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SUMMARY

In every vyear, about 15% of -culturing fish has been Kkilled 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 (WQG), 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 H,O,—mediated
DNA damage.
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(brain heart infusion) ¢ Sw-& WiA& o]-&ste] widetal ol5s M2 S
sixel 1 ml g 1 x 10°~10702 HE% F 40~90CT7HH 258 2 0~1013th
2 N8RS xH_A slo] AE *ﬁﬂﬂ?ﬁ“’? =2 PBS (phosphate buffer saline, pH 7.0)
% Edfslel Fi8 G MIT WHOR AT MEhE 2] AHEE
U3 o] HESI HOkE] o 40 plE FHske] 10

ul MTT (3-(4, 5—Dimethy1th1azol—2—yl)—2 5-diphenylte-trazolium bromide, Sigma)
Ao £ F 37COIN 241 WYL IR 6,000 romol ] B3N]
deANE AAT F 200 plo] DMSOE #H7FsE 5 590 nmellA F3=E S7gsto] Al

1% oo

il

T AEES ANet] ojWdel ArdER Stelith. Ee 100% A Ao
Uebd A3k BHI agar 59 wizlol] Z=sle] 25~30TolA 24~72A)7F vkt &
P8 =l e sel 4 A5E gHPete] Aol AES Aelart.

=
GG FAMEERE daolite] Az AREE a&uE AR SAE 2
7125Y 1714 vls kel AREStal = AXEA, L YR el m2u Al
7ol A 7hukst A5 o2 Biofeeder A|359] BF-30 295 AME-313it} (Fig. 1). 7]

=]
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AR, DENE AzI|A FAR HAE fo LaolRe Azeliov] ALd u
e AdE Seiwa AtllA Y3 Bacillusell &8t B2 3714 Doz A
£ owae] 22 olgstn AL AT EE B I A Fo BAe 1
Aol A3t mAEAAZA uE&dtg Ax AR YEE2 80~90ToA =2 &
NEel 4712 AR BT F Jb S8 4w gl B ATe|A AL sl

Aopivy. waA e davk 2 § oAz i o
2 TR HH oW F daey AE SASAT 2P Az A A
= FEll oliel dEE SAste] ANES ARkesith @, kel da A elA
TEEAAR AREAL Al AAS dialstel Ax v BEE AUbetel waelw
& Alzske] va FAskgIY
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Fig. 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).

L}. DPPH free radical &7 &4
Free radical 244 %=+ Blois (1958)¢] WWS HWHste] Axpgos
(Electron donating ability, EDA)S.2 =439ttt 4.0x10™* DPPH

(1,1-diphenyl-2-picrylhydrazyl, Sigma) €<% 2.9 mld Z} iZF F= 0.1 ml
S 9ol alheh & 30%Rt A2 ehAdel A Wre ARl F 516 nmel A FHEES 54

ol

sto] tiztel tidk F3Ee] A HlERA AAEe TS WERAT

t}. Hydrogen peroxide 27 A

Hydrogen peroxide 2A&4-& Miller 5 (1985)9] WHo] wiz} =393}
t}. =, 0.1 M phosphate buffer (pH 5.0) 100 ul®} sampleE 96 microwell
plateol A &3tA171 & Al 20 pl9 hydrogen peroxideE A 7Fstal 37ColA 5
B2 dbg A AT, "kgol W % 125 mM 2,2'-azino-bis—3-ethylbenzthia-
zoline-6-sulfonic acid (ABTS, Sigma)®} peroxidase (1 unit/ml, Sigma)& Z+Z}
30 plH7ste] HEH o2 37TAA 1087 ¥EEA|7A ELISA reader (Sunrise,
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Tecan™, Austria)E AF£3] 405 nmolA FAEE A5

2}, Comet assayE ©]&3 DNA damage 5%

dAe mirgmoglE de H¥S 2000 rpmolA 1087 A3 &
FE NG FHsho] Ao Ageldth. &2y ZHl o Alo] (alkaline comet assay)
+ Heo (2005) &9 WHoe=z St 84 20 nl9 0.5% LMPA (low
melting point agarose, Invitrogen)®} 42 % 1% NMPA (normal melting point
agarose, Sigma)® 7|2 IZHY3I &efol=ol BARAZT. Aol £& & 1 9l t
Al 0.5% LMPA 100 pls <@lel= flo doj:melal AW aetaE il lysis
buffer (2.5 M NaCl, 100 mM EDTA, 10 mM Tris, 1% N-Lauroylsarcosine
sodium salt, 1% Triton X-100)°] &glo]=Z G7} 4TolA 1A7HES lysisAl Z
t}h. o] lysisAlZl &8l =% 300 mM NaOH®} 10 mM Na;EDTA (pH 13.007F &
o]+ glass chamberol A 20% &9 unwindingS A|#At}. DNA A7|952 25
V/300 mA®] Ao ® 202 ¢ Ao drdEe] e EFll=E T3
A= N (neutralizing buffer; 0.4 M Tris, pH 7.5)°] 582X 33 wk&E A& -+
QA e 2 5EIF A7 F 2720 pg/ml %2 EtBr (ethidium bromide,
Sigma) 45 upl® DNAE QA3AY. 4L olnx] #47] (kinetic Imaging
Komet 5.0, UK)®} reflected light fluorescence attachment microscope
(BX-FLA, Olympus optical Co., Ltd, Japan)® <33} 3, DNA A A == o
o ZHE o]F3 DNA fragmentation®] Az E& Y (tail) Zolol tail W &
¥ DNA%E = HY = @S SAst yedne 2 g 3 2719
slideE whEo] Z42F 50704 & 100709 lymphocytecll Al DNA &4 =5 45}

it

o

AESQT =, 24 FAFoRRE F7Ee] & RAERIRE FHArY
8- 543 T HAHdazAdA gdaojiEe AFdY. A" Za
ultiplex-PCRZ o]H A ##¢] 534S AlA|
o] F8 AHA Aoz nyy AHFdS
=
=

Al
<ol #AdE Aom FAHE= AR

o2
:;l
ol
)
)
Z.
> >
Ll
Mo
Ac)
P‘L
2
3

2
= A5 DA Streptococcus iniae, Streptococcus parauberis, o =%
t5 9l Edwardsiella tarda, €FAM5 YJddo= R Flexibacter
E Foudoz AAgtr. WA S, iniae, S. parauberis, E. tarda?]
Toe 9XE FoAeE s & A 92 3 2AAE 2.5% NaCl-BHIA
(Difco, USA), 2.5% NaCl-SS agar (Difco, USA), dNaHujx Fgtol| =aslo]
30+0.5C, 24~48A1%F ik 5 sttt el 42 74 HaolA
A& colonyES WA & gram stain, oxidase test, catalase tests9] A
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A ES AR Streptococcus spp. Edwardsiella spp.® 7Fol5 A & multiplex
PCR¥YHS o]&3] S. iniae, S. parauberis, E. tarda® Z}Z} A

Flexibacer mritimus®] #2] ¥ &AL ofF9o AXZASEHE dAvAd 4
st EFLEA AMes €9l ¥ Hsu-Shotts mediumel] =9 wj<F d
colonyE w&ate] At 4 A1d 2 PCR 35 Sl 5433t =
o]&3 FETY T4 Table 1o YEFH primer set ¥ F1& o] &3kt

(Mata 5, 2004) ©o] W] m-PCRel|l AF&3% DNAS F=2L MFX6100 (TOYOBO,

b A BAERRE AJARrY] fE] 2 T80l Bd ¥ A FAES
4542 dQsla Zhzte] HA wrgzoz WanAS A Azd wgojio o
BoATe] AbES glskiTh ol Alare] AbE g0l wgold ZEAIRE Wit
Al AdeE o]lgste 84 % membranes o83t o ¥ total DNAE F
Z3to] Table 19 YEMA primer sets ©]8€3 m-PCRESE FAIFF] HEA
T2 st el Azl el s Ukl e FAE e fH AR
o] At FAS AT At =

=748 pour plate methodZ ©|&3ttt. 5
AzolEg dF AYALFE olgste] WMo A HHE AR 2 lmlef
Plate Count Agar (PCA) (Difco, USA) ¥ Marine agar 2216 medium (Difco,
USA)E F18ke] 30£0.5C, 24247 Wi} ¥ AF5E SAE

(o]

Table 1. Bacterial target species assayed and primer sequences used for

m-PCR amplification and the amplicon sizes

=
Fish pathogen Primer ze PCR condition
(bps)
92°C(1min), 55C (1min),
Streptococcus  AAGGGGAAATCGCAAGTGCC min - (Imin
. 870 72°C(1.5min)
miae
ATATCTGATTGGGCCGTCTAA for 25¢ycle
92°C(1min), 55°C (1min),
Streptococeus  TTTCGTCTGAGGCAATGTTG min -~ (Imin
i 718 72°C(1.5min)
arauberis
P GCTTCATATATCGCTATACT for 25cycle
94°C(1min), 55°C (1min),
Fdwardsiolla CGGTAGCAGGGAGAAGGC (lmin), 55T {1min)
686 72°C(1.5min)
tarda GTCTTCGTCCAGGAGGCC for 35¢ycle
94°C(1min), 55°C (1min),
Floxibacter CGGTAGAAGATGACTATGCG ( mlfl) . (1min)
» 786 72C(1.5min)
maritim
arttimus CTAGCCCTGTCATTCCACAT for 35cycle

8. ¥4 FAE 59 o2 ALY FA 74 A
AEHoR AN olRe] FATFAL FIARA Al Trd 9289
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k25 A7F (ALV; Acid Value), ¢

CSAYES AIBA R 2aWE 2, 24
b B85 A (sand), HENE] A A3 EE(Urea) 2 3HAAA7I B2 A (VBN)9F &3
E4 Arda £2(Hg), F(Pb), 7t=5(Cd) 2 AFCr) FFS SHsAh
Egk A T AR A i o FE gelsty] flste] HEgALe|Z A
FAAQl FEZZH Egtalo] 7 (Chlortetracycline, CTC) % SAH EZALo]E™

(Oxytertacycline, OTC)¥} AEofufo]=A] A Al A u}x]o}Z(Sulfathiazole), A

v 2} 2 (Sulfamerazine) 2 A 3w €} (Sulfamethazine) o] &S EA15190 T}
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Al 2" FARRAET PEIT HAE] newFd o
FAE o8 FAYA L A4
1. A]@}\]_g_

AP AE S flete] dubdoz A A Y ol AREEa e A=
(MP: mooisture pellet)2} ALz Wao]F g3k wiTgAI R E A 23] FF35)
Sk g AlsE AR OiH] 7%9] WHa o S HU) ske] AlFzsHST)

(L)x1 (H) (m)° T4
L, A= AT HE T TS HFS
HHE 0 2 AT AT 1Y 183 3 A]zom
of F7eAnk A 7|3 T 2, 854k (dissolved oxygen, DO), pH, @+=
mjed =435 o DO DO meter, pHE pH meterE AFESFATE Ad 7|7 & AF

& FLL 18~20TE HA F&0] 18T, AL F2o] 20Cth A4 35£5%9]
A st7F S8 S E ARES AT, 4=2] DO+ 7.0+0.5 mg/l, pHE= 7.5+£0.5%1
th AlEE &% F o3 (oAl 74 g?ﬂ 5A) Fw shlen, A3 AR 127 <t
sl on, w4, 8, 125Ad 22 A5t

4529} 8FH| ol
& Adsthr] A
), & Ne APzt

micro—hematocrit W5 (Brown, 1980)°l <J3] dvfEAZ]E  (hematocrit, PCV)E
ZAsaL, A As g 4 A (Ch 100 plus, Daewang metitecq. Korea)=
221 (hemoglobin, Hb)S 54 alGlth A #4115 St Adsk o
S FSuAT HYEHA 22 AR T €3 Ao 3083 WX & 3,000
rpmoll A 1083 A4l Eefste] BARAstHA 16A12F ool A skt 34w
2 A ARAVIE ARESte] FHEWA (total protein), 9 (glucose), <!
(phosphorus), Z&Z#2~H= (Total -cholesterol), ZAA" (triglyeride; TG),
HDL-C (high density cholesterol), LDL-C (low density cholesterol), ¥ <4<l

AST (aspeartate aminotransferase), ALT (alanine aminotransferase)S 4] &3t}

01
4
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4. AFA ML respiratory burst 84 =

gio) o] ok AME ZgS <olr ] 95l respiratory burst activity=
Secombes (1990) HHol wlg} 21619t} Ependoff tubeo] & (whole blood) I}
0.2% NBT Al%FS 101 H]&2 A2 $ 308 &< A4 ¥HgA1A 1 ml dimetyl
formamideE #H7}3}At o] ¥FEES 200 pl® micro well plateo] 53 & &
o2 0D 560 nmollA micro-reader (Sunrise, TecanTM, Austria)= Z7A3sle] 2
& o] 9] respiratory burst activity®S 413813t}

5. 839 lysozyme 84 FA}

AAA H HESo] FofslE= QxR Flo]AAbele Al o] N-acetylmuramic
acid®} N-acetylglyglucosamineAlo] 9] ®IE}-144S F|ste] M-S AFEAAI7]=
a8 g ate] did AA 2 BA S-S ST AAFT, AAEe] ARES F
7IA1 70t} A HPHLS Kumari®t Sahoo (2005)9] w2} Micrococcus lysodeikticusS
0.02 M sodium citrate buffer (pH 5.5 0.2 mg/ml7} ¥ Ak M. lysodeikticus
solutiong WF=TH Serums 22 15 pl® 96 well plateo] 573 —?f— Al M.
lysodeikticus solutiong 150 pl¥ il 450 nmolA] SF=E fxé Slg
IAZE BEE 3 Fdgh ol 3% @S dof lysis A F &
t}. Lysozyme9] &4 wWoli= 9 0.0019 3= #42E YellE 849 (}#i
g &J s} 3l T,

6. EAXE

SN A AFSE GXo A 2 B4 A3l FAAEE SPSS (SPSS Inc.,
Version 12.0) programs ©]-&3sto] =4 HAAGS AAsto] t-test (P<0.05)= 3t
o feoAdS AAsIGTE 3, Ew9 AdAR wixE dHdS3EAIHY

(completely randomized design

flo
>
>,
ol
o
3%
)

% 2] =R
1. A¥AIR
=5 AAES Yete] 4719 thE Al: |3t FEeksith Ad Alse
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50%2] =Ty é %P%k—% b5 FdatA 2AsAL, 7IRANE 2 E= Table 290
e S EP AR E 71 ZAIEE o] 88 dlET (OFFM)S} 7] ALl AlZsE o2

S dwAdor 10, 20, 30%S wHAste] 10% FFM (10FFM),
20% FFM (ZOFFM) 30% FFM (30FFM)& A|z3alGith A@AIS AlxeE BE AR
ZALE FH7IE ol&ste] ' FuHE dAsH e F 7 AIRYES AR
ol wet FAE 545t & 42 T Asd T 30~40% HES
A7Fske] Ap &S] (NVM-14-2P, Korea)® Eghuk=3tiv). &3 ok
3}7] (SMC-12, Korea)E ©]&3sle] 27 3mm 7|2 A3 ol A
55 TAUXEY sieveE: ol&dt] AE3 A7|E ALEE pellet FEHIE 715t
-20°Ce| BAstHA FFskalh

AN ok
e rr

Table 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

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

*Mineral Mixture (g/kg): MgSOs7H:0, 80; NaH:PO42H,0, 370; KCI, 130; Ferric citrate,
40; ZuSO47H20, 20; Ca-lactate, 356.5; CuCl, 0.2; AlICl36H20, 0.15; NagSez0s3, 0.01;
MnSO4+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

d Ho=w Aols AFEW FA A skl AFdiga A S
FHP AR FEEReH, A S AFA717] H8l 35 T ARG



TR 7= St Hol FEe BE oA Faetd A s Al A}
S5 ARESRITh ouALS $ 4t ofAFe] 12~13 g9 EwS 150 | ¥R
zh ez 35m A T2 wjR|Ekith s e A 3T o R Fasiglon, A}
SE ARHTE AFESE 1~2 /min®] frEe] IHEHES 248, BE A
g Fxol &AL FA} A& AFF w35 flete] doj~ES AAEglh A
sl 717F 9] 2 25.0+£3.0C, 524+ 4.340.2 mg/mlol}dth. 238 A= o
AF9 495 TFaRoH, 3 F W o 849 0F 5o Fo] FFa ARF
AT T 8F st AF oA FAES YIRS FA% & 2F 1
Aoz Agole] AA FAE FHG Y TTHFS LA
3. A=

AHG oA AFAIRE FoAd * 25 HFom Aol AA FAE SAHsA
STHS Tt

A PR BAL flate] Adols AR AAX oF 2447k Bk DA A
o 7 4z 107heM AL §o32 nelste] AWE FEF F uRRu
o

(hematocrit, PCV)E F73slaL, Aol A5 & 4 %A (Ch 100 plus, Daewang
metitecq. Seoul)® d|EZFZH (hemoglobin, Hb)S =4 3slct AR EAS
et AP A FSaA7E AHA G Aol @i AL 301t
W28k F 3,000rpmell A 1033 AAlEglste] W EASTHA 16417 oujel &4 s)
Stk A TS As dAEATIE AFESte] FHEA (total protein), EFFH
(glucose), phosphorous, Z=Zd2HE, =¥z (HDL; high density
cholesterol), AH =X a (LDL; low density cholesterol), ZSAAAY
(triglyeride), 74|+l AST (aspeartate aminotransferase), ALT (alanine

aminotransferase) & #4] 3}3it}.

5. oA E] SN A

gt o] 93k A E FES UolH 7] 93} Respiratory burst activity=
Secombes (1990) ®Wel we} A5}t ependoff tubeol ¥ 3} 0.2% NBT A
kS 111 HEZE A% 30859 204 WEEAIZl & 1ml dimetyl formamideE
A7bekeh o] WEES 200 w0 micro well plated] W53 F HFHom
plateE OD 560 nmol| 4] micro-reader (TecanTM)Z ZA3}o] A& 9] respiratory

burst activityS #4183t
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6. 839 Lysozyme A ZA}

A HA bS] FolslE QxR Fo]aAe AlTFH e N-acetylmuramic
acid®} N-acetylglyglucosamineAlo] 9] HE}-1,423%S Hldte] AdS AFEA 7=
TR Ol gk A 2 1A G8S SUF AAFAL, AAE] AAEE F
7WA e Ad WS Jaya®t Sahoo ®Hel wEl Micrococcus lysodeikticusE
0.02M sodium citrate buffer (pH 5.5)°] 0.2mg/ml7} A3t M. lysodeikticus
solutions %=L seras 242 1502 96well plateol BEF3 3 =AM
lysodeikticus solutiong 150u0¥ 3L 450nmeol A SHE=E =
AR AR - sde A FEE jhs dol lysis A F
t} Lysozyme? A @9+ 9 0.0019 3% #4225 e &= 49 Yoz
g ¢J sl 3lT.

o

1
ol

7. SAAY

AgAbE el wx= AFEAEY (Completely randomized design)s Al &3
;AR 2B Avkel BAA 8] SPSS (SPSS Inc., Version 12.0) program2 ©]
3} One-way ANOVA-testE A A]3}e] Duncan®s multiple range test (P<0.05)%
o] Fo4E AAQsth A g B @pEETEAF (meantS.D)E LERASL
& b2 arcsine WM FLOZ ALlste] TAEA AT

ri _&

HOE‘O?OH

1%
M
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L G B4, 74 57 % JREy

H} iU

AT oA 7 Ao ZHE A FAY FAHE (dead fish)9b AlF =710k
ALREE AT ko] AW RS BA3ke] Table 390 YERIITH FAE FAE
o] A$ FR Shgko] of 733990 FubwAo] ke 1829%A oS HERE
FS VTR S AT oF 68%0l ddete gl d shgo) fEuke] A i
e 92.5%2 A dlfto] oo 2ARE XS ZEgstEe el
5.I%ZAN AZTH 7102 76%%th radre] Hlgkdl C &2 3% 100 g =

°F 985 mge 245kt

2. 8 o|B¥AF APEZA 8

AT FAHA Y] M AWor 7P WS BasEa e Adgds 9
@2l Streptococcus iniae® Streptococcus parauberis, ONEHE=ZF LAl
Edwardsiella tarda, A5 AANH o2 BilY Flexibacter maritimuss, L& il
B B8] Q42 Vibrio alginolyvticus®y V. anguillarium®) W3Fe] 40~90TC<2] Lol A
0~10A17F &<t 7HEetal S W BEES SA s Fig. 20 YERR AT

A FtE A1+l Streptococcus iniaed 735 40T 2Zo A 6A1ZM7FA] 7}
2ok E W oF 60% AL o™ 104 17HA] 7}3*@“& ol = oF 80% ol A&
St SFAINE 50Tl A 723t E AFoll= 7R 24 el Al oF 10% olst= A&

7 30

Fol Zagon 4Nt 7 AR A ¢ds Adegr 60TR ke A
9 4

3 Goll= 7k 2413kl b APEE AT whEbA S niae®] 749 50TolA 4
ool AYsiles A s AFEESIAL 60T o) 7hx Aeste] 241%F o)
= B5olE 100% APEskalaS el & 5 SdSdvk (Fig. 2A). & thE A4
T5 AJAQl Streptococcus parauberis® 7-$-ol Streptococcus 1211'3@1‘%_11} oo
F O WS B = 40TlA 2A1%F 01 & 7R AdEE A AEE
50% wvte.® yettow 10A13F 72 getsls 49 AEEC] o 25%011 =383l
th 50T o]de] 7FeABsi S A9dd= S omaed Ao Atet A FAEHS o
AN} (Fig. 2B). A=Y= w52 A1l Edwarsiella tarda® 73%-ol+= ¥ A
A HER 6719 2 g2 oAl #E F Gl 7P A Aom Yt (Fig.
1-20). =, 40TC9] 7k 271 A
Table 3. Approximate chemical compositions of dead flounder fish and citrus

meal
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Crude Crude Crude Crude Vitamin C

Moisture ) o
protein lipid ash  carbohydrate (mg/100g)

Dead fish 73349 182421 19102 4.1£0.8 2.5%0.6 -

Citrus meal 92564  0.8+0.1  0.6+0.1 0.4£0.1 0. 7£1.7 985

OAIZE &<k A8t A8 APdEA 9431 100% A& shAw 50T &
Bols FAsHA AFEE 7] AlFFste] 7h2 2413 Aol A 10% vREe
S I 10A1ZE o) Agjstel k8] AbdE A= ettt @, 60Tl

0Ce 7k2xe] Al vp7pA R 2417 F¢t d& 7HAS o oF 10% °]ahe]
TES BOAT 7FAE 6ARM = ghds] AbEd As gl 3 5 qddTh
ojdellA A alE W= 243E ol ¢ AbEd AL el &

BN
o m?z

o

32

N

=)

4 Mooz X oox Horlr
(e r

3
32 X

, ATl Flexibasler maritimus®] 74%-oll= AG-d Rt Feoll s
A=vBoh s om doll oFghs Yehlidet (Fig. 2D). =, 40T 7
= °F 80% ol ALt e, 10413F Agsto e oF 70% ©]39
AEES HoFAT} kAR 50ToM= 2417 A 39S w oF
Holom 10AI7HA] AEslels B9-odE ¢d AP R A= okt
60CE =& A5l 6~ AgelA 100%S] AEEs BRI,
0T ZHdddM= Al 241 WHH 100%°] APEES YERAAT
Q3o A 27 = Vibrio alginolyticus’t V. anguillarumB.th B4 G
orgels & 4 AT (Fig. 2E,F). =, V. alginolyticus®] 745-9& 40Ce] 7=
A wj7bA] 100% ABEsHRA o 1 o]F- AbEsy] AlAbste] 104
S 5ol °F 30%< *ﬁi%g 715383 50T o] 7k e 243
2letls 9ol oF 30%9 AEES Hlon 1042 Hesdls A9olE 100%
HE A= Fodh 60T 7h ﬂﬂo}oﬂé Aol 7H=A 2] 10411kl Bl 24 100%
of ApEE HowH, 70T oo adAAT A= Al 2AFlA 100%°] AHEES
UeEbHATE (Fig. 2E). 3+, V. anguillarum® 74$-0lx= 40T 7Fxg] ZAA 2
AIZE Aol s B9l 80%, 441%F Agstls Aol 70%, 6413 A2 stis
°F 40%, “LE]3L 10A13F A0S A 5ol oF 20%4 AEES Bk kAT 50T
o|Aboll A dxjg] 2A17F ool 100%2] AVEES Xl V. alginolyticusitt X 4
o ksl AJAS molT)
S FAY 7k Aol mE APEE = oiRE 50T TheAE 2elA
g APEES UHERAST 60~70T9 i 52 EA 8 A=t A 27\]
Foolgel 100% APEshe As Ho] S FibEe o AlxE AF a2daA

)
=2
i
do
[t
r

2
O

Wi
i )
=2 Mg
B~
>
)
=2
é

0%,

EN|

¥
;
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=
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1
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Fig. 1-2. The heat treatment against pathogen was monitored at 40, 50, 60, 70,
80 and 90T for 10 h. MTT assay was used to assess the viability of the
bacterial (A), B),
Edwardsiella tarda (C), Flexibasler maritimus (D), Vibrio alginolyticus (E) and

cells (Streptococcus iniae Streptococcus  parauberis

Vibrio anguillarum (F)).
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Table 4. Approximate chemical compositions of fermented fish meals from dead
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Table 5. Approximate chemical compositions of fermented fish meals from dead

flounder fishes as a function of the added citrus meal amount.

Added citrus ) Crude o Crude
Moisture ] Crude lipid Crude ash
meal amount protein carbohydrate
0 2.5 30.9 23.0 8.6 34.9
1.0 29 31.1 22.5 9.0 34.5
2.5 2.5 30.2 235 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. 5. The production rate of fish meals according to the added zymogen

amount in the Biofeeder BF-30 fermentor.

Table 6. Approximate chemical compositions of fermented fish meals from dead

flounder fishes as a function of the increased zymogen amount.

Crude Crude Crude
carbohydrate

Crude
protein

Added zymogen amount

Moisture

ash

lipid

(g/10,000)

31.4 20.5 8.9 38.2

1.1

0.5

30.7 19.3 8.9 39.6

1.5

1.0
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e vtgoji (FFM without citrus meal)¥} Hlusle] HF3}3 T o] 2] 3itsl &
Ao A4S 93 84 FEE 2 Wy FEES 47 AlZRste] FESAT

7}. DPPH free radical 2~ 24
Fig. 62> 7&uhs H7ksk dhgo]ite] DPPH free radical 2184 & el
ojt}, AWt o g MeOH FEE0°| 84 F=

FAs Wdgo]Ro|A= DPPH free radical 2~AEAdo

Bt TIiell= ER A ekt

L}, Hydrogen peroxide 4734

Hydrogen peroxide 2AZAA %= DPPH free radical &2AZ43 vlz7px| =
HEs FEE9 @40 784 FEEET =4 Ueen A5 st S &
FE AAEE Z7 s E3], A8 557t 4 mg/ml 4w oF 80% oo =&
2AEAS YERNATE Hydrogen peroxide &~ASAAE ZHEuhs H7belA] @il &
A o= T35 daolFoA AAGAEES A HolA ol aded= YERNA
ottt (Fig. 7). ol9F &2 Ay, FE2AAIQ 7 gialed Zadinks o] 83}
Hgolits Axd A5 vt FaEHo e Vs =49 Fel HuA =
= 71 dow 53] kst gA4o] & Ao ® ¢4efRl Vitamin CH flavonoid 318
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o] 7FA7F e, i 54 oA 535 dotr
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Fig. 6. DPPH free radical scavenging effects of aqueous and methanol extracts

from the fermented fish meals with citrus.
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Fig. 7. Hydrogen peroxide (H20s) 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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Srof| Al Azgk FAY FAME FEl BHE o] FEFEE 7FA3L human lukemia A|E
o1 U937¥} {9 lymphocyteo] sk DNA =4 B3& @3E Fig. 8~13°] YEHY
At U937 celldl A= citrus meals H7Fs Hgoli FE5ES A st AgFoA=
Fe7b SV &4E DNA &Y HEadrh SR HoO.5 AFeh iz
(positive control)®] A|3¥3+= tail movement’} ¢F 41%A % Aoy oY, citrus mealS
A7 e tg ol 555 10 ug/mlS AYsl3S W= tail movement ako] ¢F 30%
2 A% AS 8l 3 4 Ak S 100 pg/ml w29 FEES AL E Hl
= ¢F 80%2] DNA Hogys sl & 4 At (Fig. 1-8). 284, citrus meal©]
A7t A @2 BE ot FEES AT AEAE DNA &4 Be airt A9
YebRH] ekekth (Fig. 9). dHH, Citrus peel2 #H71sh wrg ol F&5ES A3

HX19] lymphocyteol A= 10 ng/ml ¥ 50 ng/mle] =5 A7 s o 22 9
70%t 80%%] Rea¥)rt yepgton, FE5E9 $%7F 100 ng/mle sxdA= of
90%2] DNA B3 &35 el Wl v, Az 7gguhs JrhehA] @a v s H7138
Hgolite] FEES A o7 HEFE= FEEY 9 AHslo] DNA &40
80% ol doltth(Fig. 12). Fig. 13& o3 Axs dwel & 7 = ARlew,
OBt EAE WA ke Adl M3 kst Ael o3 &S W BollAE o]
DNA7} &5 o] Jej7t SEHZ 21s g9l & 4 vy 18y s rket 7]
A EE ol FEES vREE Add 7S e ol oFA 0% DNAY &
do] AAEE s AT 4 A
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ako] 7hsdt Aow gy w, 53] hauhs AZRAA uA giald] FREEGAR o
£ A9 o2A FA FAET dAx gaEd vhe AREE] wiite] Alx FAgol
el Bk ol Alxwrte BE g glon, ofite] e Ed vl 95E 3o
2 ddEo] gAY AHE S AR FAEERE VA daolwe] Azt F
3] 7 Aow Alndn

_33_



% Fluerecence in tail

Clitrus peel

45 - ~4 80
T
40 | T 4 70
33 F - 4 &0 =
50 - 4 =0 & &=
25 | T a0 B =
20 b ] o =
=
15 + ] 13 & §
| 4 20 £
10 - I =
s L [ 4 10 S
O [] 1 1 [] 0
0 10 50 100
Contral

ugiml of meal extract + 50 Wb H O

Fig. 8. The effect of supplementation in vitro with different concentrations of

FFM (fermented fish meal) prepared with citrus peel extracts on DNA
damage of H20O2-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).

Mo citrus peel
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Fig. 19. The effect of supplementation in vitro with different concentrations of

FFM (fermented fish meal) prepared without citrus peel extracts on
DNA damage of HOs-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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Fig. 10. Comet images of U937 cells: (a) Negative control,
(50 uM Hs0»), (¢, f) Treated sample (10 pg/ml), (d, g) Treated sample
(50 pg/ml), (e, h) Treated sample (100 pg/ml), (c, d, ) citrus peel, (f, g,

25

20

15

10

% Fluorecence in tail

Fig. 11. The effect of supplementation in vitro with different concentrations of

h) no citrus peel.
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FFM (fermented fish meal) prepared with citrus peel extracts on DNA
damage of HoOs-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).

_35_

70
&0
o0
40
Z0
20
10

Inhibitory effect of cell

(b) Positive control

damage (%)



% Fluorecence in tail

100

20

&0

40

20

Mo citrus peel

H

4 &0
4 so
4 40

H

damage (%)

= 20

|
Lk
i
Inhibitory effect of cell

[ i i I 1 0o

0 1 5 10

Control
ug/ml of meal extract + 50 Jbi H, O

Fig. 12 The effect of supplementation in vitro with different concentrations of

FFM (fermented fish meal) prepared without citrus peel extracts on DNA
damage of H2Os-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. 13. Comet images of flounder lymphocyte: (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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oAz} HAE-ZRE By 3t Streptococcus iniae, Streptococcus parauberis,
Edwardsiella tarda 2 Flexibacter maritimus &2 7t 7ol thste] Table 7 €}
W A w7 = AsteE AdAds Este] w4 sk g)lskgit

gl 2t FEFe] A4S 9% m-PCR 8 2345 Fig. 149 Uehliie
PCR W& o83t el At sdd3 242 S iniae, S. parauberis,
E. tarda, F. maritimus= Z}7; -5733}3ith
GG FAMEREE Zh7be] oy AQIAS FElste] FRlgh & dgolRe] AxE
ek AlRE ARESE7] S8 Haots Axs7] el A%
o 7 AdTE ATt F, FAF FAME AR 1
cfu, S. parauberis:= 4x10" cfu, E. tarda= 2.4x10° cfu @ £ maritimus= 1.1x<10°
2HE oA¥AlT FITE

=
g%k 5 wgofte] AxE AL AEE AFESte] BROES A3 F m-PCR=

0Q
ol
N
E.
-
¥
o
w
X
—
<,

Table 7. Biochemical characteristics of the isolated from bacteria strains

Isolated strains

Characteristics

S. itniae S. parauberis E. tarda F. maritimus
Gram stain + + - -
Oxidase test - - - +
Catalase test - - + +
Growth at BHIA + + + NT
Growth at SS - - +, HsS NT
Growth at TCBS - - - NT
Hsu-Shotts medium NT NT NT +, yellow pigment

1 2 3 4 5 6
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Fig. 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)

G2 FAE (dead fish) 459 oAMA (S, iniae, S. parauberis, E. tarda 2 F.
maritimus)S 2474 B wjFste] Q91 Ho® oF 5x107 cfu/gs FH7Fske] 1417 WA
5 AR A ggolte] Alxste] oo RS FEY M
Mo 2 HESIY Table 89 YEMNSITE Table 89 YeRd Aol HHA Azxzd <&
A FARE o daolR o mRE dAZFY] ARE AF st F
109 = 1000 &2 3Aetls e dAd Alteo]l AdshA &
gy FES dAS ek ek s Aol wisils 2
‘7ol yEbeth o3 Fig. 1694 K= A o] FE5E dAS AFeis
2Y7t g8t oleS BTk Fig. 169 9% T1dolA e 23
S widS petri dishell 4] DNAE %3] PCRY O Q191402
A& &elste] Fig. 179 Uehldch PCR 23 A4S wigFatdds of 2
o2 HI7Vg 452 oW AldEo] ofyet A=A A 2
E Artolgte AE gl & 5 Ak HF A FAE e dEo]
dA o g BE A7 Algto] WALIAT o] AL o Algt2 ofd A

sto] AxT PAF PR
A

NI
il
o,
ofo

St (safety product)o]&}+= 5]
S AR b A AES AT S
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]
oFo A7} 7tsshH AxE WHFo]Re free
radical, Ho022] A2AEA Fo -3 ksl g35 B9l o, oF lymphocyte %
Bl HE YeERY TS Ay wgolie

!

123 4567 1 23 456 123 456

(A) B) ©
Fig. 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 1,2,3 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]

Table 8. The number of colony from the fermented fish meals
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o NO. of colony in each medium
Dilution folds

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

Fig. 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. 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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Table 9. Compositions analyses of fermented fish meal

[tems Standard value Analysed value
Crude protein(%) - 58.97
Crude lipid(%) - 16.43
Crude fiber(%) - 2.35
Meal Ingredients Acid value < 30 22.95
VBN(%) N.D. N.D.
Urea(%) N.D. N.D
Sand(%) < 2 0.70
Salmonella N.D. N.D.
Hg(mg/kg) < 05 0.12
Harmfulness
matters Pb(mg/kg) < 10 0.38
Cd(mg/kg) < 25 0.08
Cr(mg/kg) < 100 2.61
OTC(mg/kg)" < 02 N.D.
CTC(mg/kg)” - N.D.
Antibiotics Sulfathiazole(mg/kg) - N.D.
Sulfamethazine(mg/kg) - N.D.
Sulfamerazine(mg/kg) - N.D.

N.D.; No detected
l)Oxytetracycline

Z‘)Chh’otetracycline
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Fig. 18. Fermented fish meal product prepared from dead fish
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Fig. 19. 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. 20. 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. 21. 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. 22. Dead fish number of olive flounder fed by FFM and non-supplemented
control diet for 12 weeks (started with body weight: 230%+15 g).

10 -

Total mortality ratio (%)

Control FFM

Fig. 23. 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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=, et B, 1 EE I 98 AoleE =71skar, ALT (GPT)E AST9F A} 7]
TS ok AT E AT Y98 Aoy, #e A= AL UERUA gkt

3. NBT reduction &4

ool o] HlEolZA WMANgo] dnp} Fof HASAE TP F T = o
© A HERA AMEZA (phagocyte activity) o] Bol ARgHU.
Professional phagocytes (granulocytes, monocytes, macrophage)® <&
079 #AAE onglt}t. 843} phagosomal membranese] 21+ NADPH oxidase
of s 0.7} Oy & W3} o] Fo superoxider AAFLHC] Fh=
hydrogen peroxide (H202), hypochlorous acid (HOCI), hydroxyl radical (:OH),
singlet oxygen ('02)%9¢ T2 Z7H9 ROSE A3HT, THFFEdAE Fro]

{f

o 9Jo] respiratory burst®] 23 H2 NADPH oxidase? ZA7F ol 23] whdS
o}FS ok AlES NADPH 2Hs} §47F ¢17] w9 respiratory burst® g o7

F gl Ao daa A,

Table 10. The physiological and chemical analysis in blood.

AST ALT Total protein  Glucose  Phosphorus PCV

Diet
le (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

Table 10. continued

Diot 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%R.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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o] 5F A M| respiratory burst ¥H5S 4= = NADPH 2tslaheo &4
B} THEEI FASHA YEFS S, respiratory burst oF AAAEHE

& 4 9l bioindicators stuolth. @AA7EA] AAES] S S8t 9l A
SEojx Wy A&l Wsh, s WHIk 2 55l
Respiratory bursto]& A A X7} A28 FoF 52 v 2259 9s|M A=
= W AR Mol FUHsEE E Aol O, OH, Hp0:9F #& Ak}
(reactive oxygen intermediates, ROIs)S U o2 WEsh= dAAMNS Eely, o]
gk ROIsv= WHEAIE Fol=d w$ Fa83 93-S b (Siwicki, 1994). o]t
TEEE SAHste WHOe=E  NBTHol Wol AREHA gkow, FHZ
chemiluminescence (CL)Ho] d& AM&E a1 )t}

2 AFd A= NBTHS AR&stglon, wraolis
761 NBT #7do] izl Hls] 28 o] =4 yet
(P<0.05, Fig. 25), Respiratory burst ZAd
(neutrophil)= 28713 (bone marrow)olA] A F o] &
O 22X respiratory burst@AoA FH dAss 3
(phagocytosis)o] 7F& <43y, dFF< 1,000 7S A8
v =TT AarEe] AsS wrobA 2~3A17F ol Tl
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Fig. 25. Respiratory burst activity of neutrophils from Olive flounder that was
fed by FFM and non-supplemented control diet for 12 weeks.

grAE AEES AYs tge Ad gaQlo] 3hfEof k.
olel A< o & lysozyme, complement, lectins, proteolytic enzyme 5°] A2
T Al A o g 7] FIEA QL Wol 7)Aol A Al v obrt
nlofl o]gk NO A7 9§ o] gnjAlE fefo| =7 1 oot}

glo] A2 Mt o] N-acetylmuramic acid®} N-acetylglucosamine A}o]
B-1,4 A%S Eafate] AdS AFEAYIE B4R a3 FHe] AxHde A
da/d el tialiA e Ao BAS &S FVMAAT Tl A
=87 S5 AT 2 A A3 A lysozyme Aol oAM= 7+ A

J P (P>0.05), waoi ALRE Aol AFT7E gzl

"

i
ry
=2
ol
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e Mo Lo

Hjste] tha & eholadt B LT (Fig. 26).

woAwe] AvE B ow wEelR (FFME H7hstel Foldk WAz duk 4A}
aure Fold WAND WA} Sk FAH Aol WFT & e T
o] tha F71 ¥ Ao% AR
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Fig. 26), %J*é
(SUV)L BE AgydE= %ﬂ?ﬂ‘ﬂ x} 1= 1:1_030134 1 A= Table 110 e}
ek oiAlTe 10% Taolis 7k A8 (10FFM)olA 8 &<t 7 &
o] (¢F 260%) 47 g AS IRl & F AdYiL, o)A dix AFAFET o 15%
7V o S7rgk gk, dEol® ol S 4 AYES o8y fAhdshe A

BTk, Azt AHAE (specific growth rate, SGR)S thZ(OFFM)¥ 10FFM

< HS

o] Hlxg A¥E YENeH, U3t AHEE JA Faod FFol Tt EEE
A AGES 23] @i’é}% AFs ®HITh g, 27 HAHeR S A E
< Fig. 279 YER AT 4%37111 54 Ay A KAl zolE HolA &
ko 657 8FA A= 4 *a‘ﬁ el o)Al ApolE BT (p<0.05). 65
o+ 10FFM > 20FFM > OFFM > 30FFM %% =& AFAES HPa, 85 u
o= 10FFM > OFFM > 20 FFM > 30FFM £ o]t} AlgAd 3wk sk 3l of
AG A5 Fu5s Aaddas (feed conversion ratio, FCR)o]g} 3t=d] o] %k
Al OFFM¥} 10FFMelA 7HE 2 585 Welila, 28olw e S71 &
TEF AR ES A4S

Table 11. Growth parameter of parrot fish!

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

OFFM7  251.86%16.46  0.98%+0.04 1.04+0.07 33.46%2.84 100

10FFM8  264.67%18.74 1.00£0.04 1.04£0.03 34.84%+2.16 100

20FFM8  239.97+0.03 0.93£0.01 1.08£0.03  32.79%+0.49 100

30FFM8  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 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]*100

'FCR=dried feed weight/moist feed weight

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

SSUV (%)=survival rate

'‘CON=control

®partial replacement with 10, 20 and 30% FEM (fermented fish meal), respectively.
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Fig. 27. Growth rate of olive flounder fed by FFM and non-supplemented
control diet for 8 weeks (. —#—UFFM; non-supplementation,
—&— 10FFM; 10% fermented fish meal included, —®—20FFML; 209

fermented fish meal included, —=— 3UFFM; 309% fermented fish meal
included).

ol AT 9 AEH R AEHA Mo Agoer ARgo] T

sk, Abrel BagRael Aseld o olFel Ase AR 2 Aol we
T

AE Walecty BauE et (Garrido et al.,, 1990; Siddiqui, 1977).

TAWAE A U EAete didS gulste o R, IR W A9, 1
Azt AT, A3 dFo] Jow wuEgke] hagith vl kel mE A
ol Al vk gk JERSITE AST (GOD)E F& 433 3ol EAlstE a4
2 A, 2AIZSN R A% EAstL o] A5 Z4F AW o8 HAHA o
HNom FEHol FrletA "k SR A5, Y, ", (HE s s A=



Z7fstar, ALT (GPT)E ASTS’Jr FrAF 71555 gttt o] A ¥ Table 13% Table
140 e o AMS 45 A ol= 10FFM3} 20FFMell A 73 @& k8 »da
(Table 12), AF5 8F A cl& waolito] Hr7td EE A7 2w 3 3
S YR (Table 13). o] A2 waojio] &S Fole 9TE 3e 3o
2 AlsE)

AYFFE AL AFAld = Q2277 Baold A A7 EY 10% =%
oy, 8FA o= WHaoRS HUle @%?—7} 10% ol*c} < s T FeEs

7

o)
o
L

=~ =

R
Wy
A5 3

%
SIEN PR

sttt HDL S 24HES A3 457+ A3 =
j% A of] = 10FFMO] EH&%LEE} T% A% =2 A & & 4 Jddu. a8y &

Table 12. The physiological and chemical analysis in blood for 4 weeks of
parrot fish.

AST ALT Total protein Glucose Phosphorus PCV

Diet
© (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  1590+1.42  30.00+2.65
10FFM  64.17+£8.22 10.33+1.15 3.33+0.15  216.00£15.76  15.77x1.96  20.33+3.57
20FFM  63.83£14.00  8.00+1.05 420+£0.87  216.00£23.58  17.03+2.49  21.67+4.93
30FFM  71.67+270  11.00+0.01 3.50£0.26  156.67+£26.63  16.57+1.27  21.33+8.02

Table 12. 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 6.331£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
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Hb; Hemoglobin

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

HDL-C; high density lipoprotein

LDL-C; low density lipoprotein

TG; Tryglyceride

Table 13. The physiological and chemical analysis in blood for 8 weeks of

parrot fish.
Total
Diet AST ALT e Glucose Phosphorus PCV
ie protein
(U/L) (U/L) (mg/dL) (mg/dL) (%)
(g/dL)

OFFM 39.00£8.85  7.67+1.08  4.08+0.38 104.83+15.76 18.98+5.19 18.97+4.30
10FFM  34.17+9.61  7.33+1.02  3.88+0.03  66.83+6.60  1517+1.93 32.25%5.00
20FFM  29.33#586  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

Table 13. 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+1.26 047

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
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HDL-C; high density lipoprotein
LDL-C; low density lipoprotein
TG; Tryglyceride

3. NBT reduction &4

ool Slol H5ol4 MAntgo] Aty o HA=AE M Z Hdd 9
= 49 A=A AAlEZ4 (phagocyte activity) S74°] ®ol ARSHU
Professional phagocytes (granulocytes, monocytes, macrophage)® & &+
05 9 A5 ou)dlt}, g3 phagosomal membranese] 1+ NADPH oxidase
o 93 0.7} 0y & W3kl o] Fo] superoxider AAFLAHC FLAE
hydrogen peroxide (H202), hypochlorous acid (HOCI), hydroxyl radical (-OH),
singlet oxygen ('0)%9 th& £7H9 ROSE ATt EHEEdAE &3]

o] 9lo] respiratory burste] T3 2 NADPH oxidase? ZAol| 23] S
o}FS ¢k AlEHS NADPH 4Fst @47F 917] wj¥-ol respiratory burst® 907
Fole Aoz deA 9

o]F A A|X X respiratory burst HF5S & 4 = NADPH Atsla Ao &54
H7F Zfs=d FASHA UE oM, respiratory burst oJF AZEHE 22l
& 4 9l bioindicators stuolth. @AA7EA] AAES] S S8 fls] A
S WS AdEY W, ssted Ws 2 S5 Wil Solth
Respiratory burste]@t AAE7} A 2-& Fot 52 & =45 s A5t
< W kA AHgFe]l S FAlel Op, OH, Hp0:9F &2 Atagitzd
(reactive oxygen intermediates, ROIs)& U & o2 WEsh= dAAS Eely, o]

gt ROIsv= ®WHAE Fol=d s T8% 9 (Siwicki, 1994). o]2] &}
THEELSE SHste WHOZ NBTHol Wol ARgHolx  sgkomn &
chemiluminescence (CL)¥ o] 4 AFE-¥ a1 At}

2 A= NBTHS AHE3stlom, 10FFM¥} 20FFM A oA T 24
(P<0.05)& Hlom ymr] Ao e fFojdo] YA ettt NBT &2
45 wrh 8FA FUhe AL 3 & = AU, AMF 45 Ao e wu|EA R
ol 3ol FUMEEE NBT &4o] F7ksh Rk 8FA o= 20FFM
30FFMell A= tHz7<9F 10FFMETH NBT &4o] 7433t (Fig. 28).
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o
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Fig. 28. 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; 20% fermented fish meal included, 30FFM; 30%

fermented fish meal included)

4. 3 lysozyme &4

Respiratory burst &4 ofF A EHE &2 & 4
U2 ARgET 29 8- lysozyme 4 Y e
H, BAAG AdS AAR oFel Htstl AFdES H7sH
T, s, A2 ol e glol, wgo], vloj s H AR Ee] tE ofF
AAel 7] GANA BolE St ol e ZHES = A0 oA g
AE B2 shislal wjE3t). o]d A9 o & lysozyme, complement, lectins,
proteolytic enzyme w°] o™ HLol= ofF HAuteA oy 7HA] F7HAQ1 W
o] 7]Zto] A A At} Lysozyme AlFH e N-acetylmuramic acid®t
N-acetylglucosamine A}e]9] B-1,4 AgS Haste] AldS AEA7|= &0l
o glo]lAaxpele o Ao Mxdd= AR AEska, s el dEiAe
Ao} AL S FTVMAT Fo FHEZT & LA h

¥ 2% Ayl 30FFMS A9 & TolA fFelds YEAT
(P<0.05). A9 lysozyme &4 JoAAME Ldagolds A AlsE Aolg 4
ATA FHez A YEsten Fig. 299 YRyt A3 45, 8574 &
T TR Aol TE ghol Azl o] A YERs AL, 8F A= 4T E T
10FFMoll A& 5 ul o4, 20FFMolA = 4w o]A} =& 48 Yelydie. o] 4

{1
2 o
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shs gaolE HolFol AEHHY gholaatd 242 v TS AR AlmEh

A A ARFAF AR oloh fAE ARES FS 5 SIS ol A=
hom F&ET FAHY B viEo] uAdE AFeE g B2 oy wgec]
ol tigk AFES FF AL 5 s Bt opld dHew = oEsar 9l
= ool duddel digk A Weks BAE 5= glo] FAlA EAE 2Y 5 A
Ao R ogEm, ofge] i FHALR AT ofF AR HA T Fg A & F
= oo FAE wTkel Bol ojHe A € AoR AlRdEY

‘ O4weeks mE8weeks ‘

60

50

40

30

Lysozyme activity (U/mL)

20

10

OFFM 10FFM 20FFM 30FFM
Diet feeds

Fig. 29. Lysozyme activity of serum from parrot fish that was fed by FFM
and non-supplemented control diet for 8 weeks. (OFFM;
non-supplementation, 10FFM; 10% included of fermented fish
meal, 20FFM; 20% included of fermented fish meal, 30FFM; 30%
included of fermented fish meal).

H 4% A28

Alam MS, Tershima SI, Koshiho S, Ishikawa M. 2002. Arginine requirement of
juvenile Japanese flounder, Paralichthys olivaceus estimated by growth and
biochemical parameters. Aquaculture. 205, 127-140.

Anderson D.P. 1992. Immunostimulants, adjuvants and vaccine carriers in fish:
application to aquaculture, Annual Review of Fish Diseases 2 281-307.

Anderson, D.P. and Siwicki, A.K. 1994. Duration of protection against
Aeromonas salmonicida in brook trout immunostimulated with glucan or
chitosan by injection or immersion, Progressive Fish-Culturist 56, 258-261

Bols N. C., Brubacher, J. L., Ganassin, R. C., Lee, L. E., 2001. Ecotoxicology and
innate immunity in fish. Dev. Comp. Immunol. 25, 853-873.

Brown E. D. 1997. Dispute settlement and the law of the sea: The UN

_58_



convention regime. Marine Policy, 21, 17-43.

Brown M.E., 1957. Experimental studies on growth, (in) M.E. Brown (ed.), The
physiology of fishes. Vol. 1. Academic press New York, pp. 361-400.

Castro R., Zarra 1., Lamas J. 2004. Water-soluble seaweed extracts modulate the
respiratory burst activity of turbot phagocytes. Aquaculture. 229, 67-78.

Cho SH, Lee SM, Lee JH. 2005. Effects of extruded pellets and raw fish-based
moist pellet on growth and body composition of flounder, Paralichthys
olivaceus for 10 months. Journal of aquaculture. 18, 60-65.

Cuesta A. Esteban M.A. and Meseguer J. 2003. In vitro effect of chitin particles
on the innate cellular immune system of gilhead seabream (Sparus aurata
L.), Fish and Shellfish Immunology 15. 1-11.

Dautremepuits C., Paris—Palacios S., Betoulle S. and Vernet, G. 2004. Modulation
in hepatic and head kidney parameters of carp (Cyprinus carpio L) induced
by copper and chitosan, Comparative Biochemistry and Physiology. Part C,
Pharmacology Toxicology & Endocrinology 137, 325-333.

Esteban, M.A. Cuesta, A. Ortuno J. and Meseguer J. 2001. Immunomodulatory
effects of dietary intake of chitin in gilhead seabream (Sparus aurata L.)
innate immune response, Fish and Shellfish Immunology 11 303-315.

FAO: FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED
NATIONS. 2004. Cites FishBase; cites FishBase as an example of an open
source software. World Wide Web electronic publication, 27

Heo S]J, Park PJ, Park EJ, Cho SK, Kim SK and Jeon Y]J, 2005. Antioxidative
effect of proteolytic hydrolysates from FEcklonia cava on radical scavening
using ESR and H:Oz-induced DNA damage. Food Science and Biotechnology.
14(5): 614-620

Jairo D, Gabrial V, Barry.,, Gabriela P, Chantal M. 2006. Immunomodulating
capacity of commercial fish protein hydrolysate for diet supplementation.
Immunology. 211, 341-350.

Kang Y], Lee SM, Hwang HK and Bai SC. 1998. Optimum dietary protein and
lipid levels on growth in parrot fish (Oplegnathus fasciatus). Journal of
aquaculture. 11, 1-10.

Kikuchi K, Furuta T, Honda H. 1997. Use of meat and bone meal as a protein
source in the diet of Juvenile Japanese flounder. Fisheries science. 63, 29-32.

Kim KD, Lee SM. 2004. Requirement of dietary n-3 highly unsaturated fatty
acids for juvenile flounder Paralichthys olivaceus . Aquaculture. 229, 315-323.

Kim KH, Hwang Y], Kim KW, Bai SC, Kim DS. 2002. Effects of dietary aloe

on chemiluminescent responses of peripheral blood phagocytes and resistance

_59_



against FEdwardsiella tarda Ewing and McWhorter. 1965 in the cultureed
Olive founder, Paralichthys olivaceus (Temminck et Schlegel). Aquaculture
research. 33, 147-150.

Kim KW, Kang Y]J, Choi SM, Wang XY, Choi SH, Bai SC, Jo JY, Lee JY..
2005a. Optimum dietary protein levels and protein to energy ratios in olive
flounder, Paralichthys olivaceus. Journal of World aquaculture research. 36,
165-178.

Kim KW, Kang YJ, Kim KM, Lee HY, Kim KD, Bai SC. 2005b. Long-term
evaluation of extruded pellet diets compared to raw fish moist pellet diet for
growing flounder, Paralichthys olivaceus. Journal of aquaculture. 18, 225-230.

Kim KW, Wang X]J, Bai SC. 2002. Reevaluation of the dietary protein
requirement of Japanese flounde, Paralichthys olivaceus. Aquaculture
research. 35, 250-255.

Kumari J. and Sahoo PK. 2005. Effects of cyclophosphamide on the immune
system and disease resistance of Asian catfish Clarias batrachus. Fish and
shellfish immunology. 19, 307-316.

Kumari J. and Sahoo PK., Swain T., Sahoo SK., Sahu AK. and Mohanty BR.
2006. Seasonal variation in the innate immune parameters of the Asian
catfish Clarias batrachus. Aquaculture. 252, 121-127.

KNSO (Korea National Statistical Office). 2006. KOSIS statistical DB, DeaJeon,
Korea.

Lu C, Song G., Lin JM. 2006. Reactive oxygen species and their
chemiluminescence—detection methods. Trends in analytical chemistry. 25,
985-995.

Marquele FD., Mambro VMD., Georgelli SR., Casagrande R., Valim YML,
Fonseca MJV. 2005. Assessment of the antioxidant activities of Brazilian
extracts of propolis alone and in topical pharmaceutical formulations. Journal
of pharmaceutical and biomedical analysis. 39, 455-462.

Mata Al, A. Gibello A. Casamayor MM. Blanco L. Dominguiz, and J. F.
Fernandez-Gatrayzabal 2004. Mutiplex PCR assay for detection of bacteria
pathogens associated with warm-water streptococcus in fish. Applied and
Environmental Microbiology. 70, 3183-318&7.

Natural Research Council (NRC), 1993. Nutritional requirements fo fish, 144.

National academic press, Washington. DC. USA.

New M. B. 1999. Global aquaculture: Current trends and challenges for the 21st
Century. Aquaculture. 30, 8-13.

Pickering A.D., 1992. Rainbow trout husbandry: management of the stress

_60_



response. Aquaculture. 100, 125-139.

Quade M]J., Roth JA. 1997. A rapid, direct assay to measure deregulation of
bovine neutrophil primary granules. Ver. Immunology and immunopathology.
58, 239-248.

Sakai M., Otubo T, Atsuta S., Kobayashi M. 1993. Enhancement of resistance to
bacterial infection in rainbow trout, Oncorhynchus mykiss (Walbaum), by oral
administration of bovine lactoferrin. J. Fish Dis., 16, 239-247.

Sakai M. 1999. Current research status of fish immunostimulants. Aquaculture,
172, 63-92.

Secombes, C.J., 1990. Isolation of salmonid macrophages and analysis of their
killing activity. In: Stolen, ]J.S., Fletcher, T.C., Anderson, D.P., Roberson,
B.S., van Muiswinkel, W.B. (Eds.), Techniques in Fish Immunology. SOS
Publications, New Jersey, USA, pp. 137 154.

Seo JY, Lee JH, Kim GU, Lee SM. 2005. Effect of extruded and moist pellets at
different feeding rate on growth and body composition of juvenile flounder,
Paralichthys olivaceus. Journal of Aquaculture. 18, 26-30.

Seo SJ, Jung SJ, Lee SH, Kim NY, Eom HK, Huh MD, Jung HD Chung JK.
2004. Effects fo chloramphenicol on chemiluminescence response of
leukocytes isolated from Olive flounder, Paralichthys olivaceus. Journal of
fisheries and pathology. 17, 217-222.

Siwicki, A.K. and Dunier, M. 1994. In vitro restoration of antibody-secreting
cells and lymphocyte proliferation activity by nitrogranulogen after in vivo
immunosuppression due to lindane in rainbow trout Oncorhynchus mykiss,
Ecotoxicology and Environmental Safety. 27, 316-323

Siwicki, A.K. Anderson D.P. and Rumsey, G.L. 1994. Dietary intake of
immunostimulants by rainbow trout affects non-specific immunity and
protection against furunculosis, Veterinary Immunology and
Immunopathology. 41, 125-139.

Siwicki, A.K.,, Anderson, D.P.,, Rumsey, GUL. 1994. Dietary intake of
immunostimulants by rainbow trout affects non-specific immunity and
protection against urunculosis. Vet. Immunol. Immunopathol. 41, 125-139.15.

Smith HW. 1935. Methabolizm of the rung fish. II. Effects of feeding on meat
on the metabolic rate. Journal of Cell. Comparative Physiology. 6, 335-339.

Suzuki K., Okawa Y, Hashimoto K. Suzuki S. and Suzuki M., 1984. Protecting
effect of chitin and chitosan on experimentally induced murine candidiasis,

Microbiology and Immunology. 28, 903-912.

_61_



	폐사어와 감귤가공 부산물의 고온발효에 의한 양식용 어분 대체원의 개발

	제 1장 연구배경 및 필요성
	제 2장 연구수행 내용 및 방법
	제 1절 양식장 부산물과 감귤가공 부산물의 고온발효에의한 양식용 어분
	1. 양식장 부산물 및 감귤박 수거
	2. 일반 성분 분석
	3. 제주 양식넙치의 주요 어병 세균에 대한 사멸조건 실험
	4. 양식장 부산물 유래 발효어분 제조용 발효기 및 발효제
	5. 고속발효건조기에서 양식장부산물로부터 발효어분 제조를 위한 최적조건 규명
	6. 양식장 부산물 유래 발효 어분의 기능적 극대화
	7. 양식장 부산물 유래 어분 대체원의 품질 안전성
	8. 양식장 부산물 유래 어분 대체원의 품질 규격 검사

	제 2절 양식장부산물과 감귤가공 부산물의 고온발효에 의한양식용 어분의 양식넙치에의 적용
	1. 실험사료
	2. 실험어 및 사육관리
	3. 혈액 성분분석
	4. 어류식세포의 respiratory burst 활성 측정
	5. 혈청의 lysozyme 활성 조사
	6. 통계처리

	제 3절 양식장부산물과 감귤가공 부산물의 고온발효에 의한 양식용 어분의 돌돔에의 적용
	1. 실험사료
	2. 실험어 및 사육관리
	3. 성장도
	4. 혈액 성분분석
	5. 어류식세포의 활성산소 측정
	6. 혈청의 Lysozyme 활성 조사
	7. 통계처리


	제 3장 연구수행 내용 및 결과
	제 1절 양식장부산물과 감귤가공 부산물의 고온발효에 의한양식용 어분
	1. 양식장 부산물, 감귤박 수거 및 성분분석
	2. 주요 어병세균 사멸조건 규명
	3. 고속발효 건조기에서 양식장 부산물로부터 발효어분 제조를 위한 최적발효 조건 규명및 제조된 어분의 일반성분 함량
	4. 양식장 부산물 유래 발효어분의 기능성
	5. 양식장 부산물 유래 발효어분의 품질 안전성
	6. 양식장 부산물 유래 발효어분의 품질 규격 검사

	제 2절 양식장부산물과 감귤가공 부산물의 고온발효에 의한 양식용 어분의 양식넙치의 적용

	1. 성장률
	2. 혈액분석
	3. NBT reduction 활성
	4. 혈정의 lysozyme 활성

	제 3절 양식장부산물과 감귤가공 부산물의 고온발효에 의한양식용 어분의 돌돔에의 적용
	1. 성장률
	2. 혈액분석
	3. NBT reduction 활성
	4. 혈청 lysozyme 활성


	제 4장 참고문헌



