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Abstract

In every year, about 15% of culturing fish has Dbeen killed
in commercial-scale aquaculture farms. The dead fish ratio ranged from 20 to
30% in 2005 year, especially in this year (2006) dead fish ratio was around
34% in Jeju. This results in a big economical loss and induce a considerable
damage to the environment because farmers burry the dead fish under ground
near their farm illegally. We can regard the dead fish as a by-product, when
we use the dead fish to prepare fish meal. In this study, we tried to find out
optimal condition to produce fish meals from the dead fish in a fermenter in
which by-products such as fish or vegetables are dried with a high speed
and cultured parrot fish and Olive flounder fish with a mixture pellet and
moist pellet (MP) including the fermented fish meal (FFM). Four experimental
diets were formulated to provide 50% protein and 11% dietary lipid (dry
matter basis) with the FFM protein source replacing fish meal at 0, 10, 20
and 30% FFM (named OFFM, 10FFM, 20FFM and 30FFM, respectively) for
parrot fish dietary protein, and two experimental diets for Olive flounder, one
a raw fish MP diet and another a mixture MP diet containing 7% FFM in
commercial-scale aquaculture. The fish feeds including FFM enhanced the
growth rate of both Olive flounder and parrot fish. In the growth experiment
of parrot fish, the highest weight gaining (WG), specific growth rate (SGR)
and feed intake (FI) were observed in the fish group fed with 10FFM,
however, the more increased FFM contents rather led to decreasing in those
growth factors. In the growth of Olive flounder, dietary supplementation of
FFM and non-supplemented control diets showed almost same growth
tendency. Analyses regarding physiological activities and immune responses

were conducted in parrot fish and Oliver flounder fed with FFM. Fish fed



with FFM had higher lysozyme activity and NBT reduction. And, the
resultant of this study, FFM showed remarkable protecting effects against
H2Os-mediated DNA damage.

Most aquacultural farms have been using moist pellet (MP) feeds for
growing cultured fish. However, the weak bind capacity and rapid collapse of
formation in salt water of MP feed aggravate feed loss and thereby reduce
water quality which lead pathogenic invasion. In order to avoid those
problems, therefore, in the previous our study we have developed
chitosan-based biopolymer coating material for environmental-friendly
improvement of fish MP feeds in aquacultural farms. Growing fish fed with
the chitosan—coated MP feeds improved water quality in aquacultural farm
tanks. In the growth experiment of Oliver flounder fish, the chitosan—coated
MP diet was observed no significant differences in final body weight and
total mortality ratio. However, there was clear trend that the immune
response of fish fed with chitosan-coated MP feeds positively increased.
Citosan—coated MP diet significantly stimulated the myeloperoxidae (MPO)
and skin mucus lysozyme activity (p<0.05), comparing to non-coated MP
diets. On the other hand, there was no significant of NBT reduction (p>0.05).
In addition, a strong protective effect of chitosan—coated MP diets was shown
against HxO»-induced DNA damage in lymphocyte from fish. A similar trend
was observed in the growth experiment of parrot fish. These results indicated
that the chitosan—-coated MP diets induced enhance of immune response and
antioxidative ability as well as improvement of water quality in tanks of

aquaculture farms.
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Biofeeder BF-30 model as a high speed fermenter to prepare fish meal
from by-products in fish farms. The left is the outside and the right is
the inside of the fermenter (left; outside. light; inside).

The heat treatment against pathogen was monitored at 40, 50, 60, 70, 80
and 90° C for 10 h. MTT assay was used to assess the viability of the
bacterial cells (Streptococcus iniae (A), Streptococcus parauberis (B),
Edwardsiella tarda (C), Flexibasler maritimus (D), Vibrio alginolyticus
(E) and Vibrio anguillarum (F)).

The production rate of fish meals according to the added rice bran
amount in the Biofeeder BF-30 fermentor.

The production rate of fish meals according to the added citrus meal
amount in the Biofeeder BF-30 fermentor.

The production rate of fish meals according to the added zymogen
amount in the Biofeeder BF-30 fermentor.

DPPH free radical scavenging effects of aqueous and methanol extracts
from the fermented fish meals. The left is the results by the both
extracts from the fermented fish meal prepared with moist citrus meal,
and the right is with dried citrus meal.

Hydrogen peroxide (H.Os) scavenging effects of aqueous and methanol
extracts from the fermented fish meals. The left is the results by the
both extracts from the fermented fish meal prepared with moist citrus
meal, and the right is with dried citrus meal.

The effect of supplementation in vitro with different concentrations

of FFM (fermented fish meal) prepared with citrus peel extracts on
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DNA damage of H2O2-induced U937 cell. Values are means with
standard error of duplicate experiments (bar represented %
Fluorescence in tail and leaner represented Inhibitory effect of cell
damage).

Fig. 1-9. The effect of supplementation in vitro with different concentrations
of FFM (fermented fish meal) prepared without citrus peel extracts
on DNA damage of H>Ox-induced U937 cell. Values are means with
standard errors of duplicate experiments (bar represented 9%
Fluorescence in tail and leaner represented Inhibitory effect of cell
damage).

Fig. 1-10. Comet images of U937 cells: (a) Negative control, (b) Positive
control (50 uM H-0,), (¢, f) Treated sample (10 pg/ml), (d, g)
Treated sample (50 pg/ml), (e, h) Treated sample (100 pg/ml), (c, d,
f) citrus peel, (f, g, h) no citrus peel.

Fig. 1-11. The effect of supplementation in vitro with different concentrations
of FFM (fermented fish meal) prepared with citrus peel extracts on
DNA damage of H2Os-induced flounder lymphocyte cell. Values are
means with standard errors of duplicate experiments (bar
represented % Fluorescence in tail and leaner represented inhibitory
effect of cell damage).

Fig. 1-12 The effect of supplementation in vitro with different concentrations
of FFM (fermented fish meal) prepared without citrus peel extracts
on DNA damage of H»Os—induced flounder lymphocyte cell. Values
are meals with standard errors of duplicate experiments (bar
represented % Fluorescence in tail and leaner represented inhibitory
effect of cell damage).

Fig. 1-13. Comet images of flounder lymphocyte: (a) Negative control, (b)
Positi-ve control (50 uM H202), (c, f) Treated sample (10 pug/ml),
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(d, g) Treated sample (50 pg/ml), (e, h) Treated sample (100 u
g/ml), (c, d, f) citrus peel, (f, g, h) no citrus peel.

Fig. 1-14. PCR results of the isolated bacteria strains Lane 1, DNA
marker(100 bp); lane 2, S. parauberis (718 bp) ; lane 3, S. iniae (870
bp) ; lane 4, F. maritimus (686 bp) ; lane 5, E. tarda (786 bp) ;
lane 6, DNA marker (100 bp)

Fig. 1-15. PCR results for the identification of the respective infectious
bacteria from the fermented fish meals. A-lane 1, size marker (100
bp); A-lane 2, sample 1, A-lane 3, sample 2; A-lane 4, sample 3;
A-lane 5, sample 4; A-lane 6, S. parauberis (718 bp); A-lane 7, S.
iniae (870 bp) [sample 1 and 2, S. parauberis infectious dead fishes;
sample 3 and 4, S. iniage infectious dead fishes]; B-lane 1, size
marker (100 bp); B-lane 2, sample 1; B-lane 3, sample 2; B-lane 4,
sample 3; B-lane 5, sample 4; B-lane 6, E. tarda (686 bp) [sample
1,23 and 4, E. tarda infectious dead fishes], C-lane 1, size marker
(100 bp); C-lane 2, sample 1; C-lane 3, sample 2; C-lane 4, sample
3; C-lane 5, sample 4; C-lane 6, F. maritimus (786 bp) [sample
1,2,3 and 4, F. maritimus infectious dead fishes]

Fig. 1-16. The bacteria growth characteristics of the fermented fish meal.
The left photos are the original extract solution and the right
1000-fold dilution. The upper two petri dishes contained PCA meida
and the down two ones MA.

Fig. 1-17. PCR result of the fermented fish meal from fish culturing by-products
which were infected factitiously with the respective four fish disease
bacteria to induce some stronger infections of the sample fishes. The
bacteria were added with around 5x10° cfu/g dead fish. The lame 1 is
DNA marker and the lane 2~4 means triplicate.

Fig. 1-18. Growth rate of Olive flounder fed by FFM and non-supplemented
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control diet for 12 weeks (started with body weight: 14010 g).

Fig. 1-19. Growth rate of Olive flounder fed by FFM and non-supplemented
control diet for 12 weeks (started with body weight: 230+15 g).

Fig. 1-20. Dead fish number of Olive flounder fed by FFM and
non-supplemented control diet for 12 weeks (started with body
weight: 140+10 g).

Fig. 1-21. Dead fish number of Olive flounder fed by FFM and
non-supplemented control diet for 12 weeks (started with body
weight: 230+15 g).

Fig. 1-22. Total mortality ratio (%, down) of Olive flounder fed by FFM and
non-supplemented control diet for 12 weeks (started with body
weight: 140+10 g).

Fig. 1-23. Total mortality ratio (%, down) of Olive flounder fed by FFM and
non-supplemented control diet for 12 weeks (started with body
weight: 230+15 g).

Fig. 1-24. Respiratory burst activity of neutrophils from Olive flounder that
was fed by FFM and non-supplemented control diet for 12 weeks.

Fig. 1-25. Serum lysozyme activity of Olive flounder that fed FFM and
non-supplemented control diet for 12 weeks.

Fig. 1-26. Growth rate of Olive flounder fed by FFM and non-supplemented
control diet for 8 weeks (—#—U0FFM; non-supplementation,

—e— 10FFM; 10% fermented fish meal included, —%— 20FFM; 20%

fermented fish meal included, —=— 30FFId; 309 fermented fish meal
included).

Fig. 1-27. Respiratory burst activity of neutrophils from parrot fish that was
fed by FFM and non-supplemented control diet for 8 weeks
(.OFFM; non-supplementation, 10FFM; 10% fermented fish meal
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Weight and growth ratio (%) of Olive flounder that was fed with
chitosan—-coated and non-coated control diet for 12 weeks and
weighed every 2 weeks. Data represented as mean+S.D.

Total mortality ratio (%, down) of Olive flounder that was fed with
chitosan-coated and non-#ted control diet for 12 weeks and
weighed every 2 weeks.

NBT reduction of Olive flounder that was fed with chitosan-coated
and non-coated control diet for 12 weeks.

Flowcytometry analysis for respiratory burst of olive flounder that
was fed with chitosan—-coated and non-coated control diet for 12
weeks (Left: control, 11.09% of M1 content; Right: chitosan—coated,
70.25% of M1 content ).

Lysozyme activity in serum of Olive flounder that was fed with
chitosan—-coated and non—coated control diet for 12 weeks.

Total lysozyme activity in mucus of Olive flounder that was fed
with chitosan—coated and non-coated control diet for 12 weeks.

Skin mucus protein contents of Olive flounder that was fed with
chitosan—-coated and non—-coated control diet for 12 weeks.
Myeloperoxidase (MPO) activity of Olive flounder that was fed with

chitosan—coated and non-coated control diet for 12 weeks.

2-10. DNA damage of H:O.-induced Olive flounder lymphocyte.

. 2-11. Comet imaging of Olive flounder lymphocyte (Upper layer:
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lymphocytes of control group, down layer: lymphocytes of
chitosan-coated group, A: Negative control (no-treated with
H->02), B: 500 uM H.Os-treated, C: 1000 uM H2O,-treated)
Fig. 2-12. Weight gain of parrot fish that was fed with chitosan—coated and
non-coated control diet for 8 weeks and weighed every 2 weeks.
Fig. 2-13. NBT reduction of parrot fish that was fed with chitosan—coated
and non-coated control diet for 12 weeks.
Fig.. 2-14. Lysozyme activity in serum of parrot fish that was fed

chitosan—coated and non-coated control diet for 12 weeks.
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oW Ao AgaE2A43 (Kjeltec V2300, Foss Co. Ltd., Denmark)Z A}
&3t EAsR o, AW JdHEE o] &3k Sohxletd (Sohxlet system 1046,

TacatorAB, Sweden) . 2, Z3]%-2 550C 3|32 A 12A417F o)A Bl & A=}
o

H2el Fa oW Ao AldxE golr7y] 9t AlF

HB o F EFMldZel #dd ASo=E
FAEE 9AE Wdet] AFFAAAT oA o5 o] AAEAT F A
S A1l Streptococcus iniae, Streptococcus parauberis, A =H =S Yl
%l Edwardsiella tarda, SFA %5 YT o2 RIE Flexibacter maritimuss
Ao A Felst L, BB el Vibrio dlginolyticus®t V. anguillarium2 A X
FEPo| A Eol o] MdE g AEERUS AESAH. F, T o
¢17S BHI (brain heart infusion) 59 S8 WiA& o]&3sto] wi%sta o=

M2 =72 mAe] 1m 91 x 100~10712 B2 & 40~0T7HH &=y

N
o
o

2 0~10A1d 2 AIRE AFHste] "ddd A4 ds 32 PBS (phosphate
buffer saline, pH 7.0)2t &938le] &3] wwtek & MTT Wi oz Ao A&
= TARete] AMEENE UEd o] HESA. #dE o 40 plE FHske] 10

ul MTT (3-(4,5-Dimethylthiazol-2-y1)-2,5-diphenylte-trazolium bromide, Sigma) A]
of3} 93k 5 37TColA 241 wjkatdth ol AS 6,000 rpmol A A4 sl
BN AAR F 200 ule] DMSOE AH7bEE % 500 nmel A F3EE F4st
Al BEES Atete]l ol APdER kel =3 100% AHEE Ao
= vehd A¥s BHI agar 59 #Ae] =ukale] 25~30Tol A 24~7247F wjok

& & Py FEU P et 3 ASE gYstel Aol AEe A

£

ol
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Fig. 1-1. Biofeeder BF-30 model as a high speed fermenter to prepare fish meal

from by-products in fish farms. The left is the outside and the right is

the inside of the fermenter (left; outside. light; inside).
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1}, DPPH free radical 27 4]

Free radical 2784 EE Blois (1958)¢] HWIH S WISt AAdoAF
(Electron donating ability, EDA)°.Z Z=A3l9ch  40x10° M DPPH
(1,1-diphenyl-2-picrylhydrazyl, Sigma) &< 29 mlel 7} 3lx=F F&<9 0.1 ml

y
2 Wi WE 5 3081 4 elA WA F 516 nmel A FREE =

t}. Hydrogen peroxide 27 4]

Hydrogen peroxide A7 &A% Miller 5 (1985)¢] =¥l wig} 423315}

<, 0.1 M phosphate buffer (pH 5.0) 100 pl®} sample= 96 microwell plate©l 4]

ol
]

A7 % thA] 20 pl9) hydrogen peroxideE #H7Falar 37Col A 5E7F ¥F-3-A

)

ok HE§o] 2 5 125 mM 22 -azino-bis-3-ethylbenzthia-
zoline-6-sulfonic acid (ABTS, Sigma)$} peroxidase (1 unit/ml, Sigma)& Z+7Z;
30 uld7ste] HEFH o w2 37ColA 10%7F ¥HgAl7A ELISA reader (Sunrise,

Tecan™, Austria)Z AF83] 405 nmol A FH =S =A3s9 )
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W njirgmo g RE Ao HES 2000 rpmolA 1087 AAEHT T

i+ Heo (2005) w9 WHoez F3dsdtt. €42 20 ple 05% LMPA (low

melting point agarose, Invitrogen)®} 412> %, 1% NMPA (normal melting
point agarose, Sigma)®Z W|2] ZY3 Sol=of FAAIZ T Aol £ & 1
el oAl 0.5% LMPA 100 plE &gtel= 9o Hojmela AMIFeAs Wi,
lysis  buffer (25 M NaCl, 100 mM EDTA, 10 mM Tris, 1%
N-Lauroylsarcosine sodium salt, 1% Triton X-100)°] &g}o]== 7} 4T A
IAIZEERE lysisAl AT o] lysisAlzl Egte]=5 300 mM NaOH¢H 10 mM
Na:EDTA (pH 13.0)7} 99+ glass chambero] 4] 20% =< unwindingS A
Zith. DNA 7|9 %< 25 V/300 mASl Ste = 20 &<k AAlstdon 7]
dEo] Bt &Eglol=E FEAE8 Y (neutralizing buffer; 0.4 M Tris, pH 7.5)
of 524 33 RbE A FHs] FAL AEESE 5 AAAZ & 2~20 pg/ml F
9] EtBr (ethidium bromide, Sigma) 45 ul® DNAZ Mgt =4 L& ol
A #2437] (kinetic Imaging Komet 5.0, UK)¢} reflected light fluorescence
attachment microscope (BX-FLA, Olympus optical Co., Ltd, Japan)Z S-3)3s}%
3, DNA &=4AEE o g2HE o5 DNA fragmentatione] Az =+ HL
wallw HY o1t @ S48t HEWU

o ZF i 7 2719 slideE wHEO] ZHzE 50704 & 100719 lymphocytedll

Al DNA €4 AEE SA3 AT

(tail) Aol tail W % DNA%=S

7. FAF FAZ FA o WAL FE GAA

_4

Oll
D-{M

ofl At 2E ofHE B

# ]
P S AENGTE F, 4 FAFOERE FA%C] & PAREYH AN

o

o]
d oy A Hol - E4F ¥ AQEZANN BERE Az AxH

oo g2 e Audy} 4 DNAS H2]ste] multiplex—PCRZ o] B Al 2]
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do%, @FAE ol BAE Aow FYHE WANREE Yo Ak
= - =
o

S A FF YA Streptococcus iniae, Streptococcus parauberis, O =9 =

DRIl Edwardsiella tarda, &FMts YT 02 Bi¥ Flexibacter maritimus

AP g & Eskdv BT A 247+ HelA A colonyE T
© 2 gram stain, oxidase test, catalase testso] A3eHEH AAANAS AA
Streptococcus spp. Edwardsiella spp.= ZFol5 74 % multiplex PCR¥H S o] &3
S. iniae, S. parauberis, E. tarda@= ZYZ} A3ttt Flexibacer mritimus® ¢
2 FAL o7 ARASSTE AnBAL S AAste EFEEAE ATS g
% Hsu-Shotts mediumell =% ¥ & 934 colonys E2lste] Astsr A4 Al
3 2 PCR 385 T3 AU mPCRS o]&3 R+ T4 Table
1-1o YEbH primer set % & o] &3t (Mata 5, 2004) ©] = m-PCRell
A3t DNAS] %2 MFX6100 (TOYOBO, Japan)< ©] &3Stk

72 A FAERYE g9oAFe] el 3 el BY F FAF AR
o #4% GUakn 77te H4 wErdon YRHAS AH AxH TEO

55 BuAY HAdFE ol&3t 34 9 membranes ©]-&3to] o3} F total
2 FA

DNAE F=3}o] Table 1-19] YEH primer setS ©]83 m-PCRH S
o

2l
Al AT 542 pour plate method
£ o] &3t F AxojEe Hd AYUAATE ol &sto] dAACE AE I
A Alg 7z} 1mlo] Plate Count Agar (PCA) (Difco, USA) 2 Marine agar
2216 medium (Difco, USA)E F<dte] 30£05T, 24+2X3F wi¢ & Adss
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o
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il
lo,
o
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Table 1-1. Bacterial target species assayed and primer sequences used for m-PCR amplification and the amplicon sizes

Fish pathogen Primer Size (bps) PCR condition
. AAGGGGARARCGL ANETULLL 92°C(1min), 55 (1min), 727 (1.5min)
Streptococcus iniae 870
ATATCTGATTGGGCCGTCTAA for 25cycle
, TTTCGTCTGAGGCAATGTTG 92°C(1min), 55°C (1min), 72°C(1.5min)
Streptococcus parauberis 718
GCTTCATATATCGCTATACT for 25cycle
, S QAL TE B € L 94°C(1min), 55C (1min), 72°C(1.5min)
Edwardsiella tarda 686
GTCTTCGTCCAGGAGGCC for 35cycle
, g CGLTIR SR GAT QRN ATEL 94°C(1min), 55°C (1min), 72°C(1.5min)
Flexibacter maritimus 786
CTAGCCCTGTCATTCCACAT for 35cycle
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8. 43A=R

7k | A

HA AR AEE fste] dubdom FAger] 7hg wol Abgsta gl A

A& (MP: mooisture pellet)9} ALz o] ol ki3t wALRE A 23519

Fastdeh W AbsE QAR 7% 37l LaolRe HUb ste] Az

oy

S al
1-2¢] Jdepfidch. HAdA RS 71Z2AIRE o8¢ 2T (OFFM)$F 7] 2ALR
Az FAEFE Taojws duMEdeR 10, 20, 30%E HASt] 10%
FFM (10FFM), 20% FFM (20FFM), 30% FFM (30FFM)< #|z=38tith. A& A}
82 Aze BT AR 2AYS ZH71E o)&sted &% FH=E dAA wE
T 4 ARLES AR 2R e FAE SAHS F AL F ARd TF
o] 30~40%°l Pt TFHTE H/tek] AREd7] (NVM-14-2P, Korea) =
T3 - W= 3 MEELS 23597 (SMC-12, Korea)E o] &3t A7H
Smm Z712 gttt kel A fdojxl AlnE AU sieveE ]88k

4% 272 ARE pellet FUE /HEe], 20T B TFaaC
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Table 1-2. Formulation of experimental diets for Parrot fish (% dry matter)

Ingredients OFFM' 20FFM” 20FFM” 30FFM’
White FM 51.00 45.90 40.80 35.70
Fermented fish protein (FFM) 0.00 10.05 20.10 30.15
Soybean meal 6.00 6.00 6.00 6.00
Corn gluten meal 6.00 6.00 6.00 6.00
Starch 22.00 18.55 15.10 11.65
Yeast 2.00 2.00 2.00 2.00
Mineral Mixture’ 1.00 1.00 1.00 1.00
Vitamin Mixture’ 1.00 1.00 1.00 1.00
Squid liver oil 11.00 9.50 8.00 6.50

'OFFM; without FFM

210, 20, 30FFM,; 10, 20, 30% included FFM, repectively

*Mineral Mixture (g/kg): MgSO, + 7TH20, 80; NaHPO, - 2H,0, 370; KCI, 130; Ferric citrate, 40; ZuSO, - TH:0, 20; Ca-lactate, 356.5; CuCl, 0.2; AICI
3+ 6H20, 0.15; NaxSex03, 0.01; MnSO, - H20, 2.0; CoCls - 6H20, 1.0

“Vitamin Mixture (g/kg): L-ascorbic acid, 121.2; DL-a tocopheryl acetate, 18.8; thiamine hydrochlorade, 2.7; riboflavin, 9.1; pyridoxine hydrochloride,
1.8; niacinm 36.4; Ca-D-pantothenate, 12.7; myo-inositol, 181.8; D-biotin, 0.27; folic acid, 0.68; p—aminobenzoic acid, 18.2; menadione, 1.8; retinyl

acetate, 0.73; cholecalficerol, 0.003; cyanocobalamin, 0.003
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43:02 mg/mielgith, AW ARE AT 4%E FHADOM, HF F W o
A

A 8AISF 2% 5o Fo] A AlRETHAT S T 8F I FASh A3 o

d3al7] A7bA| oF 24413F ot AAAA FEFe] Adtste] n| R A HAE
AE3e], micro-hematocrit W  (Brown, 1980)°] 23] 3rtEIdyE

(hematocrit, PCV)E ZA3sla, Ao A& dd 4 ZFx (Ch 100 plus,

[0

Daewang metitecq. Korea)® 3| == 24 (hemoglobin, Hb)S =4 3ttt &34

AEY 4= St A3 dds FSuATE AgHA

X
2 (total protein), B (glucose), <! (phosphorus), F=HHE (Total
cholesterol), T4 A% (triglyeride; TG), HDL-C (high density cholesterol),
LDL-C (low density cholesterol), 2 ZFx]5%1 AST (aspeartate

aminotransferase), ALT (alanine aminotransferase)S #41 3}
11. o] F A Al E 9] respiratory burst &4 =3
gio) o) o)k A E 28-S dolH 7| § 5t respiratory burst activity =

Secombes (1990) HHo| we} #4381t Ependoff tubecl A& (whole blood)
7 0.2% NBT Al 111 HEE 412 F 308 &< d20A wEAIA 1 ml

_1

=S

dimetyl formamideE #7}stsith. o] HEEES 200 pl® micro well platedl] =5
3 & HEHoZ OD 560 nmoll A micro-reader (Sunrise, Tecan'", Austria)®

ZA3Fo] A g o] 9] respiratory burst activityS #2431t}
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12. 839 lysozyme &4 ZA}

AHg W g #AsteE IR Hol A AlwrH 9
N-acetylmuramic acid®} N-acetylglyglucosamineA}o] 2] wWlE}-1443S F2]35}
of Mt APEATIE B4R agdAdTel die A 2 BA 485 S Al
AT, AAEe] A#E&S FI7FAIZIT 5] W2 Kumari®t Sahoo (2005)91]
w2} Micrococcus lysodeikticusS 0.02 M sodium citrate buffer (pH 5.5)°] 0.2
mg/ml7} E Akl M. lysodeikticus solutions TF=TH Serume ZH2F 15 ul®
96 well plateo] ®F3% & FA] M. lysodeikticus solutions 150 pl¥ il 450
A

T e 4o lysis A & FHFE 3 AolE F3t) Lysozymeo A4 o

_4

E[o{t
o

nmol A EFEE A3 T 24CAA 05 1A 3-8 T 23 9}4o

)
rr

B 00019 3% 72422 JEUYE §49 %oz Ao},

FA o A AMZE dxe A = BA Axo EAxgE SPSS (SPSS
Inc., Version 12.0) program< ©]838to] 59 A4S AAstS] t-test (P<0.05)=
=

o] AFARS] WAL FASEALY

et fol4e A4at 9

SPSS (SPSS Inc., Version 12.0) program= ©]-83}% One-way ANOVA-testZ
2 A1&+e] Duncan's multiple range test (P<0.05)& i+ 7+ FoJAS #HAS
At A FHS HAFHrEFHA (meantS.D)E UERHIZ WES FS

arcsine M3 gro =2 Ailsto] FA A A
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o. 2% 2 13

1 ¥4% RNE, 23% FA L HEEY

AT 2A 2t FAFoZRY A% YA FAHE (dead fish) 9l Al il
FALRNE A ko] b RS B4 ske] Table 1-39 YERSATE 2%
HARE o] 9 8 shako] of 733%Aon 2wl e] skl 182%E A o] A

Z 100 g T 2F 985 mge AT

2. 72 o|HAT AEZEZ T

AF FAEA S Aldd Aoz 7 HdetA RuHa e dAf7ds o
o179l Streptococcus iniae¥}t Streptococcus parauberis, NE=HE=F WA
Edwardsiella tarda, ZFAw% Yo 2 W W Flexibacter maritimuss, 1T
3 ¥ B 932l Vibrio alginolyticus®t V. anguillarium®] W3ste] 40~90TCe &%
AN 0~10A1F &<k 7HEstl & wWol BEES SA sk Fig. 1-2¢ YetlAe

A TS YAt Streptococcus iniae 735 40C 2] oA 6AIZH7FA] 7}

239 W ok 60% AN 104714 LA dol = oF 80% ol 4 A
sk SAw 50CNA hestas Al Ahe 2A7eA o 10% oldE
BESO] FHor] AN e NS 4 A4 AEstark 00CR The
ARG e Aol 7 2Azkl @ AR web S iniges] 3§ 50T
oA ANZE o A SAS He s A

AL 60T o 7k Aste] 24
b ol d Aasdls Aol 100% AbEstalas SRl & Al (Fig. 1-2A).
73

T g A TE YA+tel Streptococcus parauberis® 7 -$-ol= Streptoco-
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Table 1-3. Approximate chemical compositions of dead flounder fish and citrus meal

Moisture Crude protein  Crude lipid  Crude ash Crude carbohydrate Vitamin C (mg/100g)

Dead fish 73.3+4.9 18.2+2.1 1.940.2 4.1+0.8 2.5+0.6 -

Citrus meal 92.5+6.4 0.8£0.1 0.6£0.1 0.4£0.1 0. 7£1.7 985
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ccus inigeR.tt Boll F B WS B S 40Tl 247 o) 7k A g
st A5 AEE 50% wRte g yEhgtoew 10A%F Zh=AEste AT
AEEC] oF 25%°] =T 50T ool kA geds 4= S iniae
oA el Axtet Ao FARES &g A (Fig. 1-2B).

o EEF S5 YAl Edwarsiella tarda® 799l 2 AFoA AEH
6712 42 HA oHATE T ol 7P A Aew yerwd (Fig. 1-20).
=, 40T 9] 7k oAM= 10412 < Agstod®= 18 APE =X & 100%
AEsA AT S0TCT R 2E s 4Fode FAsHA APEE 7] A Aske
7h2 2417 A olA 10% wRke] AEES HAAT 10A7F o] Ao ®
s APEE A= 29kt HH, 60T A &= 50T 7FAe Azt nhzirbA|
22N st d5 7S W oF 10% olste AEES BAAT JF=AE 64
o= 43 APEE Als & & 5 Ao 2elal 70T o]l dAE
S W= 2413 oldol k] AbER AS S & 5 AT

s, &F A #el Flexibasler maritimus® 7 9o+ AT dREtE o
ot JARE deEdr A om do ofghes UEtlddt (Fig. 1-2D). =,
40T 72 A2l 423 Aoz oF 80% ol/d AEsksler, 1043t stz oF
70% o]de] FHA s =2 4 < HoFRh AR 50T A= 2417
g RS W o 10%] AEES EAoH 10A7HA Ageaie B-Fol=
A AP EAE FUTh e AERAS 60TE 7S Aol 6417 AgA
100%9] AFEES Bl 70C 210 = A 2417 wHE 100%] AHE &
e AT

v B 2 Qo] A% 2FF 5 Vibrio alginolyticus?} V. anguillarum®.t} &
Ao ¢k} & = At (Fig. 1-2EF). =, V. alginolyticus® 7 5ol 4
0Cel 7FexAolAM= 641 ST w7bA 100% =8kt om 1 o] 5 Apd
sk71 AlZbeke] 10417 A 2stS Aol oF 30%9 AEES 7IE53ATE 50T
o] k=X AR 217 Aeds Aol °oF 30%9 AEES EAon 104
B AYE RS Aol 100% APEE A= @t 60T 7H A gsds A5l
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Fig. 1-2. The heat treatment against pathogen was monitored at 40, 50, 60,
70, 80 and 90C for 10 h. MTT assay was used to assess the
viability of the bacterial cells (Streptococcus iniae (A), Streptococcus
parauberis (B), Edwardsiella tarda (C), Flexibasler maritimus (D),

Vibrio alginolyticus (E) and Vibrio anguillarum (F)).
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Fig. 1-3. The production rate of fish meals according to the added rice bran

amount in the Biofeeder BF-30 fermentor.
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Table 1-4. Approximate chemical compositions of fermented fish meals from dead flounder fishes as a function of the added rice

bran amount.

Added Rice bran

Aamount Moisture Crude protein Crude lipid Crude ash Crude carbohydrate
5 3.0 42.2 21.5 7.8 25.5
10 4.6 34.0 24.0 8.5 28.9
15 4.3 30.3 22.5 8.7 34.1
20 2.7 27.0 21.5 9.1 39.7
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Fig. 1-4. The production rate of fish meals according to the added citrus meal

amount in the Biofeeder BF-30 fermentor.
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Table 1-5. Approximate chemical compositions of fermented fish meals from dead flounder fishes as a function of the added citrus

meal amount.

Added citrus meal

amount Moisture Crude protein Crude lipid Crude ash Crude carbohydrate
0 @5 30.9 23.0 8.6 34.9
1.0 2.9 31.1 22.5 9.0 34.5
2.5 2.5 30.2 23.5 9.2 34.6
5.0 2.1 30.7 23.0 9.0 35.3
10.0 2.3 29.6 17.1 8.8 42.3
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Fig. 1-5. The production rate of fish meals according to the added zymogen

amount in the Biofeeder BF-30 fermentor.
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Table 1-6. Approximate chemical compositions of fermented fish meals from dead flounder fishes as a function of the increased

zymogen amount.

Added zymogen amount

(/10,000) Moisture Crude protein Crude lipid Crude ash Crude carbohydrate
0.5 ! 314 20.5 8.9 38.2
1.0 . e 30.7 19.3 8.9 39.6
2.0 2.5 32.2 17.3 8.7 39.2
4.0 2{ 30.8 19.5 9.0 38.0
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Fig. 1-6. DPPH free radical scavenging effects of aqueous and methanol extracts

from the fermented fish meals with citrus.
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Fig. 1-7. Hydrogen peroxide (H.O:;) scavenging effects of aqueous and methanol
extracts from the fermented fish meals. The left is the results by the both
extracts from the fermented fish meal prepared with moist citrus meal, and
the right is with dried citrus meal.
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Fig. 1-8. The effect of supplementation in vitro with different concentrations
of FFM (fermented fish meal) prepared with citrus peel extracts on
DNA damage of H:Os-induced U937 cell. Values are means with
standard error of duplicate experiments (bar represented %
Fluorescence in tail and leaner represented Inhibitory effect of cell

damage).
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Fig. 1-9. The effect of supplementation in vitro with different concentrations
of FFM (fermented fish meal) prepared without citrus peel extracts
on DNA damage of HsOs—induced U937 cell. Values are means with
standard errors of duplicate experiments (bar represented %

Fluorescence in tail and leaner represented Inhibitory effect of cell

damage).
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Comet images of U937 cells: (a) Negative control, (b) Positive

control (50 uM H-0»), (c, f) Treated sample (10 pg/ml), (d, g)
Treated sample (50 pg/ml), (e, h) Treated sample (100 pg/ml), (c,

d, f) citrus peel, (f, g, h) no citrus peel.
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Fig. 1-11. The effect of supplementation in vitro with different concentrations
of FFM (fermented fish meal) prepared with citrus peel extracts on
DNA damage of H2Os-induced flounder lymphocyte cell. Values are
means with standard errors of duplicate experiments (bar
represented % Fluorescence in tail and leaner represented inhibitory

effect of cell damage).
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Fig. 1-12 The effect of supplementation in vitro with different concentrations
of FFM (fermented fish meal) prepared without citrus peel
extracts on DNA damage of H>Os-induced flounder lymphocyte cell.
Values are meals with standard errors of duplicate experiments
(bar represented % Fluorescence in tail and leaner represented

inhibitory effect of cell damage).
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Fig. 1-13.

Comet images of flounder lymphocyte: (a) Negative control, (b)

Positi-ve control (50 uM H20»), (¢, f) Treated sample (10 pg/ml),
(d, g) Treated sample (50 pg/ml), (e, h) Treated sample (100 p

g/ml), (c, d, f) citrus peel, (f, g, h) no citrus peel.
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Table 1-7. Biochemical characteristics of the isolated from bacteria strains

Isolated strains

Characteristics

. iniae S. parauberis E. tarda F. maritimus
Gram stain + + 3 -
Oxidase test i - = +
Catalase test - - + +
Growth at BHIA 3 + + NT
Growth at SS - = +, HoS NT
Growth at TCBS N 7 = NT
Hsu-Shotts medium NT NT NT +, yellow pigment
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Fig. 1-14. PCR results of the isolated bacteria strains lLane 1, DNA
marker(100 bp); lane 2, S. parauberis (718 bp) ; lane 3, S. iniae
(870 bp) ; lane 4, F. maritimus (686 bp) ; lane 5, E. tarda (786
bp) ; lane 6, DNA marker (100 bp)
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1 2 3 45 6 7 1 23456 1 23456

(A) (B) (9)

Fig. 1-15. PCR results for the identification of the respective infectious
bacteria from the fermented fish meals. A-lane 1, size marker
(100 bp); A-lane 2, sample 1; A-lane 3, sample 2; A-lane 4,
sample 3; A-lane 5, sample 4; A-lane 6, S. parauberis (718 bp);
A-lane 7, S. iniae (870 bp) [sample 1 and 2, S. parauberis
infectious dead fishes; sample 3 and 4, S. iniae infectious dead
fishes]; B-lane 1, size marker (100 bp); B-lane 2, sample 1;
B-lane 3, sample 2; B-lane 4, sample 3; B-lane 5, sample 4;
B-lane 6, E. tarda (686 bp) [sample 1,23 and 4, E. tarda
infectious dead fishes], C-lane 1, size marker (100 bp); C-lane 2,
sample 1; C-lane 3, sample 2; C-lane 4, sample 3; C-lane 5,
sample 4; C-lane 6, F. maritimus (786 bp) [sample 1,2,3 and 4, F.

maritimus infectious dead fishes]
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Table 1-8. The number of colony from the fermented fish meals

Dilution folds

NO. of colony in each medium

PCA MA
1 10 16 12 8 12 ND
10' ND ND ND ND ND ND
10° ND ND ND ND ND ND
SUM. 76.7 CFU/g 67.7 CFU/g
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Fig. 1-16. The bacteria growth characteristics of the fermented fish meal.
The left photos are the original extract solution and the right
1000-fold dilution. The upper two petri dishes contained PCA

meida and the down two ones MA.
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Fig. 1-17. PCR result of the fermented fish meal from fish culturing
by-products which were infected factitiously with the respective
four fish disease bacteria to induce some stronger infections of
the sample fishes. The bacteria were added with around 5x10°
cfu/g dead fish. The lame 1 is DNA marker and the lane 2~ 4
means triplicate.
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Fig. 1-18. Growth rate of Olive flounder fed by FFM and non-supplemented

control diet for 12 weeks (started with body weight: 140+10 g).
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Fig. 1-19. Growth rate of Olive flounder fed by FFM and non-supplemented
control diet for 12 weeks (started with body weight: 230+15 g).
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Fig. 1-20. Dead fish number of Olive flounder fed by FFM and
non-supplemented control diet for 12 weeks (started with body
weight: 140+10 g).
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Fig. 1-21. Dead fish number of Olive flounder fed by FFM and
non-supplemented control diet for 12 weeks (started with body
weight: 230+15 g).
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Fig. 1-22. Total mortality ratio (%, down) of Olive flounder fed by FFM and

non-supplemented control diet for 12 weeks (started with body
weight: 140+10 g).
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Fig. 1-23. Total mortality ratio (%, down) of Olive flounder fed by FFM and

non-supplemented control diet for 12 weeks (started with body
weight: 230115 g).
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Table 1-8. The physiological and chemical

analysis in blood.

Diet AST ALT Total protein Glucose Phosphorus PCV
ie

(U/L) (U/L) (g/dL) (mg/dL) (mg/dL) (%)
CON 13.67£3.09 4.67£0.47 3.67£0.33 9.67£1.36 4.97+0.87 24.33£3.3
FFM 12.00£3.39 5.20£0.84 4.26+0.75 7.00£0.67 5.42+0.72 28.20%4.6
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Table 1-8. continued

Diet T-chol HDL-C LDL-C TG HDL/T-chol
ie

(mg/dL) (mg/dL) (mg/dL) (mg/dL) (U/L)
CON 169.67+£9.12 101.33£8.77 10.50£1.12 1.00£0.04 0.60
FFM 183.00+£11.00 121.40+£5.59 43.60+2.03 1.60+0.1 0.66

AST; Serum Glutamic-Oxalocetic Transaminase — SGOT (aspartate aminotransferase)
ALT; Serum Glutamic-Pyruvic Transaminase - SGPT

PCV (%); packed cell volume (Hematocrit)

T-chol; total cholesterol

HDL-C; high density lipoprotein

LDL-C; low density lipoprotein

TG, Tryglyceride
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Fig. 1-25. Serum lysozyme activity of Olive flounder that fed FFM and

non-supplemented control diet for 12 weeks.
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Table 1-9. Growth parameter of parrot fish!

Diet WG (%) SGR (%)’ FCR * FI° SUV (%)°
OFFM’ 251.86+16.46 0.98+0.04 1.04+0.07 33.46+2.84 100
10FFM® 264.67+18.74 1.00+0.04 1.04+0.03 34.84+2.16 100
20FFM" 239.97+0.03 0.93+0.01 1.08+0.03 32.79+0.49 100
30FFM" 214.91+9.57 0.89+0.02 1.18+0.04 32.57+2.67 100

"The value represented three different experiments and represented meantS.D (P<0.05).

WG (%)=100x(final body weight-initial body weight)/initial body weight

3SGR (%)=[(loge final body weigh-loge initial body weight)/days]x100

‘FCR=dried feed weight/moist feed weight

°FI (g/g body weight)=diet dry weight (g)/ body weight(g)
SUV (%)=survival rate

"CON=control

8Partial replacement with 10, 20 and 30% FFM (fermented fish meal), respectively.

_69_



—&— 0FFM —e— 10FFM —&— 20FFM —=—30FFM

300 -

250

200

150

Weight gaining (%)

100 -

Time (weeks)

Fig. 1-26. Growth rate of Olive flounder fed by FFM and non-supplemented
control diet for 8 weeks (—#—UFFM; non-supplementation,
—e— 10FFM; 10% fermented fish meal included, —®— 20FFM; 20%

fermented fish meal included, 30FFM; 30% fermented fish

meal included).

_70_



xr
i)
=l

™

2 ARgo] 7he

Fele

el

3)

—~
o

. B FE A}t (Garrido et al., 1990; Siddiqui, 1977).

I

—~
o

32

fand

A= o

=
L

e @A

fand

_io

jas

il
s

ol

!

)

et Atk AST (GOT)

KeX
=

]

t}. o)A+ Table
10FFM ™} 20FFMel A 7%

ki3

1l- O
o=

AL 7]

ASTS} #

13, ALT (GPT)=

S

7}
1-107} Table 1-11¢ YEMH A O H, AFS 4574 o

= =
. o

Al el

KeX
=

oy
1

(Table 1-10), A5 8%

A

&S B
7} EFRo e gt

1} o
=~

1E1E
=

e T (Table 1-11). o] 212

o
=

A
fite)

o
B

E
N

TH 10%
#t

AT

44

ol

7R

KeX
=

o]
M

AO

¥

7} 10% o]

:Il

43

I

i
b

M

N
S
o

)
B
=0

<

iz

AL
00

‘._mo

ox

ol Wite EF ZHzHIEC] =& F

il

I

EpE

al

0]
s

Mol ouA A e Ak

Z

o

AO

olo® FoA HH

12 Ze 2

o

o]
H

3 BA 2

t}. HDL =3 24

kot 85 Aol

AN 2

ki3

e Ft

Nlo
o
Tw

10FFMeo] thzx+Ht 7%

-
1

g nolx 9

7o)

=
L

e 2dHE FF2 8FA 4574 Hot

=
o

o~
T

o] 3T}
=

3
5]
AT,

KeX
=

_71_



Table 1-10. The physiological and chemical

analysis in blood for 4 weeks of parrot fish.

Diet AST ALT Total protein Glucose Phosphorus PCV
(U/L) (U/L) (g/dL) (mg/dL) (mg/dL) (%)
OFFM 70.67+3.15 13.67£1.15 3.50+0.17 221.00+16.27 15.90+1.42 30.00+2.65
10FFM 64.17+8.22 10.33£1.15 3.33+0.15 216.00+£15.76 15.77+1.96 20.33+£3.57
20FFM 63.83+14.00 8.00+1.05 4.20+0.87 216.00+23.58 17.03+2.49 21.67+4.93
30FFM 71.67+2.70 11.00£0.01 3.50£0.26 156.67+26.63 16.57+£1.27 21.33£8.02
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Table 1-10. continued.

Diet T-chol HDL-C LDL-C TG HDL/T-chol
(mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL)
OFFM 149.67+14.22 62.67+10.79 17.67+0.58 7.00£1.00 0.45
10FFM 138.33+£22.37 59.00+3.61 18.67+0.58 6.33+0.58 0.43
20FFM 158.67+12.66 55.00+4.58 15.00+3.61 6.67+1.53 0.35
30FFM 165.00+49.73 58.33+0.58 17.33+1.53 8.00+2.00 0.35

AST; Serum Glutamic-Oxalocetic Transaminase — SGOT (aspartate aminotransferase)

ALT; Serum Glutamic-Pyruvic Transaminase - SGPT

Hb; Hemoglobin

PCV (%); packed cell volume (Hematocrit)
T-chol; total cholesterol

HDL-C; high density lipoprotein

LDL-C; low density lipoprotein

TG; Tryglyceride
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Table 1-11. The physiological and chemical

analysis in blood for 8 weeks of parrot fish.

Diet AST yAIbdE Total protein Glucose Phosphorus PCV

(U/L) (U/L) (g/dL) (mg/dL) (mg/dL) (%)
OFFM 39.00+8.85 7.67+1.08 4.08+0.38 104.83+15.76 18.9845.19 18.97+£4.30
10FFM 34.17+9.61 7.33£1.02 3.88+0.03 66.83+6.60 15.17+1.93 32.25%5.00
20FFM 29.33+5.86 6.50+0.50 3.82+0.25 44.50+5.07 13.53+2.35 29.67£7.23
30FFM 32.83+3.33 6.67+1.31 3.67+0.16 63.67+12.17 12.22+1.68 29.33£9.07
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Table 1-11. continued.

Diet T-chol HDL-C LDL-C TG HDL/T-chol
(mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL)
OFFM 71.00+2.76 33.47+0.33 10.87+0.77 4.67+0.76 0.46
10FFM 94.33+2.52 40.23+1.78 13.00+2.11 3.67+0.29 0.43
20FFM 74.00+9.00 30.97+3.72 9.33+0.99 4.83+1.04 0.42
30FFM 74.00+£5.55 35.77+4.00 11.38+1.17 3.83+1.26 0.47

AST; Serum Glutamic-Oxalocetic Transaminase — SGOT (aspartate aminotransferase)

ALT; Serum Glutamic-Pyruvic Transaminase - SGPT

Hb; Hemoglobin

PCV (%); packed cell volume (Hematocrit)

T-chol; total cholesterol

HDL-C; high density lipoprotein

LDL-C; low density lipoprotein

TG, Tryglyceride
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Fig. 1-27. Respiratory burst activity of neutrophils from parrot fish that was
fed by FFM and non-supplemented control diet for 8 weeks
(.OFFM; non-supplementation, 10FFM; 10% fermented fish meal
included, 20FFM,; 209 fermented fish meal included, 30FFM,; 30%

fermented fish meal included)
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Fig. 1-28. Lysozyme activity of serum from parrot fish that was fed by FFM
and non-supplemented control diet for 8 weeks. (0OFFM;
non-supplementation, 10FFM; 10% included of fermented fish meal,
20FFM,; 20% included of fermented fish meal, 30FFM; 30%

included of fermented fish meal).
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Table 2-1. Formulation of experimental diets for Parot fish (% dry matter)

Ingredients Non-coated Chitosan—coated”
White FM 51.00 51.00
Soybean meal 6.00 6.00
Corn gluten meal 6.00 6.00
Starch 22.00 22.00
Yeast 2.00 2.00
Mineral Mixture’ 1.00 1.00
Vitamin Mixture’ 1.00 1.00
Squid Liver oil 11.00 11.00

*Mineral Mixture (g/kg): MgSO - 7H0, 80; NaH,PO, - 2H;0, 370; KCl, 130; Ferric citrate, 40;
ZuS0y - TH20, 20; Ca-lactate, 356.5; CuCl, 0.2; AlClz - 6H20, 0.15; NasSe:0s3, 0.01; MnSOy - H20,
2.0; CoCls - 6H-0, 1.0

4Vitamin Mixture (g/kg): L-ascorbic acid, 121.2; DL-a tocopheryl acetate, 18.8; thiamine
hydrochlorade, 2.7, riboflavin, 9.1, pyridoxine  hydrochloride, 1.8; niacinm  36.4;
Ca-D-pantothenate, 12.7, myo-inositol, 181.8; D-biotin, 0.27; folic acid, 0.68; p—aminobenzoic

acid, 18.2; menadione, 1.8; retinyl acetate, 0.73; cholecalficerol, 0.003; cyanocobalamin, 0.003
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Fig. 2-1. Coating MP (moist pellet) feeds with chitosan solution by sprayer

adapted with three way spay module.
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(Total cholesterol), 54 A% (triglyeride), HDL-C (high density cholesterol),
LDL-C (low density cholesterol), 7+#] Q1 AST (aspeartate aminotransferase),

ALT (alanine aminotransferase)E #4 3}% o}
5. Head kidneyd £3 %= XA

AR 83 MS222 (3-aminobenzoic acid ethyl ester, Sigma)® v} A]
21 A Z2HYH F21 (head kidney)s WAooz FElst & 4T= @YHsh
Hank’s Balanced Salt Solution (HBSS, Sigma)el] Y o] 7} WALES o] &3}
AMEES 23 Wt 2" 54 A¥Es 94 51%2] Percoll (Sigma)
A FE7 v
percoll gradient®} PBS T 7t 88 AXSS 7t FAFHE IS o] &3}
of FE3tgich HFTAoR Fel¥ AEE HBSSE 400 gol Al 583+ 29 Al A3}
At AEY AEFFE trypan blue stain (04% in PBS, Sigma)g ©] &3}
TAsIR e, BE AT EEE AMEES] AEEL 90% o]l A
ol ALge Az AEFE 1x10° cells/ml HBSS= 24514

density gradientE ©]83}o], 4T 4 400 rpm

o
fr
s
M
=

6. Respiratory burst activity5 3= ¢ % Flow cytometry

ox
ftlo

# 3t flow cytomerty™ Serada & (2005)3}
oA wygste] SAsETh FAldA g
neutrophils  1x10° cells/mL Al ¥4 7F ¥ &= HBSS Soo] ubx njokal S 450

Respiratory burst &4 =

o

Moritomo et al. (2003)2]

of

=2
H

ul #3 F 100 ng/ml PMA (phorbol 12-myristate 13-acetate, Sigma, St.
Louis, MO, USA) 50 pl& ¥ 1A7F ot Ao A] njfstc). wjfo] 4 &
3k & 10 mg/ml dihydrorhodaminel23 (DHR123) 9428 50 pl¥ il 10% &<t
oA HE A1l § FACScans A3
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7. NBT (nitroblue tetrazolium) reduction &4 =3
Nitroblue tetrazolium< 34 ZAA4& wi= Aoz 53 a5+ ¢ wydy
Agstd #Aste] AAS oA FHiEd olyd Fd® Al OD (optical
density) ® respiratory burst activity (RBA)E =43stE= W o2 Andersond
Siwicki (1996) A&@Hel wet #2438 1.5 ml mlo] A2 FH O dE 3 0.2%
NBT (Nitroblue tetrazolium, Sigma)E 1:12 30%37F F2oA WAzl &
50 plE #3ske] 96-well culture plated] #+F3t3Z, 1 ml dimethyl formamideE

AR 5 Asd

A

J o WkSS AAAIZITE 28 oS 2,000 rpmol A 5

S FAF HEHOZ 540 nmolA micro-reader (Packard Spectrocount ™)

1— OD Blank
OD blank

Activity (%) = ( )x100

8. 84 % HA9 lysozyme A A

Add WY WG] #AAse= AR oAU ATEH Y
N-acetylmuramic acid®} N-acetylglyglucosamineA}o] ¢ ®E}-14743%8S Hols}
of MTE APEATIE B4R agdAdwel tie A 2 BA 485 S Al
AT, AAE 2285 S7HAY A W2 Kumari®t Sahoo (2005) W
Wl we} Micrococcus lysodeikticus (Sigma)E 0.02 M sodium citrate buffer
(pH 55)° 0.2 mg/ml7} S Aol M. lysodeikticus solutione WrETH A% F
ANg AFHsEe] o] Almel 5] ¥ PBSol Wi wAserhe 12000 x goll A
2027 4TAA AR F AF5dS S AEE AREstAT A3 serums

Zyzy 15 pl® 96 well plated] &F3% & SAl M. [lysodeikticus solutions

150 plg il 450 nmoll A FF=5 SAHT § 24TelA b& Aoz FFE=E =
goke] FF= ghol sty A e lysate timeo® Aol FRE fe
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rlr
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lo

o] Lysozyme9 &4 @S 9 0.0012

o2 Aol h
9. Myeloperoxidase (MPO) &4 =3

Myeloperoxidase’} &3} T 2 A E o] ol Fof A
3= Hakslr A B8] &4 E hypochlorite radicals A A @
WSS S7FA 2 Quade®t Roth (19979 & o] &
o o g7 #Zo 15 udHS 96 well platee] 53 & 135 plo
HBSS (Hank's balanced salt solution; background), 0.02% CTAB
(cetyltrimethylammonium bromid; lysed) % 50 nM PMA (phorbol myristate
acetate in DMSQO; stimulated)E %32 20 mM TMB (3, 3%, 5
5'-tetramethylbenzidine hydrochloride)®} 5 mM H.O, 45 pl® ¥ i 287 A
o 5] RESAIZI = 4 M HzSOs 53 pls 9o #8S AA Al % 450 nmoll A
ELISA reader (Packard Spectrocount'™)® &%= S o] 4z Axlst

3, A Thgat ol gk,

OD stimulated — OD background

OD lysed — OD background i

% release =

10. Comet assayE °©]&3% DNA damage 573

Azt :ul o Alo](Alkaline comet assay)t Singh (1999) 52 ¥Hel Heo
S (2005)9] WHE tYAa BHeste St @42 20 ple) 05% LMPA
(low melting point agarose, Invitrogen)®} 41 ¥, 1% NMPA (normal melting
point agarose, Sigma)Z W|g] ZE I Sglo]=o] FAMAIZ T Aol FowW I

el BHAl 0.5% LMPA 100 plE& &Edkeo]= 9o "ol & AW St~ E €a
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lysis buffer (25 M NaCl, 100 mM EDTA, 10 mM Trs, and 1%
N-Lauroylsarcosine sodium salt, Sigma, 1% Triton X-100)o] &glo]== 7}
AT A 1A7Hs<E lysisAl A o] lysisAlZl €2Fo]== 300 mM NaOH$}t
10 mM NaEDTA (pH 13.0)7F E°d+= glass chamberolA 20% &<t
unwiundingS A #A Tt DNA 7|9 %2 25 V/300 mAe] Aoz 208 =oF 2
AlstRom A7 Fo] Evt &Eol=E F3 ¥ T (neutralizing buffer; 04 M
Tris, pH 7.5)°] 534 A 33] v A HFA L o g2 517 Al st 1
AANZ 3 2~20 ug/mL 559 EtBr (ethidium bromide, Sigma) 45 uL® DNA

g 4989

=30 olnx BA7] (kinetic Imaging Komet 5.0, UK)<}
reflected light fluorescence attachment microscope (BX-FLA, Olympus optical
Co., Ltd, Japan)o.® +38sl49 1, DNA &4 == Moz HE o]%3 DNA
fragmentation®] A8 T HY (tail) Z2old tail W 7% DNA%ES H3f+
0 e Z4skel dugon 24 o3 g 2719 slide® W] 747

50704 % 10071 9] lymphocytedl Al DNA S AEE A3

11. A A =

2E A9 EAAY+= Computer Program Statistix 3.1 (Analytical

Software, St. Paul MN. USA)Z FAHEA(ANOVA test)S AAIStY] HAFY

23744 (LSD : Least Significant Difference)© 2 7o 294 (P<0.05)<S

R LTS
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Fig. 2-2. Weight and growth ratio (%) of Olive flounder that was fed with
chitosan-coated and non-coated control diet for 12 weeks and

weighed every 2 weeks. Data represented as mean+S.D.
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Fig. 2-3. Total mortality ratio (%, down) of Olive flounder that was fed with
chitosan-coated and non-coated control diet for 12 weeks and

weighed every 2 weeks.
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Table 2-2. Water environment, Olive flounder that was fed with chitosan—coated and non-coated control diet for 12 weeks

Water environment items (ppm)

pH COD ss! NH5;-N NOs;-N NO,-N PO,-P
Non-coated 8.04+0.04 9.60+0.60 34.20+6.50 0.21+0.03 0.17+0.03 0.01+0.01 0.49+0.03
Chitosan—coated 8.19+0.07 7.20+0.40 24.30+1.90 0.22+0.06 0.11£0.01 0.02+0.01 0.50+0.03
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Table 2-3. Proximate chemical composition of Olive flounder that was fed

with chitosan-coated and non-coated control diet for 12 weeks

(%)
Crude Crude )
) . Moisture Ash
Protein Lipid
Control 69.49+0.23 9.91+0.65 77.58+0.15 1.40+0.45
Chitosan—-coated  69.48+1.16 10.99+0.62 77.48+0.33 1.41+0.33
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Table 2-4. Serum analysis of Olive flounder that was fed with chitosan-coated and non—coated control diet for 12 weeks

AST ALT Total Glucose Phosphorus HGB
(U/L) (U/L) protein (g/dL) (mg/dL) (mg/dL) (g/dL)
Non-coated 28.50£2.02 7.19+0.94 2.05£0.71 19.06+6.45 3.18+1.16 12.28+12.11
Chitosan—coated 11.64+4.64% 6.14+1.95 3.35+0.64 16.22+5.65 3.60+0.83 34.00£6.37*
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Table 2-4. Continued.

T-chole. HDL-C LDL-C TG HDL/T-chol
(mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL)
Non-coated 145.59+£53.02 78.00+£5.69 28.50+0.12 1.50+0.29 0.54
Chitosan-coated 164.33£92.25 108.75+7.75% 5.50£0.08: 2.29%0.25 0.66
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2}. NBT (nitroblue tetrazolium) reduction 24

Respiratory burst® 2] Al3E (phagocyte)”} 2] 28 (phagocytosis) &<t
g2 Sd 50 s ATEkE w A4 A Ee] FUHeY FAlAl O, , OH,
H.0; 53 28 Azttt (reactive oxygen intermediates, ROIs)S th#o &

WEste A4S sk, olg g ROIse= BUAE Fole=d e 588 o

]
ftlo

kol (Siwicki, 1994). ©] 23 respiratory burst® Z#3t= Wy o2 NBT

)

(Kumari %, 2005 Castro %, 2004)o] o] Algsolx gon FH&
chemiluminescence (CL, Marquela ., 2005, Lu &, 2006; Seo &, 2004; Kim
S, 2002) o] L4 AFEH I AT & Aol = NBTHS Agstl e, NBT
gl ik FYAES Ao JNEAS At A7 el Hlste] o

=A YERSH (p>0.05) (Fig. 2-4).

it

ool o] HEo]d WAukgo] dul Fo HAEAE M F wgd
T AT BFAQd HE=2A AAXEZA (phagocyte activity) S o] Bo] A&%

t}.  Professional phagocytes (granulocytes, monocytes, macrophage)®]

=

respiratory burst2 - O, o #AE 9wttt &3} phagosomal membranes©l

9= NADPH oxidasee] ¢J&] 0.7} - 0, 2 W3t} o] Fof superoxidet: A<l

—

WAl @42 hydrogen peroxide (H2Os), hypochlorous acid (HOCI),

do

hydroxyl radical ( - OH), singlet oxygen (‘O,) 9] t}2 FH < ROSZ #3td
t}. A7]ol respiratory burst®] dojuy= FoF A EH= ROSE FAF 2 n A=
agento|t}. ko] o] 9lo] respiratory burst®] 23 -2 NADPH oxidase?
Aol olal WAFotES @¥e A2 NADPH 4bst 347b gl7]l wiiol
respiratory burst2 ¥4oZ 4 §lth ofF AAEXE T571944E BES & F 9
i+ NADPH 4tstgs-o gsda7t Lfe=3 FASHA WEskth Respiratory
bioindicatoro]t}. L 9 AU

1o, WA Ads AARE o
ol Adsted AFALS Hrbet7= gk dA7EA AAMEe S S5
8l AFEEHA WHE A s Wk stea4 W3 E respiratory burst®]

M3k Solt

burst2 oF A
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9_{('
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v}l Flow cytometry

%7 (neutrophils)= 7] #ollH PG H i dAcdAE wet olsdo=
A respiratory burst activity (RBA)olA F¥H <

7 dsk, el 11,0009 S AAtstal Aol I Al =5e
ol Ap=5 Wroba 2~3AIZF el =gk e d4E5 kst dF o
PAIZITE ol2dt T 9 FAARQ ol s eHe dotry] fste] HA Y FAIA
XA flowcytometryS ©]-&3Fe] =He ). 1 A3 FAAZAAE 7] EAL
AY g A8 E Aold HIPFA A= migratione] dojd TF T H|Eo] ¢
70%% W, i x ol A= oF 7%E e 10M 8 e 7| EAA g 5T oF

o] =& AL e o & AJY (Fig. 2-5).

dale A 71A wrol 714 AT A
WA mAEe] A4S AN B4, vAE] AQHAL A FAe mAsd
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il
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2
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fr

< AYe ogst AA aclo]l FfEo k. ol A9 o= lysozyme,
complement, lectins, proteolytic enzyme ©°| o o= ofF FHutolA

e 74x F74A9) o] szl A w k. okrbmle] olg NO A4 T 7

gho] 2zl Al ¥ ¢ N-acetylmuramic acid®} N-acetylglucosamine A}o] €]

B-14 A% Ealiste] AldS AFEAIZIE Eaolth gholaxel e A

o Aol = AH2E sk, adgA ol A= dAe A 28-S Tt

AMAZFE o AHE St S5 Bz & A9 A3 dH 9| lysozyme &
o] El

9 ARE Hold AFTH =
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TRt o =4 YEwt (p>0.05) (Fig. 2-6). A% A9 (skin mucuc)] #ho]i

AdGdLe 7 BAE S-S AARE Aol APt txTtel Hls)

K _&
do
lo
Ry
|o
fu

=9k (P<0.05) (Fig. 2-7), AE Aue] dd ke 71EA
Aol A7k thzTtel wiske] of 4 ¥ ®el dwstal e el @

AAt}t (Fig. 2-8).
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Fig. 2-5. Flowcytometry analysis for respiratory burst of Olive flounder that

was fed with chitosan-coated and non-coated control diet for 12
weeks (Left: control, 11.09%6 of M1 content; Right: chitosan—coated,

70.25% of M1 content ).
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Fig. 2-6. Lysozyme activity in serum of Olive flounder that was fed with

chitosan—coated and non-coated control diet for 12 weeks.
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with chitosan—coated and non-coated control diet for 12 weeks.
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Fig 2-8. Skin mucus protein contents of Olive flounder that was fed with

chitosan—coated and non-coated control diet for 12 weeks.
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Fig. 2-9. Myeloperoxidase (MPO) activity of Olive flounder that was fed with

chitosan—coated and non-coated control diet for 12 weeks.
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Fig 2-10. DNA damage of H2Os-induced Olive flounder lymphocyte.
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Fig. 2-11.

Comet imaging of Olive flounder lymphocyte (Upper layer:
lymphocytes of control group, down layer: lymphocytes of
chitosan-coated group, A: Negative control (no-treated with

H202), B: 500 uM H:O:-treated, C: 1000 uM HO:-treated)
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Table 2-5. Growth parameter of parrot fish!

Diet WG (%)* SGR (%)? FCR * FI° SUV (%)°

Non-coated  251.86+16.46 0.98+0.04 1.04+0.07 33.46+2.84 100
Chitosan-

244.83+12.95 0.96+0.10 1.09+0.06 37.00£0.96 100
coated

"The value represented three different experiments and represented mean=S.D (P<0.05).
WG (%)=100x(final body weight-initial body weight)/initial body weight

SGR (%)=[(loge final body weigh-loge initial body weight)/days]x100

‘FCR=dried feed weight/moist feed weight

°FI (g/g body weight)=diet dry weight (g)/ body weight(g)

%SUV (%)=survival rate
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Fig. 2-12. Weight gaining of parrot fish that was fed with chitosan—coated
and non-coated control diet for 8 weeks and weighed every 2

weeks.
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Table 2-6. The physiological and chemical analysis in blood for 4 weeks of parrot fish.

Diet AST ALT Total protein Glucose Phosphorus PCV
ie

(U/L) (U/L) (g/dL) (mg/dL) (mg/dL) (%)
Non-coated 70.67+3.15 13.67£1.15 3.50+0.17 221.00+£16.27 15.90£1.42 30.00+2.65
Chitosan-coated 116.00+11.43 15.67£3.21 3.83+0.75 208.00+64.71 18.00£0.82 25.33£6.81
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Table 2-6. continued.

Diet T-chol HDL-C LDL-C TG HDL/T-chol
ie
(mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL)
Non-coated 149.67+14.22 62.67£10.79 17.67+0.58 7.00+1.00 0.45
Chitosan—coated 120.67+17.47 47.33£10.26 17.00£1.00 9.50+1.31 0.40

AST; Serum Glutamic-Oxalocetic Transaminase — SGOT (aspartate aminotransferase)
ALT; Serum Glutamic-Pyruvic Transaminase - SGPT

Hb; Hemoglobin

PCV (%); packed cell volume (Hematocrit)

T-chol; total cholesterol

HDL-C; high density lipoprotein

LDL-C; low density lipoprotein

TG; Tryglyceride
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Table 2-7. The physiological and chemical analysis in blood for 8 weeks of parrot fish.

Diet AST ALT Total protein Glucose Phosphorus PCV
ie
(U/L) (U/L) (g/dL) (mg/dL) (mg/dL) (%)
Non-coated 39.00+8.85 7.67£1.08 4.08+0.38 104.83+15.76 18.98£5.19 18.97£4.30
Chitosan-coated 29.00+2.74 7.00£2.29 4.42+0.19 79.00+7.37 15.77+2.03 39.25+5.64
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Table 2-7. continued.

Diet T-chol HDL-C LDL-C TG HDL/T-chol
ie
(mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL)
Non-coated 71.00£2.76 33.47+0.33 10.87+0.77 4.67+0.76 0.46
Chitosan—coated 66.01£4.11 32.00£1.33 10.01+2.09 5.00+1.18 0.50

AST; Serum Glutamic-Oxalocetic Transaminase — SGOT (aspartate aminotransferase)
ALT; Serum Glutamic-Pyruvic Transaminase - SGPT

Hb; Hemoglobin

PCV (%); packed cell volume (Hematocrit)

T-chol; total cholesterol

HDL-C; high density lipoprotein

LDL-C; low density lipoprotein

TG; Tryglyceride
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Fig. 2-13. NBT reduction of parrot fish that was fed with chitosan—coated

and non-coated control diet for 12 weeks.
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2-14. Lysozyme activity in serum of Parrot fish that was fed

chitosan—coated and non-coated control diet for 12 weeks.
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