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SUMMARY

I. Title of research

Development of mass production process of microbial B-glucan and its application to
immune-stimulatory feed additives

II. The object and need of research

As the consumption of fish for natural food has been expanded, it has been
mostly cultivated in house at a high density. Under these conditions, fish deseases
quite often occur and might result in a massive death. Antibiotics have been usually
used to prevent this dangerous happening. However, the use of antibiotics becomes
strictly regulated under the law since the occurrence of antibiotic resistant mutants
and remaining of the antibiotics. Vaccines and immune stimulatory substances are the
other choices to prevent the disease in advance. The advantage of vaccines is the
specific effect on the disease, but they are usually sold at a higher price. It is also
needed to develop new types of vaccines which can be administrated orally. On the
other hand, immune stimulatory substances are beneficial for fish farming in
enhancing nonspecific defence mechanisms against diseases, consequently increasing
body weight. B-Glucan is one of the typical immune stimulatory substances, and it
has been mostly obtained from the extract of the cell wall of yeasts. In this study,
firstly, we attempted to develop mass production system of PB-glucan by using
bacterial microorganisms, which belong to Agrobacterium species. Microbial
fermentation system is good tools for obtaining large quantity of B-glucan at a
higher content since microbial B-glucan is extracelluarly accumulated in the broth,
enabling the separation process much easier. Main objective of the study is to verify
the immune stimulatory activity of B-glucan and to develop a new effective feed
additive enhancing immune activity and health of aquatic organisms. We believe that

this work gives an impetus to increase the market of immune stimulatory feed



additives and provides good fish farming conditions with the product to aquafarming

land.

M. Scope and contents of research

O Development of mass production process of B-glucan
1) Development of high producing mutant strains by the mutation technique, and
optimization of fermentation media and conditions to increase of productivity of
B-glucan by micrpbial fermentation process
2) Establishment of scale-up processes and mass production of B-glucan in a 34
ton scale air-lift fermenter
3) Development of separation, drying, and milling conditions of B-glucan, and
standardization of the raw material of B—glucan powder
O Verification of immune stimulatory effect of B-glucan
1) Examination of weight gain, feed efficiency, specific growth rate, and protein
efficiency rate for oliver flounder fed with B-glucan diet
2) Observation of hematological and serological characteristics, and lysozyme
activities of oliver flounder (Paralichthys olivaceus) to examine immune
stimulatory effects
3) Examination of cumulative mortality after intraperitoneal injection of
Edwardsiella tarda
O Development of feed additives consisted with B-glucan and amino acid complex
for enhancing growth
1) Design of composition ratio of B-glucan to amino acid complex
2) Examination of weight gain, feed efficiency, and immune stimulatory effects
O Field test with the newly developed feed additives (BetaMax), and production of
final product
1) Formulation design of final product
2) Field tests of the product in aquafarms cultivating oliver flounder in CheJu

1sland and Wando island



IV. Results

O Development of mass production process of B-glucan

1) Mutant strain: We developed a mutant strain, which showed a higher (3

2)

—glucan production than the parent strain, Agrobacterium sp. ATCC31750. A
maximum B-glucan concentration of 76 g/ was obtained in 120 h of
cultivation with the mutant strain, while the parent strain produced 64 g/l
under the same condition.

Fermentation optimization: Sucrose and ammonium chloride were chosen as
efficient carbon and nitrogen sources, respectively, for the production of 3
—-glucan. Two-step fed-batch fermentation technique was designed in which
biomass was first produced, followed by B-glucan production which was
stimulated by nitrogen limitation. pH was controlled at 7.0 at the cell growing

stage, and shifted to 5.5 at the time of nitrogen limitation.

3) Mass production of B-glucan in 34 ton air-lift fermenter

The oxygen transfer rate is a crucial factor in the scale-up of the
fermentation since Agrobacterium sp. 1s a strict aerobic bacterium and
—glucan inhibits oxygen transfer at its higher concentration. When a 34 ton
scale air lift fermenter was used for the B-glucan production, air was supplied
at aeration rate of 0.75vvm. Under the optimized condition, B-glucan
concentration was as high as 60 g/l in 120 h operation. Final production
amount of B-glucan was 1200kg by one batch fermentation and conversion

ratio from sugar was 042 g B-glucan/g sucrose.

4) Development of B-glucan powder production process

As B-glucan is insoluble in aqueous solution, it can be separated from culture
broth by centrifugation. When a decanter type of continuous centrifuge was
used, 200 kg of B-glucan a day was obtained with a higher than 80%
recovery yield at the flow rate of 300 I/hr. B-Glucan paste was dried in a hot
air dryer at 50C. It is powdered with a hammer mill at a production rate of
300 kg/hr. Fine powder with particle size of 100-200um was obtained by using
air mill. With this process, the production amount of B-glucan powder having

75% purity was more than 2000 kg/month.

_9_



O Verification of immune stimulatory effect of B-glucan

1) Weight gain and feed efficiency of fish fed Go: (0.1%6 B-glucan) diet were
significantly higher than those of fish fed control diet.

2) Chemoiluminescence and lysozyme activity of fish fed Goi1 diet were
significantly higher than those of fish fed control diet.

3) Fish fed Go; diet showed a significantly lower cumulative mortality than did
fish fed control diet.

4) These results implies that dietary supplement with B-glucan enhances the
non-specific defense mechanism and increase the resistance to disease
infection.

O Development of feed additive consisted of B-glucan and amino acid complex for
enhancing growth

Not only for the stimulation of immune system of fish but also enhancement of

fish growth, we studied composition of feed additive consisted of B-glucan and

amino acid complex (keratin hydrolyate). Feed additive composition varied as
follows: B-glucan concentration ranging from 0.05% to 0.15% and amino acid
complex concentration ranging from 0.45% to 1.35%. The levels of hemoglobin
and hematocrit in the blood serum of fish fed with 0.1 % B-glucan were
significantly higher than those without B-glucan. On the other hand, weight gain,
feed efficiency, and specific growth rate of the sample fed with B-glucan ranging
from 0.1% to 0.15% and amino acid complex ranging from 0.9% to 1.35% were
at least 50% higher than those of the other groups tested. From this result, it
was concluded that feed additive composed of 0.1% B-glucan and 0.9% amino
acid complex was significantly efficient for both enhancing immune system and

Increasing weight gain.

O Field test with the newly developed feed additives (Betamax), and production of
final product
Final product named as 'BetaMax’ composed with B-glucan 10%, Kkeratin
hydrolyate 50%, and wheat powder 40%. Field tests of the product were carried
out over 6 months in aquafarms cultivating oliver flounder in CheJu island and

Wando island. BetaMax 5 kg was mixed with 1000kg of moist pellet (MP) feed

_10_



diet. Weight gain and, specific growth rate, levels of hemoglobin and hematocrit
of fish fed with BetaMax were significantly higher than those with the control
group. In conclusion, BetaMax developed in this study was proven as an efficient
immune stimulation feed additive for oliver flounder farming, revealing a high

potential in the market.

_11_
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10 'MelM &7 Aot wahbd 714kl o
s @#*é oﬂHE o% g Solo] dEuele Zlow dddr
# 3 F
ul ek o wojo] s T (b, old , dEEy widAD o AFRAE L
AsHoz ZAFEQTE. I A F oFelA TR fFAaRE HIW TiHe
Fructose$} oA Sdedl, AHH| QAL =, Wt oA =9 FZEFHo|glrh =

st ulekAleo] diaiA = dH YA =7, o] s e Sgddoe] 7hd aubAl
AHASHEAOIG Y. E5old oJof, w7], Feo], 2kdvl7]= Sucrosed] tidl HA=
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S (R, immersion) & 73] i—?o} 107°M ool a7t et
o= Glucose$t Fructosedl %= 1 FA@ad7F yYelston, Fgojoas= ol& I
o ©&to] Mannose, Maltose, GalactoseolA %= FAEH7} LT shA R, &5,

O, 28 o] 590 Faro]o = JRel Ayt gy 9= Aoz yehg

L A =
=53} Pinfish Lagodon rhomboides) N A% ZFHHAad7F @s|xa S+
Betaine ZIthH9 =17|oA E37F Qle Zler B vy A EE (R
. immersion) & A4@3] wtow], Zwlaelel e 10 °~10 Mtk 71E Abm HF &
AEAZE e d7, Fd, 87 Sol vk

O%ET‘) o] AAEE TEAow IR vlzsirl. AlEZ QD ol Al AE] €]
IR obygl A AIFE(m
(neutroph1ls, W ro] ) natural killer celld} FAFSE AAXLE 7FA] 2 Q. 19
AEolfiE RFELEA lysozyme, &84 (hemolysin, AE2 7329 2 4
oM RIS FElA7E 532), EWAHH (transferrin, %3 f-FZEW),
2 FREsEe Wol e hAa Qv EdE QI HEE
(interferon), <IE]F71-2(interleukin—2), A AX A QAE3 72 Afo]EF}Q]
(cytokines, HAHFG-9] &} A&HAIg £4) ] EA7F Bl ¥ Qi ARt o,
HWASAEA(FF7, ZEHH(actoferrin), ¥l (levamisole, #5 A9 4F),
FK—-565, Chitin, EF203 &) %2 A€ o Felr AAzg4e Sis vk A9
A AR, AA, Fdel g8 A 2 Ak Bl AV HSAEA
A o7 AAMFAAN sh= M FaFE Aotk EH’EW]EPJ g+t AA 7Y
T I @718 2How AA vwle AF
species, ROS) o o3& TAEH= 3714 HAAAA w7t EFS shehddoly NBT test
(Sakai et al, 1995e)°l 9 #AAd < St 53] HTSo] AL AZY
HAAE AASE A3Hd FE (reactive oxygen species, RNS) 2] F2/do] d#x]aL 9]
ot 2y "W SAEAed AgE of 7o tiAAZW RNSE &4 tfsh Bl of
GH A3 QA @y, WAdE=HAEALE ZIerA A(concanavalin A, ARG EA)

= A9 (lipopolysaccharides) o2&l FE¥ -FAFHEYE =22 2} (mitogen) & &4

%!
acrophages), X%

Attt 3714 FE (reactive oxygen

F

mlo
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—Z—EHAMH_ A A 29 AARES AlFdrh. Li & Lovell(1985) % Hardie (1991)
HIER CE FisHl AF s of FellA Mo zIxte] &/do] Frhalittal B arshal
E‘r. lysozyme &4 AASFEH] Aol 9& 9IS v (Engstad er al, 1992),
natural killer cell A% 3% 2% (growth hormone, GH) (Kajita et al, 1992a) ¥ @ n}
n|& (Kkajita et al, 1990)° & &Ad 4 Sl5o] o8 Aol g3 ¥axa Ut
AR 0w AP BE dAFd=del g8 Sud & Stk oE =9, EaREF
S FAYSE AW 7= Edwardsiella ictaluril gt WARE-E- o] QoA o 2%} vl
lod =& serum FAEFEE RU. Aakre 5(1994)= Aeromonas salmonicida
bacterin®} @R FFIHS FASE A Ao oA FANEES FOAIZIT Y B askgit
A. salmonicida bacterinel ™ @ANEE2] Foh= Vitamin C8F Fk—565(Kitao et
al, 1987)2 #elel o8& o]FojWtt: W% Qb (Tompson ef al, 1993). A <
T ol 7ol HFol a3 HAFAEA st ‘44‘9*01 Table 2] YERt Sl o]
g HaTA=dS gstEdd v oA A, e, sEAE FEEY e

3} AfelEgtel & LT,

o

—4

ol

v

(1) #dutm)< (Levamisole)

Eﬂ‘ﬂ}‘jli% ‘ﬂﬂfﬂr EDOﬂ Aol s Fde AR 98 ol &H= 7AYo
SHAZI= &37F vk Aol Baiw i gl

EHol 9}‘31’\1 Eﬂ‘ﬂ}‘j] < 3% 7 (neutrophils, E 9] 4F) 9| thrat&d 3 A Az
|31 A Ao} e o] 4— g% W lysozyme?] ¥ AT &4
To JAME F(tumor) Ao EX &7 vt HaE i vk (Filder & Spitler,
1975). 71 9= MFCA (Modified Freud's complete adjuvant) 2} &%t #Hulu|&s
TARSE Aofell QlelA Al salmonicida®l Wid Aol Fo¥ A (Olivier et al,
1985), d¥pbu&E FARE  dojolA  ZF: W AAMES ndRHZFA oA
o Fucte Absksked m4) 9 &Ao] FriElew wiY A
T8 dF W lysozyme F5°| F7Felivke Bavb vt (Siwicki, 1989). &, #vkw]
s FAE FARE A 21 A 2 244, =R A FRI A 2
(Chemiluminescance, 3tsthg) REg-3 Mo &3 natural killer cell &4 5
22 v 5old waAntgol Fuldl o8| of7|¥l= Vibrio anguillarum®l w3t A Q]
=7k7F B AT (Kajita er al, 1990). #vtvES FAFSE T2 7]Fo oA B 21}

oX
ftlo
o om :1
=
>,
Y

(myeloperoxidase, 3}&Hik

Ol
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$57h /RS K, Arelee AA o (1B W)l Weurge S04

Table 2. Immunostimulants used in fish and shrimp

Z]

=

P
T

C}\/]\

Synthetic chemicals

- Lavamisole
- FK-565
« MDP(Muramy! dipeptide)

Biological substances

(1) Bacterial derivatives

- B—glucan
- Peptidoglucan

(Brevibacterium lactofermentum;Vibrio sp.)

- FCA

- EF203

- LPS(lipolysaccharide)

- Clostridrium butryicum cells

- Achromobacter stenohalis cells

- Vibrio anguillarum cells (Vibrio vaccine)

(2) Polysaccharides

- Chitin

- Chitosan

- Lentinan

- Schizophyllan
- Oligosccharide

(3) Animal and plant extracts

- Ete (Tunicate)

- Hde (Abalone)

- Firefly squid

* Quillaja saponin (soap tree)

* Glycyrrhizin (licorice)

- Keratin Hydrolysis

- Smoke Natural Flavor, SNF

(4) Nutritional factors

- Vitamin C
- Vitamin E

(5) Hormones, cytokines and others

- Lactoferrin

- Interferon

- Growth hormone
- Prolactin

% A7 Masahiro Sakai(1999)
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X) /q]

Nﬂ-ﬂ

Rk E R vk A 9] spleen AIFES] o] AA XA I NBTRES, 4
A& TUAZ1aL, Yersinia rucckerll AFHES 7HA= ALY 5 FUAIITH
AL olm] X g vp Itk (Siwicki, 1990). AF-Foiet HAFoA(E5H E+o F
yoll g embr]&e] e £ a3 5 B HolA girk(Siwicki, 1989). #nHhv]
£ ATl ¥ MdT Y 4 lysozyme A4S T7HA7]AL NBTO #Haef 4
AL AAME AFE S, oF 59, o5 dupER Xl JAs ik
1, immersion)E 10pg/mlE 24A1%F &<t 3tRA-& W, Aeromonas hydrophila®]
b AgEo]l FoiE AAEe F3Hd, AMED, Fehddago] F7FE A (Baba
et al, 1993). =3 #@nlvlE Spg/mlg el 3023 FAN FolE FAEEGRITRL,
immersion) 315w H|5o]4 W] wFtUFI 54 A 257 Fdisktk(Jeney
& Anderson, 1993b).

aEu, ofFollA A st i’ﬂ‘ﬂ}u]i«]

[
1o

rlr
IN

£

2 adsE 47 AdAE Ads
L (5mg/kg) 9] dHntu|E&ES FARS F
of ula] 7kl W FolA ey
= c ol B A4S vHEEeoAE U
C ol FellA dntulEe] WS ads Bes] dFan. 2y dnpeEe kA
%

AN (B3] B v OF ) o8] HAR dob A FEEH Ak & A

(2) FK-565

FK—565 (hepatanoyl—y—D—glutamyl— (L) —meso—diaminopimelyl— (D) —alanine)
= Streptomyces olivaceogriseus® Weko 2HE Hyd SFEJHEZHAE=
(lactoyl tetrapeptide, FK—156) 2} ¥ fegto]=olw, FH oA w &7l st &
A& UshdH. FK-565F FAFSE FA/fEANN A, salmonicidadl td A&de] 5
7hskal Folo] A Al &Ado] yehdthe Zlo] TR EIT AAEe] &L =3 W
ol M= #EEATE FAMNFoINA FK-5657F EFE Y. ruckeri T A
salmonicidas ©l&ste] WA S HAAse Wl vl A A AE o} A

o GA AYFEE FHD 5 Ak

A=

=

Y}, Bacterial derivatives
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(1) MDP

mycobacterium.© 2 5] FZ 3t MDP (Muramyl depeptide,
N—acetyl—-muramyl— muramyl—L—alanyl—D—isoglutamine) ¥ W 2}=Aof] ot 4
&S Yebdith(ex: 7159 ®A alternative pathway, B HEZ 78} tha A Ee] 443},
coho salmon®] MDP® modified Freund's incomplete adjuvantE =% FAFHS o
A. salmonioida®| T3t A o] 47v} F7Fepith= Kavk itk MDP-LysE FA7H&
olo] Hub o FANSHH Al salmonioida A= W Fole AFHET ofg; 4
AI3E2] A 319} resipiratory brust, A7 Ul Wd@ 9] olF A4S FUHEATH AUt
MDP-LysE FAFst o 72 A A A2 7 3485 A3

(2) LPS

LPS (lipopolysaccharide) & 1842 AXH dFo=Z BHX F4S A58}
d], sl LPS(ipopolysaccharide) &
g Aol ZWEAU(Salati et al, 1987). MacArthur 5 (1985)
LPS (lipopolysaccharide) & At | X (Pleuronectes platessa) ol W2 AL o] 524
o] ZUtET= AS Bt} in vitroolA LPS(ipopolysaccharide) &= thA ek doj<]
macrophageW super oxide anions®] A} phagocytosisE A3t} w7 EA 2

rlr

FAFsFo] Macrophage phagocytic activity 7}

LPS (lipopolysaccharide) + goldfish® lymphocytest] macrophage activating factor
o] A} catfish monocytest interleukin 1 like molecules® AYAFS x}=+3tc},

(3) FCA

AAYE Mycobacterium butyricums o HEd B Z9F FCA (Freund's
complete adjumant) = e WHES ZFshA|7]aL o] FollA WMAHFTY da5S TUAI
t}. Olivier & (1985) FCAE T3t coho salmon(O. kisutch) °\X A. salmonicida
o] Zrdel gk wejgo] FojE oty Bttt FCAv A. hydrophilast V. ordalil
o el dEsix = WolEes SuiA7Ia, WA e® ofF el macrophage
(phagocytosis®t killing) &) & 02 <l A. salmonicidadl W3t A& o] Fof= A
th. Adams 5(1988)% FCAE FAFS FA7Eo1Y  furunculosis, vibriosis$}
redmouth disease°] tst Wojdo] FojeEtty Byl Kajita 5(1992a) & FCAE
FAFSE X 7)40]+= repiatory burst, phagocutic¥®} leucocytes® natural killer cell
activity”} 57V8tal, V. anguillarum infection®] tjdt Wo]l% F7lsiths 7S &<l3)
Aot 28y Kawakami 5 (1998)2 o&F Wol| P piscida vaccine®| thal FCAS X
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FN

a7 B AR, yellowtail P piscida®l 7@l disl A&Ade] S7h=EA &
ot X 3G T}

rlr

(4) Vibro bacterin

V. anguillarum bacterin> 4] ol o} 7b @341 Wl ow FAL HF5Fo
e} ok&o) o3| o]g=E 4= v} Sakai (1995¢)+ V. anguillarum bacterin solution
of AN FAMEA= streptococcus spiF@el gk WolHo] Frlsit= s B
139 th. Norqvist =(1989) % V. anguillations 7 3Aste] FA/MES A A
719 A. salmonicida®) 7+l st wojgo] Fdisttty Wy}, T8y P piscicida
o 7+od®l HWrojoll M= oWt V. anguillorum bacterin®] WA E ERGA] ek
vibrio bacterins® WA= &L Kuruma prawnselA % Hi HATt Itami &
(1989) = A% (prawns) oAl vibrio bacterinsg FTA} = HAAIA 30Y F vibrio©l
HAERE w XAEFo] FAET BT Horne 5 (1995) % tiger shrimpuiel
vibrio vaccines®] &S Rt} vibrio bactering H#3d Hwe hemocytes?)

migrations ol vBlal Z=7FE ot (Ttami et al, 1989). o]8]dt A}ALS H=En
Holuke-S

¢l prawn¥} shrimpul vibrio bacterin®] tjd] WIx}Fo] o] F EolF
ZWA A k=Y. V. anguillarum cells® components’} o]®@ A B Eo]A W
F3te=A] ofAZR = & 4 glvd. 18y bacterial LPS(lipopolysaccharide) %
old  WYWNEZ (53] macrophage activation)=  A=38ta  V.  angulillarum
LPS(lipopolysaccharide) & A4 95 & Zo=w Alg Hr)

2
Ay

=z

I

(56) A. stenohalic and C. butyricum

A. stenohalisc WISHEAA #8Ed 4 9,1—‘:— 371 s f71Eelt. 9
bacteria®] LPS(lipopolysaccharide) &= F <2 th2
235 eEPATH(Chang 1966). Kawahara 5 (1994) & 1|2
AFet white—spotted char (Salvelinus leucomaenis) = A ES] 3Fshubggre vl 1
A Gdol FNENL A salmonicida® FFEC] tist wWelgo] FUFEATE butyric
acid bacterium(C. butyricum)> A7te] el microfloras oWst7] 98] 4420
% o] gHo] gtar AbEe] HAL ®H], 5§29 el o] bacterium® FEAE A7 et
o iliﬁﬂ%ﬂﬂr. C. butyricums WA M X2} natural killer cells® A=3 2L HAA}
=4 RHoyFUaL,  Candida®l Aol W&l Woles S7HAZH. Sakai &

SO
[e]
(1995e) 2 ’3;5?%% ¥kl Wyt G o&) TAE+= C butyrium bacterin®

>,
m
1o
Ulj o:
o
[H
-
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AT Folof &l Fx|/Eo] el vibriosisel]l thdt A&Ho] FrlEda Ak o] &
Akl 7 EQIY . Bt Sakai 5 (1995e)+= FANES Wl C butyrium
bactering 7d7-Fo] sto] 2&8-& xS Wy G4y YAkst o] AJAto] FT1E o

S I3
= o= .
vibriosisell thgt A &Ho] Frle vt B gt

(6) 71993} 7] EAF(chitin and chitosan)
719 oW 7o MEHI FFe 25 9E4e] T3 AL o
T} Sakai 5(1992)+ 7|€9& FARSE ¥ J 1
anguillarumit @l gt Aol Frievty Btk JHS FARE Wole HS
Aonkgol FrtEE M dxAow, "ol HIMAEA o] AT
guinea pigellAl S 3Tt de—N-—acetylated?! chitosan =
B ok T EANS AFFoAE FANE AT TIEA §AE FAF e
Brook troutlX %= A. salmonicida®l 7ol st A&=go] FrtE AT X
o 7IEANS FAF e k&St FA) 55‘015 ol tﬂc%ﬂ@ Q
=

potential killing activity, myeloperoxidase, = Ig &%)7}

oft
=
o

o)
o 2 =

i
o)
i
>

f
19 30

Hogp T
% R

R
32

(7) EF203
EF203< chicken egg? waAt&Eo|tt, FA|7fEo]o Al EF203S A 7Foishd 2
223 gpehdb gyl e Wigate]l &9 S F7FA]7] 4L, Streptococcus® el dis] A

ool Frtetrh. Sakai §(1995)+ EF203 F7hgle]l wialxg g o9} @25t
oo ofF¢ wlwafA EF2039F salmoninarum . WAIA g ¥E FojoA 2 21 E
FA 9 A ) wWdE oA NBT responsessS Htty ®Hudich v @ia A=l
o] F9 serum agglutinating antibody titersi EF20373 tizX Alolo] & zlol+=
A3, EF203% 7 WX " oF7} R salmoninarum® A= QS w o2 At
Hl 3 AEEo] ofF Etth

(8) Glucan
Glucan® WS oist a¥= @ol] ATt glucan® o8 71A] el &
3t 9 3FL (o): yeast glucan, peptide—glucan, B —1,3—glucan) °©]fFolA Ad3s] FA}

k. o]y ZFFIE yeast glucane 7FE gEd AFHAY. Saccharomyces
cerevisiael] A|EW oA %3t yeast glucan(B —1,3— and B —1,6—linked glucan)
S oAk Aol B ) FAYS AW V. anguillarum, V. salmonicida, Y. ruckeriol
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st Aol Frbstttal Btk 18y} Thompson 5 (1995) & yeast glucans Ak
St FANEANE V. anguillarum®] FFAel tigt A o] FrhE A kerhal B
t}. yeast glucane F A (immersion) & A7 (oral) Foi®Hel & 28o] =3
Raa 5(1992)= thack dojo) yeast glucans ATFFostA V. anguillarum™ V.
salmonicida®] Wst A go] F7FE ATt BT}, yeast glucan solution (0.5, 1mg/
¢)°oll immersed (3 #]) 8t Tiger shrimpi= V. vuinificus®] #ael ojst Wol7} S715
Aty RuFoh xpdw| 7)o A yeast glucans FTAFSHH £ ictaluriel tfgt ol 5
7 AR, ARl BE welle sdst af7F yERhA @Skl yeast glucane] T
St adjuvant 9% THEAY. A. salmonicida vaccine$} yeast glucang TAFSH tff
Aof Ao A= EANESo] FFESQlAL yeast glucan 1] vaccines®  ZRTH
furunculosisel] tf&3t o7l A3 F71E ATt yeast glucans ©E O 2 FASHA
protection®] YEFFA] et} Baulny 5 (1996)2 V. anguillarum®| A3t turbotol
yveast glucane 75 st Z& bacterin @5 g g-o vlste] AdHo] Frhsirtar
Bugith 4719 A3¥AYH, yeast glucans @502 At V. anguillarum® 74
of thst A& o] FrtslA] =t yeast glucane thAFAo], FX]7]E0, turbotel
NoIA lysozyme&d @ BA A g @yt B oH, FANE], thA A
of, w7l oAM= A ALY AtArgo hst a3, FA/REC], tiger shrimp, 7],
i FAofel] ojx= A A, e &g AakstEe] BAs FTHA7IE afF #
zZb B Y. schizophyllum communeZF-¥H ¥ f—-1,3 glucan(VST) = 2o
st AdHS F7HAZITE VSTE FAF T A75938 coho salmon & A
salmonicida®] et Aol Fr7tEth B %O glucan £ A3k chinook
salmon< A& go] F=EA vt R Eth Ainsworth 5(1994) & VSTE A
Fg w7l= W lysozyme &7d0] F7bekA 9k wbdHol] A Aol oja IAks)
o] 8] AAto] FItHAN E. jetaluridl FHAHEANE W APEEC] HAETR HuF
AT’} antibody titers7} 7t E EF3Stal E. ictaluri bacterins©] ™3t glucan
°] Bz git= veRA] ¢k9kth peptidoglucane Brevibacterium . 2HE AL 4 Q)
o, W7} Enterococcus serioa®] #HAENE W A2EE FUAA HWAHgS T4
N7l &a¥%E VERdch(Itami ef al, 1996). peptidoglucan §%]7]%°] (Matsuo and
Miyazano, 1993) 4 vibriosis, black tiger shrimp(Boonyaratpalin et al, 1995)°l
A yellow head baculovirus®] ©j$t @& YEFHATE Sigma(Jeney and Anderson,
1993b), Lentinan, Schizophyllan, Scleoglucan(Yano et al, 1989)¢] 2 ¥FH %+

glucan®|] &e FANE, Joi, Wol, Al Sl =AU
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aE FTEENEHY FEES WYFAaRE vehdo Y s EER
Ql Ecteinascida turbinata (Ete) ¢} A& (Haliotis discus hannai) S Z5H F=
@] 27F(Hde) & A W SEAELY AAE SAA71aL A 9] T2

A A stk (Sigel et al, 1970). EteE FAFsE Woj&= 2 #-&o] 73ty glom
hydrophila A AAEEo] FAHS T (Davis and Hayasaka, 19

Stanley %(1995) EteE® FAFS Xpdu|7]olA WHAFHAart == UARE
ictaluridl 7§l B 2] AEE0] Etes TAME 2l 7] oA Aok As F9at
ATt HdeE FAMSE FA/Fo oAl Bgt A M EZ 8} natural killer M2 &8 o] %
RS B ¢ QQ3, V. anguillarum 9ol tist HELO Z7HE EoﬂTME}(Sakai et
al, 1991). =, firefly squid® F¥9 7V9FE5<%] Watasenia scintillans<

ofof Al HAFSHE o] AJAE, thAAEZSE A 9 HiESe] fzZoltmol A 4%01]
o) gt At Aga 22 WdFAadE vt (Siwicki er al, 1994).

(2) Glycyrrhizin

FaF, FFTUY S 7R B
< g 229 A EEHYANE sk SR FAYOlE Alxzdoe ]E‘r(Wada et al,
1987) Edahiro 5 (1990)< glycyrrhizing 2770l Wol= HlE A lysozyme
D47 A AR ARG FAJo) AstEAE RFUAIRE E. seriola @) FFAC gk A
go] S7FHASE Baskgivh. I2ly, Jang 5 (1995)% glycyrrhizin® = AJA] <] o] A
o] Fol= fiAAES] respiratory burst activity$} FA|7NE o] QlojA HEZF-E]

proliferative responseS S4AH S K sk}

(3) e WMAZPAT
WFENAS ATRAT BAASO A WA $F (A, AFAE A

5 Axbh o] Z7HES BolEth(Rumsey et al, 1994). Y. ruckeri ®A1S #7138k Quil
A Ao gl FX7) ol F ofL o] 5IGS w YF & ¥AIE FYE SO/

AU (Grayson et al., 1987). Ninomiya & (1995)<2 Quil A AFEW ] A F-5Fof= o]
oA WMEe] olfS TG Busgith. PS-K(&MA AFFE ] o),

Spiralina, ©15 ©9A 7k Bl ERHE 22 A FE =] WSt a3t Dty

ot
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AFE W BlERRD C= AR AT e ol 7oA 2 7kA A ARl 7]l &
THoE g Y (Halver, 1989). AbR W 2 59 HlEp CEz2 A7) (Li
& Lovell, 1985) A Edwardsiella tarda$t E. ictaluri 3, FANE A V.
anguillarum, THN} [chthyophthirius multifiliis®] et 74, dixF dojolx A
salmonicida$t V. salmonicida®l ¥l tiet Ad=e ] F7le] a7t vty B F
Ath(Erdal et al, 1991). Li & Lovell(1985)& W2 k2] HIER C Fol7} w7]9} o
Aqof dojol wA XS F7MAHGY Bkt ¥ Yano $(1998) ¥ Liu %
(1989)> w718} ZramollA est &7t #& X Zokthal Bttt oA gFd ol
(Thompson et al, 1993), turbot(Roberts et al,1995) A= 24X A 317}
HEH Y Hardie (19912 @2 49 HEH CE ofFel FoAs o =27 =
ol wet A AEe] GAS ST Bkl oj2dt A vhgke] BlEwl C
(1000mg/kgol ) & A3 o] Fol A protective immune responsed WERY7] wj&Ql
Row Ayt vEW Ev E3 ZfaolA Ady Axe AYrss Akt
Blazer & Wolke(1984)7} H.13}715 H|Elql E7}F AR ¥ AR5 9
specific, cell-mediated immunity Z22]3. thAA|E2] 2 #go] B
Atk A7t Hardie 5(1990)2 ®lEl E7F A€ ALRE <l
AtRE WS ol Fol vluwstel A, salmonicida Rl Wl AFEEC]l FolstAl F7hshSl
T Baskith Wise 5 (1993)2 @2 <ol vlEl EE 9l #7]elA phagocytic
indicese} W&o &gk HALs} o] 9] Aol FUtHE= Ae HolFn. AA, o
HIEbY, vlgF it 22 o8 Als U AFRYES ofFelA dgntks
T Atk ofFoll A AFE f Menkg-e Feido

oY,
HTt
i
k]
30
i)
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up TE2EE AEF D 7]E
1) z=2&

GHFA= FAREA e oM Vianguidlarumel w3t AZdHs  S7HAZIH.
Prolactin(PRL) 94 W S a3E Yebdth Sakai 5(1996b) 9 HilelX FF 2
PRLS chum salmon Oncorhynchus keta ° F°13t%1< @ lymphocyte mitogenic
He& AT skl e PRLE FAINEle] MiEE Soto] FAakstol =] A4t
< S7HNZAYAL st (Sakai er al, 1996a). Sakai 5+ %3 B —endorphin®] 4|
MEol NEe AME 485 AT st

a9

(2) Cytokines

APl EZIS WA oA - &S sk polypeptide B glycoprotein
ojty. ofFell lolA HE Alo]EZIS] EA7E Hu ® ¥l QIth(Secombes er al,
1996). interleukin 2%} 2 Alo]EZIS] Fx+= Aol By ¥ vf Qo (Tamai et
al, 1992), 2H9] AP)EZNE WAFAAZ o]&d 4 Utk Tamai et al,(1993)
Japanese flatfish Paralichthys livaceusl|~] “§4F¥ recombinant interferon—like
protein®] hiramerhabdovirus ©| &3 EPC A|¥x9 #AAS AAAZItha B skt
H|Z Ao E718] AFHA=dEA L o] flollA Aud Tamai 5(1993)9 A48
of §lAINE Aol EZD L TE7F A EL A FEE 7 Aot AEE Sl
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AzA e 29 & Qg Rolnt.

(3) Lactoferrin

gHEH ™S single peptide®] AFER FA O] 9lom o 87,0009 wAFS 7HA=
g Z+ 2Aketth 2709 Fe—binding site® 7HA™ Ef79 RfrollA &8 2 €
2 AESHA V5o dEHHY Y|eld=d dHAA &3 (Arnold & Brewer, 1980),
Fe &5° %4 (Kawakami et al, 1988) 12|31l macrophage® 37 % (Amberuso
and Johnston 1981) o] B ¥ ®} v} Sakai et al(1993) FA7] Fofeol Qo]A
20 FEAHYPE Folst Ao AAxdso A th Az o5 HAksto] =9
Ay V.anguillarum® ™3t %2 A8 (40—fold increase in LD50), Streptococcus
sp.ol i3t A& F7F 55 K 3 Th 2 Kakuta and Kurokura(1995) & 3
wolAl HEALDS FoIES W granulocyte 2 7ol e MET o FUF &9
7 B % 57}, Cryptocaryon irritans 7Fao] tist AdEE7F Sof &37 Qv
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Figure 2. Production of beta—glucan by batch fermentation with varius mutant

strains in a 5l jar fermenter.
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Table 3. Biochemical characteristics of Agrobacterium sp. R259.

Characteristics Reaction Characteristics Reaction
Oxidase + o
) Mannose assimilation +
NO, production - :
) N-Acetyl-glucosamine
Indole production - o
L assimilation +
Glucose acidification — o
o Maltose assimilation +
Arginine dihydrolase — o
Gluconate assimilation —
Urease + L
. ] ) Caprate assimilation —
Esculin hydrolysis (3-glucosidase) + . L
. Adipate assimilation —
Gelatinase — o
] Malate assimilation +
Beta galactosidase + . o
o Citrate assimilation —
Glucose assimilation + Lo
) o Phenyl-acetate assimilation —
Arabinose assimilation +

Biochemical tests were carried out by using API 20NE (BioMerieux, USA) assay Kkit.
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H AToA AR HiA = T RY BE HiAE ARE skt SElF HiAl =4S 20
g/l sucrose, 5 g/l yeast extract 123 5 g/l peptone ©|™ %7] pHE 7.0o% gt
FAo, E wrgefx] 242 g HY 100 g sucrose, 4.2 g NH/Cl,, 1.0 g KHPOy, 04 ¢
MgSO,7H-0, 233 10 ml o "l&EHY4 €9 (0.1 N HCI 1 g5 5 g FeSO,7H20,
2 g MnSO,H:0, 1 g CoCly6H:0, 28]3 1 g ZnCLE =44 wE)olal, 7] pHE 7.0
ojATt. EFebaa M-S flske], 100 ml FwiF vl A 30Tl A 17A12F &2t wigst
AE 5 mlE 03% (W/ V) CaCOz& &3k dawjr|o HEste] 30Tl A v ettt

g Zo] HEs Tk vl pHE AN NaOH/KOHE Al&3te] 7002 ZHsgch. avk

29l E7]%S 600rpm, 1.0vvme 2 Z+7 #4383t}

HEtE 732 Eoll =8Aol2® wdo]l & wiYkAs ATs] 34ste] 5000 rpm,
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T oAl A4l FEste] Ao AHES AL SAS 98 2-33] FHFFE AAHS
80T, 2447t dry ovenoll Al HxAA A#FE SAHsAT £ Ao FeHdd= B
“glucan®] Hobglom®E 20 N HCIS Azlste] Fahrzl & >
2-33] SHFE MAFH3Y 80T, 24417t dry ovenoll Al HEAA A&FS =43HA

g

B\

(2) Sucrose, Ammonium &%

Sucrose X 2N HCIE  o]&3te]l 100TolA  15%3F 7k Azl §&
dinitrosalicylic acid ¥ (Miller, 1959)& o] &3}
< indophenol ¥% (Srienc 5, 1984)9 u}gkc},

A3k 2™ ammonium ©]->%24

AN
O
ol

3. 2% 3 n&

BEtEFake] g A 9)ste] Ao wg wjxo HA g AFE FAAY
o AAE S8 TR A4S HAE) sk dle B WS awdol vk 25, pH,
VI FH, wrkEE I SV =7

7h e Aol & 9 sucrose? FE
Agrobacterium sp. R2592 ©]83t%] g —glucan AAHA] HZA &AYS ZASH]
Qsle]  7]xwiA]o| glucose, fructose, galactose, maltose, sucrose, lactose,
raffinose & Hdet ©ads 77t Eosto] wjgsdith dade] w25 27 100
g/l= Al A7vste]l 30TCTelA 3¢zt vikst A3, maltose 7F EZFE v A oA wjFH =
Al AR g Folld g %2 B—glucan AAME BATA8 g/) (Fig. 3).
sucrose® 7d-¢- maltose} FLE 2] B —glucans 147 g/D3F 2H, sucrose>
£ maltose®} glucosel thi= A H3dt &4 o]7|o] B —glucan AAHS §3 A A3
gadow Ayl

A (sucrose)? HAE T wWE B -—glucan A+ A ZAAAZES FAF R AF

u
rl
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‘
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sucrose?] X5 60°14 200 g/I7hA] Z+7r @elsto] Agrobacterium sp. R259 5
£ o]& 30TCelA 3¥Yzr wjeksldth. B —glucan Akl 2o sucrose FE7F
100-160 g/l 7HAE Hle B —glucan A2H(5B0 g/H)S RAUOH 1 o]atel o] delA

= B—glucan ko] ZHadklnt ofw Ao AR 2 A RISl AA wlzsit
(Fig. 4). ]9l g gads ol &stua dus AFES Het=F3 AAts F3 8
Aok AFRTT FUE AREE A 2w AAE SlE kA, 4452, NaOHE Al
ot T3 & AAP 3 Fas FHY W3 MERAAE AT A ¥l HE
2 eEug B AN Agrobacterium FFE ©|€3te] HWEFFFZ AR Al

sucrose= AFE3te] HESFF AL A4S H A3} AT

s}

L 1A 9% 9 s
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3 g —glucan YIS ZAFSEITE AREsE F] A A9 (NHy) :HPOs, (NHy)2SOq,
NH,Cl, NH4NO3,NH2CONH,, KNO3 , NaNO3s, Ca(NO3)2 o1t} FAMe A4 FolA
(NH4) 2HPO,, (NHy)2SO4, NH4Cl H7F A & B —glucan A4S et (Fig. 5
). OE AAaYe vl NH,Cl B¢ 7FF =2 A4S B3V B —glucan BAHS 9
3 HAo Ardoz AP NHCl sxof w2 g —glucan AAHS iz 7|z
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wol nAHENe W AAEY 7] dAHe F57F 0.5 g/Ldw SF3F QAR 15
g/LE GA A=t 27] QA %7t 05904 1.0 g/LE S71ets w wlEr=
FZEE] AR 120417bell 65 g/LE AAE QlTh o] 7I3F Bt Hollle Aakd el F

£ 0.5 g/L glom QA =7 2.0 g/LYul= WEFZF2E AAke] 54 g/L, A4k
o] ¥&7F 3.0 g/Ld = wE=F3E Aake] 35 g/LE YA AALE QI olelsh AR e

WERF TR OSSN 2] Qadel ¥EE A3F Bast 9o drd
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Figure 3. Effect of carbon source on glucan production
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Figure 8. Effect of agitation speed on (A) glucan concentration, (B) cell
concentration, and (C) ammonium consumption. Jar fermentations were carried

out in a 5—1 jar fermenter at different agitation speeds.
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Figure 9. Volumetric oxygen transfer coefficient (KLa) in 5—L and 300-L
fermenter. The working volumes were 3 liters in 5—L fermenter and 160 liters
in 300—L fermenter. Kla was determined by direct measurement method using
an oxygen analyzer (TOA Electronics Ltd., Japan)

_57_



_ 140
>
o 120 _
2 100 >
o
5 \J
> 80 =
< T
L 60 5
2w
8

20

0Y

Culture time (h)
1.00
>
- 0.75 _
Py >
: N
E 050 _
S =
- I
N =2
g 0.25
I
o
0.00
0 20 40 60 80 100 120
Culture time (h)
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Figure 11. Flow diagram of betaglucan production
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Figure 13. Process flow diagram for the B —glucan production.
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FK-565= 174 3}3tE, MDP(Muramyl depetide), LPS(Lipopolysacchride), 71€, glucan &
< HE ol FEAZ oJFY HIEo|F HARIAE SAAIA A g AIFEdS 4
AA o oAFY vISold WAAAZ = MEA WHAAR] macrophage, granulocyte,
nonspecific cytotoxic cell Fo] o, AN HWAHRJIXZ = lysozyme, complement,
interferon, transferrin, lectin 5| At} o|&3t H|Eo]|F WHIAR}e] EAS Z7IA|A A

o 2Ry A STMIIA Hed, ofFddAMe] HASAAE o] &3 4F FelA
oAFY AAEZ & (Raa et al, 1992; Jorgensen et al., 1993a), natural killer cell &7, 2}
o] &2+ (Engstad et al., 1992; Jorgensen et al., 1993b)=} H.A| o] tjAl F= &/d3}(Yano
et al., 1991) 5= X33 g AGgES ST AR HiEox 1o, ¥yt
ofye}l ofFeol MYFXE FalA Aoz A HAF WA 9L A%S ofFY AMPES

P Al TE Bart At (Yano et al, 1989; Robertsen et al., 1990; Chen et al., 1992;

Siwicki, A. K., 1987)

4% 2o 3olA MSA Welwge nATel 7ol B A WA oija o
g @ B4 oRE FARNY Fol DU SO sEdsd wEH/ G, o=
A% MSolH WAl Aot T FPEL oA Bk weh o HSo]A
WeiAe BAHE TN HAAY #hel W AR5PL FANAE o] A

(Anderson & Siwicki, 1944).

Glucan©] ool tegt mAES] T HI5o|4d AYRkE F7to] F&3ithe=
AL B2 AFE T3 EaHUAY (Yano et al., 1989; Robertsen et al., 1990; Chen et al.,
1944; Siwicki et al., 1944). glucan lysozyme &/3 %7} (Engstad et al., 1922; Jorgensen
et al., 1992), A Mzl &4 FZ (Raa et al, 1922; Jorgensen et al, 1993) 2 XA < tj
A BERE A3} (Yano et al., 1991)5‘}% o] FAFo ZHA HWHZ Q] H|5o]F W

Fure 7hA }
gepd, B A7 BHe WeZTd gatel FAHoE WY AN AR

a7t gom olF 2AZ Bglucand Almel W7l WALE WE dxel 4%
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% mEold WelEy

=2

v x)= g3yt HAA AT Edwardsiella tarda Q1912 7+

e A MaEs zALste] AR vMiste 24 ske o &8stk o
2. Al H U9

492 98l Agole BX Aol Abgatel, aluIAS F 605 1204 &

ST
%5 og3te] 7 APTY 3WBoR A MAP AKIE FFNOR FIEE

1

2~4 /¢ /ming 2A3Arh &t Fxo TR FLTFE A dA=ES HAsta 9Y
ANETFHFS AAFY 3~4%(AEZF 71F)E 19 23](10:00, 16:00h)sF ey A 7|7k

APALEW B-1,3 glucan®] FH7MsE+ glucan©] FH7FE A @2 AFRTE HETE
aled 0.01%, 0.025%, 0.05%, 010%°] 47}A == FH7lstach AAxsEE RE d85S
233 & Ay ARVE 4EF - AP, AAATE siever LEA F T, DR}
o 20T W& BEAsHEA AMESAT. AP AIAEW glucan®] S 0, 0.01,
0.025, 0.05, 0.1 % (Control, Goo, Goozs, Goos and Goi)E 3t 5712] AHF2 o]
AAEAT QAR FTHHF S oJATY 3~4%HEF 7R 19 2327 10:00, 2F
16:00h) Z&3t4th.

o AAE 2 4

oA SH2 27F A E AAGon, AFES S fAsto]l 2443 HA A
7% MS—-222 (100 ppm) 2 wHAA F2EE AAFAE S48d0. A58
Z A& (weight gain, %), AtZ &8 (feed efficiency, %), L7t %5 (specific growth
rate, %/day), WA A3 E & (protein efficiency ratio), 7FE%A5 (hepatosomatic

index), H]9F% (condition factor) % AES (survival, %) & ZAFSII T FSZFAF5

FE7] A8 2 FxEE 3okl e RAE FPSA ) Y FREQ AN
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< U #Zh

- Weight gain (%) : (final wt. — initial wt.) X 100 / initial wt.

- Feed efficiency (%) : (wet weight gain / dry feed intake) X 100

- Specific growth rate (%/day) : (loge final wt. — loge initial wt.)/ days
- Protein efficiency ratio : (wet weight gain / protein intake)

- Hepatosomatic index : (liver weight / body weight) X100

- Condition factor : [fish wt. (g) / fish length (cm)®] x100

Table 4. Composition and proximate analysis of the basal diet (% of DM basis)

Ingredient %
White Fish Meal' 59.0
Gelatin® 2.5
Casein’ 2.0
Wheat meal’ 16.0
Fish oil’ 14.0
EPA-DHA(45%)° 05
Vitamin premix’ 3.0
Mineral premix® 3.0
Proximate analysis (% of dry matter basis)

Moisture 20.5
Crude protein 49.6
Crude lipid 19.1
Crude ash 9.2

'Han Chang Fishmeal Co., Pusan, Korea.

23United States Biochemical, Cleveland, Ohio 44122.
4Youmg Nam Flour Mills Co., Pusan, Korea.
>*E-Wha oil Co., Ltd., Puasn Korea

"Vitamin premix(mg/kg feed unless indicated otherwise): vit.A, 30001U; vit.Ds, 2400IU; vit.E,
120IU ; menadione sodium bisulfate, 6; vit. B;-HCl, 15; vit.B,, 30; vit. Be-HCI, 15 ; vit.Bip, 0.06;
vit.C, 300; calcium pantothenate, 150; nicotin amide, 150; inositol, 150; d-biotin, 1.5 ; choline

chloride, 3000; pancreatin, 12.5
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$Mineral premix (mg/kg feed): MnSOs 320, ZnSOs 270; FeSOs 750; CuSOs 60; CoSO. 7;
MgSO,, 17.25; KoSO4, 212.24; NaCl, 51.88; K;HPO,, 136.09; NaSeOs, 0.013; KI, 0.15.

I=HR=]
a]'. )\é T':T':}H

A& kjeldahl AAAHFH (N X6.25), 23S A-3 oz 4390 AL A

ZS 1273 T AAZE 3 Soxtec system 1046 (Tacator AB, Sweden)2 AR&3}o]

2
AYFTE 5, FAE A 7 dAAE A4S st AdolE: Adsr] A7t

b AAAAT APAE 7L 2 3nkgy TR FESIY] HAE
o] mjRAgwofx NS PF & micro— hematocrit WH Brown, 1980) ] <J3l 3
ntE F 2 E (hematocrit, PCV)E S743t1, sAlel Drabkin's §9S A&}
cyan—methemoglobin "4 (Sigma Chemical, St. Louis MO; total hemoglobin
procedure No. 525) ¢ 2 3|52 Z 21l (hemoglobin, Hb) & F433th. G E ] 4
= 98t A NS FSuATE HEA e AR
WAgk % 3,000 rpmell A 1073 A4 ste] WA R et
At dHA TS AAE kit(oph) & AFEstel T A (total protein) & buret® O =,

triglyceride®} glucosers &Aooz TI83 GOT (glutamic oxaloacetic acids) 2}

2
WA 16417 olulel #45)

GPT (glutamic pyruvic acid) & Reitman—Frankelt] .2 4] 3}3it}.
uf, FAl 2 A3 2] Chemiluminescent ¥H$-

(1) 72 Bdae] &

B FES, MS222% wHAY AZ HH FAE FaAoz BEsh $ 4T
2 WAk Hank's Balanced Salt Solution (HBSS)oll Yol 7h= AME o] 835t AE
I oWelch F288 FA MEs thA] 34/51%9] Percoll (Sigma) density

uly
ftlo
M
)
of
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gradientE ©]-g3ko], 4TA 400 rpm o2 30%3F YA b3 34%9 51% At
ol9] MEFTE 7t FAHE Julg o]gste] EHitt. FHFAow FeE Al
HBSS® 400 gollA 53k 2 MA &SI th. A2 &[5+ trypan blue staings ©]
goto] FAR o, Be Adger Fed AZxEY AEE2 98% oldeldn. A
3o A3 AMEO MESFE n vitrooldE 1x10° cells/mll HBSS®E, in vivoel A
= 2x10° cells/mt HBSS® 2433t}

B

L —
T

(2) Opsonization of Zymosan

Zymosan (Sigma)S ¥ Ao AGsHA] 2 717k A doj2HH weld 3%
7} E3ksto] 304 3023 wjekstgitt. o] 74
S dAwEstel LElskal, HBSSE o]gate] 33 AlHasict.

<
&)
o
of
ol

| opsonization®] ¥ zymosan

(3) Chemiluminescent (CL) response -2

M EANA  WEHE  reactive oxygen intermediates (ROIs)&  automatic
photoluminometer (Bio—Orbit 1251, Finland)°l &3] dx oz EA3HTt =, 2zt
test cuvette= Scott and Klesius (1981)¢ ®ol wel ZA$ luminol (Sigma)
0.7 mt¥ cell suspension 0.4 még Egsto] 531+ A&lA incubation 3+ & =74

A Ao opsonized zymosan 0.3 m¢ = H7}ste] 100E7F =45k}

v}, Lysozyme®| €4

7471l AT o Fell A #Eld ¥ 0.1 m¥} 0.05 M sodium phosphate buffer
(pH 6.2)° Micrococcus lysodeikticus (0.2 mg/ml)E A% suspension 2 mé¥}
=gshalth. HbeE 20C 2AelA 2d FAEAC FFE 530 melA 0.5 4.5+
of S43t3th lysozymed &4 @9l= +9 0.0018 F3% HAE Uil a4%
o7 Aottt

A BA A A2 (ACP) 49 B4
BA A AE (ACP) ZAL sheep red blood cells (SRBC)E o] &3to] #A5}

9th. SRBCE Mg2'9} EGTA7} 238 gelatin veronal buffer (GVB)ol 3% 23}
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Table 5. Weight gain, feed efficiency, specific growth rate and protein efficiency rate

for oliver flounder fed experimental diet for the six-weeks of feeding period'

Diets

Pooled

7

Control Go.ot Go.ozs Go.os Goa SEM

WG (%) 177° 186" 188" 198 216° 4.26
FE (%)’ 80.3" 83.0° 84.7° 89.7° 97.3° 1.7
SGR (%)* 2.43° 2.50° 2.52° 2.60°" 2.74° 0.04
PER (%)’ 1.67¢ 1.73* 176" 1.87° 2.03° 0.02
CF° 1.13° 1.16° 1.14° 1.23° 1.20° 0.01

'Values are means from triplicate groups of fish where the means in each column with a

different superscript are significantly different (P<0.05).

*Weight gain (%) = (final weight - initial weight) x 100 / initial weight
*Feed Efficiency (%) = wet weight gain (g) x 100 / dry feed intake (g)

‘Specific growth rate (%) = (loge final wt. - log. initial wt.) / days

*Protein efficiency ratio :

®Condition factor

"Pooled standard error of mean
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Table 6. Hematological and serological characteristics of olive flounder

(Paralichthys olivaceus) fed experimental diets for the 6 weeks'

Diets Pooled

Control  Gom Go.o2s Go.os Goa SEM*

Hemoglobin (g/ d() 6.14 6.17 6.11 6.08 6.12 0.21
Hematocrit (%) 26.5° 26.8° 27.2° 28.6° 29.2° 1.04
Serum GOT (IU/L) 525°  531°  501° 473  46.6° 2.06
Serum GPT (IU/L)3 11.2 10.4 11.5 10.8 10.1 1.12

'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 pmol 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 pmol of L-alanine per minute at 25C and pH 7.4.

*Pooled standard error of mean : SD/ v/n

Table 7. Non-specific immune factors of oliver flounder fed the experimental diet

for the six-weeks of feeding period'

Dict Peak value of CL  Lysozyme activity ACH50

(mV) (U/ml) (U/ml)
Control 387¢ 315° 47
Goon 395° 331° 53
Go.ozs 373¢ 322° 45
Goos 512° 415° 56
Goa 635° 432° 49
Pooled SEM” 23 15 5

'Values are means from triplicate groups of fish where the means in each column with a

different superscript are significantly different (P<0.05).

*Pooled standard error of mean.

_74_



100

: ——Conc
E 75 - —=—G0.01
S —A—G0.025
e
o 50 —-G0.05
=
E —0—G0.10
> L
c 25
>
&)
0 - | - | |
1 2 3 4 5 6 7

Fig. 14. Cumulative mortality (%) after intraperitoneal injection of Edwardsiella tarda in

cultured olive flounder, Paralichthys olivaceus.
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ddoj= |A Aol (92 £ 01g)E AHE3IeT 604 AbEzE

3RtE o7 FA9 wiA AT AlsTFe FFALE FFEFES 24/ /ming I
T2 A AF7IRbEet 16 £ L1THY 24 200 T3 Angws Adl doA=Es
&

AAsAT A AlRTEEFS oATY 3-5% (& (10:00, 16:00h) &

23]
F Sk 27T 4 pxel AA AYo) PAES YL ArFIFe 2adGh

o} AIZ7
oA 9 257 Ao NSO, YFES ST ske] 24417 GAN
1 % MS-222 (100 ppm) 2 vFAAA FxEE AAFAES S AEFE F,

Z A& (weight gain, %), AlE2 a8 (feed efficiency, %), L7 A5 (specific growth

rate, %/day), @M A3 E S (protein efficiency ratio), r==A]4 (hepatosomatic

index), B]YF%E (condition factor) 2 AEE (survival, %)= ZASIATE HEEHAF=
Tok7] Q& ZF R 3ekg]y ke FAIE SASAY. AV 54 dEEe AL

< U 2

- Weight gain (%) : (final wt. — initial wt.) X 100 / initial wt.

- Feed efficiency (%) : (wet weight gain / dry feed intake) X 100

- Specific growth rate (%/day) @ (loge final wt. — log. initial wt.)/ days
- Protein efficiency ratio : (wet weight gain / protein intake)

- Hepatosomatic index : (liver weight / body weight) X100

- Condition factor : [fish wt. (g) / fish length (cm)®] X100

ZS 1273 B 2A %S F Soxtec system 1046 (Tacator AB, Sweden) S ARE3}o]

soxhlet FEW o2 FA3F )
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ARFTE 5, FAE A 7 dAAE A4S fste] AgolE Adstr] At
Al ok 24413 FoF AAAZT. AJoE 4 2 3nkgY FASE FE5k] Ao
o] wF- Ao JAS AFS F micro— hematocrit WH (Brown, 1980) ) 23| 3
ntEF 8 E (hematocrit, PCV)E F4sta, #Alol  Drabkin's &%s ARE3
cyan—methemoglobin "4 (Sigma Chemical, St. Louis MO; total hemoglobin
procedure No. 525) 2% 3224 (hemoglobin, Hb) S =43ttt (A E] HA
= St AdE dAS FSuAVE AYEHA e AR A ¥ A2 3083t
WAk % 3,000 rpmellA 10/3F AAwEelste] WA R AstHA 16A17F oo A8}
At TS G kit(eFD & ARESe] T A (total protein) 2 biuret' O =,
Eg=gfol Algko] E (triglyceride) 8 &FF A (glucose) = aAWOE T8l GOT
(glutamic oxaloacetic acids) @} GPT (glutamic pyruvic acid)+ Reitman — Frankel

Mo BAE,

g}, FAl 2 A3Z 9 Chemiluminescent RHS

A FES, MS222% viHAZ |HAZ FE FAE FaAoR i &

2 Y438k Hank's Balanced Salt Solution (HBSS)ell ¥o] 7= WAME o] §3to] Al
s< wdd dddt EEE 74 AMEE oAl 34/51%8] Percoll (Sigma) density
gradientd ©]&3to], 4TelA 400 rpm2 & 30%7F AHE e 3 34%9 51% A
olf] MEFTE 7= AAHE IS o]geto] EHsditt. HEFEHoR Eed AX

HBSS® 400 gellA 5+3F 2 M A &FSI ek A2 AE/5+= trypan blue stains ©]
ot FAg o, Be AdgeA Fed AxE AAEES 98% ool A
ol A3 AMEO MESFE n vitroolAdE 1x10° cells/mll HBSSE, in vivoel A

L 2x10° cells/m¢ HBSSZ ZA3F9t}.

(2) Opsonization of Zymosan

AT

Zymosan (Sigma)& & A o] AFEshx] &2 717Fsk Jx| Adoj=HE welsk ¥
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3} &3+3le] 30CelA 30F7F viFskith. ol S E3] opsonization®] ¥ zymosan

& el Besha, HBSSE ol &ste] 38 AlHsqnt,

(3) Chemiluminescent (CL) response -2

M WEEE  reactive  oxygen intermediates (ROIs)&  automatic
photoluminometer (Bio—Orbit 1251, Finland)°l &3] dAozw EA3HTt =, 2zt
test cuvette= Scott and Klesius (1981)¢ wol wel ZA$ luminol (Sigma)
0.7 mt¥ cell suspension 0.4 még& Egsto] 5%+ A&lA incubation 3 & 74

A Ao opsonized zymosan 0.3 m¢ = H7}ste] 100E7F =45k}

n}k. Lysozyme®| €4

747kl A o Fell A #Eld ¥ 0.1 m¥ 0.05 M sodium phosphate buffer
(pH 6.2) e Micrococcus lysodeikticus (0.2 mg/ml)E A% suspension 2 mé¥}
=gshalth WbeE 20C 2AeA 2d FEEAC FFE 530 melA 0.5 4.5+
of S43t3th lysozymed &4 @9l= 9 0.0018 F3% HAE Uil a4%

o2 sttt

vh, BA ojA AE (ACP) &4 9 4

A A HE (ACP) 42 sheep red blood cells (SRBC)E o] g3}e] 43}
9ith. SRBCE Mg2"¢} EGTA7F %3 % gelatin veronal buffer (GVB)ol 3¥ A% 3}
A, 2o gEdoA 2x10YmE 2P, A8 dH S GVBE o] gl d&How
oAl A% &, SRBCE 100 ¢ FH7Fskivh o] &S /¥ &50] FHA 20T
oA 90FZF wiekst &, 4TeA 1600 g2 AAEE s FFTAqE 23 FHEA &+

BT 414 molA =459 ACP (ACH50) A& &89 Axo wet Axksgltt

A EARA

2 E 23+ Computer Progrem Statistix 3.1 (Analytical Software, St. Paul,
Mn. USA)&E FAHEA (ANOVA) & AAlete] HAF2x31 4 (LSD : Least Significant
Difference) &% B+t F24 (P = 0.05)= AG33AT.

_79_



Frlole] WA W ohet HFHAL fetol ARAIA WP B AT 3
oh ARAAE WEk2 R0 Aot R el v 92 ERHAo, Wb s
& ot27]d, S| AH

=
o[Al, AL ZhelAl, HiEled, Edled, e, AA", A Z2EY TS 10

O]

S ZAEA] ALRW A FoRS FA3S] A AR wWER W ES T
AR AERNEA A o], 0%, 05%, 1.0%, 1.5%, 3.0%7} H== A 23t 7
F3re] A3 AA= Table 89 Table 991 YEPNATH S &, ALEEE, IS, O
4 Agdas HTE QoA BMye®t BMisol B EE A7t fFolHow £ A¥
S BAT. 15T A5 A2 dojA BE AP FHA 27t gl A

olx] UWrAE EAXE Table 109] YEMNQT AojA] Gl As ko] ¢JojA] BMc9F
BM;s0] & RE Ao vlsiA =A vEelgtoy, Ao Aukgake] ol A= BMi

¢} BMys°] B EE AT Hle FoHer WA yeikd. g9 31 3 AJEWHS}
£ Table 1191 YeERATE SIZZ2H(Hb)S ZE AFFoA F2Z <l zo)7t glle
U, dlvlE =8 E(Hematocrit)oll 21914 control, BM; o9t BM;5°] BMos$t BMsooll Bl &
oHog & FS HIH W FEWE, SFA29 GPTE Ee AFETOA 79
Al zpolE HolA eFtovt, AW GOTol UoiA BMigot BMis©] ©HE B T
o Wl frejAew S e Bt AAEY F, 5oy Wognkey #YEg A8 =

o 54l A AEZ9] chemiluminescence (CL) ¥H&-o QoA diet 4%}
57} 2 EE AT vE fodoez =& ZYE HAFAY. A lysozyme &
doll oA thxTd Hlg] bE Ee AdAF7 FYHeE 2 2345 B, BM7t
Ao E JME =2 A5 EAuTh

S
T
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Table 8. Weight gain, feed efficiency, specific growth rate and protein efficiency

rate for oliver flounder fed experimental diet for the seven-weeks of feeding period'

Diets WG (%) FE (%)’ SGR (%)* PER’
Control 199° 76.3° 2.24° 1.53°
BMos 217° 80.0° 2.35° 1.60°
BM0 243° 84.8° 2.52° 1.70°
BM; 5 244° 85.5° 2.52° 1.72°
BMsy 218° 79.3° 2.36° 1.57°
Pooled SEM® 3.11 1.23 0.03 0.03

'Values are means from triplicate groups of fish where the means in each column with a
different superscript are significantly different (P<0.05).

*Weight gain (%) = (final weight - initial weight) x 100 / initial weight
*Feed Efficiency (%) = wet weight gain (g) x 100 / dry feed intake (g)
‘Specific growth rate (%) = (loge final wt. - log. initial wt.) / days

*Protein efficiency ratio : wet weight gain / protein intake

Pooled standard error of mean.
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Table 9. Condition factor, hepatosomatic index (HSI) and survival for oliver flounder

fed experimental diet for the seven-weeks of feeding period'

Diets CF? HSI’ Survival (%)
Control 1.16° 2.53 100
BMos 1.17° 247 100
BMo 1.27° 2.45 100
BM s 1.26° 2.49 100
BM, 1.14° 2.44 100
Pooled SEM* 0.04 0.21 0.00

'Values are means from triplicate groups of fish.
*Condition factor : {fish wt. (g) / fish length (cm)’ } x 100
*Hepatosomatic index : (liver weight / body weight)x100

*Pooled standard error of mean

Table 10. Proximate analysis of whole-body of oliver flounder fed

experimental diet for the seven-weeks of feeding period (% of dry matter basis)"

Diets Moisture Crude Protein Crude fat Ash
Control 74.2 66.5° 16.8° 12.3
BMos 73.9 68.8° 16.4° 12.4
BM; 74.1 72.1° 14.4° 12.3
BM; s 73.9 71.8° 14.5 12.1
BMs, 73.6 66.9° 16.6° 12.2
Pooled SEM’ 1.12 0.91 0.27 0.34

'Values are means from triplicate groups of fish where the means in each column with a

different superscript are significantly different (P<0.05).

*Pooled standard error of mean
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Table 11. Serological and hematological characteristics of oliver flounder fed the

experimental diet for the seven-weeks of feeding period’.

Diets Pooled

Control  BMps BMio BMis BMsg SEM’

Hemoglobin (g/dL) 624 613 607 627 612 0.35
Hematocrit (%) 27.6° 268 281" 285" 265 1.74
Serum Total protein (g/dL) 3.6 3.3 3.6 3.3 3.2 0.33
Serum glucose (mg/dL) 47.8 46.5 46.8 46.5 47.2 3.74
Serum GOT (IU/L)’ 497° 514" 469" 464>  50.3° 2.56
Serum GPT (IU/L)* 10.1 9.7 102 105 106 1.37

'Values are means from triplicate groups of fish where the means in each column with a
different superscript are significantly different (P<0.05).

*Pooled standard error of mean

*Glutamic oxaloacetic transaminase. One unit is defined as the amount of enzyme causing the
transamination of 1.0umol 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 umol of L-alanine per minute at 25C and pH 7.4.

Table 12. Non-specific immune factors of oliver flounder fed the experimental diet for

the seven-weeks of feeding period'

Diets Peak value of CL Lysozyme activity ACHS50

(mV) (U/ml) (U/ml)
Control 437° 306" 56
BMys 478° 357¢ 49
BMi 675" 453° 45
BM, 5 592° 412° 58
BM;, 441¢ 368° 36
Pooled SEM’ 27 19 8

'Values are means from triplicate groups of fish where the means in each column with a

different superscript are significantly different (P<0.05).

*Pooled standard error of mean
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AAAGEY] A B WY SAEHEY adE u"g e g AFsted MPAIEYW 1.0% (DM

basis) = W7kl FESAT. AATAAE M Folgel WAF AFIE(ET 168 )2

-Diet 1 : &7 (Con.) - AF1&F

- Diet 2 : WEb 2 H7}7(BM) - = - 8191 %

. Age} 2 AT
Age AFEel AN M Folgeln AASth APolt WA F4IF Aged

o F2e A AIVBES AAF Tt 4 AERIFHFS AT
3~8%(As is basis)Z 1 23] &5 oItk 4Fvitk Ao FAS SAHs U=, 4 =

NN A 200t S Fol FRAE ZHHT oA BFe THAL

. o4 =4

oA 3e 2% NHoE HASGOH, HFEL Y Aske] 4N FHAZ

R

_—

$ MS-222 (100ppm)E PFHAA A F2EE AAFAE S3AT 48 T8 F FAE
(weight gain, %), AFE & & (feed efficiency, %), ¥Xt37dE (specific growth rate, %/day),
Tl A8 E & (protein  efficiency  ratio), {t%F @A (hepatosomatic  index), BIRIE
(condition factor) B Ay E & (survival, %)= ZABIAY. SHAFE S35 A8 =
H= 3vigy 3te] RAE SAsAH. A7 54 FEEY ANHE g3 2o

- Weight gain (%) : (final wt. - initial wt.) x 100 / initial wt.

—_—

- Feed efficiency (%) : (wet weight gain / dry feed intake) x 100

- Specific growth rate (%/day) : (loge. final wt. - log. initial wt.)/ days
* Protein efficiency ratio : (wet weight gain / protein intake)

- Hepatosomatic index : (liver weight / body weight) x 100

- Condition factor : [fish wt. (g) / fish length (cm)’] x 100

AL AP MBS 4 sxEE ovtgy FASE FE8te] 243 doAE 24
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st9om™, AOAC(1995) Wiel wmel 8-S AU7FEAZHA5T, A1), ZH9de
kjeldahl A& TFH(Nx6.25), 23S AFIHo 2 EAAT. 22T &S 12
AZF FAZAZS T Soxtec system 1046(Tacator AB, Sweden)S AF8-3l4] soxhlet F+EH

o= BA3Ah

ZAbsh G BAHE BHS sl 4PIE AW AAA o
wle 4 BASR REste] 4ol vy

Wo| A HAES I &, micro-hematocrit ¥R (Brown, 1980)e <js)] drtEITE

28 e
o
>
oo
2 ,
i
i~
+
BN
oft
(€8]

(hematocrit, PCV)E 3743}, Ao Drabkin’s &8-S AM8-3l4] cyan-methemoglobin
W (Sigma chemical, St. Louis MO; total hemoglobin procedure No. 525)0.2 &&=

#(hemoglobin, Hb)& 243ttt €9 48e] R4S gate AEa P F<147)

sl FT A (total protein) biuretH 0.2, E | EFo] M| glo] = (triglyceride) 9} &F3 2~
(glucose)x= BAM O E 18131 GOT(glutamic oxaloacetic acid)®t GPT(glutamic pyruvic)

£ Reitman-Frankel o 2 R A3}5t}

ul, T4 AAH X9 Chemiluminescent ¥

FA WETe] £ AFAY TR F, MS22E mFHAIZ A ERE FAS P
0 ank’s Balanced Salt Solution (HBSS)ol ¥ o] 7}= WAE

H

Yok Ed8E T4 AEE oAl 34/51%9] Percoll
(Sigma) density gradientE ©]-83}of, 4Tl A 400rpm o= 301 AA S o 34%
¢} 51% Atolo] AMEZFE 7he H2FHE IS o]t B3t HFHor L2d
A EZ= HBSSZ 400gol X 527+ 2 Al Hstdnt. AlE ] AE/F= trypan blue staing
ol &3t EAs o, e APl ZdlE AEse] AEES 98% ool 4
ol AFR3 AAZ AEFE in vitrodlAE 1x10° cell/ml HBSSZ, in vivod A&
2x10° cell/ml HBSSE ZH3}¢]th.

Opsonization of zymosan : Zymosan(Sigma)< & Aol AMEsIA] &S 17g {XA
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Jol2RE g HF Tt 30THAA 30zt wids o olHHE  F3l
opsonzation®] ¥ zymosan<s WAE et & stal, HBSSE ©]-&3to] 33] Al 3stATh
Chemiluminescent(CL) response : 2JA|3EeA WZEE= reactive oxygen intermediates

(ROIs)= automatic photoluminometer (Bio-Orbit 1251, Finland)el] o] Ao = #4

of

At 5, ZF test cuvette Scott and Klesius (1981)9] *Hel wea} ZA|gH
luminol(Sigma) 0.7ml1¥#} cell suspension 0.4 ml< T3t 5%7F H-20)A incubation

st & 54 A A opsonized zymosan 0.3 ml< FH7}st 100&1F 543t

Hl. Lysozyme®] &4

Lysozyme activity™ Parry et al. (1995)¢] turbidimetric methodE ©]-&3l =433
o &, 2 A@FolA g EHE Micrococcus lysodeikticuss 02 mg/mle] FE=
0.05M sodium phosphate buffer (pH 6.2)°] @AE AlZl o5 o] AR 95009t EH
50uE E¥ste] 25TolA 30 2 4% 30x% IF WESA]Zl ¥ Spectrophotometer (530
nm)E ©]-&3t unit/mlE lysozyme B S8 ATH lysozymed] &4 @9le &9

0.0019 3% A2 Yl a40F0 2 AHstgh

2 E A8+ Computer program statistix 3.1 (Analytical Software, St. Paul, Mn. USA)
2 FAEA(ANOVA)S AAgte] HAFAHA(LSD : Least significant difference) S
2 g Y 594 (P<0.05)E A3 A

6 MUzte] ARWATE Fig 159 Table 1301 YERNT. 248, QA FET} v
o Qlold e HrpEol gzl va) feder ke ARE BT HEY

Agol dolA F APFEel FH A Aolrt gl HojA ARHYE EA A= Table
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14°] GeER AT Hojxl T AgteFel] o)A web 2~ HIErE 2T wlE] o)A
0 F w2 AFAE HYUTKP<0.05). sHAT, HoAA F&, AL sEdFel AAME F
AR FH ezt JAATh olgF Aole WA AW T =4
oF Airte] &Adsts B ANEFAS HaAA A4S AHE FASE 1552 A
Al 71998 Aotk d gl ¥ AJEWMSIE Table 159 YeER AT 3] 22 ZRI(Hb)
7} 3| vl E 38 E (Hematocrit)ol 1ojA] #lep# 2~ H7F77F dz2Tol B3] foJHo=z
A2 BATHP<0.05). HW GOTol oA we s H7t3r 2T B8] 9
How vre A3s HATHP<0.05). AT @AW GPTA oAM= F AF73dl #
ol ztol7F Utk AU GOTE et~ A7FE7E thzTo)] vls] goFozw e
s B, GOT9 GPTE 13 Ag9 2A&F0 2 A 84 U9 s=71 S7hs)
T AoE 4R Qo] YA A H A= BolAeS DAHOE HAFUY ]
Eoldmed Wgos T4 ANLY chemiluminescent W3 2 lysozymeo Aol Az
T 3% 1691 YERN AT lysozymeo] EAo] lojA wlebH 2~ H7brh gz vlE]
How & AHRE HYTKP<0.05). AT F4l AAES chemiluminescent FF-E-<ll
AoIM = F AFFI frolg o]zt Tt

flo
m
i

il

o
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Table 13. Weight gain, specific growth rate, condition factor and
hepatosomatic index for oliver flounder fed experimental diet for the six-months of

feeding period’

Diets Control Betamax Pooled SEM”
Initial wt. (g) 168° 141° 6.30
Final wt. (g) 974 968 5.82

WG (%)’ 480° 587° 3.94
SGR (%)* 0.98" 1.07° 0.03
CF° 1.18° 1.28° 0.04
HSI° 1.85 1.68 0.10

'Values are means from triplicate groups of fish where the means in each row with a
different superscript are significantly different (P<0.05).

*Pooled standard error of mean

*Weight gain (%) = (final weight - initial weight) x 100 / initial weight

‘Specific growth rate (%) = ((loge final wt. - loge initial wt)) / days) x 100

°Condition factor : {fish wt. (g) / fish length (cm)’ } x 100

®*Hepatosomatic index : (liver weight / body weight)x100
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Table 14. Proximate analysis of whole-body of oliver flounder fed

experimental diet for the six-months of feeding period (% of dry matter basis)"

Diets )
Pooled SEM
Control Betamax
Moisture 69.2 69.9 1.3
Crude Protein 62.8" 64.6% 1.2
Crude fat 27.5° 26.2° 0.8
Ash 2.87 2.50 0.2

'Values are means from triplicate groups of fish where the means in each row with a

different superscript are significantly different (P<0.05).

’Pooled standard error of mean

Weight Gain (%)

1200
1000 | O Control

so0 | H Treatment

600 |

400 |

200 | a b

SN
Initial Wit Final wt. WG(%0)

Fig. 15. Weight gain (%) of oliver flounder fed the experimental diet during six

months.
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Table 15. Serological and hematological characteristics of oliver flounder fed the

experimental diet for the six-months of feeding period'.

Diets Pooled

Control Betamax SEM”

Hemoglobin (g/dL) 10.2° 11.8° 0.23
Hematocrit (%) 28.5" 32.3° 1.88
Serum GOT (IU/L)’ 48.2° 46.4° 2.12
Serum GPT (IU/L)* 11.3 10.9 1.23

'Values are means from triplicate groups of fish where the means in each column with a

different superscript are significantly different (P<0.05).
*Pooled standard error of mean.

Glutamic oxaloacetic transaminase. One unit is defined as the amount of enzyme causing the

transamination of 1.0umol 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 ymol of L-alanine per minute at 25C and pH 7.4.

Table 16. Non-specific immune factors of oliver flounder fed the experimental diet for

the the six-months of feeding period’

Diets Peak value of CL (mV) Lysozyme activity (U/ml)
Control 371 341°
Betamax 382 370°
Pooled SEM’ 20.4 11.7

'Values are means from triplicate groups of fish where the means in each column with a

different superscript are significantly different (P<0.05).

’Pooled standard error of mean.
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AU lysozyme ZAEF7He WERH 2o fH SF3ko] ofFY HAMEE FAENT=
712 7118t AAMEe] WA e S5 AT & A= F87] (receptor)”7t o]
A o] Fejol =FIto] A9 AA R A48T 4TS 3 o E ALEHY, o
¥ g7 BAISMES ©E H7ISIRS w, opv|xite] HFHEZH G (Fukuda et al., 1989;
Kohbara et al., 1989; Elias and Joseph, 1999; Iwao et al., 2000)9} S| FHAED S| 23
WY 7%, NK (natural killer) cell €4, macrophage 7153} cytokine®] W4t o] 3F
F(Carver, 1994) 2 AW FA9 &%, Bcell @ T-cell®] &4 F7HRamadan et al.,
1994) = I8t o] 7o AWH 2Eds A, N 88, 4FE 3 dguteS P

A 71 ZZ(Burrells et al., 2001a,b)E 7} 2+ EZ7} synergistic £25 UEIH AS=E

Aoz 71 Aeolth. |dAol gl et 27t A Aol mAe dFS Al
7] &, AEFEN, driEaE, YN GOT GPT WHatE A Xu=Z 3ty
ZAIAT SR EE) eI 2We WER 2 HIbo gz s foFe
2 w2 e Eo 419922 |dAe A hd Ao wold ), driEadE



FREG Eold & Qtia sgernz B Ay Az wegds Foo 3|
Halgh AR #AHo] ds A AZEd. a8y rtEAYE, RIS EY
Y Y QA= AW AL ERbsHo® BATE o] YR A=l g AW A &
v g s snfEadE, dEFEH $£X7F Eopzlttal X3 (Davis and
Parker, 1990)3t1 oy thFEo] AFAEL FAFo] 7AW A gdo] wigsle
Ao 2 B3kl ) of(Benifey and Biron, 2000; Mattsson et al., 2001) ©] &ofe] djg o
g5 A7 dasith

W GOT= Wetd 2 H7b7F ol Hls] fFodes ve s B, GOTS
GPTE 3 A9 ZZELoE Qe €7 Y w=7

©{(Hans, 1974) g9 A&7 AHZ =7 oS THOE RAFYTh

o

p
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2. A48 H WU

7h A¥AE 3 AdYA

AEAEE 94 FAFNA dbH R ARgste MPAIRS ARESIGITh WEhg A
AT 43 3 Wy S8R 53E vRos AFste] MPALREW 1.0% (DM
basis) & F71ete] FFEET APUALL @E D Fo1F GAF 7003 A= |

WEP g AEA e 182 UETE ool WEmAS A T
Seter, e vd
2431 A A8

- Diet 1 : &7 (Con.) - FH7}

- Diet 2 : Mgt = H7F(BM) - 7}

e ghwo] AT D FolFolq AASAT A3
2o ezsgnh 9 A}
d 28 TF AT 4Fni Yol AL

24311 oAz PHe

~4%(As is

&5
FZoNA F2H9

. AA &3
oAl 4L 4F AR Ao, AFES S8 st 24X AAAZ
T MS-222 (100ppm)Z vHAAA F2HEZ AAFAE SH3A 48 T8 & A&

(weight gain, %), At5 & & (feed efficiency, %),

Gl 2 W 3G & (protein  efficiency  ratio),

(condition factor) B AE&(survival, %)S ZASIAS FFHATE T3] f& =
g 3vkgy zhe] FAE SAsAT. 7] S dES9 AN e 2

- Weight gain (%) : (final wt. - initial wt.) x 100 / initial wt.

- Feed efficiency (%)

: (wet weight gain / dry feed intake) x 100

* Specific growth rate (%/day)

- Protein efficiency ratio

: (loge final wt. - log. initial wt.)/ days

: (wet weight gain / protein intake)
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- Hepatosomatic index : (liver weight / body weight) x 100
- Condition factor : [fish wt. (g) / fish length (cm)’] x 100

kjeldahl A& FH(Nx6.25), 232 AFIHoE EAAT. 2ALS &S 12
AZF FAAZS T Soxtec system 1046(Tacator AB, Sweden)S AF8-3l4] soxhlet F+EH

o2 FYsat

Q2
Lo
=
e
oZi

::‘
2
>

ek

12

o
28
i)
rot
y
r>~!
il
g
_1>~
i
>
2
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=
il
I
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(e}
=
2
o
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E
E

100 (HFwde, s=)S ©]&3st GOT (glutamate oxaloacetate transaminase), GPT
(glutamate pyruvate transaminase)v= Kinetic WS ©|-&sto] FAstATh 49 AF
A FE= Na 99 iz met 52480 & AES 839 micro somsmeter

(BMO, US.A)Z ZA3}At).

AT AN Zzre] FxoM e HAXE AAE
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R E A5+ Computer program statistix 3.1 (Analytical Software, St. Paul, Mn. USA)

e

AR (ANOVA)S AAste] HAEFYAHA(LSD : Least significant difference) S
2 HT7 F94(P<0.05E AA3FAT

B oAgelE 44, 2Eds 2 RAANRS AN EFe] AEAAS W, 4
FEAAAE ALFFHD 220l MAEA JFS Golun, FAAAEEL Bolu
A AA WA FAGAA e 2E MPARW 05%S H7Hstel FEahar

F2 24945 Rt oA dwrAR BAX= Table 1891 YelATh oA
ol A gk 237l oA WEH A HIbe tizTel dolA fFodk AfeolE Hol
A gom, F doAe e HUEr dExFRY fFosHA 2 s e
A E HEH 2 H7M7F 2FRY fFo5A @ gs uE
ek gx 25Uy gald e SAAA zolE Holx| grgkou, wlEgpw s b
b dizTEY e s JERiE WEeb 2 HUbrE 220 oA diERT R
T B s YErdo 22X |AZE AWMLY A4S B3 ARFHES A
HE = 718 Aoz AztEo] A, M AFo 4
o} FAFEIG T d @ H AEWEE Table 199 YeERAAT sl =229 (Hb)F 3
Pt E =2 E (Hematocrit) ol S1o1A WlEFH 2= H7F7F tizgtol] wla] foaiA =2 4
g B2t @AW GOTol QoA et 2 H7b77E 2o vl fFoJHoz *e 2
HE BAth AW AU GPTA YA = F APzt F4HA ze)7t glieh &
AU GOT= Wgd = H7b7E izl mlaf fFo2o= vde s B, GOTS
GPTE 2t Ao 2AEdo 2 QsiA 8 U 27t F7hete o= 4dA 3l
o] X9 A4z ARE EoHS S dHow HoFglow, 17 1844 tlRT
o} AP 1] HEHE FRIg 2 tdxFelAEe dXo 7o vt 2@ o] H
gy RBCO lolre wep 2 H7bgteb dx277ke] fojg A}
o] Holx gttt Ed A AP HI5olH WAl golaxYdy CLyHS-olA

A
1%
o
S
1}
kl
zjl
Ho
o=
[



(Osmolality) &=5 ZA3sIATE Table 209 472 =5 e oH, HEHAE &
B AP TFSA e 2ol vste fofshAl R & eItk dubH
129 A4 254 F=7F 300-400 mOsm/kg A= HE FAdstd & 4o =t
o] 7% 462 mOsm/kgs UEbH o =M wEt s Hrby B Z7]Hog AEFHAE W
T e AR AR HoRn. B, A3 20d ] 4 HAMES Figo 1991 UERA
At AP AR Zole FAAAE] vsd oy A T8 A= HAR Sl glof

N AR WET Aol AT Aolg BT

- 100 -



Table 17. Weight gain, specific growth rate, protein efficiency ratio and feed efficiency

for oliver flounder fed experimental diet for the two-months of feeding

period'

Diets Control Betamax Pooled SEM”
Initial wt. (g) 703 697 3.76

Final wt. (g) 851° 894° 11.9
WG (%)’ 21.1° 28.3° 1.71
SGR (%)* 0.32° 0.42° 0.03
PER’ 1.10° 1.47° 0.09
FE° 53.2° 66.6" 3.26

HSsI’ 1.91° 1.50° 0.15

'Values are means from triplicate groups of fish where the means in each row with a
different superscript are significantly different (P<0.05).

*Pooled standard error of mean

*Weight gain (%) = (final weight - initial weight) x 100 / initial weight

‘Specific growth rate (%) = ((loge final wt. - log. initial wt)) / days) x 100

*Protein efficiency ratio : wet weight gain / protein intake

®Feed efficiency (%) : increase in biomass of fish x 100 / feed intake

"Hepatosomatic index : (liver / body weight) x 100
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Table 18. Proximate analysis of whole-body of oliver flounder fed

experimental diet for the two-months of feeding period (% of as is basis)'

Diets )
Pooled SEM
Control Betamax
Moisture 68.7" 72.0° 0.73
Crude Protein 194 20.0 017
Crude fat 9.32° 5.45" 0.79
Ash 341 3.14 0.11

'Values are means from triplicate groups of fish where the means in each row with a

different superscript are significantly different (P<0.05).

’Pooled standard error of mean

1000 r a
J Control b
B Treatment
800 |
S 600
<
=
D
= 400
200 |
O (]

Initial Wt. Final Wt.

Fig. 16. Body weight of oliver flounder fed the experimental diet during two months.
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Weight gain (WG, %)

30 a
b
I
20
O
=
10
O |
Control Treatment

Fig. 17. Weight gain (%) of oliver flounder fed the experimental diet during two

months.
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Table 19. Serological and hematological characteristics of oliver flounder fed the

experimental diet for the two months of feeding period".

. Pooled

Control Betamax SEM?

Hemoglobin (g/dL) 10.6° 13.4° 0.23
Hematocrit (%) 18.7° 22.0° 1.88
Serum GOT (IU/L)’ 18.2° 15.0° 212
Serum GPT (IU/L)* 7.40 6.00 1.23
RBC ( x10° cell/ul)’ 2.97 3.30 0.29

'Values are means from triplicate groups of fish where the means in each column with a

different superscript are significantly different (P<0.05).

’Pooled standard error of mean.

Glutamic oxaloacetic transaminase. One unit is defined as the amount of enzyme causing the

transamination of 1.0umol 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 ymol of L-alanine per minute at 25C and pH 7.4.

Red blood cell

Table 20. Osmolality in plasma of oliver flounder fed the experimental diet for the

two-months of feeding period’

Diets Control Betamax Pooled SEM?

Osmolality (mOsm/kg) 462° 400° 14.7

'Values are means from triplicate groups of fish where the means in each column with a
different superscript are significantly different (P<0.05).

’Pooled standard error of mean.
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Fig. 18. Liver of olive flounder fed the experimental diet for the two-months of

feeding period'
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Cumulate mortality

350

280 —o— Betamax 0%
—a— Betamax 0.5%

Days

Fig. 19. Cumulative mortality of juvenile olive flounder fed two experimental diets for

two months.
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