ton BSL/LAB 0.05%
2 BSL/LAB 0.05%

Group € BSL/LAB X107 cells cach/ton NBS (nitrifying bacteria consortium) 0.1%

Preparation added to feed contained equal cell number of 3 bacteria.
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& Als = dX Xojg HE AR (Fish Top Power
No. 5, ©4AE, )2 AL£35}9 T, BSL/LABS
TFZUZE FYsles 4de 5 138 222 AL
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2 ¥ 33} AQUI-S® (Lower Hutt, New Zealand) =
S MR R A S FHo g FEHEH
o] EEE sl 4ColA A 3,000 x goll A
1023 AA R AT. HET 2 & 9l dA
< AAT 3 FAE FHHORE
5 3k 218 nylon mesh$] oA F
HA h2hete] WP FE {53533 Histopaque-
1077 (Sigma)< ©]-83F 2,500 x goll A 30&3+
Al 223 T (Secombes ef al., 1990; Sheikhzadeh
et al., 2012). ¥ buffy-coat F-Lo| A Wt
< EE5te] @FAAE o] &3t ATt
Wy o]l MHE $= 1 x10° cell/mLE Dulbecco's
Modified Eagle's Medium (DMEM, Gibco, Grand
Island, NY, USA)& o] F-{AIA A Az &4
2ba AT BA O AR

SloHo| HA
= =1 _

dol etz ZA - hematocrit, H -, W
g1 rE A3 WA hematocrits micro-

hematocrit®d © 2 capillary tubeol] Y-S Y1 LA
w271 (HA-200, 3L 28}, ZF3)ol A 5831 5,000
x g0 &2 4 F § FHE vlE&S AR
o A8 9 WY@ F5] 542 Hayem 402
10812} 100812 3] 43} Thomas hemocytometer
(Marienfeld, Lauda Kénigshofen, Germany)©ll &L
F3st& v (Olympus CX31, Tokyo, Japan) o2 3%

Z, Arstidt

20| AXIY &

A9 golaxtd &2 turbidometric method
£ o] &3ty &5 E EXSYT (Parry et al,
1965). &, B3 50 L} Micrococcus lysodeikticus
(2 mg/mL, Sigma, Tokyo, Japan) 950 pLE &35}
25Coll A 4% 3023t WH3-AIZIH A 530 nmell A &
BLE SR ol A4S FRE &
o] £ 0.001 &2 WE 1 wmitS 2 A4S

FA MMzl ditA Mds

Az A4 A 5L nitroblue tetrazo-
lium (NBT) &5& o]&3dte] £431Hh (Bridle
et al., 2005). A FAlA B3 AYFTE 96
well platel] 200 uL# &3 F 120 x g oA 5
7t A4 228 T} Phosphate-buffered saline (PBS,
pH 72)2.2 23] A& gt & phorbol myristate acetate
(1 pg/mL, Sigma)E #H7}8FATh 7)ol nitroblue
tetrazolium (NBT, 1 mg/mL, Sigma)E well T 100
uL® H7pste] 25C oA 1AZE <k vl skt
w2 ¥ 70% methanol2 1A 5}31 PBSE 23] A2
gk & 2 M KOH 120 pL9} dimethyl sulfoxide 140
uLE F7stdeh A7 % 630 nmol A FRE=E

b AR Felr} ¥

Z, A& #FZ brain-heart infusion #i X o] =3}
.30C, 48 A Wi & A3t drE =
ARk FAANRE A8l WA S 2t A
HEZ 1x107 cfumLe] HE2 23t 0.1 mL2
& FAF (1x10° cfu/fish)st Atk FAAE 713t
2242C 8] 202 FA AT Aldole 7+
20mFe] A ke o 2 AlYsiRlal 149 5t
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SAAEZ Aoz §F94 s ST dESR T (Fig. 1o).

HolElE HH + TFHA} (mean + SDY)E FE & glo|AXI &M

o ABE Bl SANA fod AP 9l olFo MAAAA F ANY WMol AFQ 2
3] ANOVA®EA & Newman-Keuls 77 & post-hoc o]A2AY BHEE AT A, HIAEE T
test= AHE3FATE P gtol 0.050]3tY W {4l g Ozass AT YA AT 25 (Group
SAThal A s A B, O) BAALE fo4 A& S/} YElgth

(Fig. 2a)
Z4 J_-'-I'
S ANIES| BAMA MAMS
SRR oIl dARe F Az welel 452

BSL/LAB¥} NBSE #o] £ A A
O°lA HF AsY 7oA d+= 57 FEHU BSL/LABYF 4% # (Group B)3 BSL/LABJJr
om o] vt YA E W Fo33k Al (Group C)ol A= =
2). AAEAIFAANE BAGAHCE F4 U= W T3 FATH R {4 de T7HF YERRT
37 YA = skt (Fig. 2b). BSL/LABS T35 FstHA dvkAL
BE Folg AT (Group A)S =T 54
Ao FoA A Apol7t EAEA= FUAANL,

ol
-

ERLE
PNtz £ A hematocritX| & 2 E WA E =71 A%k0] els ).
Ae 5 SARHeE oA e Aol7t EA
2] ekokth (Fig. lab). ¥H W& 54 BSL/ILAB HOIA M ZHAE
7 NBSE #o] £4¢ AP (Group C)olA 57 NPAANE T BE FollA thxT3 vl

Table 2. Effect of probiotics on the general growth of olive flounder, Paralichthys olivaceus

Parameters Control Group A Group B Group C
Initial body weight (g) 5.76+0.82 5.71+£0.94 5.38+1.01 5.58+1.13
Final body weight (g) 25.94+5.43 27.67+4.86 25.05+5.83 31.08+6.81*
Specific growth rate (SGR, %/day) 2.21+0.07 2.3240.11 2.26+0.10 2.4340.09*
Feed conversion ratio (FCR, g/g) 0.92+0.14 0.76+0.23 0.86+0.11 0.88+0.16

Thirty samples (n=30) from each of the triplicate aquarium were analyzed.
*Signiﬁcant difference from control, p<0.05.
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Fig. 1. Effect of probiotics on blood parameters Ht (a), RBC (b), WBC (c) in olive flounder. Ten samples (n=10)
from each of the triplicate aquarium were analyzed. *Significant difference from control, p<0.05.
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Fig. 2. Lysozyme activity (a) and reactive oxygen production (b) of olive flounder. Ten samples (n=10) from each
of the triplicate aquarium were analyzed. *Significant difference from control, p<0.05.

St Edwardsiella tarda® 23] F35 = X ALE 3
of #ol4d A= Wolzg&S TIAT (Fig. 3).
53] BSL/LAB®| =5 T (Group A)TFC. 2%
ol v} & &S EIAT (45.0%
vs 10.0%).
1 o

Ay A (probiotics)= Aol E HINER
B Al #3S AE 2-T B o
AEE FT L HY SN e e Aew &
H A 2tk (Lauzon ef al., 2010). L= o2 &
7o AdA 5 53] 7154 ARATHE 2 4y

N oaF

i

Z = At (lactic acid bacteria)oll tgF A7}
wol JAPHI o & Vs =AE 4T
100+
g 80
@
* 60
.
g 404 |—= Control
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Fig. 3. Survival rate of olive flounder challenged with
E. tarda treated in probiotics. Twenty samples (n=20)
from each of the triplicate aquarium were analyzed.

715 A8t AW el v =S S-S oAl
st Ao AT s FIAA &3 9 FF5
BT AoE dHA Aot (Pack et al., 2008). 53
TAFES A FE AR S AT 2= gt
3] o} (Beveridge et al., 1989), @X| (Byun et al.,

1997), o] (Noh et al., 1994) 52| AR 17}
om 4% 9 AHASERTE 24 A2 B
st Joh I Yol = Bacillus. sp. 5% A TA
o] =9 AEOZE ALE T Qo (Cha et al.,
2012) B AFAM= ATAR FEITIL e
Bacillus subtilis, Bacillus licheniformis, Lactobacillus
plantarum 5 3F 3 AsaH glots E35tA
BTE B FERAR A7 MAE dF=
B7Fsk A

2 ATolA AA 2 AsabE g okE A
A7rete] Az AARE 775 AT FEAT
T (Group C)&] 474 thzx=wel 13| %—?ﬂ%}
L R ﬁﬂrﬂ LR E SRS BEHAH.

gl Uﬂoﬂoﬂ l‘i‘qué?ﬂ FEs = 3r] Wl
(Snleszko 1974) B AT A= Agiate| 2ol o
&3t A3l g o g AAE T8 FFES 0
kot AzET a8y AR FXl s B8}
I ALEAFAAE FATHCE F4 A
A7 JEUA] g2 H2 o] i HFAEe] F=E
&5 FAANHoZN Yehd A2 FA
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7 (Cha et al,, 2012)°l we} YEbt= o] fE
37 A ofeh= or| 2 s HET o FollA A
Ao BEE AFARE B Do} (Aly e
al., 2008; Vazquez-Juarez et al, 1993), Y]
(Mohanty et al., 1996), Bl % (Naik et al., 1999) 5 <&
Ao @ ATNAE FAS A9 E BB

& Fo] o FolA 840l A= AdAE o

polEzt w= APz w1 a5 )
ebd 5 9100 (Cha e al., 2012)01 %) whe}
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1977) A& 49} hematocrit®] F3= WAL S
Folg iz APt 2ol YEldA] ek
o}t o] A¥= B AR A& ATk frAkgk A
=2 BAT} (Pack et al., 2008). HFE ML=
BSL/LAB¥ NBSE #o] £ Al@To A B
o g Fo|g T7IE Hof sty ol 3
A3} 80| 53 Ao WAH I o] Fo ~E
g a7 o 2 o]ojA] o] A Ax
g0 Z7l2 AZ4En) o7 I TE AEY
212+8-& 3 (Park, 1995) A A A} 433 A
Aol = A8 g 4ot wheba o] A=
ANFAA L Eol w2 W75 Iz A4S

Has 249 AEQ] lysozymed} 2 A
A AT AFe] AAoA, lysozyme]
E AA FoTolA #FEHIH. Ly-
o FollA H5ol& "ol7]ztE Fa s}
o2 AAA A WA £Est= &

Nz Q54 - s

Aotk Mo MEy A2} HE == &
date 7les 7HAA QA Fad, Futo] 2,
Gz E Sl HAE e Ao dHA AT
Kim et al., 2007). N 25 thzTol vls] S
Ao g Fo% F7HE UEtHA =T o= Lacto-
bacillus®} Bacillus & ¥ &%, 43 ©HY

7, ddE&3 5 (Yoo et al, 2003; Ju and Oh,
2009)2] 71'5& T IT= AR A dEA
o] A& ALE ARHT AAE G4 AT
nitroblue tetrazolium< Y3t FEHO = ¥h-&-
A2 (reactive oxygen species, ROS)2] A4
Hrlsle ARE AMRET o] HrHe SAY
Hol st A HAXERZ go| AHSHT
(Kim et al., 1993). B AFAAE lysozymeZ 4 &
I3 FARRE S7HF el AR, 2 59 AT (Cha
et al., 2012)° A= A A ool A URIAEE FO
g tzatel Hlal oAl ApolE HolA itk
I BIS T ol Atgel M7t AdAS F5F
g 7ol B ATt} Adelatair] wiwol vERd
zto| 2 FAHT

7533 T T E tarda® WS FEAE A=
iz HE AEEC] 10%] Wi, WA H7t
wol R ASTFE FADFAAE BT 40% ©1%
o] AELS BAY. X)o7l GXALE W Bacillus
spp. &+ S. cerevisiae & F7}5}d 85 T F
% E tardas AE A FHAANES AAAE
A7VshA e 2T R fotA & AAE
YEeRAT} (Jeong et al., 2006). ©] &3 A= Ao
Ao ke «F W AEOo 2 AIREM o] {9
AEFN 19" S SAANZ F dva dE A JA
T O wAY S o2 W] A A &t
(Abraham et al., 2007).

B Ao ARAE T3l Bacillus% 2 Bacillus
subtilis®} Bacillus licheniformis, Lactobacillus3;2)
Lactobacillus plantarum 52} NBS (nitrifying bac-
teria consortium)2}E| 2] o}2] &3 HUlFol= dA
Aolo] FA & Bl ofet AHAE W=
VA A E. tarda®l Th3F A A EAE S FFA
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)\gq—xﬂ‘— AAAZZ] WHA=2]
YA X| Paralichthys olivaceus X 12| ¥4 o A]
AL EAE Agd Aok ARE, A
oq 9 FHES FAAZ T e AdAe] aRE
Z A1 9138 Bacillus  subtilis, Bacillus lichen-
iformis X Lactobacillus plantarum (BSL-LAB)©] &
= o= A S NBS (nitrifying bacteria con-
sortium) BLS ARl HVF = X0 FYst
o AlEe FHsHAH.
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