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Abstract

The purpose of this experiment was to select useful probiotic strains with
antibacterial activity and acid resistance against a broad range of bacteria
causing fish diseases to prevent bacterial diseases of fishes or improve their
immune system for the efficiency of farming industry.

Five kinds of strains extracted from olive flounder intestine were used to study
their antibacterial activity, bile resistance, and acid resistance, and Lactobacillus
rhamnosus CY-1 was finally selected to examine their cultural, morphological,
genetic, and physiological characteristics. In result of identification, Lactobacillus
rhamnosus CY-1 was identified as Lactobacillus rhamnosus and named
Lactobacillus rhamnosus CY-1. In result of reviewing the optimal culturing
conditions for maximum production of antibacterial materials, the source of
carbon was 3% Rhamnose; the source of nitrogen was 3% Yeast extract; the
inorganic salt was 3% FeS04-7TH20; the culturing temperature was 35T, the
initial pH of culture medium was 8; and the culturing time was 96 hours.

The strains were added to the feed in the concentration of 103, 105, and 107
CFU/kg and 2% of fishes were given the feed twice a day (9 AM and 5 PM)
for 4 weeks. The mortality test performed by artificial infection using
S.parauberis, a pathogenic bacterium, after the completion of this study also
showed over 40% greater survival rate in all test samples. Based on the above
findings, it was concluded that Lactobacillus rhamnosus CY-1 in the feed
improved farmed flatfish’s immune system and resistance against diseases as
the probiotic. Also, the physiological indicators discovered by this study would

be useful for identifying the mechanisms of probiotics.
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Selthebel A S 19909t ol F AR wsG oM, AR 4 FA
FEAOEM ANt HobAm Qrkh Fu WA P AP 19840 TYFAA
AN AFFR AL JEe ATE o F, B Aol FAH WA 1900 )

WA g HH 2L 2FN Qv 0059E 4 AT P
= & Azt ew, 530080 & YA}
2 FEd0] 95 AgelAE B4 QAwn ArhE 5, 2006 AT

X %, 2006).

ATHE, 2002). 2 A
v B 8] ¥ (Vbrio sp.),
sp.), o=<¢t=H" (FEdwardsiella sp.), &2 F3H(Kim et al, 2001; Heo et al.,
2001; Kim and kim, 2003; Baeck et al., 2006).

AANA AFwm SdFxA G2 FA A AT (Streptococcus sp.)°l F&
ALl fdyro R HuE Aqti(lee et al, 1991). = o]dl Lactococcus
garviae(Lee et al., 2001), Entercoccus faecalis(Song et al., 2003), Streptococcus
iniae(Jung et al., 2004) So] dXlol tst HUd HHAs o] Haro]xa glom,
S, inige7t AT Fo HYAZ LdelA g (Woo et al., 2006). dHATF
<ol S praruberis7t M EE FAEA ] FHAL AAAR FEHAAL Yt
(Baeck et al., 2006).

olgl o] F HwW ik Aol gk AW oy 9 XR5E % 7Hg dukAd By
of &= A Fof 59 Al Wy WA o] A= (Newman, 1993; Eldar,
1995), &AAe] A odg&oz 3%k AW FF(Karunasagar 5, 1994; Witte &,
1999), WA} A (Smith &, 1994)% 22 TAE FEstar dom 1 AFgo]
AR = AAolt (Aoki &, 1990). T WS AHelsto] o FHEHS st
= ol dAINE o= B AW Aot ofgaL, WAl Fof HAo] HAL R
ool &9 el gk &34 walo] glo) o H X o

AT (Bruhn, 2005). olelgt A& afdst7] g HHo=E HT: %

& Za glen, 1 W el sl Probiotic & 2L
Probioticso] & @A & Z (antibiotics)oll tH| ¥ = W2ZA Aol WAE
AHFoEN HAE] FHgt= BA, F7]4L, BlEN g I
ot Al #Fe] ANzt =8 FES X5 E B3 A MHE BHoE A

AHE A ES w3t} (Paik et al., 2002).
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ProbioticsZ4] %ol o]&%&  HAEZE  Bacillus  sp(Sugita, 1998),
Carnobacterium sp.(Joborn, 1997, Stoffels, 1992), Lactobacillus sp.(Ashenafi,
1991;Chateau s, 1993; Gildberg &, 1997), Pseudomonas flourescense(Gram -,
1999), Vibrio alginolyticus(Austin &, 1995, Gatesoupe, 1989)5 ] Sl

Probiotics2 A4 oz &&3t7] s = Atat @52kl vk del do]
Aol A 5= qlofof ek e Ay Aol Azbete] FA A el Al
ol 7fE Zao] lojo] 3t} (Mainville et al, 2005; pinto et al., 2006;
Schillinger et al, 2005).

et 2 AF A E A LS mola A A el Zgol HH, dX
k2l 37 AL AHFA FF2 Ay Y He gF ~AHEDS 7k glo
WA pH WA 2 debAAd, WdAd 52 23 & probiotic 5 o /72
A s 0 Algl gekd) wgetA, FeEE A 5AAE XAsta wEld
probioticsE Zt7] ThE X2 Algol H7tste] 2 dAdol AL&eAS o YER
v FAEAY A W AYES At AARHIMAIEN Y 84S g9 star

A B



o. A= % ¥H

2-1. Probiotic #59 3 2 XA

2-1-1. W B =9 £7

Probiotic #¢] #8& st gx & AHE sttt dxe= &Y g 3
AATF2ol AFdle XS AFSEdT AHE HES AYAdsE G 43
o] ARESFR o™ 0710%2] 2 9de] H7Fe Mann, Rogosa and Sharpe ] #] (MRS,
Difco)ell 3418 100 Fre] E=dEow wwkslar 20, 25, 30, 35°ColA 48417+ H)
Foted mAES 2 shvh e mA8ES FH Probiotict o2 AWshr] 9

s Wt FEdA £AF At



Aol AgE dF= ofF AW HAER I dASded KCTC (Korean
Collection for Type Culture) %+ KCCM (Korean Culture Center of
Microorganisms)oll A % Wekal  Streptococcus iniae, Streptococcus parauberis,
Edwardsiella tarda~= Wild Type< AF&3F31 2™ (Table 1) -70C Deep freezerol A
B (50% glycerol ¥ 10% DMSO)ste] Agol AF&3tAth. AdA| $H 5=
woE MRS B¢ B2 e Ao ot iAo A Basla e

:
Fob sk vgele WUy Aol M@ A EnE A AT FEBY 29

ofL
o
>
oo
ol
ol
2
AN

S McFarland No. 0.52 349 z}zte] Ao e S dase A
Hl ¥l o]x Muller Hitone Agar(MHA) plated] %
paper disc (%7 8mm, Advantec, Japan)oll #2l® 9] v 50 wS I8}
o] Z} ko) 2 24A17F v dste] clear zoneS caliper® =7 3%t} caliper
=

=745 clear zone< paper disc® F A% ¥3F 3Tt

Table 1. List of strains used of antibacterial experiment

Bacteria name Strain No.
streptococcus iniae Wild type
Streptococcus parauberis Wild type
Edwardsiella tarda Wild type
Vibrio campbellii KCCM 40864
Vibrio harvei KCCM 40866
Vibrio alinolyticus KCCM 40513
Vbrio ichtyoenteri KCCM 40870
Vibrio anguillarum KCTC 2711




2-1-3. 9& §14 2 dF FFA AP WA, HEAH, HEA, &EA

AL

AF Ao dist WA A= 88 244 vAES o]835ke] 0.006M sodium
phosphate bufferE HCl®Z ®H.A3}o] 7= pH 2.
T3 (10°cfu/mDE 108 3|4 8te] HEale] 30T 308 Hxg & NAo| wtalo]

FEE FASe] AT 100 oY HolAA 2t AL FYoE wASAT

0~7.09 Nutrient Broth(NB)ol Zt

g HEA gk WA A= EeE 47 mAd=S o] &dke] 1~3% hilt

salt7}b &% NB #l#o] z+ 73 (10°%cfu/mDS 108 A8t HE35te] 30T 30

B O E F NAOl mwste] @58 2gsto] A& &0l 108 o wobAA 2
Ae FHom wARAT

WA dist xAxbe 28ld 47 mAES o83kl 0~50 ppt (part per

F (10%fu/mDE 108 8Msle] H=E

ko] 30Col 308 W3k & NAo| “wste] 4S5 A3t AEEo] 100 oA+
=

yadd z2AE Z7zbe] mAE (10%cfu/mDS salineo] 10W] 3] Asle] HES s
60°C 32420 308 Wx3 & NAo| sl #+-E =Aste] &S0 1/104)

o5tz wrelAA @ e PHOow BT

g9 % (Hemolysin) &4 ZAl= WY AIGE 5% H7F3E H 3ol (Hanil
Komed, korea) < =3 Coll Al 48417t djelsds w YEvE 838319

w2 Sda .
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2-2. Lactobacillus rhamnosus CY-19 &R

2-2-1. FHAH EA

SEM (Scanning Electron Microphotography, JSM-6700JEOL Ltd.)& S3af = A
5o gegd 548 #AFsA ot A A o] Membrain filter(Adventech)& &
2 ffell WigelE o] &ste] wE =EEsith el A 54 wet Ferol uE
7] o]del dAElE A3FATE WA filterE 05x 0.5cm H=F A3 3 FH, 25%
glutaraldehyde & %ol o] 1A7F A7t} 2 v} 1 M phosphate buffer &
23] A&t o] & 40, 50, 60, 70, 80, 90, 100%<¢] ethylalcoho® Z}7} 1A]ZH&<t

TA]

~

o} &A1 7 filterE isoamylacetate®} 100% EtOH7F 1112 &£3% £
1A Et

L

% 100% isoamyl acetate &<ol 1A+ WA 3t} npx9to &2 CO, gas

S o] &3] UxA7I WaS A st dAAnF oz BT
2-2-2. AYsgd A
g A catalase test, AT, +5A, ARG
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Fele 548 B Sn T BaLH 2e AFed A4S APl
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2-2-3. 16S rRNA 9714 <E &4

16S ribosomeal RNA #2412 Gnomic DNA Extraction kit(Bioneer, korea)& A&
3}o] Chromosomal DNAE #]3%F % Bacterial 16S rDNA universal primerE ©]
43le] 16S rDNAE SZEAZHY. A4 H  oligonucleotidese]  Z+7+9]  primer+e=
forwardprimer(27F): 5'-AGAGTTTGATCCTGGCTCAG-3’ reverseprimer(1492R):
5'-GGTTACCTTGTTACGACTT-3'¢] d7|Hd= AR e™ 242ke] 05 uM
primer, 200 M deoxynucleoside triphosphate, Taq DNA
polymerase(Bioneer,Korea) 3ulS A}&3to] PCRS F33dt9dct. PCR ¥Hex7A& 9
4T A 5% predenaturation, 30cycle &<t 94T oA 45% denaturation, 50T ol A
45% annealing, 72TColA 45%7F extention 3F4em, TA] 72TolA 5E7F
extention 3t9th =ZFPCR products ethdium bromideZ}3 71E Aejoll A A7)
F3te] 1% agarose(promegaCO. USA) gelolA 133ttt o]F  AccuprepTM
PCR purification kit(Bioneer,Korea)= ©]&3}to] PCR productel] Yo}l primers,
nucleotides, polymerase, saltsE AA3Fe AAs 30ulel elutionbuffer(10mM
Tris-ClLpH 85)2 DNAE elutiondtith. ©°]& ABI prismTM BigdyeTM
terminator cycle sequencing Ready reaction kit V.31 (Fluorescent dye
terminators method)®} ABI 3730XL capillary DNA sequencerE AF-&3te] PCR
product®] @7IMES 43Ut DNA 2714 <E99 homology #2418 BLAST
online program (http://www.nchi.nlm.nih.gov/blast)S °]&3Act. =1 &
ClustalW softwareZ AFg83to] G7IAES wjd3t & MEGA3 program (Ver 3.0)

& o]-&3}lo] phylogenetic treeS 2Hd 331t}



2-3. 249 WE Lactobacillus rhamnosus CY-19 ABS37 JHd A
AHAE

n AR HH  wAAHEe HEE glucose 05%, vyeast extract 0.1%,
MgSO4-7H.0 0.02% viA| S sFi3F GY(glucose 0.5%, yeast extract 0.1%)¥] A=
ALE3 T St E A Akl AL paper disc 4, agar spotted method &
liquid culture methodE H & 3}o] 2 A5}t
Liquid culture method= 333 wWl¥d-S 10 md MHB(Difco, USA) 2% 5 &35}
I, FAFE o wjklS 3500 rpmeolld 1583 ¥ 3 045 um pore size
filter(Adventec, USA)ZE Alxtstitt. o vl Aeods thA] 2% FH7bste] 25T 6
A ZE wjeFetal I e ASEE 660 nmollA S tga g WHog A
al&= AlLtstd o

Inhibition rate(%) = (C, - C) / C, x 100
(Cot Hx7 OD. ; C =4 Ay F g 0D)

2-3-1. §a 99 HjRZEA

i x)o] BAP o2 GYHIA o) glucose, sorbitol, mannitol, soluble starch, xylose,

1% #H7kste] 30T,

A3 2™ Liquid

=

lactose, fructose, raffinose, rhamnose, mannose &= Z}Z

—

7)
150rpm o &2 24A17F wj ¢ g & wjH o] B E 660 nmel A
culture method& A|dste] s LS dolr k) x4+ glucose”t 3

AEA e WAE AFEaaT



2-3-2. 2499 HWjAZEA

AAYUe NH4Cl (NHy)-SO, NHiCl, malt extract, yeast extract, peptone %=
05% H7Fske] 30T, 150rpm o2 24A)17F v F 3 5wkl o] 5§ x5 660 nmeoll A

2-3-3. 7199 "R =A

7192 CuSos-5H.0, KHoPO4, FeSO4-7H,0 MgSO4-7H-0, NaCl, 5& 0.1%% 7}
ato] 30C, 150rpm .2 24417 v F3h §- wjefeio] Bing 660 nmolM FAskl e
™ Liquid culture methodE A]&&to] &t &2 o] AHAS Lol ) hx+= GY
Hj A ol A MgSOsTH:07F H74H Al 42 v Al & AFE-8F ittt

2-3-4. 34 pH, 2x=° W& 4% FLEE AN

SATEFY HA M FERAS 250 me Az EekaAo] 150 mee] AAMAE ¥
0.1 N HClI # 0.1 N NaOH &9do = ujzxe] %7] pHE 4799 WHHZ ZH 34
121C, 15% &<t Eastddrh Alxs Aol HE AFdFe] AMIdES 1%

3 30C, 150 rpmoll A 24A17F v Fst 3 660 nmoll A HY
ston FrEd S AESAT HA v Es 20~50Te] el A

2 B9 sgon, pH 9% A4 Fes Pyd B EsA

2,

2
o
1
ki
i
N
o,
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2-3-5. M FAIZe E FE=E A

Hj Al Tko] =] kel A= Qe AT TY dwjdds HA A
HA 2ol 24413F wFeE F, 6413 tA o ® AR E A F skl 4000 rpmol A A4
AS 045 mm pore size filter(Adventec, USA)Z o 3} &lo] &t A
AN BRZ AMESAT. A4S agar spotted methodE ] €34 th. MHA(Difco)
of Z} dbgoaltodafns 50 w® HEFdta FAHoE wjx o] F+HES Yol A

SANEE 100 0 A 9o 30T 24413 lgste] FEste] 47 (mm)e =4

[‘



2-4. Lactobacillus rhamnosus CY-1¢] 7)o & 42 gdx9 AAI ¥
&4

2-4-1. 23] A5HT

2~ (dissolved oxygen, DO), pH, &= wWd FA3s9 o1, YSI(YSI-556MPS)E
AREsEAT AE 7 T AN
754-859, DOE 654-9.64 oAt Ala+= 19 23] (27 9A], &3 5A]) oA F 9

2004 B sgom, AP ARS F 4F E £9 A
2-4-2. APAE A D Folupy

AR AlZRS fete] Aldsta e WAE wiAbRd (2dwE 529%, =AW
11%, &1+ 3%, 3| 14%, <1 2.7%, Z+ 1.5%, Suhyup Co, KOREA) o= i
F ® B FF9 Lactobacillus rhmnosus CY-1(1x10° CFU/m0)S 22+ A 7}sto]
10°, 10°, 10" CFU/kg 28 A1&E A2 stk gz ol fE8vA8s H7hskA
= Ak AR E Fol silon Aol A H FRE AR Foe 1Y 23] (2

A 9N, 2F 54) AT 264 FF HPov, AP AR F 47 FF 59



2-4-7. AT A% TAYY

HAle] g =e] nxs TS dolr 7] fste] ARl FA e o WHET =
& agrekA Mwel Streptococcus Parauberis ©]&3to] FAAHE A A &)

A 10°CFU/MmIS 527t H22 dit Qe dsdd dg 3 F

2-4-8. A A7 W AEE FA FFY AU FQ

2-4-9. TAAH

A FATARAA ALST dxe] Y 2 4 Ay FAAZE SPSS (SPSS
INC., Version 12.0) program= ©]&3to] 5§ HAAES HAs] t-test (P<0.05)=
el frejde AR A3 @2 HE@rEFHIA (meantS.D)E LEHY]

Mg g2 arscine W o= AXbste] FAEA 3t

ofl
™~

32
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3-1. Probiotic @59 £ 2L XA

3-1-1. WA= &7

Table 2. Isolated strains and isolation condition.

Strain name

Isolation source

Isolation temperature

Isolation medium

CY-1

CY-2

CY-3

CY-4

CY-5

Flounder intestine

Flounder intestine

Flounder intestine

Flounder intestine

Flounder intestine

25C

25C

25C

30C

30C

MRS (0%(v/v)NaCl

MRS (0%(v/v)NaCl

MRS (0%(v/v)NaCl

MRS (2%(v/v)NaCl

MRS (2%(v/v)NaCl




Y 7
=7} ey Feld 2 A4sdon offdy wa dden IH 87

8 ol %A Uit 1 % CY-1& AAHE 8Tl hate ®

=
=
_ ] e
do] Flatal WS4 E protease FAo] E=uau & £ k. wEld FAAF
3}

CY-1, CY-2, CY-5& ol&ste] Ats H7F Wl 7heds &l &3l



Table 3 . Antimicrobial activity of isolates

Inhibitory ~ zone(mm)
. Growth  Protease
Strain rate” activityz)
El” E2 E3 E4 E5 E6 E7 E8
CY-1 ++ - 2.1 32 3.5 5 6.1 3.1 6.2 8.2
CY-2 ++ - 1.6 1.9 2.3 32 1.8 1.5 - 2.6
CY-3 ++ ++ 2.1 - 3.7 - 42 - 1.8 -
CY-4 ++ ++ - 2.9 4.5 2.9 - - 1.6 -
CY-5 ++ - 1.2 2.6 - 2.6 2.7 - 1.6 3.1

1)Growth rate: + slow, ++ medium, +++ fast. 2)Protease activity was expressed as the diameter of

inhibition zone on skim milk agar :

+ 8 10mm, ++ 10712mm, +++ 12715mm 3)Tested strains = El:

Edwardsiella tarda KCTC 12267, E2: V. campbellii KCCM 40864, E3: V. harvei KCCM 40866, E4:

V. alinolyticus KCCM 40513, E5: V. ichtyoenteri KCCM 40870, E6: V. anguillarum KCTC 2711 ,

E7: S. iniae KCTC 3657, E8: S. parauberis KCTC 3651
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Table 4. Biochemical properties of isolates

Characteristics CyY-1 CY-2 CY-5
Source Flounder intestine Flounder intestine Flounder intestine
Gram staining + + _
Catalase activity + + ¥
Heat stability + + ¥

Hemolysin activity - _

Bile tolerance (3%) + + _

Artificial gastric juice
tolerance(1%)

Salinity (50ppt) + n N
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Fig. 1. Cultural characterization of Strain CY-1. Cells were grown at 30C for 24 hours
(A) MRS agar (B) Blood plate agar

JEJUNU SEl - 50KZ X300 100 WD Zedmm EING. & SEL 50w Xi500 Tum WOT3mn

Fig. 2. Scanning electron micrograph of Strain CY-1. Cells were grown at 30C for 24

hours.
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Table 5. Physiological characteristic of Strain CY-1.

Strip Tube Substrate result (+/-)
0 Control -
1 Glycerol -
2 Erythritol -
3 D ARAbinose -
4 L Arabionse -
5 RIBose D-RIBose +
6 D XYLose D-XYLose -
7 L XYLose L-XYLose -
8 ADOnitol D-ADOnitol -
9 Methyl-BD-Xylopyranside -
10 D-GALactose +
11 D-GLUcose +
12 D-FRUctose +
13 D-MaNnosE +
14 L-SorBosE -
15 RHAmnose +
16 DULcitol -
17 INOsitol -
18 MANNitol
19 SORbitol +
20 a-Methyl-D-Mannoside -
21 a-Methyl-D-Mannoside +
22 N-Acethyl-Glucosamine +
23 AMYgdalin +
24 ARButin +
25 Esculin +
26 SALicin +
27 CELlobiose +
28 MALtose +
29 LACtose +
30 MELibiose -
31 Sucrose -
32 TREhalose +
33 INUIin -
34 MeleZitose -
35 RAFinose +
36 starch -
37 GLYcogen -
38 XyLiTol -
39 GENtiobiose
40 D TURanose
41 D LYXose -
42 D TAGatose +
43 D FUCose -
44 L FUCose -
45 D ArabitoL -
46 L Arabitol -
47 GlucoNaTe -
48 2-keto-Gluconate -
49 5-Keto-Gluconate -
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FA T CY-19 16S ribosomal RNA PCR % & %3 & 1459bhp A7 E S
NCBI (National Center Biotechnology Information)e] Basic Local Alignment
Search Tool (BLAST)E ol&3ste] #+43 A3} Lactobacillus rhamnosus®t 100%
BEE BAT Lactobacillus ol Feld(CY-D3 7H 2dFT o2 yEd
type strain(Lactobacillus rhamnosus) 16S tRNA 9714 <L3}  Lactobacillusss 2]
type strain 16S rRNA G714 49S zta AEFE A A tHFig. 3). 292 o=

2 ¥ Lactobacillus thamnosus CY-1+= ¢ ¢ sdFo = A & = 9l



Lactobacillus farraginis(AB262732)
Lactobacillus hilgardii(AB368311)
Lactobacillus parafarraginis(AB262735)
Lactobacillus diolivorans{AB429369)
Lactobacillus kisonensis{AB366398)
Lactobacillus acidifarinae(AJ832158)
35 —mu[ Lactobacillus zymae(AJ632157)
100 CY-1
| actobacillus rhamnosus(FJ409226)
97 Lactobacillus manihotivorans{(AP000162)
o 4|— Lactobacillus guizhouensis(EF433578)
98 Lactobacillus pantheris(NR 025189)
Lactobacillus dextrinicus(D87679)
staphylcoccus aureus(ABG99882)

&5

a0 77

0.01

Fig. 3. Neighbour—joining phylogenetic tree based on 16S rRNA gene sequences
showing the position of strain CY-1 within the radiation of the genus Lactobacillus.
Bootstrep percentage (from 1000 replications)>50% are shown at branch points. Bar,

0.01 substitutions per nucleotide position.
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Lactobacillus rhamnosus CY-17} Ao w2 Bulgd & 9= FJFEd AAS 938
o 8 T JYYS 2aY, A4Y, FUIdeg Yo o A5y SHdAd s
ZARstgon, HA wF 21S 259 pHE =24 st + A5y FHFSAS

AESAY. HH viAAAE HEE glucose 05%, yeast extract 0.1%, MgSO7H20

Inhibition rate(%) = (Co—C)/CoX100
(CotlZTF OD.; C: &d=d g & w3t O-D)
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Fig. 4. Effect of various carbone source on cell growth and antibacterial activity of

culture broth of the isolated Lactobacillus rhamnosus CY-1.
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Fig. 6. Effect of various nitrogen sources on cell growth and antibacterial activity of
culture broth of isolated Lactobacillus rhamnosus CY-1.

A: Control, B: Malt extract, C: Yeast extract, D: Peptone, E: NH,CL F:NH4;NOs,

G: (NH4)SOq4
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Fig. 7. Effect of concentration of yeast extract on cell growth and antibacterial

activity of culture broth of the isolated Lactobacillus rhamnosus CY-1.



3-3-3. ¥71¥9 4%

F7199 932 soluble starch 1% , malt extract 0.5% % NaNO030.5%E 217+
A7ret & ZAFFIEY R E 01% =2 Hrtsted HESAHFig. 8). TS
2 FeSOyTHO & H7bgh AT o2 759 AFo| =gkom v AFdF+
Aol AA oA HAT. I IS E FeSOy»TH00A 7 =2 S48=
et weEbd dFA8S Fddde]l F5 Y FeSOsTH205  Lactobacillus
rhamnosus CY-19] F7192o2 MAGstdom, FeSO»7TH09 ZH7] th&E H]&
7t HAFEE HESATHFig. 9). 1 A% FeSO,7TH.0E H7be 2
3.0% H7FgE wiAl A 7P = A AsS YHERdRlth o]y A=
Lactobacillus rhamnosus CY-1755 MY o 579 2= FeSO, TH:0E 3.0%
A A7}elodl o)

rl

-

=]
i=i

o

==

=

i

-

2



05 -  Cell growth Antibacterial activity - 40

- 35
__ 04 - 30;_2'
E Z
=
§0.3- -25tl.
— m
= —2OE
B 1 ;

[ - 15
= s
S .10
01 - =
=

F 5

0.0 0

A B C D E F

Fig. 8. Effect of various inorganic salts on cell growth and antibacterial activity of the
isolated Lactobacillus rhamnosus CY-1.
A: Control, B: CuSO,-5H0,C:K:HPO4,D:FeSO4-7H20,E:MgSO,- 7TH.0O,F:NaCL
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Fig. 9. Effect of concentration of FeSO,-7H:O cell growth and antibacterial activity of

culture broth of the isolated Lactobacillus rhamnosus CY-1.
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Fig. 12. Effect of culture time on cell growth and antibacterial activity of

Lactobacillus rhamnosus CY-1

Table 6. Optimum medium compositions and culture conditions for antibiotic

production by Lactobacillus rhamnosus CY-1

Ingredient Concentration (w/v, %)
Rhamnose 3.0

Yeast extract 3.0
FeSO47H,O 3.0

Temperature : 35C, pH : 8.0, Culture time : 96 hours
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Fig. 13. Weight (g) of Olive flounder that was fed with probiotic and non-mixed

control diet for 10 weeks and weithed every 2 weeks
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Fig. 14. Size (g) of Olive flounder that was fed with probiotic and non-mixed control

diet for 10 weeks and weithed every 2 weeks
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Fig. 15. Cumulative mortality (%) after intraperitoneal injection of Streptococcus

parauberis in Olive flounder.
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Table 7. Detection of Lactobacillus rhamnosus CY-1 in the intestines of Lactobacillus
rhamnosus CY-1 fed the control deit and Lactobacillus rhamnosus CY-1 containing diets at

10°, 10°, and 10" colony-forming units (cfu)(kg diet)’ by plate counting on MRS agar.

Number of Lactobacillus rhamnosus CY-1 Control 103CFU/kg—1 105CFU/kg—1 107CFU/kg—1

(CFU/g-1)
0 week ND ND ND ND

1 week ND 1.0x10° 4.2x10° 4.3x10"
2 week ND 8.2x10° 1.9x10" 3.0x10°
3 week ND 7.0x10° 2.5x10° 2.2x10°
4 week ND 3.5x10° 3.1x10° 5.1x10°
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