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F-b At S 3% 7 (EP4, EP5, EP6), Al¥t FEALR 2%/ (EP7-59, EP8)¢t HA}
F(MP)Z F 9FFE Azl AFAF 106 g9 HAZ 165 A5 A
713 &kl BEES AP gl FAAS Ao+ it HFAFS EPY, EP,
EP2 Ad77F 7V =2 AdE BHeow, EP3, EP8 Ad 9= FAAA Ao+
SAAT EP5, EP6 2 MP A3 FHoE FosiA =9t AR 2dddn =
A4 s g24 2473 EP1, EP2, EP3(CP 55-51%, CL 9-1

FTAFTE RE AFTANA Fosk o7t Atk AREES MP A3 77t 8% =
EP1, EP3, EP4, EP5 % EP6 A&7 (107-116%) Hrtl= wgton wE EpP A3
= frolek Aozt AT AMFTIZE Eotel 7 FxE ddAIEAHFAES MP

AAT7F EP A TS0l v FeletA Eskou EP A3 itel= Aol7k §19d

].
o ALY Fm ¥, Agole] dolAl AubgE BA A, dolAle Fuw A2
gare ART0 o3 Aol o olabe] Avtm ¥ w, B A7 A

FFFS FAHA AolZ wolA @tk 7 AR FETE WA Fog Fa

MP Fg7HET Fodoz =& S Yehgdoh. T3 stearic acid(18:0)<}
linoleic acid(18:2)¢] Hl&2 & wigtAls ¥ 72 MP 357 22 2.00, 2.56
S el AgulFAE FH T 054, 054, 062 Bk =gtk ¥X 5259 &
globr] = qbS Tk Aol whEbA ZF ARl °fge] ApolE H o fropH e
2B 2 B e vzt AES YERAY. frElelv =4t F a-aminoadipic
acid, taurine, alanine¢] F¥ olu]x=2to]Q i, Z+ AR FFT-ol A a-aminoadipic

al
acid7b 714 =& #S YeRdQdt. om0 2= threonine, valimne,
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TETAAA M Be e Bt 3 F¥A4+= HL-FO 23 57F MP, MIX ¥
LL-HP A7l Hla} FoatA =%
b fldew, vwts A FEAF 2 FAE] vE AdAsd TS A st
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A 7S H71E FOS HL-FO &g oA =& S wela, o e MP

FE T frold Aol7h filth dFRE H7He SO s H ] 182n-6 FFel 7h
F Eskon, olulel & HIEe LO FF oA 183n-3 ol M = Fe 12
At 5289 % =(Hardness)?t 7 =(Gel strength):= LO% LL-HP &H 7oA
ESHS BHYY. oo Az E, LL-HP AlRE g Aole A&z 2§°

314, At E W AFY 9 A vEd E 7 gA Aol A, Ao A
2 2& Al 24 Wl m X J
oA AR AAY 2 o]l b AFALRC 04% WEIY EE MUt
(HL-FO+VE, HL-VO+VE, LL-HC+VE) %Xt H7eA &S (HL-FO-VE,
HL-VO-VE, LL-HC-VE) % 6%&# 3
7h o] 40vmkE]¥ kg o g 88l 1557 AMSAES AAEAT AFSA
AEE, T8,
TRkl frejgk zteol7t Atk Als &Y wild 82 HER E kel #Ag
o] LL-HC-VE$ LL-HC+VE w77 & sa 75l vl&] @& 4FS B
A NEHHEY AN AHNHE L LL-HC-VE FF 7oA & e Bith
&% cholesterol 8% HL-FO-VE¢} HL-FO+VE ¥ d77F t& Ad+E HU}
oAl =A debdth T8 AW 24 Abs9 HER E M7kl AR
Tol 4 18:2n-63F C18:3n-3 o] =A
Byt om C22:5n-5, C22:6n-3 % n-3HUFA &S xdgor 9 Ao 7+
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L-FO @74 %7 tehgeh oldom dnzre, Ane 449
o % e E A7k 1A Aole] A 93E w4 9t o mejn
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ARY Ee BRHE FFS YA AR o] §HS AAA F AUtk

B oAgE Age AEY 2 ko] g AdAlEd 04% WENY ES #H7)
(HL-FO+VE, HL-VO+VE, LL-HC+VE) X¥ H7ls#x @S (HL-FO-VE,
HL-VO-VE, LL-HC-VE) % 6&®9 AdAE=Z HdAlF 120 g9 YA AAE

7 gze] 0viEA 3MBom Fgste] 1570 KAWL At AL
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¥, Soey dAAFES HER] E HUbel #A§lel HL-FO+VE &5 79
A 7V =¢uLL-HC-VE$ HL-VO+VE &3 7oA 714 w¢ton HL-FO+VE

-FO-VE, HL-VO-VE % LL-HC+VE &H 7kl #23%k ol ¢l
th R E HlEN E bl #AIgle] w2 AAFTERA BestE FEe] =
S AT e fgE Bt AREey gd 388 ¥ A H vE
7 EZ H7}3 HL-FO+VE$} HL-VO+VE &+ 77} LL-HC+E &3 7Rt 238
A =4 YeElsktl. Total protein®t glucose %S HL-FO-VE &g TolA 7
=7 YERSE AL, triglyceride®} triglyceride Ao 1H-7F H 7ol =L tES

At S5 Aat 242 Abm 9] HET E A7t #AIgle] A&

F7E @A o] ki Wbl HlE] 18:1n-9, 18:2n-6 2 C18:3n-3 o] =A
Ebykom C22:5n-5, C22:6n-3 2 n-3HUFA & QAo 1+/E5 A/ oA =

ol F&Fe vAA e Ao Holu HET E H7b= AR o84S FEAIE

Foode Ao @uEt Ed Aml ¥o B5HE due ¥ AR o84

32. 7154 o F AAS g wigAs N A
32.1. WjEA RS thekst A A dx 2ol A A g @ 28 Ak %
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cheFd A7kAel EaE 2ARE] Astel HEARComS &WE Al kelp
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At B AFRHZEAZE GX9 A, AxA R WA e mAs G
S ZARAY. F 9% F [ ET(control, Con)-FH 7, @& % (Opuntia
ficus—indica ver. saboten, OF), @ 3% &% & ~(pro-polis, PP), @JS-HAka (2 &4 &
At JS), ©y-PGA(H =% H& = Fll, yP), ®¥3F==(Onion extract, OE), @
713 (Organic  sulfur, 0S), ®u}o] & ~E(Biostone, BS), @3}y 7] ~(Fig

extract, FE)]9] AFE 3 7HAI7F H7td ARAIRE Fvlstd e, 2t A3 4= 39k

o

SAsAT =Y ASAE FEA O AEST 9A 10vEE AR A Es
Atk 6539 Abs AAFTEA HA 9
AEELS A7l T4 zol7t gldd. a8y AT S7HES duFEe
o] #7td AAANR(OE)E sw3 AT tHxz+(Con) H Z=2E
AATEY Folqor g yEger, deor F3
H 7 A(FE), 71+ 2(0S), JSHAwt(JS), Hbol&AEBS), WHEX(OF) 2oy
-PGAGP)®] o2 eyt =3 o F9 == (0E), F3paodr] =
(FE), #71+3(0S), JSHAHT(JS), vlo]22~=(BS) ¥ WA =(OF) #7477 ==
EY2=(PP) H7FrEd Eskth a8y ARdSEs, ddddas 9 dudS
Aeols 24 A0 749 Aol7k e wFoldd Aeol= gldARE, Bl
T APRRTHAE 23R G2 tixzAol vsto] ALR A ZEAIZE

Toll A T =k gA e b kS AeRE dojAle] AR 24 An 74 A
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A7t folgel Aol 9otk AW FuA BE AP WA A ByoE
FrelHel Folzk YA, AR AdE FolF 27 FolE WAZXOP), y
PGAGP)SH F74322(OE) A7kl WAA wA B4 §94 oA F78

Atk WEx H7FHOR)E 53 AN SHZA 7L S7rsk .

332, AtE Wl 29 F ey, of2BdE, X - Eje] HIEE dA o] HEelF Wy
S o} Mt (Edwardsiella tarda) A&7l n X = J&F

of A= HYAE WHeRE An il 29EYy, of2udd, X - AH EFES

H7rete] vl 5ol WANkS-3 oW Al Edwardsiella tardaol Wt A& g

of & FFS dotrr] fste] FAHIA. o] AFFAS el T 37HA Y AR

T APl FREAt AW 18 AR 0 2980 Ak we xds
z=

FI 173 MJ/kg AU A S 25 sdaA =AHACH, AFAE Ax A

TP ~9EeuE 747 0%, 3%, 6% % 9% (SPI 0, SPI 3, SPI 6, SPI 9)7}
EFHEE gl HAvh ASAFELS F 1270 (kR 3 3ukE) 9] 110L Fxol
72t 2 30vkel e ofiE FAAR wAste] ddAES 25 Fot M T H el
o A3 2% AR W] obAERIEIY] AUbel wE BakE dolry] flste] F 479
A RS AFstdoh AdAaE 4% 29 d 171 Ml/kg dlvA 3
T BEE T 2gHAen, EUFEHY ozt dRE A7 0%, 1%, 2%
2 3% (AST 0, AST 1, AST 2, AST 3)7} 2= =5 Tl 3ok A2

T2 307 Y ofFE FAAE WAt APAIRE 2F &t vHEHolE AA
%8 % FEdwardsiella tardaZ )&% 2472

g 10vhel (AT G 30mke)e] o F



A wodug BAS G A3 2uEeu, ofxiEite, ® - ez A7kE 29

wo Welge nA BY FAARNAE AR

Zhgel whe foHow v

o FANTES BT Webd AR W 23 E, obiugd 2 % - gee) 3
Q_lﬂ

kg3t FQ oW A el Edwardsiella tarda®) T3+ A

333. Ab= FH7HAlel W& JA Ao FAATE gAY A
Ao AFRY 2T AokA B AR HIHAZE 9X 8 A ekt
A2 el w A= el thsto] deolEtth 10719 AbR HIFAIE ek
TE AR AHYLTY AREAS 2Yd 149 ARE U 44y dIdASE
HAGA, gtol el G4 a2 A 2l FA4S A9 skdoh £

k-2 (IL-1beta and NK-cell enhancing factor), ©o}F&FEA| 2

(TNF and gelsolin), 2= HAHNADH dehydrogenase and cytochrome oxidase) L
213l A (myosin)oll #HH FHAe] THS A FAG. 14719 24 S T EA
gk AbE et 10709 HI7b=S H7Fe AlsE AF ot wo] stdlon, RAEAdS
wol A& & 1657F Al & Als9 9vbe] |Xo] dH S Feste] 240 AFEst
Fdom oAy ok e tAo R HEd dAHS EnzChek lysozyme Assay
Kit (Invitrogen)= AF-&38te] EA8ATh GA9 AAAA FH2 282 0F, 57,
155 A0 AN S5 a4 WHS(Real Time PCR)S o] &3t EA3th A 2Y
I AA, grestE, g Aol wE FHAe] HE S 55 EE
Zke]l o] ¢ vlaste] AR Frbete S Bou 155 A= o

=
Tk AL MR FAA TGS Bol A ARSE AMRF oIV 2710 o
.?«

=)
o
N
o
|
o
=2
1o,
o
iy
olo
o

Aol 2EH 2R ZHL3}HA

5
Ao FO HL-FOZEA TNF-a &Hdx wdo] gz v slo]

o4 QA
F7rstgot 15 A s AT vastel FodU FARAY dhdte f3
Aude HAY £ gk A4ed 9249 myosingl F$ 570l HL-FO

¢t HL-VO ZF°llA S7bste 43S Eidou 1554 d= SO 2wolA S7HH

a1 Rhde] LL-HP LOZFAAE #Aas e Aoz Yehy XA TAFHISE o
il g o] Zvh= Ao o] HA %S ZAow Holn vwE HUE B3E



¢l IL-1betat} NK cell enhancing factor, o} EEA A% Fd2F2] gelsolin®] 74-$
© AP AolE Holx] e oz yehy APEy A, ggstE, g

Fol o7k olF FAAel PFe WA @ Ao AZWh Viamin E 27}

rlo

gt BRE FHAY TRlo] Frteke e Kol oAt AEE 2EHAE W
Aoz Holw 155 A= HL-FO-VE 1#9lA TNF-a, NAHD dehydrogenase,
gelsolin 3 7te] o] ZAaHAoH ymA] A Fods 79 vs23 2y
FEE yEtde]l Arigoldd oa olA7E AR AES e Hor HATH
myosinfr A2 A 5F A= AP Zolrt flo 5F A= Eek v
2 o] ARl Apol= HolA] skt AAE H7bd o

2 A HdE 57 = AxHIFES Fold 2wl myosing AQd EE
Axpdrg o] F7FE A oW gelsolin®] B¢ B AFToA T7HH e s BA
2 WoaRdaFHaaY 2ds S7A7IY A9

oFE A& A2 NAHD dehydrogenase?} cytochrome oxidases 32 OFEEA] 9}

GEuS A Foldht TNF-ofdlAs WAL F/HA/8E oA £ 9

=

ol
L
)
rir
QL
32
o
T

FS Foae T glok @i AGAEFAAR] myosine] @ AdoAME fHx
A7F A 16FA o AasE = Aoz YerEt a8y vy A Hrbgel A= 919
Ao 425 TNF-ayt NADH dehydrogenase, cytochrome oxidase% ©] & 7}3}%

0

AN

|
=A

T g Ao YEY 2EHAE UXE g Ao Helt 1574 = 2
I A7 Aol A W FHA2] NK cell enhancing factore] wao] Z7}sle] o
ASda N7 e Aoz YyehAw okEdgiAb g4l NAHD dehydrogenaselt
cytochrome oxidase”} &Alol F71ste] olE EZo] A7|Fol7t oA WYgs
tolle a4 d 4 oy = dHoRE ofAd SAHerE zEs £x gt
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SUMMARY

Studies on development of high quality practical feed

1. Studies on availability of feed ingredients

1.1. The present status of feed ingredients supply

This chapter was conducted to investigated the present status of feed
ingredients supply such as price, production in domestic, import volume of major
feed ingredients for practical feed production. Several kinds of ingrediets such
fish meal (fish species and grade), meat meal, meat and bone meal, squidl liver
powder, soybean meal, corn gluten meal, kelp meal, krill meal, wheat flour, oil

etc. were investigated.

1.2. Chemical composition of feed ingredients

This study was conducted to investigate proximate composition, amino acids,
fatty acids, minerals, and heavy metal of various animal and plant feedstuffs in
aquatic feeds. Crude protein (CP) of white fish meal (super prime) as pollack
and cod was approximately 702, and that of brown fish meal (super prime) as
anchovy, salmon, mackerel and sardine was 65-70%. Domestic fish meal
containing 52-56% in CP has lower than that of imported fish meal. CP of tuna
meal and Kkrill meal, shrimp meal and squid liver powder, meat meal and squid
meal were approximately 609, 50%, 85% and 75%, respectively. In plant protein
feed ingredients, soybean meal, corn gluten meal, wheat gluten, silver worm
meal and sesame meal were contained 46%, 60%, 76%, 70% and 44% in CP.
Soybean meal and corn gluten meal was showed lower methionine, arginine and
lysine, respectively than these of fish meal in amino acid content. In fatty acids,
animal protein sources as fish meal, shrimp meal and squid meal was showed to

contain much PUFA (20:5n-3 and 22:6n-3) compared to plant protein sources.
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Plant protein sources as soybean meal, corn gluten meal, wheat flour was not
contained PUFA, while 18:2n-6 of these sources was showed higher than that of
animal sources. Calcium and phosphorus of various fish meals and plant protein
sources were 2% and 1%, respectively. Selenium of fish meals was different as
fish meal species, and soybean meal and corn gluten meal was contained less
than 0.5%. All feedstuffs analyzed in this study have less than 4 ppm in
chromium and plumbum, and 10 ppm in arsenic. Squid liver powder and squid

meal was contained higher cadmium compared to other ingredients.

1.3. Determination of apparent digestibility of feed ingredients for flounder at
summer and winter seasons

This experiment was conducted to determine apparent digestibility of 7 fish
meals according to fish species and grade of fish meal, soybean meal, corn
gluten meal and wheat flour for developing high quality diets in growing olive
flounder under summer and winter season. There was no significant difference
in apparent digestibility(AD) of dry matter(DM) among all fish meal types under
summer and winter season, respectively. However, AD of DM under summer
season was higher than that under winter season. AD of DM of soybean meal,
corn gluten meal and wheat flour was lower than that of fish meals and wheat
flour was lowest AD of DM among all feed ingredients. AD of protein of all
fish meal types was more than 90% under summer season and pollack meal and
salmon meal show the highest values of AD of protein. AD of protein of fish
meals was not significantly different at both summer and winter season. AD of
protein of soybean meal and corn gluten meal was significant lower than that of

all fish meal types.

1.4. Effects of the different fishmeal in diets on the growth and body
composition of the juvenile flounder
This experiment was conducted to determine availability of various fish meals

in juvenile olive flounder based on growth performances. All diets were
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formulated to be isonitrogenous and isoenegetic to contain 48% protein crude
protein(CP) and 16.7K]J energy gf1 diet. Seven diets were formulated to contain
40% fish meal protein with Danish cod meal, Chilean anchovy & sardine meal,
Chilean brown fish meal(anchovy & others), Peruvian brown fish meal(anchovy
& others), Chilean horse mackerel meal, domestic brown fish meal(mixed) and
domestic pollock & others meal(D-Cod, C-Any, C-Brn, P-Brn, C-Mal, D-Brn,
D-Polk respectively). The feeding trial was conducted in a flow-through system
with 300 L aquaria at a rate of 10 L/min. Supplemental aeration was provided
to maintain dissolved oxygen near saturation. Fish with average weight of 16.8
£ 0.09 g (mean = SD), were randomly distributed to each aquarium as groups
of 30 fish and fed the experimental diets in triplicate at satiation for 8 weeks.
After 8 weeks, weight gain (WG) and specific growth rate (SGR) of fish fed
C-Any and C-Mal were higher than those of fish fed D-Cod, C-Brn and
D-Brn. Meanwhile, no significant difference was observed in WG and SGR with
fish fed P-Brn. Feed efficiency (FE) and protein efficiency ratio (PER) of fish
fed C-Any and C-Mal were higher than those of fish fed the other diets. There
was no significant difference in survival(%) among fish fed the other diets
without D-Cod. Based on growth performance, we concluded that Chilean
anchovy & sardine meal and Chilean horse mackerel meal could be good as fish

meal protein source in juvenile flounder.

2. Development of high quality practical feed

2.1. Evaluation of extruded pellets as a growing diet for flounder

This study was conducted to evaluate extruded pellets (EP) for growth of
adult flounder by comparing with raw fish-based moist pellet (MP). Two
replicate groups of 40 fish per each tank (initial mean weight 106 g) were fed
one of eight EP (EP1, EP2, EP3, EP4, EP5, EP6, EP7 and EP8) and a MP for
16 weeks. Survival was not significantly different among all groups. Final mean
weight of fish fed the EP1, EP2, EP7 was significantly higher than that of fish
fed the EP5, EP6 and MP, but not significantly different from that of fish fed
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EP3 and EP8. Feed efficiency of fish fed the MP was significantly lower than
that of fish fed all EP, but no significant difference was observed among all
EPs groups. Daily feed intake of fish fed the MP was significantly higher than
that of fish fed all EP (P<0.05). The contents of moisture, crude protein, crude
lipid and ash of whole body was not significantly different among the groups. It
1s concluded that the dietary formulation used in the EP1, EP2, EP3 can be

applied in the practical extruded pellet feeds for flounder.

2.2. Evaluation of the muscle quality of flounder fed EP and MP

This study was conducted to evaluate taste components of dorsal muscle of
flounder fed the EP and MP. Fish (intial mean weight of 106 g) were fed one
of three experimental EP (EP1, EP2, EP3), one commercial EP (EP4) or MP for
16 weeks. Moisture content of fish fed MP was significantly higher than that of
fish fed all EP. Significantly higher contents of 16:1n-7, 20:4n-6, 20:5n-3 and
lower 18:2n-6 were observed in fish fed EP4 and MP compared with fish fed
EP1, EP2, EP3. The 22:6n-3 content was not significantly different among all
groups. In free amino acids, glutamic acid content was not affected by diets.
Taurine content of fish fed MP was significantly higher than that of fish fed
EP2 or EP3, but not significantly different from that of fish fed EP1 and EP4.
Asparagine content of fish fed EP1 was significantly higher than that of fish fed
EP2, EP4 and MP, but not significantly different from that of fish fed EPZ2.
Significant difference were observed in lysine and serine contents of fish fed
experimental diets. In nucleotides and their related compounds, IMP content was
not affected by diets. Significant difference were observed in ATP and AMP
contents of fish fed experimental diets. Textural properties of the dorsal muscle

of fish fed EPs and MP were investigated.

2.3. Investigation of the present state of feeding in flounder farms at the
different area
The growth and feed intake of flounder was investigated in commercial

flounder farms at the different area (Kyungbuk and Jeju, Korea). In Kyungbuk,
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mean body weight of fish fed EP or MP was 661 to 640 g after 6 months
(initial body weight of 175 g), and daily feed intake of fish fed EP and MP
were 0.27-0.82% and 0.16-0.40% (dry matter basis), respectively. In Jeju, mean
body weight of fish fed EP or MP was 1029 to 1076 g after 11 months (initial
body weight of 100 g), and daily feed intake of fish fed EP and MP were
0.30-0.75% and 0.29-0.76% (dry matter basis), respectively.

2.4. Effects of rearing tank size on growth and feed intake of juvenile flounder
This study was conducted to investigate the effects of the different size of
rearing tank on growth and feed intake on juvenile flounder. Seventy two fish,
163 fish and 452 fish (initial body weight of 14 g) per tank were distributed
into 350, 1400, 3000 L tanks, respectively. Fish were fed the extruded pellet
apparent satiation for 10 weeks. The flow rate of water were 10, 20, 60 L/min
in 350, 1400 % 3000 L tanks, respectively. No considerable difference was
observed in growth performance of fish reared at the different size of tank.
Final mean weight of fish was ranged 53 to 60 g, and daily feed intake was

range 1.14 to 1.33%. Feed efficiency was ranged 123 to 134%.

3. Studies on improvement of fish quality

3.1. Improvement of body mass index of fish

3.1.1. Effects of dietary lipid sources and levels on growth performance, blood
chemistry, and fatty acid composition of juvenile flounder

Eight experimental diets (FO, LO, SO, MIX, LL-HP, HL-FO, HL-VO and
LL-HC) were formulated to contain 5% squid liver oil, 5% linseed oil, 5%
soybean oil, mix of 1%, 2% and 2% of each former lipid sources, without lipid
supply and high crude protein level, 109 squid liver oil, mixture of 1% squid
liver oil, 4.5% linseed oil and 4.5% of soybean oil, and 1% squid liver oil with
11% alpha-starch, respectively. Juvenile (average weight 8.0 g/fish) flounder

were randomly distributed into 50L tanks in a seawater flow through system.
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One of the experimental diets was fed triplicate groups (20 fish/group) of fish at
visual satiety, once per day (09:00) for 15 weeks. At the end of feeding
experiment, fish fed the SO diet exhibited the highest weight gain (WGQG), but
did not differ from that of fish fed the FO, LO, MIX, LL-HP, HL-FO, and
LL-HC diets. Fish fed the HL-VO diet had lower WG compared to that of fish
fed the SO diet. Hepatosomatic index (HSI) of fish fed the LL-HP diet was
significantly lower than that of fish fed the LO, SO, MIX, HL-FO diets.
Survival, feed efficiency, daily feed intake, daily protein intake and protein
efficiency ratio were not affected by dietary lipid source and level. Plasma
cholesterol in fish fed the HL-FO diet was significantly higher than that of fish
fed the other diets. Fish fed the HL-FO diet also had higher plasma triglyceride
compared to that of fish fed the other diets, except for the SO diet. Fish fed the
diets supplemented with vegetable oils (LO and SO diets) had higher
concentration of Cl82n-6 and C18:3n-3 than those of other diets, whereas
higher concentration of highly unsaturated fatty acid (n-3HUFA) was obtained
in fish fed the diets containing squid liver oil. In inclusion, the present results
indicate that soybean and linseed oil might be a good lipid source in the
formulated diet for juvenile flounder. Growth of fish was significantly affected
by the diet containing excessive level of vegetable oil. Fatty acid composition of
the dorsal muscle of juvenile flounder was significantly altered by fatty acid

composition of the experimental diets.

3.1.2. Effects of dietary lipid sources and levels on growth performance, blood
chemistry, and fatty acid composition of growing flounder

Eight experimental diets (FO, LO, SO, MIX, LL-HP, HL-FO, HL-VO and
LL-HC) were prepared by the same manner in the experiment I. Growing
(average weight 121 g/fish) fish were randomly allocated into 300L fiberglass
reinforced plastic tanks attached in a seawater flow through system. Triplicate
groups (20 fish/group) were hand-fed with one of the experimental diets at
visual satiety once per day (09:00) for 15 weeks. At the end of feeding
experiment, weight gain, hepatosomatic index (HSI), visceralsomatic index (VSI)
and daily feed intake (DFI) were not affected by dietary lipid source and its
level. Fish fed the HL-VO and HL-FO diets had higher PER compared to that
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of fish fed the MIX and LL-HP diets. Fish fed the LL-HP diet showed the
lowest protein efficiency ratio (PER). Condition factor (CF) of fish fed the
HL-FO diet was significantly higher than that of fish fed the SO diet. Body
thickness/width ratio was highest in fish fed the LO diet, but did not differ
from that of fish fed the LL-HP and HL-VO diets. Fish fed the SO diet
showed the highest plasma total protein (TP) and the lowest value was found
in fish fed the LO diet. Plasma GOT of growing flounder relatively varied with
dietary lipid source and level. Fish fed the LL-HC diet had the highest GOT
activity. Fish fed the squid liver oil diets (FO and HL-FO) had higher
cholesterol than that of fish fed other diets. Fish fed the HL-FO diet showed
higher cholesterol than that of fish fed the FO diet. At the same dietary lipid
level, fish fed the diets containing vegetable oils had higher C18:2n-6 compared
to that of fish fed the squid liver oil diets. Meanwhile, EPA, DHA and n-HUFA
concentrations of fish fed the squid liver oil diets were significantly higher than
those of fish fed the vegetable oils diets. In conclusion, different dietary lipid
and level did not affect growth and feed utilization of growing flounder. It was
confirmed that the dietary fatty acid composition significantly impacted on fatty

acid composition of the dorsal muscle of flounder.

3.1.3. Effects of dietary lipid sources and levels on growth performance, blood
chemistry, and fatty acid composition of adult flounder

Ten experimental diets (FO, LO, SO, MIX, LL-HP, HL-FO, HL-VO and
LL-HC) were prepared by the same manner in the experiment I. Moist pellet
(MP) was considered as the control diet. Adult (average weight 296 g/fish) fish
were randomly allocated into 1.2 tons fiberglass reinforced plastic tanks attached
in a seawater flow through system. Duplicate groups (25 fish/group) were
hand-fed with one of the ten experimental diets at visual satiety once per day
(09:00) for 17 weeks. At the end of feeding period, weight gain (WG) was
highest in fish fed the LL-HP diet, whereas the lowest value was obtained in
fish fed the HL-VO diet. There were no significant differences in WG of fish
fed other experimental diets. Hepatosomatic index (HSI) in fish fed the FO, LO,
HL-FO and HL-VO was higher than that of fish fed the MP. The highest feed
efficiency (FE) ratio was showed in fish fed the LL-HP and the lowest value
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was registered for fish fed the LO diet. Daily feed intake (DFI), condition factor
(CF) and body thickness/width ratio were not affected by dietary lipid source
and its level. Fish fed the FO, LO and SO diets had significant higher plasma
TP compared to that of fish fed the MP. Whereas the lowest plasma glucose
was obtained in fish fed the LL-HC diet. There was a relatively variation in
plasma GOT activity in fish fed the all treatments. The lowest value was found
in fish fed the MP. The highest plasma cholesterol and triglyceride was
registered in fish fed the HL-FO and HL-VO diets, respectively. Fish fed the
SO and HL-VO had higher C18:2n-6 than that of the fish fed the other diets.
The highest C18:3n-3 concentration was found in flounder fed the LO diet.
Concentrations of DHA and n-3HUFA in fish fed the diets containing squid
liver oil were comparable to those of the MP and significantly higher than those
of other diets, except for those of LL-HP and LL-HC diets. In conclusion, it
was obvious that adult flounder do not require high dietary lipid level for
optimum growth. Dietary lipid source and level significantly affected physical
characteristics and fatty acid composition of the dorsal muscle of flounder.
Regarding of growth and the dorsal muscle quality, the LL-HP diet might be

suitable for adult flounder.

3.14. Growth, hematological indices and fatty acid composition of the dorsal
muscle in juvenile founder fed the formulated diets containing different

lipid source and level with or without vitamin E
Six experimental diets (HL-FO-VE, HL-VO-VE, LL-HC-VE, HL-FO+VE,
HL-VO+VE and LL-HC+VE) were formulated to contain different lipid sources
including 10% squid liver oil (HL-FO), 10% vegetable oil (HL-VO, a mixture of
1% FO, 4.5% linseed oil and 4.5% soybean oil), and 1% squid liver oil with high
carbohydrate level (LL-HC), with (0.04%) (+E) or without vitamin E (-E)
supplementation, respectively. Juvenile (average weight 85 g/fish) flounder were
randomly distributed in 50L plastic tanks in a seawater flow through system.
One of the six experimental diets was fed triplicate groups (40 fish/group) of
fish to visual satiety, twice per day (09:00, 17:00). At the end of feeding
experiment, feed efficiency (FE) and protein efficiency ratio (PER) in fish fed
the LL-HC-VE and LL-HC+VE diets tended to be lower than that of fish fed
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the other diets, regardless of vitamin E supplementation. Plasma cholesterol in
fish fed the HL-FO-VE and HL-FO+VE was significantly higher than that of
fish fed other diets. Fish fed the vegetable oil containing diets had higher
concentrations of C18:1n-9, C18:2n-6 and C18:3n-3 compared to those of fish fed
the fish oil containing diets, whereas concentrations of EPA, DHA and
n-3HUFA of fish fed the diets containing squid liver oil were significantly
higher than those of fish fed the diets containing vegetable oils and low lipid
level diet. In conclusion, dietary lipid source, level and vitamin E addition did
not affect growth of juvenile flounder. Plasma cholesterol was significantly
influenced by the fish oil, irrespective of vitamin E addition. High dietary
carbohydrate might not be efficiently used by flounder as alternative energy for
lipid source. Dietary excessive carbohydrate could reduce feed utilization of

flounder.

3.1.5. Growth, hematological indices and fatty acid composition of the dorsal
muscle in growing founder Paralichthys olivaceus fed the formulated diets
containing different lipid source and level with or without vitamin E

Six experimental diets (HL-FO-VE, HL-VO-VE, LL-HC-VE, HL-FO+VE,

HL-VO+VE and LL-HC+VE) were formulated to contain different lipid sources

including 10% squid liver oil (HL-FO), 10% vegetable oil (HL-VO, a mixture of

1% FO, 4.5% linseed oil and 4.5% soybean oil), and 1% fish oil with high

carbohydrate level (LL-HC), with (0.04%) (+E) and without (-E) vitamin E

addition, respectively. Growing (average weight 120.0 g/fish) flounder were

randomly distributed in 300L fiberglass reinforced plastic tanks attached in a

seawater flow through system. One of the six experimental diets was fed

triplicate groups (20 fish/group) of fish to visual satiety, once per day (09:00).

At the end of feeding experiment, fish fed the diets containing squid liver oil

seemed to grow faster than fish fed vegetable oil or low lipid content,

irrespective of vitamin E supplementation. Higher hepatosomatic index was
obtained in fish fed the diets containing high lipid level, regardless of lipid
source and vitamin E supplementation. Feed efficiency (FE) and protein
efficiency ratio of fish fed the HL-FO+VE, HL-VO+VE diets was significantly
higher than those of fish fed the LL-HC+E diet. Plasma total protein (TP) and
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glucose was highest in fish fed the HL-FO-VE diet. Higher plasma cholesterol
and triglyceride were obtained in fish fed the diets containing high level of
squid liver oil. Fish fed vegetable oil containing diets had higher concentrations
of C18:1n-9, C18:2n-6, C18:3n-3 compared to those of fish fed the squid liver oil
containing diets. Whereas higher concentrations of EPA, DHA and n-3HUFA
were observed in fish fed the squid liver oil diets compared to those of fish fed
vegetable oils diets. In conclusion, dietary lipid source, level and vitamin E
addition did not affect growth of growing flounder. However, dietary addition of
vitamin E could improve feed utilization in growing flounder. High dietary
carbohydrate might not be efficiently used by flounder as alternative energy for

lipid source.

3.2. Development of functional feed for production of functional fish

3.2.1. Effects of dietary additives on growth performance, hematological
parameters, fatty acid of dorsal muscle in juvenile flounder Paralichthys
olivaceus

This feeding experiment was conducted to determine the effects of various
dietary additives on hematological parameters, immune response and disease
resistant of juvenile flounder. Ten isonitrogenous (49.0% crude protein) and
isolipidic (10% crude lipid) experimental diets (Al, A2, A3, A4, A5, A6, A7, AS,

A9 and A10) were formulated to supplement with 5% kelp meal, 109 krill meal,

196 garlic, 1% organ, mixture of 0.2% galic, 0.5% onion, 0.2% ginger, 0.29%

mugwort, 0.2% licorice, 0.2%6 wasabi and 0.2% orange, 3% onion, 1% ginger, 1%

mugwort, 1% licorice, and 1% wasabi, respectively. Diet without supplementation

of additives was considered as the control diet (CON). Juvenile (average weight

8.5 g/fish) flounder were randomly distributed in 50L plastic tanks attached in a

seawater flow through system. Seawater was continuously supplied at a flow

rate of 2 L/min to each tank during feeding period. One of the experimental
diets was fed triplicate groups (40 fish/group) of fish to visual satiety, twice per
day (09:00, 17:00). Seawater temperature was 20.9 C during feeding experiment.

Growth, feed utilization and survival of fish were not affected by dietary

supplementation of the additives. No significant differences were observed in

_28_



hepatosomatic and visceralsomatic indices among fish fed the all experimental
diets. These dietary additives did not affect plasma glucose, GOT, GPT, total
cholesterol and triglyceride of juvenile flounder. Fish fed the A8 and A9 diets
had lower plasma total protein compared to that of the control diet. Plasma
triglyceride of fish fed the diet Al, A3, A5, A6, A7, A8 and A9 was
significantly lower than that of fish fed the control diet. Fatty acids composition
of the dorsal muscle in juvenile flounder were not affected by the dietary
additives. In conclusion, here we reported as the first time the study on the
effects of these additives in the formulated diet on growth, immune response
and disease resistant of juvenile flounder. Dietary supplementation of the
additives did not affect the growth and feed utilization of flounder. However,
many previous studies have been reported that immune response and disease
resistant of farmed fish was enhanced by dietary additives. Hence, immune

response of juvenile flounder fed the experimental diets will be further analysed.

3.2.2. Effects of dietary additives on growth performance, hematological
parameters, fatty acid of dorsal muscle in growing flounder Paralichthys
olivaceus

This feeding experiment was conducted to determine the effects of dietary
additives on hematological parameters, immune response and disease resistants
of growing flounder. Five isonitrogenous (49.0% crude protein) and isolipidic

(10% crude lipid) experimental diets (Al, A2, A3, A4 and A5) were formulated

to supplement with 5% kelp meal, 10% krill meal, 196 garlic, 196 organ, mixture

of 0.2% galic, 05% onion, 0.2% ginger, 0.2% mugwort, 0.2% licorice, 0.2%

wasabi, and 0.2% orange, respectively. Diet without supplementation of the

additives was considered as the control diet (CON). Fish meal, and squid liver
oil, soybean oil and linseed oil were used as the main dietary protein and lipid
sources, respectively. Growing (average weight 120 g/fish) fish were randomly
allocated in 300L fiberglass reinforced plastic tanks in a seawater flow through
system at a density of 20 fish per tank. Triplicate groups of fish was fed with
one of the experimental diets at visual satiety, one a day (09:00) for 15 weeks.
There were no significant differences in weight gain of fish fed the all

experimental diets. Survival of fish ranged from 70.0% to 90.0%, but was not
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significantly different among treatments. Feed efficiency (FE) and protein
efficiency ratio (PER) of fish fed the A3 diet were significantly higher than
those of fish fed other diets. Plasma total protein, glucose and GOT were not
affected by dietary supplementation of the additives. Plasma total cholesterol of
fish fed the A2 and A5 diets was significantly higher than that of the control
diet. Concentration of C20:4n-6 of fish fed the CON diet was significantly higher
than that of fish fed other experimental diets. Dietary supplementation of the
additives did not affect concentrations of EPA, DHA and n-3HUFA of the
dorsal muscle of growing flounder. In conclusion, supplementation of 1% garlic
in the formulated diet could improve feed utilization in growing flounder. In
consideration of the previous study, it suggests that the effects of those dietary
additive will somehow depend on their supplementation level and developmental
stages of fish. Immune response of growing flounder fed the experimental diets

will be further analysed.

3.3. Studies on nutraceuticals as dietary additives for improvement of

immune response in fish

3.3.1. Effects of various sources of dietary additives on growth, body
composition and immune response of flounder

Effects of wvarious sources of dietary additives on growth, body composition
and immune response of olive flounder were determined. Nine experimental diets
with triplicates were prepared: (Dcontrol (Con) with no additive @Opuntia
ficus—indica ver. saboten (OF) @Pro-polis (PP) @]S lactic acid bacteria (JS) ®y
~Poly-glutamic acid (yP) ®Onion extract (OE) @Organic sulfur (OS) @Biostone
(BS) and QFig extract (FE). Fishmeal, dehulled soybean meal and corn gluten
were used as the protein source of the experimental diets. Wheat flour and
soybean oil were used as the carbohydrate and lipid sources, respectively. A 196
dietary additive was included into each experimental diet at the expense of
wheat flour except for fig extract, which is in the aqueous type. A 1% fig
extract was included into the FE diet in stead of the same amount of water.
Thirty juvenile fish averaging 26 g were stocked into each of 27, 180 L
flow-through tanks. Fish were hand-fed to satiation twice a day (07:00, 17:00)
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for 6 days a week for 6 weeks. After 6-week feeding trial, blood were sampled
from five randomly chosen fish for serum analysis of lysozyme and bactericidal
activity, and ten fish were infected with Edwardsiella tarda for challenging test
from each tank. Survival of fish was not different among the diets. However,
weight gain of fish fed the OE diet was higher than that of fish fed the Con
and PP diets, followed by the FE, OS, ]S, BS, OF and yP diets in order.
Specific growth rate of fish fed the OE, FE, OS, JS, BS and OF diets was
higher than that of fish fed the PP diet. However, feed efficiency ratio, protein
efficiency ratio and protein retention was not different among the diets.
Although no significant difference in condition factor of fish was observed,
condition factor of fish fed the experimental diets with all kinds of additives
would be relatively high. Liver and the whole body of fish without liver of olive

flounder was not different among the diets.

3.3.2. Effects of dietary supplementation of Spirulina pacifica, astaxanthin, and
alga mixture (Hizikia fusiformes and Ecklonia cava) on non-specific
immune responses and disease resistance against Edwardsiella tarda in
flounder

Three experiments were conducted to verify the effects of dietary
supplementation of alga mixtures (Hizikia fusiformis and Ecklonia cava),
spirulina pacifica and astaxanthin on nonspecific immune responses and disease
resistance against FEdwardsiella tarda in olive flounder. In experiment 1, four
experimental diets were formulated to be isonitrogenous (46% crude protein) and

isocaloric (17.3 M]J/kg DM). Spirulina powder was added into the diets by 0%,

3%, 6% and 9% (designated as SPI 0, SPI 3, SPI 6 and SPI 9, respectively).

Three replicates of fish groups (30 fish/tank) were fed one of the experimental

diets for 2 weeks. In experiment 2, four experimental diets were formulated to

be isonitrogenous (44% crude protein) and isocaloric (171 MJ/kg DM).

Astaxanthin powder was added into the diets by 0%, 1%, 2% and 3%

(designated as AST 0, AST 1, AST 2 and AST 3, respectively). Three

replicates of fish groups (30 fish/tank) were fed one of the experimental diets

for 2 weeks. In experiment 3, five experimental diets were formulated to be

isoniotrogenous (44% crude protein) and isocaloric (17.1 MJ/kg DM). Alga
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mixture powder was added into the diets by 0%, 2%, 4%, 6% and 8%
(designated as HE 0, HE 2, HE 4, HE 6 and HE 8, respectively). Three
replicates of fish groups (30 fish/tank) were fed one of the experimental diets
for 2 weeks. The end of the three feeding trials, immune parameters were
determined to evaluate nonspecific immune responses. After the each 2-week
feeding trial, healthy fish of similar sizes per each tank (30 fish per dietary
treatment) were selected and injected with 1 ml of FEdwardsiella tarda
suspension to evaluate the disease resistance of the fish. Dietary supplementation
of Spirulina pacifica, astaxanthin, and alga mixture fed groups resulted in
significantly higher nonspecific immune responses than the control groups. The
cumulative mortality was significantly lower in the fish groups fed Spirulina
pacifica, astaxanthin or alga mixture supplemented diets than that of the fish
group fed the control diet in the challenge test with E. tarda. Therefore, the
findings in this study suggest that dietary supplementations of Spirulina pacifica,
astaxanthin or alga mixture could enhance the nonspecific immune responses

and improve the resistance of olive flounder against a disease.

3.3.3. Gene expression analysis after feeding trial

This study aimed to evaluate the efficacy of feed compositions and natural
feed additives on the immune responses in flounder (Paralichthys olivaceus). Ten
additives were evaluated in this study (i.e., garlic, onion, ginger, moxa, licorice
root, wasabi, mandarin powder, kelp meal, krill powder, mixture of all of
additives) by analyzing their effects on complement activity, serum lysozyme
activity and gene expressions related to immune responses (IL-1beta
and NK-cell enhancing factor), apoptosis (TNF and gelsolin), drug metabolism
(NADH dehydrogenase and cytochrome oxidase) and growth (myosin). Fourteen
experimental diets where prepared by different compositions and ten
experimental diets were prepared by adding natural feed additives (garlic, onion,
ginger, moxa, licorice root, wasabi, mandarin powder, kelp meal, krill powder) at
the concentrations of 1% (except kelp meal 5%, krill power 10%, onion 3%) and
fed for 15 weeks. Complement activity was analyzed from 9 fish of each diet at
15weeks using sheep red blood cells and Serum lysozyme activity was analyzed

from 9 fish of each diet at 15 weeks using EnzChek lysozyme Assay Kit
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(Invitrogen). Gene expression in head kidney was analyzed by Real Time PCR
reactions using SYBR green systems (TaKaRa). HSC70 was used as reference
gene. In this study, it was demonstrated that serum lysozyme activity was
higher in the experimental groups than in control group at week 10 and 15,
indicating a clear enhancing effect of experimented additives on serum lysozyme
activity. NADH dehydrogenase and cytochrome oxidase gene expressions were
significantly up-regulated in ginger, licorice root and wasabi group, suggesting
their toxicity to flounder. It is known that the expression of these genes can be
induced by several phytochemicals such as isoflavons and phytosterols contained
in natural feed additives. Meanwhile, that IL-18 and TNF-a gene expression
was significantly up-regulated in onion and kelp meal fed flounder, while drug

metabolism gene expressions were not significantly up regulated in these groups.

3.3.4. Histopathological changes of flounder (Paralichthys olivaceus) by
administration of various feed additives

Researches for increasing daily weight gain, growth enhancement, disease
resistance of aquaculture fish species, have been actively conducted by using
feed additives. Various kinds of plants, minerals, microorganisms or their
extracts have been administered for many fish species, to know the effects as
feed additives. Most of these additives have already been used in human or
other animals as food, feed additives, drugs. Or at least preliminary researches
conducted. Hence, it is relatively easy to apply these materials for aquaculture
industry. In this study, several feed additives (kelp meal, krill meal, garlic, onion,
ginger, mugwort, licorice, wasabi, orange and mixture of all additives) were
perorally administered to olive flounder (Paralichthys olivaceus) for a long period
(15 weeks), and we investigated if there are any histopathological effects on
each organs. Routine histopathological process were conducted for making slide
specimens for each experimental groups and control group, and the results were
compared. Except for liver, there were no pathological changes in histological
specimens among each experimental groups and control group. Mild foamy
degeneration of liver cells were observed in control group and each experimental
groups. Generally, mild pathological effects can be seen in liver cells when feed

additives administered for a long period. And this is thought to be reversible
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changes because these effects can be disappeared when stop or reducing feed
additives. In this experiment, however, there were no differences among each
experimental groups and control group in terms of 15 weeks . Hence, the mild
foamy degeneration of liver cells observed in this study is not thought to be

associated with feed additives.
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R 4% 744 (d/kg)
2007 2008
ool 2 () ] 1,300 2,100
gofel ol () 29 1,400 2,100
ol £ (3}) =2k 850 1,000
R RS =2k 700 900
S8 s 900 900
o) of 71t o= 600 1,000
o2t v = 400 670
ST ") = 600 1,000
B =2k 300 450
o]+ =4k 1,600 2,000
R Rie =4k 1,600 2,000
o - ") = 630 1,000
AL T 1,400 1,500
agd & ol 2,300 2,700
HER E T 20,000 36,000
el C o 13,000 16,000
= =5 1,800 2,900
HIEFR] mix. ER 3,500 4,000
Pyl 2 mix. ER 700 800
w AR AR AR AA T 7HA 912008, 11)

_38_



_39_

# 12 A Rdsd At g sy
YR E)
e A2kA
2006 2007
o =4k 29,266 26,754
Tt 45,420 40,026
i =2k 10,399 13,859
san =4k 21,895 18,328
Tt 18,545 199
FEE =4k 13917 14,363
o5 &2 =4k 19,556 33,459
7hE Sk =4k 10,307 13,151
o At 730,795 818,792
ST At 6,263,836 6,230,086
Ha Tt 120,815 120,097
A (4) Tt 1,200,322 1,012,303
A7) & T At 284,991 300,418
4 =4k 110,124 117,333
e =4k 6,876 8,201
e =4k 1,001 2,198
St =4k 41,666 33,530
HEA =2k 760 1,368
HI B mix. =2k 6,097 4,071
S =4k 2,086 3,098
A7t A =2k 11,812 13,140
* FuT: g3 v=Ad
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g A

ArRERS FE2 105THdA 6A17F Adxste] FA4sAom, 2dWA(Nx6.25)2
Auto Kjeldahl System (Gerhardt VAP500T/TT125, Germany)< Al-&3te] HA3}
Aok 2AWLE ZAWFE7](Velp SERI48, Italy)E AH8-38te] ether® FE3 &
SAslon, 2372 325 ARESte] 550TolA 4A13F Fot Bl § F et

Atk 2AHE 24454 7] (Fibertec 1020, Foss, Sweden)E Al-&3ko] 435132
W, 43S A7 (Parr-6200, USA)E AH&3te] EA8tqth Als o] ofn
=4 EA2 6N-HClI &dow Fajsto] AA 3t Algde ofn eqtatE 4] 7]
(Biochrom, Netherland)E A}-&3te] EAs o, AWk 428 Folch et al
(1957)9] ol wel vigtey F22XE Aoz NHs FE3AoH, 14%
BF3-methanol (Sigma, USA)Z A|W4ES methylation A% %, capillary column
(HP-INNOWax, 30m x 0.32mm x 0.5um, USA)o] 2% gas chromatography
(HP-6890) = 43} t}. Carrier gast helieumS A}83t9 oW, oven &%+ 17
0T A 225C7HA] 1C/min S 7FA# 1L, injector®] <%+ 2507C, detector (FID) <&
L= 210C= AR, Zad 2 AlREE 600TolA 24412 3] 3ket & H Ak
SHTF1D  =ddr Ttete] EEA ARSSE FRAdEd=viER
(Jobinyvon, USA)E AF&3le] SA3 AT Adlw 2 vHlAE vlo] AR o] H T3] 7]

(Ethos, Milestone, Itlay)® Al&E HAF F FE=A2IZH=vE37

2477t Bgke &, Ak SR G hete]l Al AlRde dAEd

13433 = /| (Analyticjena, Germany)& Ab-&3lo] &4 39 th.

o A3 2 13

ARARS] AU BAAY, JHF R GTHRE ARE ARG WaolR 4
FAEY zRMAL 0% AT JYI) Be FFL mgov, WAF, AR, A
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Nmw R zowd zAd  zaw  z4% A9
1573 (9) (% (%) 5 (%) (cal/g)
\!]

21 7‘{%{3 )% 7.63 55.74 7.25 24.01 1.24 3925

T+ X0
2 AN 7300 63 7es 1688 Lol 4732
93 AAoJE 612 6213 1129 1586 0.54 4720
24 FAAo|E 336 5853 1127 23.00 1.90 4482
%5 AAJE 809 58.97 9.19 19.22 181 4394
%  oAE 920 7456 3.8 10.89 2.0 4533
27 AR 7.14 5196 1118 1426 1146 4488
2R Ao 579 5081 1125 1619 1439 4275
09  =un 1206 5913 11.43 9.41 5.57 4799
30  mun 1153 5730 1193 1121 7.34
31 oAI7FE 1114 4735 0,52 432 277 4641
32 oA R 627 5086 10.30 453 2.96 4942
33 oAolzbE 1173 4220 1573 7.03 3.35 5060
34 TR 2.22 8475 1086 3.08 168 5479
35 53 1204 86.87 0.24 159 0.75 5379
36 o= 1172 4684 1.60 579 352 A114
37 g 1123 4642 0.91 6.06 353 4213
38 = 1181 4553 135 5.65 5.52 4378
39 g 1099 4723 1.89 6.00 408 3576
40 =zzdw 997 50.80 1.00 2.16 147 5202
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¥ 14 A9 89 ofuw=At A (% of protein)

1 2 3 4 5 6 7 8 9 10

W2 waolR waol® wae]l® ol ZAol¥ gae]® Aauolw LAolR gao]R

) @ GFR @ER) @A @AR) @A) @AF (DR (7o)
Ala 6.40 674 656 647 638 638 637 646 6.00 645
Arg 597 554 606 630 562 603 593 561 536 6.08
Asp 925 926 938 1024 941 939 947 950 864 937
Cys 1.84 157 087 127 134 08 097 113 139 0.77
Glu 12775 13.04 1393 14.41 1277 1298 13.08 1359 1147 13.12
Gly 956 610 6.04 629 616 629 632 610 801 6.64
His 219 231 252 261 313 502 483 303 242 462
Ille 334 383 455 446 391 460 418 423 333 457
Leu 6.17 704 809 803 714 78 752 771 592 779
Lys 699 805 &818 833 811 790 79 806 68 779
Met 255 271 305 324 275 323 322 344 252 320
Phe 337 389 424 426 424 408 418 446 372 4.02
Pro 5.04 390 429 395 393 444 433 409 451 463
Ser 48 452 394 400 411 391 393 393 389 392
Thr 405 455 442 465 429 437 444 450 394 435
Tyr 282 307 335 340 341 323 325 339 293 319
Val 478 551 b45 582 537 544 573 607 480 532

_47_



11 12 13 14 15 16 17 18 19 20

ZF A

Aol AR ZAolE ZalolR galolE gAlolR gaolR &aol®

Ao FH o} &

(H780])

(R780])

(o)

(5+o1)

(o))

(F+o1)

(z+o1)

(£+1)

Ala 6.48 652 618 649 577 645 615 598 680 6.66
Arg 5084 627 59 613 514 611 603 549 594 6.10
Asp 960 957 961 952 813 943 946 807 945 961
Cys 09 083 098 080 127 160 191 162 08 1.22
Glu 1371 1332 1342 1335 1064 13.07 1399 10.86 1261 12.99
Gly 6.22 712 59 68 737 882 828 946 721 8.06
His 344 396 430 463 226 236 234 210 388 297
Ile 430 437 434 432 316 347 358 273 461 397
Leu 774 768 771 765 562 637 657 526 801 715
Lys 816 778 807 802 638 655 626 534 767 724
Met 3.02 276 302 281 247 231 253 215 309 334
Phe 447 407 437 400 319 356 353 336 416 421
Pro 421 487 441 461 430 503 469 511 496 4.9
Ser 394 405 401 395 358 434 474 415 392 4.04
Thr 448 441 456 436 369 407 416 361 443 449
Tyr 335 324 352 316 261 261 291 246 293 3.30
Val 544 515 562 525 439 503 518 440 548 585
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2l 22 23 24 25 26 21 28 29 30

AR ogelr ASE  ASE  aup %f; %;; S oEe gEw

Ala 638 592 606 612 58 210 242 818 418 6.14
Arg 6.13 7.08 579 646 641 313 342 748 687 6.12
Asp 961 98 947 1010 10.77 491 509 797 1086 9.70
Cys 09 1.70 093 071 059 070 068 1.00 121 099
Glu 13.33 14.05 1293 1414 1456 772 837 1273 1811 1352
Gly 769 578 612 639 472 206 238 1616 404 6.08
His 269 211 253 264 269 108 113 261 257 262
Ile 423 393 362 400 480 442 440 258 474 378
Leu 736 714 621 669 779 340 379 561 7708 657
Lys 711 6.07 604 577 78 276 313 533 59 624
Met 295 282 191 200 308 081 09 150 142 202
Phe 445 355 498 512 465 212 225 354 497 520
Pro 533 4.06 462 537 381 211 258 1025 514 479
Ser 419 413 436 438 415 216 250 360 4838 442
Thr 456 430 410 443 437 190 221 320 381 423
Tyr 351 1.73 388 384 391 166 190 237 29 4.05
Val 546 467 479 511 492 220 246 449 505 498
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31 32 33 34 35 36 37 38 39 40

&5 5 A=) A=) A=)
I B SR AT E AN A

Ala 419 792 803 253 543 520 506 323 280 3.39
Arg 701 290 287 327 679 1056 1035 416 424 518
Asp 1212 546 574 3.02 656 798 782 441 476 6.19
Cys 112 102 08 193 098 052 057 179 3.02 4.05
Glu 1961 18.03 2086 3551 1624 20.74 20.57 2948 3098 27.36
Gly 434 249 239 332 450 531 516 370 383 428
His 264 200 19 189 140 249 249 213 211 252
Ile 454 374 357 321 367 407 427 305 284 296
Leu 786 1423 1598 630 1045 739 740 624 591 591
Lys 613 151 148 143 327 174 168 232 219 283
Met 086 212 210 134 131 250 311 118 130 1.16
Phe 521 577 567 5.05 429 487 479 444 427 442
Pro 501 904 900 1183 &821 358 394 10.04 1079 834
Ser 498 465 448 427 637 366 360 419 420 436
Thr 398 309 308 249 460 336 328 267 328 388
Tyr 3.03 410 433 353 417 337 331 263 266 2.62

Val 468 447 413 407 498 547 572 463 593 6.24
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¥ 1-5. AR g9 Al 24 (% of total fatty acids)

1 2 3 4 5 6 8 9 10

ul sjo i iAo i ulajo] R W a0}y Zaloli ZAjoj ¥ ZAlo R o]y Zaloli Aol ¥

®H) (A5 (A7) (A7) (BAF) (BAF) (BAF) (A7) (A7) (A7)
C14:0 332 395 346 314 477 264 252 458 3.2

C16:0 1728 2043 22.09 2267 2217 1944 1847 2377 17.05 18.83
C16:1n-7 491 456 448 391 611 359 299 553 408 3.16
C18:0 526 339 3.04 353 509 758 916 568 0536 6.16
C18:1n-9 1823 20.09 20.34 1942 1271 1583 1353 1285 21.26 15.85
C18:2n-6 078 277 259 229 054 131 134 073 1274 1.17
C18:3n-3 051 182 171 179 026 066 130 028 230 049
C20:1n-9 587 169 137 158 143 158 085 151 199 410
C20:2n-6 0.43 0.42 0.27 0.50 0.89

C20:4n-6 146 132 093 099 067 215 245 078 145 1.75
C20:4n-3 057 048 053 048 049 054 08 069 068 1.02

C20:5n-3 1439 791 822 799 1499 636 668 1757 740 7.69

C22:1n-9 322 158 125 0.74 1.09
C22:2n-6 049 0.20 0.71 1.68 0.40
C22:4n-3 019 0.77 0.31 0.50

C22:5n-3 173 093 103 072 330 266 298 357 326 2.80

C22:6n-3 1562 21.08 2394 2522 1903 2922 3042 16.84 1274 30.08
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11 12 13 14 15 16 17 18 19 20

Casely (el (e (o) il (g e (e A AT
C14:0 413 248 3.03 230 306 5b45 273 355 335 466
C16:0 2205 19.83 19.02 1953 1709 2721 21.13 2340 24.00 27.71
Cl6:1n-7 533 284 368 210 387 648 298 6.07 556 7.03
C18:0 87 729 845 420 549 800 597 740 024 888
C18:1n-9 14.30 1644 1349 1485 20.89 19.22 21.77 24.02 20.64 22.01
Cl18:2n-6 121 132 146 1.09 1237 521 8b6 226 199 1.8
C18:3n-3 034 059 1.00 041 223 070 054 062 049
C20:1n-9 1.30 528 105 449 189 402 6.13 599 362 303
C20:2n-6 0.45 0.93 024 033 0.22
C20:4n-6 093 164 212 18 166 184 122 178 305 153
C20:4n-3 063 093 077 09 0.70 049 0.39
C20:5n-3 1527 498 764 620 743 642 667 520 7.82 396
C22:1n-9 2.09 1.01 312 258 0.10
C22:2n-6 0.42 0.18 0.10
C22:5n-3 300 238 314 278 332 071 090 1.78 0.99
C22:6n-3 20056 28.10 29.35 3442 1348 14.18 13.01 878 1889 10.83
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21 22 23 24 25 26 27 28 29 30
ae oo Aee Are age U0 TR su aww ase
C14:0 335 184 146 129 672 298 292 168 0.57
C16:0 24.00 2523 2022 2750 2383 19.12 18.67 26.83 1692 18.70
C16:1n-7 o6 146 287 314 489 346 324 246 0.86
C18:0 024 799 120 1088 121 515 387 1760 337 312
C18:1n-9 2064 553 2691 2808 16.00 1229 1510 40.12 1161 16.85
C18:2n-6 199 020 1876 222 1162 945 320 6032 5194
C18:3n-3 062 041 164 234 108 215 348 778 524
C20:1n-9 362 914 28 183 082 723 127 256
C20:2n-6 033 03 167 271 011 064 0.21
C20:4n-6 305 097 261 425 094 168 150 061
C20:4n-3 0.49 024 031 062 051 062
C20:5n-3 782 1282 482 080 21.72 1044 1051
C22:1n-9 010 178 166 010 018 226 190 0.30
C22:2n-6 010 036 014 012 055 230 044 0.39
C22:5n-3 178 082 080 1.17 058 088 0.80
C22:6n-3 1889 2747 723 11.06 13.66 1588 16.67 0.58
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£ 4 27

C14:0 0.08 0.14

C16:0 1859 1317 1431 1792 2052 14.22 10.45 1764 17.48
C16:1n-7 025 091 0.20
C18:0 4.63 174 127 484 494 507 1.07  1.05

C18:1n-9 1295 23.09 1870 14.08 29.22 3659 3810 11.97 1556 17.52
C18:2n-6 56.34 60.81 5823 61.39 19.88 43.83 46.37 82.68 60.88 58.33
C18:3n-3 6.83 292 367 286 2449 043 535 415 4.03
C20:1n-9
C20:2n-6
C20:4n-6
C20:4n-3
C20:5n-3
C22:1n-9
C22:2n-6
C22:4n-3
C22:5n-3

C22:6n-3
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Ca
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(ppm)
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A= 238 = 100 - (AFR9] AbstaE x 100 / 29 Absk=E)
FEE 23FE = 100 - [(Z9] FFL x AR gaE) / (Aee FFL x
o] Abst=a)] x 100
AR Ashs
B 23tE = (APAIEY UL &5tE - 07 x EFAIEY UL &3
&) /03
SAA

R

Aol TA A= SPSS programs AHE3le] ANOVA-test® Al &
Duncan's multiple range test (Duncan, 1955)% H i 7+9 #9940 (P<0.05)& 7 A5}
At

Table 1-7. Ingredients and nutrient contents of the reference diet

Ingredients %
White fishmeal 67
Alpha starch 5
Wheat flour 18
Squid liver oil 5
Vitamin premix 2
Mineral premix 2
Chromic oxide 0.5
Choline chloride 0.5
Nutrient contents (dry matter basis)

Crude protein (%) 50.3
Crude lipid (%) 10.1
Ash (%) 254
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Fig. 1-1. Digestibility tank system.
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Table 1-8. Nutrient contents of the ingredients used to test diets

Ingredients Moisture Crude protein Crude lipid Ash
(%) (%) (%) (%)
White fish meal(*8 ) 8.47 69.18 6.62 15.14
White fish meal(t] ") .27 70.99 10.68 11.71
Brown fish meal(*8 %]) 7.21 69.11 9.65 13.34
Brown fish meal(1¢]) 8.16 68.82 10.29 12.22
Brown fish meal($}1) 7.53 51.74 494 17.44
Brown fish meal(# 7§ o]) 8.23 68.1 8.34 14.30
Brown fish meal(% o] 2]) 8.62 61.37 10.1 18.23
Soybean meal 11.72 46.84 1.60 5.79
Corn gluten meal 9.97 59.80 1.00 2.16
Wheat flour 11.62 12.45 1.99 0.94
Table 1-9. Nutrient contents of the test diets fed to flounder
Diets Crude protein Crude lipid Ash
(%) (%) (%)
White fish meal(™8 E) 58.86 10.76 14.05
White fish meal(t ) 59.36 12.11 12.78
Brown fish meal(*d #]) 58.59 11.47 13.02
Brown fish meal(1¢]) 59.11 11.39 12.87
Brown fish meal(3}o]) 53.82 9.96 14.51
Brown fish meal(% 7§ o]) 59.57 11.01 13.56
Brown fish meal(*d o] &]) 56.13 11.30 14.78
Soybean meal 53.19 8.58 11.46
Corn gluten meal 57.17 8.70 9.64
Wheat flour 43.69 8.62 9.51
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AT AR, oYX, o4l A Wakss HAASATY. HA¥FE
=% & (percent weight gain, WG), €347 E (specific growth rate, SGR), A5 &

& (feed efficiency, FE), @2 d3}t& & (protein efficiency ratio, PER) % A&&

(survival rate, %)= ZAMSITH A7 54 559 ALAS o5 2o

Daily feed intake (%) = feed intake (dry matter) x 100/(initial fish wt. + final
fish wt. + dead fish wt.)/ 2x days fed]

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

Specific growth rate (%/day) = (log. final weight - loge initial weight ) /
days

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

Protein efficiency ratio = (wet weight gain / protein intake)

ox
M
M
1%

AR 2 AFole FEE 106TAA 6A3F dxste] S ow, 2w
(Nx6.25)% Auto Kjeldahl System (Gerhardt VAPS00T/TT125, Germany)< Ab&
sto] B4t 2AWe 22X FE7](Velp SER148, Italy)E AF&3lo] ether®
FE F SHsd o, 232 IF2E ALl 550TolAl 4417 E<t HE

EAA
Azl FAAE = SPSS Programs AFE3le] EAHEA(ANOVA test)S

Piael §o14% 7

2 A8 & Duncan’s multiple range test (Duncan, 1955)%

Akt
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Table 1-10. Ingredients and proximate analysis the experimental diets

Diets (%)
D-Cod C-Any C-Brn P-Brmm C-Mal D-Brn D-Polk

Ingredients (%)

Danish Cod meal 52.25

Chilean Anchovy meal 53.71

Chilean brown fish meal 52.87

Peruvian brown fish meal 64.18

Chilean Horse mackerel meal 59.56

Domestic Pollack meal 71.49
Domestic brown fish meal 66.29
Corn gluten meal 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Soybean meal 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Fish oil 3.50 3.50 3.50 3.50 3.50 3.50 3.50
Soybean oil - - - 0.50 - 2.00 1.00
Wheat flour 21.75 2159 2093 1502 1764 801 14.21
Cellulose 7.50 6.20 7.70 1.80 4.30 - -
Carboxymethylcellulose 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Mineral premix 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Vitamin premix 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Proximate analysis (%, dry matter basis)

Crude protein 479 48.3 47.8 475 48.3 46.5 474
Crude fat 10.1 9.3 9.8 8.7 10.2 9.8 9.7
Crude ash 8.2 9.6 8.6 14.7 13.4 15.2 19.0
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Table 1-11. Growth performance of juvenile olive flounder fed the diets

containing the different fish meal’

.2
Diets Pooled
D-Cod C-Any C-Brn P-Brn C-Mal D-Brn D-Polk SEM’

Initial weight (g) 16.7 16.7 16.7 16.8 16.8 16.9 16.7 0.03

Final weight (g) 51.7° 557* 507° 540" 558 424° 518" 100

DFI (%) 191 192 196 202 189 194 206 002
WG (%)° 210" 233*  203° 221" 231* 1519 210 508
SGR (%)° 202 215" 198 208" 214" 164 202" 0.04
FE (%)’ 86" 100" &7 91" 100"  76° 87" 190
PER® 180"  207* 181" 192 207" 163 1.83" 004

Survival rate (%) 77 99° g9 96 g7 8’ 96" 256

! Values are means of triplicate groups values in the same row with different

superscripts are significantly different (P<0.05) as determined by Duncan
method.
? Refer to table 1-10.

Pooled standard error of mean: SD/v/n , n = 3 replicated tanks of fish per

Daily feed intake : Feed intake (dry matter) x 100/(initial fish wt. + final fish
wt. + dead fish wt.)/ 2x days fed]

ol

Weight gain (%) : [final wt.(g) — initial wt.(g) / initial wt.(g)] x 100.
Specific growth rate : [loge final wt.(g) — loge initial wt.(g)/days] x 100.
Feed efficiency (%) : (wet weight gain / dry feed intake) x 100.

Protein efficiency ratio : wet weight gain / protein intake.
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Table 1-12. Proximate composition (%) of whole body of juvenile olive flounder

Diets!
Pooled
D-Cod C-Any C-Brmm P-Brn C-Mal D-Polk D-Brn )
SEM
Moisture 773 793> 782® 788> 780 789" 789"  0.19

Crude protein 167 153" 161%™ 164™ 17.0° 154 151  0.19
Crude fat 0.7 0.3 0.4 0.4 0.4 0.3 0.7 0.05

Crude ash 43°  50° 45" 48" 43" 45 47" 0.08

! Refer table 1-10.

2 Pooled standard error of mean : SD / +/n.
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A& Folch et al. (1957)9] ol wet vieey} S ZRZIF Sddow A4
S FE3F o, 14% BF3-methanol (Sigma, USA)E A ¥4FS methylation A 7]
% capillary column (HP-INNOWax, 30m x 0.32mm x 0.5mm, USA)o] 2% gas
chromatography (HP-6890)% #213}%th. Carrier gas: helieumS AF-£31% o,
oven =%+ 170CeolA 225C7H#A 1C/min S7FA# 3L, injectore] =%+ 250T,

detector (FID) €%+ 270C=2 A AsFH T},
FAA €
Q)

Aol EA A= SPSS programe AFE3le] One-way ANOVA-testE 2 A&}t

o] Duncan’s multiple range test (Duncan, 1955)% 7+ oS #A A AT
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Table 2-1. Ingredients and nutrient contents of the experimental diets

Diets

EP1 EP2 EP3 EP4 EP5 EP6 EP7 EP8 MP

Ingredients (%)

White fishmeal 60.6 956.6 51.4 closed closed closed closed closed
Krill meal 30 30 30

Soybean meal 4.0 4.0 4.0

Wheat gluten 3.0 3.0 3.0

Wheat flour 26.68 27.78 28.68

Squid liver oil 0.5 3.2 75

Others 242 242 242

Raw fish 95
Binder meal S

Nutrient contents (dry matter basis)
Moisture (%) 2.7 6.2 7.8 5.7 6.0 4.3 6.7 21.0 780

Crude protein (%) 55.1 53.0 505 510 519 538 554 516 645

Crude lipid (%) 88 117 162 92 142 97 85 133 117
Ash (%) 90 84 75 110 101 107 153 114 10.2
Crude fiber (%) 17 16 18 24 19 23 37 13

Gross energy (cal/g) 5095 5201 5405 4951 5233 5054 4637 4916
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Table 2-2. Amino acids composition of the experimental diets (% protein)

Diets

EP1  EP2 EP3 EP4 EP5 EP6 EP7 EP8 MP

Ala 642 573 559 623 666 680 679 663 655
Arg 610 669 1032 641 582 567 593 642 706
Asp 897 818 778 926 897 896 931 883 959
Cys 089 091 082 08 076 081 069 070 094
Glu 1334 1490 1236 1289 1274 1273 1242 1290 10.43
Gly 579 526 501 589 659 671 655 622 6.06
His 3.04 449 446 374 364 353 433 424 408

Ile 512 449 456 525 463 438 494 459 524
Leu 856 798 784 840 864 909 843 88 716
Lys 5773 788 683 549 699 620 684 682 473
Met 328 312 298 295 345 304 358 327 410
Phe 489 438 467 492 450 475 437 452 562
Pro 6.20 547 538 632 575 631 493 563 719
Ser 438 402 378 447 416 432 405 405 459
Thr 437 387 378 435 413 405 436 409 504
Tyr 347 362 369 357 319 347 379 357  4.06

Val 491 488 445 479 509 504 505 501 386
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Table 2-3. Fatty acids composition of diets (%6 of total fatty acids)

Diets
EP1  EP2 EP3 EP4 EP5 EP6 EP7 EP8 MP
C14:0 258 303 38 358 410 288 396 3.03 478
Cl4:1n 036 038 043 046 040 037 046 058 0.62
C16:0 21.87 2156 2143 21.62 2078 1872 21.12 2031 21.37
C16:1n 384 406 493 452 379 380 454 409 6.74
C17:0 037 036 036 054 047 036 062 08 0.74
C18:0 349 332 351 546 479 446 518 597 379
C18:1n-9 1876 1754 1845 1696 1530 1945 1390 14.08 12.43
C18:2n-6 1155 11.19 1045 1352 2044 2129 199 730  2.06
C18:3n-3 197 178 180 165 257 262 077 103 138
C18:4n-3 .10 114 136 106 105 075 102 082 289
C20:1n-9 071 089 138 150 214 178 166 257 162
C20:2n-6 026 024 026 023 016 060 017 029 0.00
C20:4n-6 1.04 100 098 132 104 111 18 216 0.79
C20:4n-3 040 041 046 044 039 062 059 052 0.80
C20:5n-3 844 901 917 832 75 696 1310 861 15.03
C22:2n-6 015 019 022 028 027 028 043 026 035
C22:3n-3 026 023 021 040 038 015 059 1.03 0.15
C22:5n-3 080 088 1.05 180 131 257 247 183 099
C22:6n-3 2177 2259 1919 1583 13.07 11.14 2554 2458 22.20
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o Ay 4 uF

A E 2 FAIRR HE FdEAT 106 g9 HAE 1657 &<t AR A
£ Table 2-4°] detlideh. Ab5713F §¢te] AEE2 A 3holl SAH A Aol
= A} HSA TS EP7, EPL, EP2 A7 7MY =& ARE B on, EP3,
EP8 A3 o= SAHA Aol AT, EP5, EP6 2 MP A3 Rtk 23}
A = HHP<0.05). -2 Heke] F8 sl FAolFd dA Aol Ak s At
fers $jste] dUdAsr 7= (Lee et al, 2000; Lee et al, 2003; Kim and Lee,

o

a

N

2004; Kim et al, 2006) % Al59ds ©o]&A(Kim et al, 2000; Park et al., 2003;
Jang et al, 2005)¢ &3t AFEo] H 3] FdH Ikt Cho et al. (2005) % Kim
et al. (2006a)2] Aol YXE hyP4=ZolA EP MPE 1070€¥ 2 87143 A}
5 Age A¥, EPeF MPiHl A gatol& HolA gFstom, Kim et al. (2006b)-
2 Ao A EPSF MPe AFS RS vlal Hrhek A3 600g Wele] A7) 7HA
Aol A Ael7k gle Ao w YEuA gA AMSS $13 EPS] MP A 7Hs A<
Bagh vp vk 1Eal Hx AT 600g AT wAgdolr] AE FEFAVIQA 1kg
o d7kA] ARS%E Kim et al. (2008) Aol A% EP= FAMR
AEENAM 728k 2ol & Holx| gFgteow, ol2jd Ay=2 dAA EPe &7+ A
FAl, F2 A7) ol &7 % wAdor]e] AFEIIE MPl Hlste] Holxitt

'S
I,
El
[0
o
&
o
o
M,

= gojrts9 VEe A4S uiAEd BE E=8o] H Aow duFch
Atg o] Zumi Ay 227 ek =24 AA S EP1, EP2, EP3(CP 55-51%,

CL 9-15%) A& F7tol] AFZATE ZE AFTolA F23 o7k ATk 2}
7159 AFollA Atmel thEel Ad Hrbe 23]y ol FH AMSE {A Aol
AAS FFaA7ZeE Aoz Huxol B A3 Al zo]lE Hgth(Lee et al,
2000). AR Kim et al.(2006)2 AF(12 2 17C)ollA A H(14%) 2 A4
(7%) AtRZ YA 25 ALFE A¥, SAFo = o7t gldey uxd Agy
oA AtmE&o] FUhstATL Badt v o], AASFE, AAEFHE H oA =7
w2 AbE A F o] gdo] #e ATt F O dAlE] HER o oF & Blo|t)

AFEE &S MP 237 85%% EP1, EP3, EP4, EP5 2 EP6 A& 7-(107-116%)

HobE WG (P<005), BE EP A@TE f9% Aot gtk A&7
Boke] 7t Sz AUARAHAES MP AWT7F BP AATE wlaA Fol5)
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Table 2-4. Growth performance of flounder fed the experimental diets

Feed Protein

. Initial Final .. .. Daily feed Survival

Diet ) . efficiency efficiency . 3 o
weight (g) weight (g) (%)} ratio? intake (%)

EP1 107 3887 115 2.08%¢ 0.89™ 98
EP2 105 385 114° 2.17% 0.80" 71
EP3 106 371 115° 2.29% 0.81° 74
EP4 106 351> 1107 2.17% 0.75" 68
EP5 105 327° 107 2.07% 0.76" 94
EP6 105 318° 108 1.91¢ 0.78" 81
EP7 104 414 114° 2.06™ 0.92% 9%
EPS 108 368 116° 2.26% 0.86™ 98
MP 106 318° 85° 1.31¢ 1.03" 92
Psogﬁd 1.05 876 2.38 0.07 0.03 472

Values (mean = S.E. of two replications) in the same column not sharing a

common superscript letter are significantly different (P<0.05).

! Fish wet weight gain x 100 / feed intake.

® (Fish wet weight gain / protein intake) x 100.

 Daily feed intake = feed intake x 100 /[(initial fish wt + final fish wt + dead
fish wt) x days reared/2].

_79_



Table 2-5. Proximate composition of whole body of flounder fed the

experimental diets

Diet Moisture Crude protein Crude lipid Crude ash
(%) (%) (%) (%)
EP1 72.9% 19.1 3.4 3.6
EP2 72.3% 19.4 3.9 3.2
EP3 70.6 186 5.8° 36
EP4 73.3% 189 2.7 35
EP5 73.2% 184 4.2 3.3
EP6 72.8% 19.4 3.8 3.3
EP7 71.9% 19.3 46" 35
EPS 71.7% 19.0 4.9 35
MP 73.8° 183 2.3% 36
Psogﬁd 0.30 0.15 0.33 0.07

Values (mean * S.E. of two replications) in the same column not sharing a

common  superscript letter are significantly different (P<0.05).
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qujs Qe Aol olef 2 QA wFe] HARE ¥
7 Tor WA o]FoR v wiAHo R HIFARE FHIT WA #FEol
At Folrbse sadsslw @k

A AFE dAolet FAofe] Aolo] e A= Hol olFojA g 57
ZF=(Ohshima et al. 1983; Morishita et al. 1989), Wo](Nakagawa et al. 1985)%

)
nt
_%

2-0](Suyama et al. 1977; Ohshima et al. 1982)o] #3+ AFH 7} Wown 1
2ol wiao] mAreEx] @ Jojo] AulAE(Yang et al. 1982; Yang et al. 1984;
Kim et al. 1999)o #3 A+ Hi% ith gd dHlo #AsfA= At o
A2 A F21e] #eA EA(Park et al. 2003)S H] & o %A F(Sato et al, 1977)
9 G| #a A (Lee & Lee, 1997, Lee & Lee, 2000; Lee & Lee, 2001)<}
Ar o] #e A (Kim et al. 200005 0] RiiEo] 9l oM ¢ @We AFE0
FdEo] gl F e, MFAEE T FAEAY Fho #d AF=EE
Ioka et al.(1997)¢} Kim et al.(2007)¢] <1+ 2ol Zropr 7] A&t Ioka et
al.(1997)ell olstH JAl= Axge] wAolzg Gulgh FujE JHA= FZH o]
woll obF mEke] AR T Wste] o FAute] W] 4 o=
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S48 A% Ve EA Tt A subeha Azgival skl
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MEALR, AR FUAE 2 ANRE FES RS A0 Fge] ANy,
A, frelobrlat L AABARA] YR FY AE wastgy, =

AREFFE $AYNE 9ste] TED MFAR Bb AG P ST 3FF

A3 WdAIE(EPL, EP2, EP3), =Y MIAIS(EP4, €A]) 2 AALEMP) 3579

PEAF 508 AF APl STHS Aol g

o,
o
>

kA -2 AOAC (Association of Official Analytical Chemists, 1990)¢] =¥ <
el SRS AAPEAEHA3T, 247, 29 E e Kjeldahl H 478 FH (Nx6.25),

zape ARHsyon PASAT. 2AMe 4TS 12070 54 AxF ¥

1, vver AHAE FEsa, odste] A2 odE kI ¥
evaporator® &UE AASY AAS FEIIY. FEI AHELS 14%
BFs3-methanol (Sigma Chemical Co., USA) 2 mLE 7}star 30%7F &5ClA
7FEAZ B, A ether® FEste] AWNAE #48 AlgE ARESAY. GC
22718 HP-INNOWax capillary column (30 m x 0.32 mm i.d., film thickness
0.5 um, Hewlett-Packard, USA)e] 2% gas chromatography (HP6890, USA)=
carrier gast helieum= A}F83F ). Injectore} detector(FID) &%+ Z}ZF 250C,
2710 CE AAsY AL, oven =%+ 170ColA 225CT7HA 1C/min ZF7HA#H T 2
A Aare. EAdz Ao FE=A WA methyl ester mixture (Sigma Chemical Co.,

USA)9} retention timeS Bvluste] HAsGon ek 7 peake] WAL
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Fralobu]iake wha e Al® 2 goll ethanol 30 mLE ¥Wa & A& thg 4ToA
IAZE A 5 3027 dAstedth. AlReS 4TolA 10,000 rpme2 2033t
AAEGs AL FSHS 40TAA HAdss NN & SHTFE ol A9
o772 #7|3, ether® Aol AFVIE F7IE HBE 23 WHESAG
of 7719 Tl 7] A 55TColatel A St s=3 oy SHTE o83t
AetE 5 33 o)A WHESS =3 A lithium citrate buffer(pH 2.20) %

ge H7bsto] bAoA 1A MAAIZL 5 A4 2(10,000 rpm, 204)te] 0.45
membrane filter2 o3 3 A5 Y& Biochrom 30 olv|=4l AE EA47]&5
AVEEe] ey e xHow EASSY. Cation separation column(lithium
column, 46 mm x 200 mm)& AF&3AL o]s/del FEH2 0.33 ml/min,
ninhydrin €949 %< 033 mlL/min, column <&%% 31~76TC, W&S&%

135C= Fdth

rr

EAAZE ] B3 AlE 05 gol 10% ¥ AAH(perchloric acid, PCA) &< 10
mLE 73] #&3t g %, 4000 rpmel A 1037 AAlEgste] dEs sk
AHdEe st 10% PCA €< 10 mLZ 9 22 =4S 23] WHEshd
AEAe Fedn A5 AS o#}stal 5N KOHZ pHE 652 FAS F, 10%
PCA& NS H7bste]l 100 mLE BL&sAth 0CoA 3087 AXE 3 045 m
membrane filter2 o33 A58 HPLC UV/Vis 200 Series(PerkinElmer,
USA)E AM&38te] tdS3 22 2oz 2435t Columne brownlee validated

aqueous C1g(4.6 x 250 mm, 5 mm), ZHALEE= 40T, o] 5A4-S 50mM KH.PO4(pH

75), ¥4 0.8 mL/min, UV detecter 254 nmel A 10 wE FY4std #HA=381%aL,
[ex]

=5
N

SN retention time= W sty A AL RS Sl A AL TS

==
M

HEHS o] 83te] 7 A 88N peak WA o2 3Hakslo] A &stgTh ATP
&

ADP, AMP, IMP, inosine, hypoxanthine ¥<3% < Sigma’tl #|#& A}
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Table 2-6. Ingredients and nutrient contents of the experimental diets

Diets

EP1 EP2 EP3 EP4 MP
Ingredients (%)
White fishmeal 60.6 56.6 514 closed
Krill meal 3.0 3.0 3.0
Soybean meal 4.0 4.0 4.0
Wheat gluten 3.0 3.0 3.0
Wheat flour 26.68 21.78 28.68
Squid liver oil 05 3.2 75
Others 2.42 2.42 2.42
Raw fish 95
Binder meal S
Nutrient contents (dry matter basis)
Moisture (%) 2.7 6.2 7.8 6.7 78.0
Crude protein (%) 55.1 53.0 50.5 55.4 64.5
Crude lipid (%) 8.8 11.7 15.2 85 11.7
Ash (%) 9.0 8.4 75 15.3 10.2
Crude fiber (%) 1.7 1.6 1.8 3.7
Gross energy (cal/g) 5095 5201 5405 4637
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Table 2-7. Proximate composition (%) of the dorsal muscle for flounder

EP1 EP2 EP3 EP4 MP
Moisture 74.7£0.05"  75.0%0.03°  74.7+0.06°  74.3+0.01*  75.4%0.05
Crude protein  23.6£0.17 235027  225:046  24.1:055  235+0.69
Crude lipid 0.49+0.015 0.44+0.025 056+0.035 0.45+0.085  0.53+0.140

Values (meantSD of three replications) in each row with a different superscript

are significantly different (P<0.05).

Table 2-8. Fatty acids composition of diets (% of total fatty acids)

Diets
EP1 EP2 EP3 EP4 MP
C14:0 2.58 3.03 3.86 3.96 4.78
Cl4:1n 0.36 0.38 0.43 0.46 0.62
C16:0 21.87 21.56 21.43 2112 21.37
C16:1n 3.84 4.06 4.93 454 6.74
C17:0 0.37 0.36 0.36 0.62 0.74
C18:0 3.49 3.32 3.51 5.18 3.79
C18:1n-9 18.76 1754 18.45 13.90 12.43
C18:2n-6 11.55 11.19 10.45 1.99 2.06
C18:3n-3 1.97 1.78 1.80 0.77 1.38
C18:4n-3 1.10 1.14 1.36 1.02 2.89
C20:1n-9 0.71 0.89 1.38 1.66 1.62
C20:2n-6 0.26 0.24 0.26 0.17 0.00
C20:4n-6 1.04 1.00 0.98 1.88 0.79
C20:4n-3 0.40 0.41 0.46 0.59 0.80
C20:5n-3 8.44 9.01 9.17 13.10 15.03
C22:2n-6 0.15 0.19 0.22 0.43 0.35
C22:3n-3 0.26 0.23 0.21 0.59 0.15
C22:5n-3 0.80 0.88 1.05 2.47 0.99
C22:6n-3 21.77 22.59 19.19 25.54 22.20
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2

ZF AbR T gA] TS At 24S BA8a 1 A3 E Table 2-90] UEL

Yol 91 5289 EiA W AH(saturated fatty acid, SFA)S. &A1& palmitic

acid(16:0)9] g=e] 71 w@eka, B sk unsaturated fatty acid) 22+ oleic

acid(18:1)¢} docosahexaenoic acid(22:6)7F EE HA3IAIRE Fa T4 F5He=

71 Eol diEo] Atk Oleic acide YU EE3A| Loz thzF HHA &
ks

T TAAYY SUAHES YEeRA suPssy 2 A4

= ALE dE=vrE Buvt Jv(Dryden & Marchello, 1970). A& A 3} of] A
ol ZF AARTHEE Fo A4 Aol Ued AoE & ou,
oleic acid®] &> vtdt #&dd A F2 &8 d F S A= ogiHAT. T,
7y AFRTEE HA 5259 linoleic acid(18:2)9] shaFo] f22 Q1 ZfolE YER
o], EP4 2 MP & =77} 1.6%<1d waf EP 1, 2 % 3 57 47 6.3%, 6.2%
2 58% % H2 S yeATt. T3k Eicosapentaenoic acid(20:5)¢] =z}
AR HA S EOlAM oA ]l ApolE Hol EP4 5 MP w7k 24 9.1%
2 96%<eld whal 23 wistAls EP1, EP2 2 EP3 &5+ 274 59%, 5.8% %
6.4%= W2 s UERATE o] A2 Table 2-89 AFRE 2] XA Ao e A
o] Atz o] AWAal A JFom ofFo AWt 4 ALVt & S UE
1t} Morishita et al.(1989)¢] Alz2] X Wil Ao whe} o] Fo] X
HAst7F ok Bud A4 2RSS X AoR H

SS9 oleic acid &

% Docosahexaenoic acid(22:6)¢] &2 ZFol7F Aoy, {X o] &<
=9 AWAE 2 H JAFS A ol 33% ~34% 2 dAG kS YEF SIS o]
el AREFEH P AWgEe] @& WMo F R AL VHEd E
of os] P82 Aat Al WX Gkl F Ao FuhE )

kA stearic acid(18:0)9} linoleic acid(18:2)2] H] S (Whittington et al. 1986)<
Az 2 9] 7 E(firmness) ¥ A W] F7(thickness)E YEI & A xR=Z A5 &
|5 vk 18:0/18:2¢9] Hl& ghol E5% AW A=rF A3, FA EE FRv
S YEldta sk th(Busboom et al. 1981). Table 3ol YERU X o], EP4%}
MP & 77F 242F 200 ® 256& YeEtle] A9 wighAls EPL, EP2 % EP3 &+

gl
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791 054, 054 ¥ 0628 %2 gs YERHSIY o] 2325 H EP4 2 MPS &

HE A TS W A 22 A4F wigAls EPL, EP2 ¥ EP3 &5 7RG

Table 2-9. Fatty acid composition (% of total fatty acids) of the dorsal muscle

for flounder

EP1 EP2 EP3 EP4 MP
C14:0 0.0£0.01 0.020.02 0.00.00 0.0£0.01 0.1£0.01
C16:0 252+008 247014  254+048  252%0.14  25.10.09
C16:1n-7 26+0.06° 274008  27+022"  35+0.00° = 4.3+0.27°
C18:0 34+0.16™  3.4+0.10"  360.15" = 32+023"  4.1:0.28
C18:1n-9 15.0+0.43"  157+0.06" 14.6+0.75" 13.3+0.15"  14.4+0.92"
C18:2n-6 6.3+0.08°  62+0.01"  58+0.32"  1.6+0.00*  1.6+0.01°
C18:3n-3 09+0.03"  09+0.00°  08x0.07°  04%0.00°  0.5+0.02°
C18:4n-3 0.4+0.03*  04x0.00"  0.420.04°  0.4£0.01"  0.5+0.02"
C20:1n-9 06+0.04°  1.1£0.10°  1.3+0.12°  1.6+0.06°  1.0+0.13"
C20:4n-6 1.3£0.02*  1.4+0.00"  1.4+0.01*  2.00.01"  24+0.16°
C20:4n-3 0.3£0.00°  0.3+0.05  0.3+0.03"  04+0.01°  0.3+0.02°
C20:5n-3 59+0.23"  58+0.07°  64+0.25"  9.6+0.06" = 9.1+0.42"
C22:3n-3 1.4+0.02 1.30.29 1.3+0.09 1.8+0.12 1.4+0.13
C22:5n-3 2.0£0.09"° 23009 = 25+0.05° = 35:0.11° = 24+0.11°
C22:6n-3 34.4+057  337+0.04  334+1.30  33.4+052  329+1.14
C18:0/C18:2 0.54 0.54 0.62 2.00 2.56

Values (meantSD of three replications) in each row with a different superscript

are significantly different (P<0.05).
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U freobr]ial 20 REFSES Hld AFES UEUH. Feehr A F
a—aminoadipic acid, taurine, alanine®] ¥ o}v|=Alo]al, Foln| =2t o 7 =
threonine, valine, methionine, lysine, isoleucine, leucine® 6%&°] HE=E A &
AHA T FF 4 S FE a-aminoadipic acid $F#Fe] 71 E=gkom™ MP F 51
9] g-aminoadipic acid ¥ #FS 53.70% =, AFueAlE FF T2 EP1, EP2, EP3¢]
43.58%, 32.33%, 4755% % EP4 37 47.29% HT} =9t} o] a-aminoadipic
acid> s EAA lysine A AF-A o] (Kubicek et al. 1990), pyridine
F 5= A2 1-methyl-4-pheyl 1, 2, 3, 6-tetrahydropyridine®] 2]&}lo] FE=% = 217
A AZS v §37F Qth(Takada et al. 1990)12 X ¥ o] v} T3 taurine A
T MP %77 EP v TEY A =2 &S Uetigled], o] 42 11d
A R AT A @ ZHU2HES G4 A AEo]l Aok ek A

FEHI OE opulwite YAE FHsE 5 AL F8¥ 43S S

Stefol Ay #HAEH A &t} Sarcosine AES EP4 &G TolA 7HE =4 YE

=4, AFR 9 FaElobu] At e Fol = sarcosine A Eo] Wol dhfEo] S Ao

A oS T 9ukS Y& ofv] =2kl threonine, serine, glycine % alanine9]
)

=
$e MP FHTuth 49 2 EPA #HolA tha ol vesom, 2us u)

=

= oFu] %=4F2l valine, methionine, isoleucine, leucine¥} lysine®] $F#F2 A3g 2= A
2 A s FFTET MP 35 7oA =2 AEFS B tH(Table 4).

e ANERTE WAE ALIHE B FASE AR FRA 0 525

e waE Ae G FHAL Jome,

of wet olfo F A dFS WA Ao
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2
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I
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Table 2-10. Free amino acids content (% to total amino acids) of the dorsal muscle for

flounder

EP1 EP2 EP3 EP4 MP
Phosphoserine 0 0 0 0 0
Taurine 9.68+0.30"" 5.54+4.25" 8.80+1.78" 11.16£0.85"  15.230.19
Phenylalanine 0 0 0 0 0
Urea 0 0 0.55+0.77" 0.89+0.20"" 1.05+0.14°
Aspartic acid 0 0 0 0 0
Hydroxyproline 2.97+0.35° 0.49+0.69" 1.83+1.16™ 0 0
Threonine 2.90+0.35 1.94+1.90 2.62+0.09 2.80+0.32 2.33+1.27
Serine 7.46+0.38" 5.06+4.41" 8.56+0.70 5.89+1.05" 1.50+0.44
Asparagine 2.72+0.47° 1.12£0.81*° 2.17+0.34™ 0.63+0.71° 0
Glutamic acid 1.70+0.41 1.38+0.95 1.650.18 1.160.07 2.30+0.66
Sarcosine 0.51+0.03" 0.17+0.15" 1.16+0.17 4.74+0.39° 0.17+0.00°
a-aminoadipic acid 4358+1.04 32332320  47.55+5.99 47.29+557 53.70+3.45
Proline 0 0 0 0 0
Glycine 3.20+0.02 1.90+1.68 2.700.66 2.01+0.39 2.55+0.37
Alanine 8.58+0.12 5.49+4.33 7.84+1.43 7.76+0.65 6.40+0.78
Citrulline 0.05+0.07 0.04+0.03" 0.07+0.01° 0.09+0.01° 0.24+0.02"
a-amino-n-butyric acid  0.14+0.00 0.16+0.13 0.18+0.01 0.13+0.01 0.13+0.04
Valine 0.49+0.03" 0.24+0.19% 0.41%0.05 0.39+0.00 0.79+0.16°
Cystine 0 0.010.01 0.01+0.01 0.01+0.01 0
Methionine 0.40+0.02" 0.17+0.12° 0.27+0.02" 0.32+0.01"" 0.68+0.15°
Cystathionine 1.89+0.07 2.27+2.02 1.91+0.13 1.08+0.58 0.45+0.27
Isoleucine 0.32+0.04 0.27+0.26 0.26+0.04 0.23+0.00 0.48+0.06
Leucine 0.66+0.06 0.29+0.21° 0.500.07 0.44+0.00 1.110.25
Tyrosine 0.33+0.04™ 0.15+0.11° 0.32+0.14™ 0.22+0.00" 0.52+0.12"
B-alanine 0.34+0.00 0.21+0.18 0.25+0.08 0.24+0.02 0.42+0.02
Phophoethanolamine 0.30+0.00° 0.12+0.09° 0.20+0.04° 0.19+0.01° 0.67+0.18"
B-aminoisobutyric acid  0.17+0.00™ 0.09+0.06 0.17+0.04™ 0.20+0.02" 0.17+0.01""
Homocystine 0" 0* 0* 0.04+0.01° 0.01£0.02"
y-amino-n-butyric acid  0.03+0.00 0.02+0.01 0.02+0.00 0.02+0.00 0.030.00
Ethanolamine 0.07+0.00" 0.04+0.03" 0.06+0.01" 0 0.130.00°
Ammonium chloride 7.03+0.27" 3.68+2.83" 6.58+1.31"" 761+1.01° 3.23+1.44°
§-hydroxylysine 0.25+0.03" 0.14+0.12™ 0.16+0.02™ 0 0.08+0.02°
Ornithine 0.59+0.03" 0.22+0.23" 0.40+0.10" 0.64+0.10 0.60+0.10"
Lysine 1.92+0.00™ 0.91+0.82° 1.43+0.39" 2.23+0.63™ 2.90+0.43"
1-methylhistidine 0.03+0.01™ 0.01+0.02° 0.02+0.01° 0.05+0.01" 0.06+0.00"
Histidine 0.46+0.04 0.28+0.20 0.37+0.04 0.28+0.02 0.48+0.14
Tryptophan 0 0 0 0 0
Anserine 0.81+0.02" 0.32+0.31° 0.67+0.15" 0.91+0.07 0.53+0.16™
Carnosine 0 0 0 0 0
Arginine 0.41+0.01° 0.16+0.15 0.30£0.04° 0.36+0.09" 0.90+0.14°
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ZE AbgE 94X s25e ddEEd RS Table 2-11¢ WERWSIH
Hong et al. (2004)] ¢fstdl 817k Aol gb2 AdddE 5o AvAdLe] 4

J &2 9] indicator

o, 53] dAAEAdES Sl A AAE A4 3 A
Al o857 = dfal(Hasimoto, 1972), 1 AAI7F a17] Bba AYaL lo] 2359
54 FuE WEA7IH MSGe dsztgor a FrHsx ZdE UeEl=
Aoz &4 A drvhH(Yamaguchi, 1967).
vz %89  ATP(adenosine triphosphate), ADP(adenosine diphosphate),
AMP(adenosine  monophosphate), IMP(inosine monophosphate), HxR(inosine),

Hx(hypoxanthine)2] 32 9~12 umole/g ©] %1
& e AA s IMP 3RS 2 AlREE T EE F oAl Aol &
MP &35 7olA 7.8 nmole/g= A3 % EP4 &4
w2 e yUEhidT ATP &aat

I, BE AsFETolA IMPYF =
YER =,
T2l 801, 824, 797 ¥ 863 umole/g

2+-8-3kc} Al (Fletcher & Statham, 1988) dtsith E3F HxR¥ Hx+= E3HFHE o7 A7)
© YAFAAAJR o2 A 53| Hxe a2 oy of oA A% A4z &&
1% shrl

S gth(Huss, 1988). & A3 Aol A48 HxR¥ Hxe] A& ol v
o]

ol groll= A7 &S vAA Boke Aow ddHAh

Table 2-11. Contents of nucleotides-related compounds in dorsal muscle for

flounder (umole/g)

EP1 EP2 EP3 EP4 MP
IMP 8.01+0.07"" 824022  7.97x0.03"  863+0.11°  7.80+0.18"
ATP 019+0.13  0.25+0.01  0.23+0.03  024+001  0.19+0.14
ADP 0.36+0.02"  0.31+0.01°  0.32+0.01*  0.35+0.02°  0.53+0.11"
AMP 0.23+0.01  020£0.00  0.19£0.04  0.22+0.00  0.18+0.01
HxR 0.15£0.01°  0.14£0.00"  0.13+0.00°  0.15:0.00"  0.17+0.01°
HX 097+0.01  093+0.03  091£0.03  093:0.02  192+1.44
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ZF At HA S5 B4 235 Table 2-12¢1 WEi A vl ghA

2 4= MP &F 7Rt g Xo] foxog vton XA AN

r

dlo

3
B, MR, AE, A B FAAAS 7oA AolE HolA @t o] T (Lee &
Lee, 1997)°ll olatd, 24t Fx7F AAq GARY F=9 ddAo] fojdow
A

S ERIE S

Table 2-12. Textural properties of the dorsal muscle in flounder

EP1 EP2 EP3 EP4 MP

B A (%) 70.70+2.03"  70.13+0.09° 72.82+2.28" 7550+1.96" 77.91523"
SX(%)  3394+1.63  33.82+3.11 3451472  3867+0.38  40.56+7.68
NS (g) 46442777  488.0+1.0  464.1447.0 5115227  470.4%449
MR (g) 3413145482 3433678 3387944436 367406115 355883863
A% (g/em®)  2334£385.3  2607+111.9 242941121 23184204  2068+198.7

Z%=(g/em’) 178942882 1961+151.6  1853+837 1790£16.8  1593+148.7

T2 (g) 36624577 3491+21.34  33.60+7.52  40.38+22.21 26.05+12.46

Values (meantSD of three replications) in each row with a different superscript

are significantly different (P<0.05).
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g zAste] MFAAR FolAA 4L 9F
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fn

- WAL S(EP) - HrAlF 94g 9] (52,000 1)
- FAFRE(MP) : HiAlF 101g el (50,300 7))

g5z

- HIFALE(EP) - 924(512m% 8mx8m & 871), Z38H(1,67Tm% 5% 127))

- ZAFE(MP) © 9A((5612m%, 8m*x8m % 870), &3H1,677Tm% 32 1271)

AR AR 1 2 AT B3] AL (R 24%)

#ARE w5, Hol Fol ArAE EFshel AR 72%)

- Wl AL E(EP) 39 ¥ (23kg/m’, 780kg/%)
- FAFE(MP) : 42 ¥ (25kg/m”, 828kg/%)

HETHTAF

FFAFR(EP) - 1,029¢

- FAFE(MP) © 1,076

jus)
_
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O wolAlA 7
- WA 2 (EP)

< 19T, 100 ~ 150g 7HA = o AF F
© 15, 150 ~ 250g 7HAE olAF 3
— 22 e
€ 16-20T, 250 - 500g 7HA = ol AF @
4 21-23C, 500 - 800g 7HAE olAF &
4 20-21C, 800g - 1,030g 7HA = ol A%

3 0.98% W2

2 050 ~ 0.62% W<
o= Mol Hlal HolFF A
3 042 - 052% <]
3 048 - 0.53% W9

3 0.40% €]

— ol{A7]e STu® Fol¥ TAa
woldlae F2o] ¥ 12-3¥9d= 23] THetda, 1 o]$= 33
— AFEE F2o] I 15T olieldlen, ofFarld o3
o] zo] 1A &5

- FALR(MP)
42 19T, 100 - 150g 7t = oA 2 2.62% W2
2 15T, 150 - 250g 7HA1&= oAAF T 1.67 - 1.48% W<
— T teto R AYol Ha wolF i
F2 16-20C, 250 - 550g 7HAlE= o AF T 1.04 - 1.36% W<
2 21-237C, 550 ~ 850g 7HA&= oAlE T 111 - 1.27% W<
42 20-217C, 850g - 1,070g 7HA = A% & 1.02% W<
— o[V FTUE Fol¥ i
woldlae 2 B ojA vl #Agle] 23] ¥EetR S

O WEAESI} FAE

H]ﬂ

- Aol A AR TE sARR ] W] F A XA %

- AEZA HIFAIEI} AR v weko

AR 53] FoeiA Aelsof 2 Ao

- Ataeew

ol A=

MFAES FAERA W &
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213 AFAG AZAe] 9 W PALR(EP) A5 A

ZzgE AlgFolak wi=gk AES A=k
:rL%j: %—Xé?—l D]—qu[: 560 ]‘JLI:IO] S Joﬁ?o (El_g OixﬂTo

(kg) (kg) (g) (%) =olH%)
¥4 071218 52000 4878 9
Uhg % 080114 5080 7576 3,306 149 98 0.98
271 % 080213 49044 9431 3,063 192 96 0.62

3ME F 080314 46369 10,946 3,021 236 9% 0.50

149 5 080411 45188 13,059 3,045 289 97 047

571 % 080514 44619 15941 4831 357 9 0.52
671¢ & 080615 43942 18409 4,834 419 98 0.45
Y % 080714 43170 22,269 4967 016 98 0.42

8/MY & 080810 42424 25478 6,321 601 98 0.53

97l = 080831 39960 27,739 5,638 694 A 0.52

10704 % 081009 39566 32,774 11,072 828 9 0.48

11784 0811.03 37,980 39,065 7,301 1,029 9 0.40

o

A 0811.03 37980 39065 57,39 1,029 73 0.42

w AbEEol R MFARY FAte] FRT ol 24%9)
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TEOFRE e @ o women T

42 07.12.18 50,300 5,056 101
e & 080114 49455 8,089 9,322 164 R 2.62 2
20e & 080213 47752 10,324 8975 216 9% 1.67 2
37hE & 080314 4633 12515 9,864 270 97 148 2
4709 & 0R8.04.11 45521 14,476 9,507 318 98B 1.30 2
570 3 080514 44876 17,080 13,748 381 99 1.36 2
671E 3 080615 44249 20,290 13,584 459 99 1.17 2
T04E 3 080714 43330 24652 13,664 569 R 1.04 2
/e & 080810 42,714 27388 14,475 641 99 1.11 2
oY & 080831 41975 30,731 14,810 732 98 1.27 2
10714 3 081009 4044 3509 29,048 868 % 1.15 2
1170 % 0811.03 39418 42,420 19,904 1,076 97 1.02 2

A 0811.03 39418 42420 156,901 1,076 8 1.06
 ALREFE MPoly FR S 72% 9

_96_



2)

WA 4954m%(1,499%)
B —’]‘—i . 257H<13m><13m)7 27H(13m><11m)’ 17H(13m><171’n), 17H(13m><20m)
A

- W ALR(EP) @ Al 35g i<l (71,000 M)
- wAPR(MP) AT 35g W€l (71,300 1)
- AR
- W) FAFR(EP) ¢ 941(845m°, 13mx13m $ % 570), &8H(1,183m", 3 770)
- FAE(MP) ¢ 94(845m% 13mx13m F % 571), &3H(1,183m’°, +3 771)
- AFE7IZE 2007 129 189 - 2008 119 3
- AbR AR FH R A EFEe] AM(FE 28%)81 9 0T,

GAEE 5o, Fol, Adel, WA Fol AME EFASGE

- )AL= (EP) © 23 & (19kg/m’%, 642kg/*3)

- FAFR(MP) : 30 E (25kg/m” 838kg/™)
- AT (E A

- W EAFR(EP) : 3,385v], 2576kg

- FAFE(MP) : 11,876V, 7,704kg

- Wl AL E(EP) : 914g
ALE(MP) : 894g

oy
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O wolalA s
- i A} 2 (EP)

F& 165C, 35 - 100g 7HA+=
Wk o 2 HALE S
5C, 100 - 250g 7HA &=
2 HAg FUE A
-217C, 250 - 500g 7HA=
-22°C, 500 - 900g 7HA &=

o171

o]

2

rfo

o -
F}O p—d
_0|L
i
=

=

oo v

- FAE(MP)
2 165T, 33 - 100g 7HA =
AWy on AL =
5T, 100 - 250g 7M1=
7 AL-&
65T, 250 - 400g 7+A =
400 - 500g 7HA &=
2C, 500 - 900g 7}A+=

2, oF 7] Fol

rfo

o —
ol
2
i

o
M2

rfo

Sl NN =

-1
T,
-2

Eu%%»%l%i%
o rp

o»—ACD

Ir

al

.

Y

5 H] 2

O HigAtE 9t FALS
o 4 wgAL=E 7} HAFR |

- 4w

e
R

SEA L MEAL R 1]

ofN
Y

S A WEFAIE T FAFE )
5] Fola e e

o

N

X
ok

FAA &

AT %

ol Aol A% 23]

SEE

oA &
ZU 2 AL v Fo
F 1.15 - 1.43% W<

o A=

AZF F 1.69% W<

056 - 0.59% <]
ol nlsf FoldF A

o] A %
o] A%

STl &
T3

3 552% €]

g 221 - 261% W<

RN

o] A 5
ZF 0.98% 49]

o} A %
daglel A% 23] FEF

Hla F A A LA RE
ol Aol A vEbd
Hja] wokow  Aee Ul

slof @ Ao And
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2 0.29 - 0.38% W<
Z 0.27 - 0.34% W<

Z 0.54 - 0.59% U<



HA AR (EP) A5 R

aw age e FEE AT BETE ARE e
9 @ @ ) FIH

U2 071218 71,000 2,490 35
hg % 080114 49894 4540 3,426 91 90 1.69 2
271 % 080213 33570 4563 1,572 136 67 0.56 2
3NE ¥ 080314 33164 5959 1,819 180 9 0.59 2
4714 $ 080411 32791 7,825 2,210 239 9 0.59 2
571 % 080514 32541 10089 2171 310 99 0.38 2
6714 % 080615 32391 11,829 2431 365 100 0.36 2
TNE % 080714 31222 12520 2,283 401 96 0.32 2
71 % 080810 30694 15911 2,047 018 98 0.29 2
97l€E £ 080831 28352 16328 1,693 o176 92 0.26 2
1071 % 081009 27026 1829% 4500 677 9% 0.34 2
1171 % 0811.03 22854 20,837 2,720 914 97 0.27 2

il 0811.03 2284 208387 2720 914 42 0.37
% ARTOIFS £ WAzl FHshe] FRT o] 28%9)
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TSR TR <Z> @ @ Co  adlmen S

A4 071218 71000 2356 33
e & 0801.14 49351 4,260 10,753 6 70 552 2
20d & 080213 37574 4856 6,221 129 76 2.21 2
3MYE > 080314 37,154 6661 7,482 179 99 2.23 2
4714 3 080411 36,723 9,380 11,358 255 99 2.61 2
5704 3 080614 36470 11,612 9,636 318 9 143 2
6714 3 080615 36305 13,799 10,745 380 100 1.36 2
Y T 080714 34700 14,652 9,615 422 ) 1.15 2
MY % 080810 33984 17,325 7,885 510 98 0.98 2
OYd % 080831 31676 19,147 4,305 604 93 0.58 2
10719 3 08.10.09 30,828 22,046 10,945 715 97 0.69 2
117049 % 0811.03 18239 16,301 19,904 894 97 2.11 2

A 0811.03 18239 16,301 108,849 8A 42 1.61
 APREFE MPoly FRF S 71%4
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U BEAY FAF IR

1) AF4

2
- % ¢ 1470(6mx6m), 127 (7Tmx7m), 47§ (12.5mx*13m), 67} (10mx12m),
107} (10m*10m)
O &A1 2.(2008)
- 4
- W FALR(EP) : BEAIF 170g W€l (35,500 7))
-5 APR(MP) - s3atAlE 170gW©] (34,000 71)
- AbSETR
- B FAFE(EP) © 570(6mx6m), 571 (10mx10m), 37} (10mx12m)
- FAFE(MP) © 57H(6mx6m), 57§ (10mx*10m), 37 (10mx*12m)

- AFF7]1ZE 020089 69 49 - 20089 12€¥€ 249 (Y dR[AbE)

bR ONEARGEE £ 2 A EFekel ASGRE 11%)8 o,
SARE Ao, ol Bol NS EFsHel AGTEE 77%)
- A

- WAL (EP) @ 12951 &
- SAPE(MP) ¢ 17.700 &=
- AEPEAF

I A= (EP) @ 616g

of
&l

jus)

- FAFE(MP) © 636g
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O wolAlA 7

- 5AE(MP)

T 20T, 170 - 250g 7HA= AT & 0.56% ]
e

2
2oz A Hg] Folxk St

1
Fe sgom AAHoR Folw 3

- WS (EP)

T 20T, 170 - 260g 7M1= AT F 0.99% W<

P

> a5 W AwaAow Fold 2AR R, AL 7}

e
— e Ao ARHOR FolF 7
A

H

olla & B oAl AT]el #ARlel 23] FHENS

O WEAb RS} HAE W

Aol WAL R FARR Hlal FA A A %ok
AEEAA wigA BT FALRO BlE] wEgew uge

538 FoaA dgsor 2 Ao Asd

- Am BEEAHE wgAEIE AR HE] B8 FAUS
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5-197C, 450 - 620g 7HA1&= o AlF F 092 - 1% W<
B

3-26C, 250 - 450g 7hA= oAAF F 036 - 0.40% U <]

5-19C, 450 - 650g 7HAl= oAF 2 0.28 - 0.33% W<
A

& 23-26TC, 260 - 400g 7HA = AAAF T 1.07 - 1.17% W<

ok

1

mﬂ‘.

A 71l



3 2-17. AEA S Agare] JA AR MMP) A g

G zhe  gae  cod MEEIE AETE ATE oMY .

(kg) (kg) (g) (%) H=olH%)

A2 080604 34000 5748 169
ig % 080707 3349  783% 447 234 9 0.56 2
2719 ¥ 080305 32818 9582 595 292 9% 0.36 2
3719 F 080903 3134 11440 6117 365 9% 0.40 2
4709 F 081008 29362 13330 773 454 9 0.33 2
504 § 081105 28220 16331 8443 579 9% 0.29 2
6704 § 081202 2781 17700 8464 636 9 0.28 2
® AR g 7Y WiARC FHste] Rl 20269
2718 AEA Agake] dA] WAL R(EP) AHS A

G zme e Sod MEHOY HEEY ALE oM o

(k) (k) () (%) Fol=H%)

A2 080604 35000 6,093 172
Rg $ 080707 34790 9014 2830 %9 B’ 099 2
2719 & 080305 33427 11438 2166 32 9% 117 2
30§ 030903 32041 12431 2585 388 107 2
A8 F 081008 27671 122865 2937 B 0 2
549 § 081106 22740 12575 2137 %3 &2 1.00 2
6719 ¥ 081202 21025 1291 1967 616 & 092 2

# AR EF T MPolH R e 77%<
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2)

A 2 el

- A

- 2 ¢ 1071(6mx7m), 870 (7Tmx8m), 671(8mx9m), 87§ (10mx*15m),
170 (7mx=25m), 17§ (12mx*34m), 37§ (13mx14m)

- AL oF 50E

2171 2.(2008)

- 44

- WAL (EP) @ H Al 170g W2l (51,400 =)
- AR (MP) @ B A 170g Wl (49,000 #])
A E
- W FALE(EP) ¢
- FAFEMMP) ¢ 44570 (6m>7m),371 (8m*9m),57] (10m*15m),

170 (12mx34m)

ARF71ZE 12007 6 5 - 20089 12€ 2¢
AL & e 3 2 A7k 36t AR (R
FAEE 250, Hol, d7e] sl H7HE Efeto] AMEEHE
Ak
i AL E(EP) 24182 &
- FAFE(MP) ¢ 14147 &
3t A S
- W AFS(EP) © 661g
- FAFE(MP) : 640g
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421570 (6m*7m), 370(8m*9m), 27§ (10mx15m),

25%)3t) 0.1,
= T7%)



O wolAlA 7

- W AE(EP)

T 20T, 170 - 250g 7HA &= AT T 1.03% <]

T 24-26TC, 250 - 350g 7HAl= AT F 067 - 1.09% U<
TEoE golg =HMAH )

15 - 19T, 350 - 660g 7tA+= AAT & 0.34- 0.47% <]
Ao 2 HALE F

Hwolslas 2, ofFa7] Sl duglel AT 23] vud

- A5 (MP)

T2 20 - 26T, 170 - 270g 7HA = AAZFT T 1.74 - 1.76% <]

— e 4% L AWNgoR A F)

AFZOo R FolgF =4
& 23T, 270 - 320g 7HA &= AT T 1.52% W<
T 17 - 20T, 320 - 370g 7HA = oAAF T 0.68% W<

T2 15 - 17T, 370 - 640g 7MA &= oAlF 9 092 - 1.38% <]
FolggE S, ofFas] Fol Auglel 4% 28 ¥HY

O WEAb RS} HAE ¥

— /Ké

- A

7]

AR MFARI FAEA B O ERE

T .

EglA PRI FARA W Egom, nFe Avs W

’

0

14 Beslol B Ao AR

[¢]
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£ 2-19. %A Bl YA WFAREP) A5EF

p agy  mue  TEE ARRIY 43TE Aee oWEY

) ke @ ) FelH®

b 08.06.06 51,400 8943 174
70€ % 080708 48432 10,364 6,680 214 A 1.03 2
271€ % 080804 45932 12631 7,356 236 9% 1.09 2
7N & 0809.05 43242 14,702 5,046 340 A 0.67 2
4714 % 081007 39053 17612 4,034 451 88 0.34 2
57/1€ % 081106 37,279 23001 5,441 617 9% 0.47 2
671 % 081201 36583 24,182 4573 661 98 0.36 2
w APRFOIFE £3 MAEel £t} FRFFo] 25%9
£ 2-20, A¥AY BEA] WA FAEMP) A5 A

v agy aee  TEY ARRIY TG A oY

@ @ @ 00 Fel

g 08.06.06 49000 8661 177
7 % 080708 47676 10636 11,142 223 97 1.74 2
271E % 080804 43522 11,804 11,565 271 91 1.76 2
3INE £ 0809.05 41,602 13193 10,296 317 96 1.52 2
4714 $ 081007 22544 8341 5,115 370 69 0.68 2
571 & 081106 22280 12231 8,007 549 99 1.38 2
671 & 081201 22106 14,147 6,610 640 99 0.92 2

% A BERET MPoly FRIFS
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AgAE ARAS FRANE 34 A9 AN F MS222 100ppm 5§ 2]
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of wal WA Nx 6.25)2 Auto Kjeldahl
systemes Ab&3dto] EA1E AL, AL ether FEH S AMEsAor, 82 10
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ZE2XEY dg 14% BF3-methanol

filo
ot
e
12
[©
=
|o
fr
o
N
i
ftlo
A
(e
=
0

(Sigma, USA) £9oz AW4kS methylation A%l %, capillary column
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/min S 7FAIZ . olu, injector =%+ 2507C, detector (FID) =%+ 260C = Z+7}
AARsIA e, d AWtz 37 AWA £3HE(PUFA 37 Component FAME
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Table 3-1. Composition and proximate analysis of the experiment diets

Diets

Ingredient

FO LO SO MIX LL-HP HL-FO HL-VO LL-HC
Fish meal 50.0 50.0 50.0 50.0 63.0 50.0 50.0 52.0
Wheat flour 22.7 22.7 22.7 22.7 14.7 17.7 17.7 13.7
Dehulled soya 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0
Alpha-starch 11.0
Wheat gluten 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Beer yeast 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Squid liver oil 5.0 1.0 10.0 1.0 1.0
Linseed oil 5.0 2.0 4.5
soybean oil 5.0 2.0 45
Vitamin premix 15 15 15 15 15 15 15 15
Mineral premix 15 1.5 1.5 1.5 15 15 1.5 15
Chorine 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Vitamin E 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
Vitamin C 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Nutrient contents (% of dry matter basis)
Dry matter 84.9 83.7 85.0 84.0 83.8 86.3 86.0 84.4
Crude protein 50.1 50.2 50.6 49.2 58.1 48.6 49.2 49.3
Crude lipid 10.2 10.3 9.7 10.0 55 15.2 154 55
Ash 9.2 9.2 9.3 9.4 111 9.1 9.2 9.3

! Provided by Fisheries Co-op Feeds Co., Ltd. Gyeongsangnam province, Korea.
2

Vitamin premix, contained the following amount which were diluted in cellulose (g/kg
mix): L-ascorbic acid, 200; DL-a-tocopheryl acetate, 20; thiamin hydrochloride, 5;
riboflavin, 8; pyridoxine hydrochloride, 2; niacin, 40; Ca-D-pantothenate, 12;
myo-inositol, 200; D-biotin, 0.4; folic acid, 1.5; p—aminobenzoic acid, 20; menadione, 4,
retinyl acetate, chloecalciferol, 0.003; cyanocobalamin, 0.003.

Mineral premix, contained the following ingredients (g/kg mix): NaCl, 7; MgSO; -
7TH>0O, 105, NallPO, - 2H.O, 175, KH.POs 224; CaHys(PO4).-H-O, 140; Ferric citrate,
17.5; Ca-lactate, 21.8; ZnSQy - 7TH0O, 2.8; ; CuCl,
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Table 3-2. Fatty acids composition (% of total fatty acids) of the diets

Diets
Fatty acids
FO LO SO MIX LL-HP HL-FO HL-VO LL-HC

C14:0 3.1 2.5 2.6 2.6 3.7 2.9 2.2 3.7
Cl14:1 0.2 0.2 0.2 0.2 0.3 0.3 0.2 0.3
C16:0 21.0 18.1 19.9 19.8 224 20.8 18.8 21.5
C16:1 4.7 3.7 39 3.9 52 45 3.6 52
C17:0 0.4 0.5 0.5 0.5 0.7 0.6 0.5 0.7
C180 3.7 3.7 3.8 4.0 4.2 3.9 2.2 4.0
C181n-9 13.2 14.2 14.4 14.5 12.5 13.9 14.8 12.8
C18:2n-6 12.1 146 21.9 17.0 9.9 9.7 179 10.2
C18:3n-3 1.1 136 2.4 6.5 1.0 1.0 9.0 1.0
C18:4n-3 1.3 1.0 1.0 1.0 15 1.1 0.9 15
C20:1n-9 2.3 0.8 0.9 1.2 1.2 3.4 1.0 1.7
C20:3n-3 0.8 0.5 0.5 0.5 0.7 0.9 0.5 0.7
C20:4n-3 0.4 0.4 0.4 0.4 0.5 0.5 04 0.6
C20:5n-3 14.9 11.6 12.0 11.9 16.3 14.1 11.7 15.8
C22:2n-6 0.7 0.6 0.6 0.7 0.9 0.7 0.6 0.8
C22:3n-3 0.3 0.2 0.2 0.2 0.3 0.4 0.3 0.3
C22:5n-3 3.0 2.5 2.7 2.6 3.4 3.0 2.7 34
C22:6n-3 16.7 11.3 12.0 12.5 155 18.3 12.9 15.8
n-3HUFA' 36.1 26.5 21.8 28.2 36.7 37.3 28.5 36.7

! Highly unsaturated fatty acid (C=20).

FAIA €
Axe] EA A= SPSS Version 14 (SPSS, Michigan Avenue, Chicago, IL,

USA) programs AF&3te] One-way ANOVA-test® 2 A3 ¥ Duncan's
multiple range test (Duncan, 1955)2 %7+ 942 AA3A

=

Pt A%F 88 g9 WAZ 1553 A% AWF F, 4%, v, 1 L g F9A

T 1Y AR o] 8 & &5 Table 3-3¥ 340 Z2 YetldH. AEE, S5&
= A7 fold Aol GATP>005). FFEL NTHE AdUez A

2=
£ SO FHTAN 7 E: HL-VO sl 713 v g ng
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(P<0.05), 1241} SO 57+ HL-VO &3 75 A
o] 7} 1A THP>0.05). ¥ Ut

¢ LL-HC & 7olA v @S BATHP<0.05). 438 dE&, AaEs, ddAt
AAE 2 dad 588 APl fogk Aolrk AATHP>0.05). i A zF
FAFE LO 377 7H =& #& Eda, LL-HP g5 7oA 7HE @& @&
B O (P<0.05), HRtEel F FEAFE BE A7 §93% 2olrt Tt
(P>0.05).

Table 3-3. Growth performance of juvenile flounder fed the experimental diets

for 15 weeks!

Diets IMW  SUR (%) WG” (%)  SGR (%)’ CF' HSP Vst

FO 8520.1"™ 85£0.0™  1002+42.5"  2.27+0.07" 1.02+0.04™ 1.62+0.05™ 2.01+0.13™
LO 89+0.1 83+6.2  924+19.7"  223+0.03 1.00+0.02 1.94+0.04° 2.17+0.19
SO 8603 83t1.7 10341253 230+0.10 0.98+0.03 1.77+0.01™ 2.00+0.32
MIX 87+0.1 86+1.7  968+72.8"  223+0.07 1.04+0.06 1.82+0.17™ 1.95+0.11

LL-HP  87+0.1 89+2.3 991+29.3"  227+0.03 1.03+0.05 1.27+0.03" 2.06+0.29
HL-FO  89+0.1 95+3.7 0244482 220+0.06 1.01+0.08 1.84+0.13™ 2.38+0.21
HL-VO 89+0.1 84+3.0 821+46.4%  2.10+0.06 1.00+0.04 1.70+0.34™ 2.02+0.14

LL-HC 89+0.2 90+15 9074262  220+0.00 1.02+0.03 1.43+0.05" 2.18+0.23

' Values (mean + S.E. of three replications) in the same column not sharing a common
superscript letter are significantly different (P<0.05).

> Weight gain = (final weight - initial weight) x 100 / initial weight.

® Specific growth rate = (In final weight — In initial weight) x 100 / days of feeding.

! Condition factor = [fish wt. (g) / fish length (cm)3] x 100.

® Hepatosomatic index = (liver weight / body weight) x 100.

% Visceralsomatic index = (viscera weight / body weight) x 100.
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Table 3-4. Feed utilization of juvenile flounder fed the experimental diets for 15

weeks'
Diets FE' (%) DFI® (%) DPIY (%) PER" (%)
FO 99+5.2" 1.4£0.07" 0.71+0.03" 2.00+0.10™
LO 104+0.4 1.340.04 0.67+0.02°" 2.10+0.00
SO 121+21.3 1.2+0.16 0.630.08" 2.37+0.41
MIX 104+9.7 1.4£0.09 0.66+0.04°" 2.10+0.21
LL-HP 110£5.9 1.30.06 0.77+0.03" 1.90+0.10
HL-FO 121258 1.2+0.06 0.58+0.03" 2.47+0.13
HL-VO 113485 1.2£0.08 0.59+0.04 2.27+0.17
LL-HC 104+4.8 1.4+0.05 0.69+0.02°" 2.10+0.10

" Feed efficiency ratio = fish wet weight gain x 100 / feed intake.

® Daily feed intake = feed intake x 100 /[(initial fish wt + final fish wt + dead fish wt)
x days reared/2].

v Daily protein intake = protein intake x 100 /[(initial fish wt + final fish wt + dead fish
wt) x days reared/2].

0 Protein efficiency ratio = (wet weight gain / protein intake) x 100.

"™ Not significant (P>0.05).

of Al o] mF-FHel A FE3 ool FAFWStE Table 3-50] YERHAT. Total
protein, glucose, GOT % GPT =2 Agd 7k folsk xFol7 A THP>0.05).
Cholesterol®} Triglyceride ¥ %2> HL-FO & w794 7}¢ =& #S YeErdAdH
(P<0.05).
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Table 3-5. Hematological change of the plasma in flounder fed the experimental

diets for 15 weeks'

Diets Total protein Glucose GOT GPT Cholesterol =~ Triglyceride
(g/dl) (mg/dl) (IU/L) (IU/L) (mg/dl) (mg/dl)

FO 3.5£0.21™  25.3%0.25™ 11.8+1.65™  1.0+0.00™ 253+151™  102+17.4%

LO 3.5+0.08 25.8+1.38 11.5+0.87  1.3+025  228+11.5° 59+4.8°

SO 3.4+0.10 23.0+0.71 13.0¢1.29  1.0+0.00  221+55° 189+37.1°

MIX  3.6+0.03 27.3+1.18 10.3+0.75  1.0+0.00  243+11.6™  146%27.4"

LL-HP 3.3+0.03 26.3+2.78 13.0£041  1.3+0.25  185+4.7° 98+16.7°"

HL-FO 3.8+0.08 25.5+1.56 14.0+1.58  1.0+0.00  390+16.6° 193+39.4°

HL-VO 3.6+0.09 22.3+0.63 11.8+048  1.0+0.00  263+11.8° 96+21.6™

LL-HC 3.5+0.03 27.5+0.96 1254096  1.3+025  228+1.6" 94+143%

' Values (mean + S.E. of four replications) in the same column not sharing a common

superscript letter are significantly different (P<0.05).

dutd o g AR Ad FF B TS i BEY AWAE 2400 S 7
At Hago]l qui(Silver et al, 1993; Geurden et al, 1997; Lee and Lim,
2005). ¥ Aol M= HA Y 25 AU AL AFEAIE Y AAE 24 S
WEQETE Table 3-6° Webd ZA 7, AgAE] #AIgle] 16:0, 18:In-9, 18:2n-6
9 22:6n-39] FaFel Zh7b A e on, 20:5n-39F 22:6n-37% 2 n3-HUFA
FgFe Adder ool HFE FH7Me FOS HL-FO w77 & A3 ol
Hla frolskAl =A WEbwkal, 182n-6 e WFRE 7S SO s w ol A,
183n-3 & ouRIFE FH7F LO 374 242 7B =& gs Bt
(P<0.05).

e AdTFNAN 25 FE SFORE o]fHERE o F
G Fastth oldd Y AR T AW 2449 Aole F
g, o] & EPA®} DHAZS n-3HUFATE 1742 F 0= o] 85
= A f54d 2 g4 o J¢ES v B oly g, prostaglandin®] T
=2 (Stubbs and Smith, 1984 ; Maroussem et al., 1985 ; Thomson et al., 1986 ;
Swanson et al.,, 1989 ; Broughton et al., 1991)5 o 2% 1 SI&o] g FQAA I
i glem, n-SHUFA ol od o] 7kx] AX 3 7kl A4 (Herold and
Kinsella, 1986 ; Kinsella, 1987)%¥ 4w} it} 59 A Ag&H(Table 3-6)2 LO<%}
HL-FO &g 7oA =A Yersten HL-VO 3579 o3 Aol&= AT
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Table 3-6. Fatty acids (% of total fatty acids) and crude lipid composition of

dorsal muscle in juvenile flounder fed experimental diet for 15

weeks
Diets

Fatty acids

FO LO SO MIX LL-HP HL-FO HL-VO LL-HC
C14:0 22+0.34° 1.4+0.15" 1.3+0.06® 1.4+0.07°°® 2.1+0.13° 1.6+0.02° 1.1+0.20° 2.3+0.08°
C16:0 17.149.12 19.8+1.16 20.1+1.18 21.7+042 25.8+0.50 25.4+0.36 20.5+2.20 24.9+1.55
Cl6:1 0.4+0.05 03+0.02 03+0.01 02+0.01 04+0.02 03+0.00 0.25+0.03 0.4+0.01
C18:0 6.9+0.78  65+0.35 62019 6.4+025 7.1+027 57+0.10 6.6+0.67 6.8+0.33

C18:1n-9 13.8+1.6 15411 15103 13.9:04 13709 9.7:02 142460 13.7+0.7
C182n-6  9.2+0.02°° 15.3+3.41° 29.1+2.93" 20.1+0.93% 12.6+0.78™ 6.4+0.30" 24.8+8.05° 11.6+4.41™
C18:3n-3 140.67° 14.9+1.31° 45+1.26" 6.8+0.36° 0.9+0.35"° 1.9+0.07° 6.1+2.53° 1.1+0.48"
C18:3n-6 0.3+0.18  0.3+0.04 0.2+0.03 02+0.09 0.1+0.01 04+019 03+0.09 0.1+0.01
C20:4n-6  0.2+0.08" 1.2+0.11° 0.5+0.11%"° 0.6£0.02° 0.2+0.06> 0.2+0.01° 0.3+0.30 0.2+0.00"
C20:5n-3  9.1+0.89% 5.0+0.12%° 4.4+0.24™ 5.4+0.06° 85+0.21¢ 7.1+0.24° 4.0+0.28" 85+0.44"
C22:6n-3  39.7+3.93° 19.9+1.78" 18.3+0.71° 23.1+0.27° 28.6+0.68" 41.4+0.03° 22.0+1.47" 30.3+0.82"
n-3HUFA!  47.7+576° 24.9+225" 22.7+1.84° 28.4+0.35" 37.1+0.92° 485+0.27° 26.0+2.48" 38.8+2.38"

Crude lipid 3.2+0.64° 45+024"° 2.8%030" 3.0+0.39° 29+0.19° 4.5+0.06° 3.9+0.47° 3.2+0.39°

! Highly unsaturated fatty acids (C=20).

ojdel AyrEE o] At 2L Add n
=]
=

Ft obrbel i WA g A £ LA
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22X s% vus SFd@Der F AdE FE59 14% BF3-methanol
(Sigma, USA) &
(SP™-2560, 100 mx 0.25 mm i. d., film thickness 0.20 um, USA)°] %% gas
chromatography (HP-6890 PLUS, Hewlett-Packard, USA)& A W4 £ 819t}
Carrier gast dFS AFE3 oW, Oven &%+ HXE 140TolA 240C7HA 4
/min S 7FAIZ T o]lu injector =%=% 250TC, detector (FID) =%+ 260C%= Z+7}
AR ow, xF AFe R 377 AWt E3E(PUFA 37 Component FAME
Mix, USA)<& AH&stith. @44 &Ee W3tE ZAbetz] 918 2k 443 3wk
FANE FEote] g FAA o] AHEE 3 ml FAIE ARESte] Ao mF
oA Qs e, Ad-dEE 7] (3500 rpm for 10 min)E AM&3te] A %
S 9 FABRE(70C)skdt. g4 total proteine  biuretH o=
glucose= EAHOo 2 GOT+E kinetic UVH S 2 cholesterol2 COD-PODWH o &
triglyceride:= 2] Glycerol A& AR&3lo] z}zp B4 819t}

olo g  AHAFS  methylation A7 %, capillary column

o
e

sS4 F2497t

4 TEA #HEeR FEFITL I oAE AFIPHIY do)em ¥
ghate] B2 EA AP T 3839e Wdew #sHrkE A @
TR (TS A, dAL, Bk 2 g e] 47hA] Fae Al on, Frkx
s 54 v o= 33 7lee Fol ARt stk 2d9a 59 &84
F7HE fldl, 4 oA 3nkely Fa R JAE A= ste], Rheo meters ©]
£33l S5 Hu $H(MAX weight), 4 X(Hardness) I8l 7 =(Gel

S A 2

Aylel FA AHglE= SPSS Version 14 (SPSS, Michigan Avenue, Chicago, IL,
USA) programs AF83te] One-way ANOVA-testE® 2 A3 3 Duncan's
multiple range test (Duncan, 1955)% %7t oS AAsAL
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Table 3-7. Growth performance of growing flounder fed the experimental diets

for 15 weeks

Initial mean . . . . . . .
Survival Weight gain Specific growth Hepatosomatic Visceralsomati

Diets  weight
& (%) (%) rate (%) index ¢ index

(g/fish)

FO 121+£1.1™ 73+4.4™  208+7.0™ 1.07+0.02™ 1.60+0.12™ 1.96+0.059™

LO 120+2.8 5t14.4  222448.1 1.09+0.14 1.56£0.08 1.92+0.212
SO 121+1.6 87+6.7  209+12.7 1.07+0.04 1.72+0.13 1.97+0.063
MIX 122425 72193  207+6.6 1.07+£0.02 1.97+0.07 2.18+0.143
LL-HP 12334 72467 207£17.2 1.07+0.05 1.31+0.09 1.91+0.057
HL-FO 122£2.6 83+7.3  211£14.4 1.08+0.04 1.67+0.26 1.84+0.021
HL-VO 121£2.8 80+10.0 211+12.5 1.08+0.04 2.06£0.29 2.15+0.082
LL-HC 122+4.5 78+9.3  212+7.1 1.08+0.02 1.33+0.14 1.94+0.130

" Not significant (P>0.05).

- 121 -



Table 3-8. Feed utilization of growing flounder fed the experimental diets for 15

weeks'
Diet Feed Daﬂy feed Daily protein Protein Condition Thickness (cm)
iets
efficiency (%) intake (%) intake (%) efficiency ratio factor /Width(cm)

FO 108+9.1%° 0.67+0.03™ 0.33+0.012"° 2.67+0.18™ 1.11+0.04° 0.22+0.01%°
LO 107+5.8° 0.67£0.04  0.33+0.021*° 2.67+0.12%° 1.15+0.02°° 0.25+0.01°

SO 117+1.1%° 0.71£0.02  0.36%0.009°  2.79+0.02° 1.12+0.03* 0.22+0.01°°
MIX  103+5.8" 0.69+0.03  0.41+0.019° 2.49+0.12° 1.21+0.04™ 0.21+0.01°

LL-HP 118+0.8% 0.60+0.02  0.29+0.010°  2.45+0.01° 1.17+0.05" 0.24+0.01"
HL-FO 119+2.1° 0.67+0.03  0.32+0.012°® 2.92+0.04° 1.47+0.27° 0.22+0.01™°
HL-VO 121+2.0° 0.63+0.04  0.31+0.019° 2.98+0.04° 1.24+0.02° 0.23+0.01*

LL-HC 106+3.8° 0.72+0.03  0.35+0.013°  2.71+0.08" 1.17+0.03" 0.22+0.01™°

! Values (mean + S.E. of four replications) in the same column not sharing a common
superscript letter are significantly different (P<0.05).
" Not significant (P>0.05).

AP 155 & oAl mRE oA F

YER I tE Total protein g3 SO &3 TollA 74 =3kar, LO &g 7oA 7h
4 vrgton SO &g+ LL-HP, LL-HP ¥ HL-FO &H7¢ +93% ztol&= ¢l
ATH MIX A7 =%or), g A@Fgke 198 Aol= flATHP>0.05). GOT
g% LL-HC T3 77F 7F =93, HL-VO T3 77F 78 S AthP<0.05). &
Sl 2HE ¥FS HL-FO +v77F 7b¢ Eki, Triglyceride #&2 FO%
HL-VO FH7olA =& #%S Jeluidrh Glucose - g 3tol fog =
o] 7} S THP<0.05).
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Table 3-9. Hematological change of the plasma in flounder fed the experimental

diets for 15 weeks'

Diets Total protein  Glucose GOT Cholesterol  Triglyceride
(g/dl) (mg/dl) (IU/L) (mg/dl) (mg/dl)

FO 4.4+0.10° 29.3+1.93™ 5.0+0.4% 312+11.7° 81+7.7°

LO 4.0+0.1% 25.3+1.60 53+0.3™  207+3.7° 78252

SO 4.8+0.18 28.3+1.38 5303 224435 40£6.6"

MIX 4.2+0.14 35.5+6.04 6.0+0.4> 208+3.4% 42+ 7

LL-HP 4.5+0.06™ 33.0+3.03 5.8+0.8™ 220+7.2° 55+11.5™

HL-FO 45+0.15™ 26.3+2.02 53+05™  396:165" 47+5.7

HL-VO 4.2+0.03" 27.0+0.71 4.3+0.3 268+3.2" 81+7.8°

LL-HC 4.4+0.1° 28.8+0.75 6.5£0.3° 230%5.9% 67+5.1°™

! Values (mean = S.E. of four replications) in the same column not sharing a common
superscript letter are significantly different (P<0.05).
" Not significant (P>0.05).

AuAoR AR AW FF L FFS WY BB AW 24 9L v

A BaEoe] Juh(Silver et al, 1993; Geurden et al, 1997; Lee and Lim,
2005). & AFANAME PGXo 5 A S AFEAHY AL 240 FEE

S AW 2AS Table 3-1001 UehAE. 52
ZAd AHAA &S wol thFE e BTt
(Table 3-10). A&}zl #AG] 16:0°] 18:1n-9, 18:2n-6 2 22:6n-32] & o]
247y A gebg o) 22:6n-33 n3-HUFA 3o Adgoew Ao 1#2
7kt FO9F HL-FO & &3 7oA %2 F5S 2, dFF5 A7k SO 3+
182n-6 ko] 71¢ =how, ofmlfE M7t LO Fg7olA 18:3n-3 &<l
HE ES #E EATHP<0.05). <52 AFFH(Table 10 HL-VO &3 7oA
7V =i, LO %%%LOM 7}%} e el yEu e v (P<0.05), HL-VO$t SO

>0.0
2 wAds Hrkstr]l sla AAg s
Table 3-11°] Yerllth #sAdA A3, 242 SO TwTolA 7HE = ,
2 e e LL-HC F5 7oA 7H =2 #S 2ot 5259 @E%@, 2 3}
(Table 3-12), o = (MAX weight), 4 %= (Hardness) 18] 12 7F%=(Gel strength)
25 LO sE oA 7P =28 ®ela, HL-VO &+ 77k 7Hd sisktt

olr
\1
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Table 3-10. Fatty acids (% of total fatty acids) and crude lipid composition of

dorsal muscle in growing flounder fed experimental diet for 15

weeks!
. Diets

Fatty acids

FO LO SO MIX LL-HP  HL-FO HL-VO LL-HC
C14:0 1.840.08° 1.1+0.03° 1.3+0.13*° 1.5+0.07°° 23+0.21% 1.5+0.05™ 1.0+0.09° 2.2+0.27¢
C16:0 18.8+81  23.1+#19 24331 251+15 27.0+15 253+14 21.8+21 26.8+1.1
Cl6:1 11206 0.3+0.1 1.0£05  09+05  0.8+01  1.0+0.2  05+0.1  0.8+0.2
C18:0 27423 3.7+1.9 6.4+59  05+01  25+20  3.1+1.8 24+1.8  0.6+0.1

C18:1n-9 87t19  10.7+17 8709  9.6422  93+16 7309  92+15 6903
C18:2n-6 70£22° 125404 21134 1650.6™ 9.8+1.9°  7.0+1.9° 16.9+0.9™ 11.4+2.7"
C18:3n-3 32+15%  135:01° 2402° 75:04" 3.6+18  27:0.7° 17.7+33" 3.6+1.7°
C20:4n-6 2308  1.7+01  22+13 20402  16:07 2308 13103  28+0.1
C20:5n-3 6.9£0.6° 4304 4004 51:02% 73:05% 56:02° 3.8:04° 7.1+0.3
C22:6n-3  47.4+33° 292+13"™ 28.6+4.4 31.3+2.3"™ 359+22°¢ 441+1.1% 26.1+2.9° 37.8+2.4“
n-3HUFA 54336 335+1.6° 32.6+4.8" 36.4+22° 431+25 497409 293+32* 450+25%

Crude lipid 2.6£0.45" 1.9+0.31° 3.8+0.33™ 2.7+0.67° 26047 2.8+054™ 4.7+0.26° 2.1+0.43"

' Values (mean + S.E. of four replications) in the same column not sharing a common

superscript letter are significantly different (P<0.05).

Table 3-11. Sensory test of the dorsal muscle in growing flounder fed

experimental diet for 15 weeks'

Diets Colour Smell Taste Texture
FO 365" 3.45% 342 345®
LO 3.32% 3.16" 3.32° 3.26°
SO 345 3.45% 3.58" 348"
MIX 3.81° 3.55% 345® 3.32°
LL-HP 365" 3.55% 345® 355
HL-FO 3.35%° 361" 3.55% 348"
HL-VO 361 3.42% 348" 358"
LL-HC 3.74™ 3.71° 3.90 394"
Wild fish 3.19° 348" 3.55% 3.48"
Pooled SEM 0.05 0.04 0.05 0.05

' Values (mean + S.E. of four replications) in the same column not sharing a common

superscript letter are significantly different (P<0.05).
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Table 3-12. Characteristic analysis of the dorsal muscle in growing flounder fed

the experimental diet for 15 weeks'

Diets MAX weight (g) Hardness (g/cm?) Gel strength (kg/cm?)
FO 232+39.9" 2213+379.7°" 20651+3544.1*"
LO 385+82.7" 3597+773.3 33580+7210.2"
SO 225+37.9% 2134+366.3" 19952+3402.2%
MIX 325+60.3% 3058+586.4°" 2854245473 8%
LL-HP 226+19.1%" 2125+168.8" 23170+2290.3%
HL-FO 307+37.0° 2909+367.3" 27153+3427.7°
HL-VO 169+36.2 1697+431.8% 15840+4030.3*
LL-HC 294+72.8" 2841+591 .4 26512+5519.8%

' Values (mean + S.E. of four replications) in the same column not sharing a common

superscript letter are significantly different (P<0.05).
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RRYXIFYH dEs EFA@DeE F ALS FFS] 14% BF3-methanol
(Sigma, USA) £

(SP™-2560, 100 mx 0.25 mm i. d., film thickness 0.20 um, USA)°] %% gas
chromatography (HP-6890 PLUS, Hewlett-Packard, USA)® A ¥AkS HA1 31t}
Carrier gast™ EHEZ AFE39 o™, Oven =%+ FH X 140TColA 240C7HA 4
/min S 7FAIZ T olu, injector =%+ 2507C, detector (FID) =%+ 260C=%= Z+7}
AR o, T+ AWatez 377 A A 3= (PUFA 37 Component FAME
Mix, USA)& AH&stith. @& WstE xAbsty]l 98 22 A3 3vke
FARN R FEote] d o FAY o] AEE 3 ml FAE A&t A7oe] m
oA Ao, 4AE27] (3500 rpm for 10 min)E A& A dF
S BAES fd FAREET0T)SAT. @49 total proteine  biurettH &2
glucoser= BAHOZ GOT+E kinetic UVH 2 &, cholesterol2 COD-PODWH o &

triglyceride:= 2 Glycerol 2AWM& Al-g&3ste] zZHzF HA3814
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(Hardness) 18] 11 7% (Gel strength)E =743} $tt.

FAIA €
Axe] EA A= SPSS Version 14 (SPSS, Michigan Avenue, Chicago, IL,
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LL-HP 377} 7F¢ =%3(P<0.05), LO FF712 AtR&ado 7 v
(P>0.05). dLAE4F &Y LA dFH &L APl Fogt 2o]Ho] g
th(P>0.05). @A g8 LL-HC & d 7oA 7F4 =9kx, LO$ HO-VO FH T
ANA 7Hd e FhE HATHP<0.05). oA HwE,
A7 F FHFAFE HL-FO A¥+7F MP, MIX ¥ LL-HP 23

Tob= frolgh zbolvt glle
el el Apolzh gldnh

o}

YTl FelF Aol 99

TR R F A
s AT "
A& folahAl = kA vHP<0.05), FO9 HL-VO A
w(P>0.05), HWES} A FHAFE RE A
(P>0.05). YA &3} FAS =
(P>0.05).

%
V)

4% A%, w

Table 3-13. Growth performance of adult flounder fed the experimental diets for

17 weeks!

Initial mean ) . o . . .

Diet ht Survival Weight Specific growth Hepatosomatic Visceralsomatic
1ets Wel

&/ fih) (%) gain (%) rate (%) index index
FO 207+3.0"  92+4.0™ 75+4.9"  0.6+0.1° 2.8+0.15% 2.240.22"
LO 206+1.6 82+6.0 71+3.6™  05+0.0" 2.3+0.29" 2.5+0.31
SO 290+1.8 96+4.0 80+56™  0.6+0.1™" 2.6+0.35"¢ 2.0+0.11
MIX 2954454 7680 93+23.6™ 0.6+0.1° 2.0+0.17" 2.1+0.06
LL-HP 296.2+4.6  92+40 111+183" 0.7+0.1° 2.1+0.07% 2.4%0.16
HL-FO 299+6.8 74+14.0 91+153™  0.6+0.1™" 3.1+0.14 2.2+0.27
HL-VO 303+0.0 86+2.0 50+0.2"  0.4+0.0" 2.7+0.13% 2.2+0.04
LL-HC 292+0.0 88+8.0  90+9.9"  0.7+0.1° 1.9+0.06™ 2.1+0.03
MP 302+1.6 90+6.0  76+47"  0.6+0.1® 1.6+0.26" 2.1+0.12

' Values (mean + S.E. of four replications) in the same column not sharing a common
superscript letter are significantly different (P<0.05).
" Not significant (P>0.05).
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Table 3-14. Feed utilization of adult flounder fed the experimental diets for 17

weeks'
Dicts Feed Daily feed Daily protein Protein Condition Thickness (cm)
efficiency (%) intake (%) intake (%) efficiency ratio factor /Width(cm)

FO 7114094 0.6+0.0™  0.3+0.0™ 1.4+0.02° 1.2+0.07™ 0.2+0.01™
LO 50.9+8.6" 0802  0.4+0.1 1.1+0.18" 11£0.04 0.2+0.01
SO 80.1+13.3™ 0.6+0.1 0.4+0.1 1.7+0.28% 1.2+0.00 0.2+0.01
MIX 67.4+0.8™  0.7:0.1 0.4+0.1 1.4+0.02° 1.1+0.04 0.2+0.01
LL-HP  97.9£0.9 0.6+0.1 0.4+0.1 1.6+0.02° 1.2+0.03  0.2+0.01
HL-FO 58.6+3.9°  0.7+0.0 0.3+0.0 1.3+0.09° 1.2+0.04 0.2+0.01
HL-VO 52.6+13"  0.7+0.1 0.3+0.0 1.1+0.03 1.2£0.09 0.2+0.01
LL-HC  925+203  0.6+0.1 0.3+0.1 1.9+0.42° 1.2+0.01 0.2+0.01
MP 82.1+0.7°%  0.6+0.1 0.3+0.0 1.5+0.02° 1.1+0.03  0.2+0.01

' Values (mean + S.E. of four replications) in the same column not sharing a common
superscript letter are significantly different (P<0.05).
" Not significant (P>0.05).

oy A o] mFE-sweA FEF Ao FAANE Table 3-1501 YEFRSAT AL
A 177 F A9 total protein FEFS FO &g 7oA 7Hd =k, MIX
TolA 7HE ke (P<0.05), FO w7+ LO, SO 2 HL-FO 3 w73
gt Aol ATHP>0.05). Glucose T MIX MP & w7 oll4 =gke
LL-HC &w 74 74 @A vebdt GOT %2 HL-VO w74 7H8 =
T ToNA 7F ko™ Cholesterol?}t triglyceride $F=2 HL-FO<}

HL-VO &5 7olX 44 71 52 @<= 2o

Ho

ox
jl

PR
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Table 3-15. Hematological change of the plasma in flounder fed the experimental

diets for 17 weeks!

Diets Total protein Glucose GOT Cholesterol Triglyceride
(g/dl) (mg/dl) (IU/L) (mg/dl) (mg/dl)
FO 4.3+0.1° 17.0£1.0° 5.00.0¢ 300.3+30.1° 51.3+55%
LO 4.1+0.3% 17.0£0.6" 4.0+0.6™¢ 230.0+9.3° 77.7+11.0"
SO 4.0£0.2°% 17.0£0.6™ 3.3:0.3" 233.0+11..7° 49.0+8.0™
MIX 3.340.2° 21.0+2.1¢ 4,00.1>¢ 219.0£16.5° 98.3+23.8%
LL-HP 3701  20.0+0.1% 3.7+0.7™ 250.0+7.2° 76.7+6.1>
HL-FO 3920.1™%  20.0+1.2™¢ 4.3+0.3"¢ 471.7£16.8° 62.3+4.9®
HL-VO 3701  16.7+0.3" 5.3+0.3" 248.0+1.7° 126.7+2.4°
LL-HC 3620.1™ 16.3+0.9° 4.0+0.6™¢ 206.3+4.8" 31.0+11.0°
MP 3420.1%" 20.3+0.3 2.30.3" 296.3+12.8" 58.3+4.3%

! Values (mean = S.E. of four replications) in the same column not sharing a common
superscript letter are significantly different (P<0.05).
"™ Not significant (P>0.05).

dWtH oz A5l AW FTF Ev TFEF2 A AE Al 2o dEe v
At ®auEo] duk(Silver et al, 1993; Geurden et al, 1997; Lee and Lim,
2005). ¥ AFAAME GA 25 A 2L AR Ee] AAE 2 JFS

15 F ¥, 525 At 245 Table 3-169 HEde 5

HL-FO & 7oA =2 35S B, d+/FE H7He SO 579 18:2n-6 3
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Table 3-16. Fatty acids (% of total fatty acids) and crude lipid composition of

dorsal muscle in adult flounder fed experimental diet for 17 weeks

Diets
Fatty acids
FO LO SO MIX LL-HP HL-FO HLVO LL-HC MP
C14:0 20402 1.6+02 13+01 1.7+01 23+01 2.6+0.8 1.1:01 2506 24+0.4
C16:0 261+0.1 25.8+1.9 255+0.6 24.6+03 27.7+0.1 24611 22.9+0.8 259415 252+0.3
Cl6:1 25+0.3%4 1.7+0.1°° 1.8£0.1% 2.1+0.1° 2.9+0.1°*¢ 3.3+0.9¢ 1.5+0.1* 3.1+0.8*¢ 4.0+0.6
C18:0 51+0.16° 6.0+0.46° 5.1+0.01%" 5.1+0.02*° 5.3+0.10°™ 4.7+0.01% 5.4+0.01 5.0+0.03®° 5.9+0.30°

C181n-9  10.00.18 12.00.02 10.9£0.09 12.0+0.57 11.1+0.60 11.1+2.34 11.4+0.48 11.6+1.35 12.1=0.52
C182n-6  7.5:0.4™ 11.5:04" 22.3+1.1% 15.60.9° 72402 53+13% 19.4201" 82+0.7° 35:0.4°
C18:3n-3  2.6+12° 102+1.0% 1.8+0.1° 5.7+04° 1.3+0.1° 22+05° 81+0.2° 1.5+0.3* 1.0+0.1°
C20:4n-6  1.6+0.15% 1.1£0.14™ 0.9£0.02° 1.2+0.05°*1.3£0.07™ 2.0£0.15° 1.0+0.03" 1.5+0.02" 2.6+0.10°
C20:5n-3  9.6+0.1° 7.6£0.3™ 7.1+0.1%° 7.8+0.1°™ 12.1+0.6° 10.1+1.8% 5.9+0.3* 10.4+0.5% 9.0+0.3"
C22:6n-3  331+0.9° 22.60.9" 23.2+0.9° 24.1+1.6" 28.7+02% 34.1+6.7° 23.4+0.2" 30.2+2.6™ 34.4+1.6"

n-3HUFA  42.8+1.0° 30.2+1.2* 30.3+0.8° 31.9+1.7° 40.8+0.8° 442+4.9° 293+05" 40.6+2.2° 43.4+1.3"

3.7+0.95 4.5+0.30 4.6+029 3.0£1.66 25+096 3.9+0.74 3.5+0.61 25+0.46 3.7+1.00

S29%9 Ex FHd=4"  ZAI(Table 3-17), 74 =(Hardness)®t 7

s
strength)¥= LOS} LL-HP ¥+ 7oA =235 23, LL-HCS MP &+ 7ol A
(o]
FTFTolA 7 okt 34 (Cohesiveness), %24 (Chewness) 2 #4377
H

(Breaking strength)= HL-FO &3 7oA =3kom SO T3 7oA 718 2 s
(P<0.05).
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Table 3-17. Characteristic analysis of the dorsal muscle in adult flounder fed the

experimental diet for 17 weeks'

Hardness Gel strength Cohesiveness Chewness Breaking
Texture (%)

(g/cm’) (g/cm’) (%) (8) strength (g)
FO 2157+252.2%  1654+189.1* 72.2+0.0"  40.9+3.7* 498+11.2°°  36149+904.0°

Diets

LO  2684+1475% 2120+1084° 71.6£0.9° 37.9+1.7°  596+6.8°  42801+925.0™
SO 2568+70.9°" 2020+77.8  74.7+2.1%  29.0+2.6° 439+19.7°  32895+458.9"
MIX — 2349+207.4™¢ 18452058 76.6+3.8"™% 350457 475242 36422+101.1%
LL-HP 2750+158.1¢ 2104853%  77.6+1.2°¢  39.0£0.8™  610£39.2°" 47499+3801.3°
HL-FO 2109+104.0 1624£106.0* 80.7+0.9° 50.8+2.5°  618+9.9'  49845+125.7°
HL-VO 1879+131.1%"° 1459+97.6°  80.5+1.0  51.6+0.4" 550+30.5°  44467+3198.6°
LL-HC 1439+38.2"  547+4.1° 90.6%1.6° 415+1.9™%  468+18.6  42609+1112.0™

MP 1599+71.4°  611+44.4° 86.8+0.8° 39.0+4.5" 52245117  45193+3944.8°

BoAFAT dxeo A AlREs 2 4859 FHS 193t LL-HP A&
AbRBLE o] S Aow ke
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Aol 2 ASH

A& el JiQ FAFNA FRALME JA AE Fdste] AFdictu d ¢
AEATFUFHNEZ F53 F FFAIERZ 2730 o] ASsgnh. HdAF 88 g
A5 Ajols FANE AdWste] & 18709 X (50L A=)l 40mbe]4) 3wk
How F8&3to] 16577 ASAE ek AFAEs 19 23](09:009F 17:00, F 6
d Tw) APt HE W A RbRow T 74 Fxuink oSt A F7]A
A s TS, odE AddrE 4 dEgxvit 29 2LE £dste] &
HFEAoH, AFS7)ZE Eee] e 209+1.2C(Fd+xFHAH)AT. 183 AR
= 1/\17J 3?‘, AMSFE BFAIA AE B AR AVIE AAY FRen, 2t x

AFEAR AR} FEAGdE S AdY AAAIRZL F MS222 100ppm -8 9ol
ofe] AAFAE FAeAth APAE 2 <5
o URkd S AOAC (1995)¢] el wep =i d(Nx 6.25)2 Auto Kjeldahl
g ] S AbgskRen, 2 10
23] &2 600T 3]stz Al 44
AT A AE 42 Folch et al. (1957)¢] W wep &
RRYXFYH vEs EFA@Der F ALS FFS] 14% BF3-methanol
(Sigma, USA) £
(SP™-2560, 100 mx 0.25 mm i. d., film thickness 0.20 um, USA)°] %% gas
chromatography (HP-6890 PLUS, Hewlett-Packard, USA)Z A WAHS F2413}¢ ).
Carrier gast™ HEZ AFE39 o™ Oven =%+ FH X 140TColA 240C7HA 4
/min S 7FAlZ . olu, injector =%+ 250TC, detector (FID) =%+ 260C = Z+7}
AR o, T+ AWatez 377 A A &35 (PUFA 37 Component FAME
Mix, USA)& AH&stith. @A TS WstE xAbsty]l 98 22 A9 43 5vhe
TARIE FEete] dad FARA o] HElE 1 ml FAE ARESE] Aol mE
oA APt o, dAdE27] (3500 rpm for 10 min)E AM&3te] 42 A
< A4S dd FARE(ET00)s AT 48U total protein  biuret &=
glucose= &AHOo= GOTS GPT+= kinetic UVHH O ® total cholesterol2
COD-PODH 2. & triglyceride™= 2] Glycerol 27 WHS Ab&3sle] ztz EA13510 T}

H
oo g  AHAFS  methylation A7 % capillary column
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FAIA €
A3l EA A7 = SPSS Version 14 (SPSS, Michigan Avenue, Chicago, IL,

USA) programs AF&3te] One-way ANOVA-test® 2 A3 ¥ Duncan's
multiple range test (Duncan, 1955)2 7+ 942 AA3A

Table 3-18. Composition and proximate analysis of the experiment diets (% of

dry matter basis)

Diets
Ingredient HL-FO-VE HL-VO-VE LL-HC-VE HL-FO+VE HL-VO+VE LL-HC+VE
Fish meal 50 50 52 50 50 52
Wheat flour 228 228 18.8 22.4 224 18.4
Dehulled soya 7 7 7 7 7 7
Alpha-starch 11 11
Wheat gluten
Beer yeast
Squid liver oil 10 1 1 10 1 1
Linseed oil 4.5 4.5
soybean oil 4.5 4.5
Vitamin premix 1.5 1.5 1.5 1.5 1.5 1.5
Mineral premix 15 15 15 15 1.5 15
Chorine 0.1 0.1 0.1 0.1 0.1 0.1
Vitamin E 0.04 0.04 0.04
Vitamin C 0.15 0.15 0.15 0.15 0.15 0.15
Nutrient contents (% of dry matter basis)
Dry matter 88.7 86.4 86.0 87.6 87.5 84.9
Crude protein 48.5 48.5 49.0 48.7 48.7 49.0
Crude lipid 15.5 15.8 55 15.9 15.6 51
Ash 9.2 9.1 9.7 9.5 9.5 10.2

0. 2%
A AT 85 g9 YHAE 1553 A5 Ads 3 A% ZA3E Table 3-199
Bl 21 AEE 5 =

&, YNAFE, N, EE 2 g FENE 2E A9
Tzl fel g kol 7b lATHEP>0.05). Table 3-2001 el A

HL-VO-VE, HL-FO+VE % HL-VO+VE 2337} %<& S ®w¢lx, LL-HC-VE
TFF M e g el HL-FO-VE$ LL-HC+VE 2379t §9
g zbol7b AATHP>0.05). dAALEAFH &S HL-FO+VE 3+77F 7F
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Table 3-19. Growth performance of juvenile flounder fed the experimental diets

for 15 weeks'

Diets IMW  SUR (%) WG” (%) SGR’ CF* HSI® vsI®

HL-FO-VE 85+0.1 90+2.9™ 991+17.0™ 2.27+0.03"™ 0.98+0.022™ 1.72+0.05™ 2.62+0.05™

HL-VO-VE 8.3+0.0 89+7.0  918+451.7 2.20+0.06 0.95+0.009 1.82+0.08 2.38+0.10

LL-HC-VE 85+0.1 90+4.4  888+55.3 2.17+0.07 1.05t£0.015 0.73+0.17 2.50+0.05

HL-FO+VE 85+0.1 91+1.0 885+£529 217+0.03 1.65£0.708 1.63+0.14 2.27+0.15

HL-VO+VE 85+0.0 92+1.0 940+60.2 2.23+0.07 1.01+£0.036 1.97+0.14 2.49+0.10

LL-HC+VE 8.7#0.1 85+1.5  869+84.3 2.13+0.09 1.00£0.027 1.77+0.06  2.24+0.18

! Values (mean = S.E. of three replications) in the same column not sharing a common
superscript letter are significantly different (P<0.05).

> Weight gain : (final weight - initial weight) x 100 / initial weight.

% Specific growth rate : (Ln final weight - Ln initial weight) x 100 / days of feeding.

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

° Hepatosomatic index : (liver weight / body weight) x 100.

% Visceralsomatic index : (viscera weight / body weight) x 100.
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Table 3-20. Feed utilization of flounder fed the experimental diets for 15 weeks

Diets FE' (%) DFT® (%) DPI’ (%) PER" (%)
HL-FO-VE 118+11.1% 1.28+0.09° 0.62+0.09° 2.4%0.23™
HL-VO-VE 123+7.0° 1.21+0.05° 0.59+0.05" 25+0.15°

LL-HC-VE 91+4.6" 1.54+0.08" 0.76+0.08° 1.8+0.09°

HL-FO+VE 121+11.2° 1.21+0.08" 0.59+0.08" 2.50.22"
HL-VO+VE 122115 1.230.09% 0.60+0.09" 2.50.23™
LL-HC+VE 94+2 9% 1.46+0.03" 0.71+0.03" 1.9£0.07"

" Feed efficiency ratio : Fish wet weight gain x 100 / feed intake.
8 Daily feed intake : Feed intake x 100 /[(initial fish wt + final fish wt + dead fish wt)
x days reared/2].
v Daily protein intake : protein intake x 100 /[(initial fish wt + final fish wt + dead fish
wt) x days reared/2].

" Protein efficiency ratio : (wet weight gain / protein intake) x 100.

ofAle] wF-FHo ] FE3 doe] £ A3E Table 3-21°] YeERAT. E A

o] total protein, glucose, GOT % GPT $t#Fe w& A 7bo] Foa7t gldle
U(P>0.05), cholesterol &% HL-FO-VE¢} HL-FO+VE & 577 t& Ad+4E5

Heb frofshAl =9kow(P<0.05), LL-HC-VE w77t 7Hd v e nolrh
S LL-HC-VE &3¢ triglyceride %% HL-VO-VE, HL-FO+VE %
LL-HC+VE T3 7SET FostA ooy, HL-FO-VE$ HL-VO+VE &+ -2
= Fog 2ol 7h A THP>0.05).
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Table 3-21. Hematological change of the plasma in juvenile flounder fed the

experimental diets for 15 weeks'

Total protein Glucose GOT GPT Cholesterol Triglyceride

Diets
(g/dl) (mg/dl) (IU/L) (IU/L) (mg/dl) (mg/dl)

HL-FO-VE 3.30£0.16™  255+1.6™ 12.0+1.16™ 1.0+0.0™ 333+25.0° 110+7.9"
HL-VO-VE 3.30£0.04 23.8+0.8 12.3+1.32  1.0£0.0  224+10.7%" 104£13.5"
LL-HC-VE 3.28+0.09 24.8+0.3 9.8+0.48 1.0+0.0  181+10.9° 149+19.3°
HL-FO+VE 3.50£0.09 24.310.3 11.0£0.82  1.0+0.0  348+30.5° 84455
HL-VO+VE 3.45£0.03 25.5t1.0 1204129  1.0£0.0  248+10.1" 1194185

LL-HC+VE 3.40+0.07 25.510.5 1124204 1.0£0.0  208+4.7% A7+4.5°

' Values (mean + S.E. of four replications) in the same column not sharing a common
superscript letter are significantly different (P<0.05).
" Not significant (P>0.05).

AFSAE 15 F o] TS A 24 H AAFEFS Table 3-220] A8
th S5 Ak e AR AEAE 2O AF AR G wrol thgker @t
S Btk Atze HEtY E H7bel #Aglel 9A 259 18:22n-67 C183n-3 &

HL-VO &d 7oA 7Hd =4 vets o,
C22:6n-33 n-3HUFA 33 Addoz Ao 7= H73k HL-FO &5 79
A=A Yebsd e an C2256n-3 ¥R HL-VO sw 7oA @& @s B3
o] AAFFS HL-VO+VE FF 74 7H¢ =% HL-VO-VE 3+ 7ol A
7 W ek o™ (P<0.05), HL-VO+VE & w79 HL-FO-VE & & 71kl fo]g o]
2L A THP>0.05).

L
T
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Table 3-22. Fatty acids (% of total fatty acids) and crude lipid composition of

dorsal muscle in juvenile flounder fed experimental diet for 15

weeks.

Diets

Fatty acids

HL-FO-VE HL-VO-VE LL-HC-VE HL-FO+VE HL-VO+VE LL-HC+VE

C14:0 16005  0.8+0.02"  1.8+0.03¢  15:0.09°  1.2+021"  1.9+0.19
C16:0 25.7+04°  19.7+0.1%  254£13" 254203  21.8+15"  250+05°
C16:1 0.3%0.1 0.2£0.1 1.340.9 0.3£0.1 0.3%0.1 0.4£0.1
C17:0 0.2£0.02™  0.1£0.03 0.30.09 0.20.03 0.1£0.01 0.20.02
C171 0.4%0.1 0.5%0.1 0.5%0.1 0.5£0.1 0.620.1 0.620.1
C180 4.0£2.0 6.5£0.1 4220 6.2+0.1 4522 6.7£0.2
C18:1n-9 105£0.3°  129+05"  125+05°  102+0.6°  13.8+05"  13.4+0.3"
C18:2n-6 56£09°  241+08  107+1.7° 5206 = 209+22°  99+1.1
C18:3n-3 1.8+0.1% 8.6+0.2 1.420.6" 1.8+0.1% 8.2+1.4° 2.2+0.9"
C18:3n-6 0.120.1 0.30.2 0.30.2 0.3£0.3 0.4%0.1 0.2%0.1
C20:3n-3 0.1+0.1 0.1£0.1 0.6£05 0.1+0.1 0.1x0.1 0.1£0.1
C20:4n-6 02+0.03*  0.8+0.04" 07034  02+0.01°  0.7+0.07"  0.3+0.10"
C20:5n-3 76+0.1° 4.0£0.1° 8.2+0.4" 7.3+05" 5.0+1.1% 8.4+0.9"
C22:1n-9 05+0.13  02+0.02°  05+0.11™  0.7+0.03°  0.2+0.03"  0.3+.0.02"
C22:6n-3 414+2.1°  21.4+0.3"  31.74#26°  402+1.0° 22533 30.4+0.9°
n-3HUFA'  49.1+22°  255:02"  405+25° 47608  27.6+42" 38916
Crude lipid  37+0.14%  25:017°  28+030% 34+031°  43+046°  32006°

' High unsaturated fatty acids (C=20).
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(Sigma, USA) £9oz AW4kS methylation A%l %, capillary column
(SP™-2560, 100 mx 0.25 mm i. d., film thickness 0.20 um, USA)°] %% gas
chromatography (HP-6890 PLUS, Hewlett-Packard, USA)® A ¥AkS £ 51t}
Carrier gast HHFS A€ 2H, Oven &5+ HZE 140Col Al 240C7HA] 4

/min S 7FAlZ T olu, injector =%+ 2507C, detector (FID) =%+ 260C=%= Z+7}
AR o, x+ AWatez 377 A A &35 (PUFA 37 Component FAME
Mix, USA)& AH&stdith. @A T WstE xAbsty] 98 22 253 5vpe

TR R FEE] gy FALAol HHH 1 ml FAE AFEste] A oo mit
oA aEstgon, dAaEE 7] (3500 rpm for 10 min)E AFE3dte] A& A
o B O S

f

g TARE(-70C)8A Y. @Y total proteine  biuret'H
glucoser= &AW o®  GOT+= kinetic UVH 2 =2 total cholesterol= COD-POD

© =2 triglyceride 8 Glycerol 2AWS AF&3te] zH2F A3

= LB

S4de #2437

A FTEA BAECR FEFESL F2 oAE AN FF)eE &
Hkele] 32 &Ag & Agy e 33Ws gide® #AsHUE AAST #
SB7be (259 A, WA, Bt 2 sE Ao 47HA dES AAsilon, H7hA
does 53w ez 34d VEs Fol AdEIE o 2da 259 =94
H7bE fldl, 2t exolA 3ukely FA9 R 9AE MEYS], Rheo meters ©]
L3 259 H L8 (MAX weight), 7% (Hardness) 1 7= (Gel

FAIA €
Axe] EA A= SPSS Version 14 (SPSS, Michigan Avenue, Chicago, IL,

USA) programs AF&3te] One-way ANOVA-test® 2 A3 ¥ Duncan's
multiple range test (Duncan, 1955)2 7+ 942 AA3A

U, 23

Bt AT 120 g AF9] dA FA44S 1655 AHF 293 F A Ans
Table 3-23% 3-24¢ 27} ettt S5&3 A4 E Ci=
oM 7+ =$ILL-HC-VES HL-VO+VE &F7olA 714 wekon(P<0.05),
HL-FO+VE &3¢ HL-FO-VE, HL-VO-VE % LL-HC+VE &3 73t <3

.
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AlREEY 9id §82 =2 AF3EY vEY EE e HL-FO+VES}
HL-VO+VE 3w 74 % #S BAi, LL-HC+VE a7 71 ok
(P<0.05). 4 At EA1FAET dddd g3 &S LL-HC+VE F&ellA 7H =9
©1}(P<0.05), HL-VO-VE$} LL-HC-VE &3 79 +93% o]zt ¢l vHP>0.05).
HR e 9 Fol gk e H= AP fod xolE HolA Futh

(P>0.05).

-

Table 3-23. Growth performance of growing flounder fed the experimental diets

for 15 weeks'

Initial mean ) ) . Specific . . .
Survival Weight gain Hepatosomatic Visceralsomatic
Diets weight %) %) growth rate q 4
. 0 ( o maex maex
(g/fish) (%)

HL-FO-VE 120+22™  80+7.6™ 207+5.4™  1.06+0.02"® 1.81+0.22° 1.79+0.07"

HL-VO-VE 119+1.2 9Q+44  201+105®  1.05+0.04°° 1.74+0.10° 1.78+0.08

LL-HC-VE 121£2.5 92483  196+14.9° 1.03+0.05"  0.97+0.07° 1.91+0.12

HL-FO+VE 119+2.8 80+2.9  230+5.7° 1.13+0.02° 1.62+0.12° 1.97+0.09

HL-VO+VE 120+2.5 93+6.7  197+9.8" 1.03£0.03*  1.40+0.05" 2.08+0.15

LL-HC+VE 121+1.5 85+5.8  209+0.9™ 1.07+0.00° 0.96+0.16" 1.53+0.36

' Values (mean + S.E. of four replications) in the same column not sharing a common
superscript letter are significantly different (P<0.05).
" Not significant (P>0.05).
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Table 3-24. Feed utilization of growing flounder fed the experimental diets for

15 weeks
Freed Daily feed Daily Protein Conditi Thickness
ondaition
Diets efficiency ke (%) protein efficiency fact (cm)
int actor .
(%) T intake (%) ratio /Width (cm)

HL-FO-VE 113+10.1*" 0.68+0.01* 0.33+0.004* 2.8+0.25"  1.36+0.15™ 0.2+0.01™
HL-VO-VE 110+52%  0.740.03" 0.36+0.014"" 2.7£0.13  1.20+0.05  0.2+0.01
LL-HC-VE 107+1.7%"  0.75+0.02" 0.38+0.012" 26+0.04" 1.05+0.12  0.2+0.01
HL-FO+VE 122+1.2°  067£0.01° 0.33+0.006° 2.9+0.03"  1.20+0.07  0.2+0.01
HL-VO+VE 121£0.6"  0.68+0.04" 0.33+0.022" 3.0:0.02°  1.09:0.07  0.2%0.01
LL-HC+VE 9651  0.80+0.03" 0.39+0.002" 2.4+0.13"  1.14+0.08  0.2£0.01

! Values (mean = S.E. of four replications) in the same column not sharing a common
superscript letter are significantly different (P<0.05).
" Not significant (P>0.05).

AbEAE 167 5, oA nFsHd A FE3 A HAFWSHE Table 3-259
vreb it Total protein, glucose 2 cholesterol %2 HL-FO-VE &3 -0l A]
7hd A YERS AL triglyceride $ > HL-VO+VE & a5 7oA 7Hd =%t

Table 3-25. Hematological change of the plasma in growing flounder fed the

experimental diets for 15 weeks'

Diet Total protein Glucose GOT Cholesterol Triglyceride
1S

(g/100ml) (mg/100ml) (IU/L) (g/100ml) (mg/100ml)
HL-FO-VE 4.9+0.15° 445+7.80° 6.3£0.48™ 406+4.6" 85+2.0
HL-VO-VE 3.9+0.12° 31.3+1.50° 8.310.48™ 248+10.9° 51+8.9°
LL-HC-VE 3.9+0.14° 23.3+1.00° 6.8+0.48™ 206+6.2° 56+5.5"
HL-FO+VE 4.4+0.07° 30.5+2.00° 5.5+0.87" 339£16.2° 161+8.4°
HL-VO+VE 4.2+0.10° 31.8+1.93° 7.3+0.75™ 251+11.3" 62+8.2%
LL-HC+VE 4.1+0.03° 28.3+1.80° 6.8+0.25™ 212+5.8 55+5.5%

! Values (mean = S.E. of four replications) in the same column not sharing a common
superscript letter are significantly different (P<0.05).
" Not significant (P>0.05).
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Table 3-26. Fatty acids composition (% of total fatty acids) of dorsal muscle in

growing flounder fed experimental diet for 15 weeks'

Diets

Fatty acids
HL-FO-VE HL-VO-VE LL-HC-VE HL-FO+VE HL-VO+VE LL-HC+VE

C14:0 16012  08+0.01°  15+0.14”  1.7+0.08"  1.0+0.10*  1.7+0.11"
C16:0 238+0.1"  236%0.1" 24910  238x05"  221x05"  25.0+05°
Cl16:1 0.7+0.03"  04+0.01°  09+0.14°  09+0.09°  05x0.05"  0.7+0.05™
C18:0 1.8405 1.740.1 3.3£2.6 3.31.0 29£15 1.840.7

C18:1n-9 6.1+0.11"  74+001° 65019  59+0.25°  7.2:0.05° = 65%0.06"
C18:2n-6 10.0£0.4*  147+01°  109+06™  10.1+02"  153+0.2°  123=1.1°
C18:3n-3 3.7+0.2* 188+0.1°  6.0+04"  38+01"  182+2(° 6.5+0.5"

C20:4n-6 36+0.1° 0.60.1% 2601 1.6+0.7" 1.0£0.3° 2.620.1™
C20:5n-3 6.4+0.2" 3.1+0.1° 6.1+0.2" 6.1+0.1" 3.4+0.4° 6.2+0.3

C22:6n-3 42.3+05° 292+01"  37.3:0.6°  42.7+16°  28320°  36.7+0.9"
n-3HUFA!  487+0.3°  322+0.1°  434+04°  488+15°  31.7+24*  429+0.7°
Crude lipid 5.1+027°  42+058°  25+0.11*°  3.9+0.77°™  4.1+047  2.9+0.29™

! Values (mean = S.E. of four replications) in the same column not sharing a common
superscript letter are significantly different (P<0.05).
’ High unsaturated fatty acids (C=20).
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5(Con)e] AwWE di4l kelp meal 5%(A1), & ™4l krill meal 10%(A2), 18] il
hs, b, A, ks, HE, oAb, AEEE B 4 HAUHAY EdEs A4 1%
A o FibE 3% #H7EeF(A3-A10) F 11FF9 HAIAEE HXA

(Lee et al., 2000, 2002; Kim et al., 2002; Kim and Lee, 2004)o] 95 AA S
th ol9} o] AAE JBEES EUIHE F E95ta, BS Huiste] "oy Az

712 AP ¢ A2oA] 24A 7+ Az Alxd APAIE = -30TAA] Bas)
L
j=]

o?L
e

A q ]
FAEATUFAHE FFF T FFAIRRE 273 o8] AFSAt. FFAS 88
8 AT AUAS FRA2 QA $ WA SR AREZA 044 3
wuon fga] 1577 %A s Nama% 190 28)(09:009F 17:00,
6% ) 4@}y

AbS A AZAI9E TR A F4 AdY HAAAZ F MS222 100ppm -8 < o
Aoje] AAFAE FA8eATh APAIE 2 25
o duhdiE> AOAC (1995)¢] el uwel ek (Nx 6.25)2 Auto Kjeldahl
| HE ALEsH e, 2 10
5] &2 600C 3] sfZ ol A 44
=4tk Ak 242 Folch et al. (1957)9] W] wep &
2ER2Xg% dus TFd@Der F AHdE FE59 14% BF3-methanol
(Sigma, USA) £
(SP™-2560, 100 mx 0.25 mm i. d., film thickness 0.20 um, USA)°] %% gas
chromatography (HP-6890 PLUS, Hewlett-Packard, USA)& A W4 £ &19] o}
Carrier gast #ES A& o0, Oven 2% HZE 140TColA 240C7HA 4T
/min &7FA At} oW, injector =% 250C, detector (FID) &%+ 260C=% z+zt
ARt o, 15 AWite=z 377 A W4k 3= (PUFA 37 Component FAME

ol o7  AHAFS  methylation A7 %, capillary column
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Mix, USA)< *}%3}‘5‘4. e wstE xAbetr] flal 7+ A e Hvtkel
TARIE FEee] ad FARA o] HElE 1 ml FAE ARESE] Aol mE
oA st on, dAaEE 7] (3500 rpm for 10 min)E AFE3dte] A& A
S -70C)3td k. @& total proteine biuretH &
glucoser= &AW o® GOT+= kinetic UVH 2 2 total cholesterol= COD-POD
o =2 triglyceridex= ¢ Glycerol &7 Abg3sto]l Zh2h 2483l

o

2
H

S A A 2

A3 A 7= SPSS Version 14 (SPSS, Michigan Avenue, Chicago, IL,
USA) program< AF83te] One-way ANOVA-testE® A3 3 Duncan's
multiple range test (Duncan, 1955)% 7o #9488 AAs .
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Table 3-27. Composition and proximate analysis of the experiment diets (% of

dry matter basis)

Diets
Ingredient CON Al A2 A3 A4 A5 A6 A7 A8 A9  Al0
Fish meal 50 50 40 50 50 50 50 50 50 50 50
Wheat flour 217 227 267 267 267 267 267 267 267 267 267
Dehulled soya 7 7 7 7 7 7 7 7 7 7 7
Wheat gluten 5 5 5 5 5 5 5 5 5
Beer yeast 2 2 2 2 2 2 2 2 2 2 2
Squid liver oil 1 1 1 1 1 1 1 1 1 1 1
Linseed oil 2 2 2 2 2 2 2 2 2 2 2
soybean oil 2 2 2 2 2 2 2 2 2 2 2
Vitamin premix 15 15 15 15 15 15 15 15 15 15 15
Mineral premix 15 15 15 15 15 15 15 15 15 15 15
Choline 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Vitamin E 004 004 004 004 004 004 004 004 004 004 0.04
Vitamin C 015 015 015 015 015 015 015 015 015 015 0.15
Garlic 1 0.2
Onion 0.5 3
Ginger 0.2 1
Mugwort 0.2 1
Licorice 0.2 1
Wasabi 0.2 1
Orange 1 0.2
Kelp meal )
Krill meal 10
Nutrient contents (% of dry matter basis)
Dry matter 84.0 847 8.7 84 85 89 8.3 8.7 8.7 8.5 871
Crude protein 492 494 481 493 490 483 487 487 496 497 495
Crude lipid 100 100 105 103 103 102 105 102 99 100 98
Ash 94 117 94 9.6 93 103 100 99 9.8 8.3 9.8

it AT 87 gol HAE 16573 A A7 235 Table 3-28¥ 3-29¢ e}

v gick R FPAST B G FAASE BE
ATkl fele Aolst 9RO (P>0.05), AFEESE, AAAEAFE, AAww
HAE 2 BuARE =3 AYARY g Wbl 9B wA agd
(P>0.05)
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Table 3-28. Growth performance of juvenile flounder fed the experimental diets

for 15 weeks

Initial ) ) _ Specific . A .
) ] Survival Weight gain Condition Hepatosomatic Visceralsomati
Diets weight (%) (%) growth fact o d
actor
(g/fish) ° ° rate (%) fndex ¢ mdex

Con  87+0.1™ 86+1.7" 968+72.8"  2.23£0.07™ 1.04+0.06™ 1.82+0.17™ 1.95£0.11™

Al 89+0.1 89+35 861+164 2.17+0.03  1.01£0.04 1.23+0.28 1.89+0.29

A2 8.610.1 8481 955+14.0 2.23£0.03  0.99+0.04 1.45%0.15 1.94+0.14

A3 89+0.1 89+2.3 914+70.8 2.20x0.06  1.04£0.02 1.43+0.27 2.01+0.18

A4 85+0.1 85+4.3 998+28.6 2.27+0.03  1.10£0.03 1.75+0.28 2.15+0.07

Ab 8.6+0.1 8952 986+15.6 2.27+0.03  0.99+0.06 1.53+0.22 1.91+0.13

A6 8.8+0.1 89+£3.5 1003£53.7  2.30+0.06 1.05+£0.05 1.86+0.39 1.96+0.17

A7 87402 8539 992428 2.27+0.03  1.06+0.05 1.50+0.33 1.81+0.23

A8 8.8+0.1 84+2.3 987£75.9 2.27+0.07  1.02£0.01 1.20+0.26 1.80+0.39

A9 8.8+0.1 88+1.5 985+64.8 2.30+0.06  1.03+0.02 1.51+0.21 2.1210.02

Al10 88£0.2 85£1.7 959+36.6 2.27+0.03  1.02+0.02 1.28+0.21 1.96+0.07
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Table 3-29. Feed utilization of juvenile flounder fed the experimental diets for 15

weeks
Diets Feed efficiency Daily feed intake Daily protein Protein efficiency

(%) (2%) intake (%) ratio
Con 104+9.7™ 0.08+0.006™ 0.04+0.001™ 2.10+0.21™
Al 105+4.0 0.07+0.002 0.03+0.003 2.13+0.09
A2 11199 0.07+0.00 0.03+0.003 2.27+0.20
A3 112491 0.07+0.007 0.03+0.003 2.30+0.17
A4 106+11.3 0.07+0.007 0.03+0.003 2.17+0.23
Ab 117+2.4 0.07+0.002 0.03+0.003 2.43+0.03
A6 109+4.7 0.07+0.006 0.03+0.003 2.27+0.09
A7 106+7.2 0.08+0.006 0.03+0.003 2.17+0.15
A8 117+10.3 0.08+0.007 0.04+0.006 2.37+0.22
A9 114+3.0 0.08+0.006 0.04+0.003 2.27+0.03
A10 116+10.2 0.08+0.004 0.04+0.003 2.37+0.22

of A o] mR-Fuo A FEe HH AJAAWStE Table 3-309] YeERATE Total
protein $F#F2 kelp meals 713k Ald} H7MA] =S H7EsE A5 35 7olA
= YER A, RS U A8 Fw TelA 7Y W kth(P<0.05). Triglyceride
TS kiills H7EE A2 Fw T 7HE =%kou, Con, #E(A4) B SRARH]
(A10) H7Fok fref g 2ol 7k il o™ (P>0.05), AB73(ADI °F4(A8) H7Fll Al

st Bt AU glucose, GOT ¥ cholesterol S Alm 3 7kAo]

A 9k tH(P<0.05).

i)

p\v
flo

o
o
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Table 3-30. Hematological change of the plasma in juvenile flounder fed the

experimental diets for 15 weeks'

Diet Total protein  Glucose GOT Cholesterol Triglyceride
1€etS

(g/100ml) (mg/100ml) (IU/L) (g/100ml) (mg/100ml)
Con 3.63+0.03% 27.3+1.18™ 10.3+0.75" 243+11.6"™ 146427 .4°
Al 3.70+0.07° 28 50+0.65 9.0£0.58 242463 66+13.4%
A2 3.58+0.05°4 31.75+4.21 13.5+1.50 230+6.0 162+17.2°
A3 3.52+0.09"1  2450+0.65 13.3+2.39 230+16.9 714597
A4 3.60+0.09"¢ 25.75+1.93 15.0+1.92 253+8.8 113+15.3™
A5 3.73+0.15° 24.50+0.65 11.3+0.75 260+13.7 79+17.4™
A6 3.50+0.04™¢  27.00+1.87 13.3+0.85 222+4.1 60+11.8"
A7 3.63+0.05 26.25+0.48 12.0+1.29 249495 57+7.0°
A8 3.30+0.07° 23.25+0.48 10.0+0.71 214+12.0 44425
A9 3.35+0.10%" 27.25+0.95 12.8+0.48 235+15.4 68+8.1%
A10 3.40+0.08%° 2450+1.19 11.3+1.03 219+4.0 154+34.3°

' Values (mean + S.E. of four replications) in the same column not sharing a common
superscript letter are significantly different (P<0.05).
" Not significant (P>0.05).
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W, 2% A 2Ae AR Al FFS WA ATHP>005). 524 A

AehaF ek A3 7k {2l 2polE Kol X g THP>0.05).
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Table 3-31. Fatty acids and crude lipid composition (%) of dorsal muscle in

juvenile flounder fed experimental diet for 15 weeks

Diets

CON Al A2 A3 A4 A5 A6 A7 A8 A9 Al10 SEM

Fatty acids (% of total fatty acids)

C16:0 230 231 239 234 237 231 229 238 236 234 239 036
C16:1 0.2 0.2 0.2 0.3 0.2 0.3 0.2 0.2 0.2 0.2 02 001
C17:0 0.1 0.1 0.2 0.1 0.2 0.2 0.1 0.1 0.1 0.1 01  0.05
C171 0.5 0.4 0.2 0.2 0.1 0.4 0.4 0.2 0.2 0.4 04  0.04
C18:0 6.4 6.5 7.0 4.7 5.7 7.0 7.0 4.6 4.6 4.7 49 048

C181n-9 139 136 133 142 140 135 134 137 137 135 137 012
C18:2n-6 199 182 181 187 168 186 180 182 181 179 179 024
C18:3n-3 6.7 6.0 6.4 6.8 5.6 6.1 6.4 6.5 6.6 6.4 6.1 0.13
C18:3n-6 0.2 0.1 0.3 0.2 0.3 0.4 0.3 0.2 0.2 0.2 03  0.02
C20:3n-3 0.1 0.1 0.3 0.2 0.2 0.2 0.1 0.1 0.1 0.3 02  0.02
C20:4n-6 0.6 0.6 0.6 0.5 0.7 0.6 0.7 0.7 0.6 1.0 06  0.05
C20:5n-3 5.3 5.8 5.7 5.7 4.6 5.2 5.7 59 5.7 5.7 55  0.09
C22:1n-9 0.2 0.2 0.2 0.2 0.3 0.3 0.2 0.2 0.2 0.2 02 0.01
C22:6n-3 229 251 236 248 229 243 245 256 259 260 259 034
n-3HUFA' 283 310 236 307 277 297 304 316 317 320 316 04l
Crude lipid 3.0 3.3 3.6 2.5 3.2 24 3.9 3.0 3.6 2.7 29 013

! High unsaturated fatty acids (C=20).

o] o] AFEE Hol B Ao ALH HAAESL WA ol AH L A m

o] g Aol JEFS mAA P Aoz A7ZLHATE FA T o)A AFSo|A AR AT}
g | PTG RuEoe] Qu} aHrng g%

F A7bAlC E FX Koje] Wenkg B AW AgAe] te AFIt e o
t}

kv
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2. WEABW DHFE BAAL A SH09 4, FAYY ° 2%
Ay 24 AT 9%

Y. s 2 3N

AAA R

Table 3-27¢] Webd uie}l o], fixAE(Con)e= T8 dHddom o5 A}
ge9a, BgEgdon A
fr B NFFE 22 ARSI teFe HbAle] aaE ZAbeH
F(Con)e A™E thal kelp meal 5%(A1), oJ& ™Al krill meal 10%(A2), :LE]
15 (A3), AEEH(A4) R A4 HIHAIY] EF=(AD)S A4 1%¥% H7bstel &
T AEAEE YA Q7 F(Lee et al, 2000, 2002; Kim et al., 2002; Kim
and Lee, 2004)° Zt== AAstdrh. olef o] A AREs EEIHE & &
Fotal, &5 ket AU Axr|2 AEe §F A2oA 24413 Axsdo A=

A AYARE 30T BAFUA AR FFAsTE At

Ao B ARG

AE 23 A FARNA HA S FAs] AT A=A T
WHHAE R FEF F AFARR 253 dn] St FEAT 120 ¢ HFe
Aols T2 Adate] F 33709 FRP $242(300L)¢ 200124 3wzo
Fgate] 1573 A5

AT A A FRAGE 24 AU A7 F MS222 100ppm 52&-9
ool AAMFAS ZHAY. HPARE E 2%
o] g AOAC (1995)° Wel weh Zead(Nx 6252 Auto Kieldahl

] Abgst o, a2 10

-
]2 600C 3] sfZ ol A 44
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Fi

S HE =

22¥gd dus sFdd@Der F AEde FE59 14% BF3-methanol
(Sigma, USA) &

(SP™-2560, 100 mx 0.25 mm i. d., film thickness 0.20 um, USA)°] %% gas
chromatography (HP-6890 PLUS, Hewlett-Packard, USA)Z A WAHS F2413} ¢t}
Carrier gast™ HEZS AFE39 o™ Oven =%+ FH X 140TColA 240C7HA 4
/min S 7FA AT olw, injector &%+ 250T, detector (FID) &%+ 260C= 7}7}
AR o, x+ AWatez 377 A A &35 (PUFA 37 Component FAME
Mix, USA)& AH&stith. @A T WstE xAbsty] 98 22 A3 5vpe

H
oo g  XHWAkS methylation A%l $, capillary column

TR 2 FEE] g FALAol HHH 1 ml FAE AFEste] A oo mi
oA aEstgon, dAaEE 7] (3500 rpm for 10 min)E AFE3de] A& HHA
S BHE Y8 FZAHRE(T70T)3T. @AW total proteine  biuretH &%

glucoser= TAHOo= GOT9 GPT+ kinetic UVW O = total cholesterol2
COD-PODY ©. & triglyceride™= 2] Glycerol 27 WS AFg3to] zhzp 4381 o),

S A A 2

Aylel FA AHglE= SPSS Version 14 (SPSS, Michigan Avenue, Chicago, IL,
USA) programs AF83te] One-way ANOVA-testE® 2 A3 3 Duncan's
multiple range test (Duncan, 1955)% 7o #9488 AAs .

. A

Bt AT 12029 g HAE 1573 AS APe A5 Table 3-32% 3-339]
el AES, TF8, S, ¢ TEAS

T3kl frolgk zbol7t AATHP>0.05). AlnE &Y dAdE &S vtsS HIFS A3
THT M =S #FS BIJou(P<0.05), 2 9 AEghel 23 2ol gl
THP>0.05). dUAIEAFAE, ddddg31E vovs 9 Fo g FA vE
A7 Ao &S A FATHP>0.05).

=

- 154 -



Table 3-32. Growth performance of growing flounder fed the experimental diets

for 15 weeks'

Initial mean

_ . Survival Weight gain Specific growth Hepatosomatic Visceralsomatic
Diets weight
i (%) (%) rate (%) index index

(g/fish)
Con 122+2.5" 72+9.3™  207+6.6™ 1.07+0.02" 1.97+0.07™ 2.18+0.143™
Al 119+0.6 90+2.9  220+7.2 1.11+£0.02 1.62+0.15 2.15+0.06
A2 119+4.9 75450  193+£9.7 1.02+0.03 1.72+0.30 1.90+0.07
A3 121+3.0 80+£10.0 218+1.5 1.10+0.01 1.22+0.35 1.86+£0.23
A4 121+2.1 75+13.2 237+15.0 1.15+£0.04 1.68+0.08 2.08+0.04
A5 119+3.9 70+£10.0 216+25.8 1.09+0.07 1.80+0.10 1.98+0.01

' Values (mean + S.E. of four replications) in the same column not sharing a common

superscript letter are significantly different (P<0.05).
"™ Not significant (P>0.05).

Table 3-33. Feed utilization of growing flounder fed the experimental diets for

15 weeks'

Feed Daily feed Daily protein Protein Condition Thickness
Diets efficiency efficiency (cm)

(%) intake (%) intake (%) Ltio factor AWidth (em)
Con 103+5.8" 0.69+0.03"™ 0.34+0.019™ 2.5+0.14° 1.21+0.04™ 0.2+0.01™
Al 112+3.1° 0.76+0.02  0.38+0.01 2.7+0.13" 1.12+0.07  0.2+0.02
A2 107+1.1° 0.67+0.01  0.33+0.01 2.6+0.04" 1.20+0.02  0.2+0.01
A3 127+2.9" 0.63+0.04  0.31+0.02 3.1+0.12° 1.21+0.06  0.2+0.01
A4 113+£2.2° 0.68+0.04  0.34+0.02 2.7+0.10° 1.14+0.01  0.2+0.01
A5 106+5.5° 0.68+0.02  0.33+0.10 2.6%0.24° 1.18+0.03  0.2+0.01

' Values (mean + S.E. of four replications) in the same column not sharing a common

A58 15% 7,

superscript letter are significantly different (P<0.05).
" Not significant (P>0.05).

of Aol P EHelq FEF F
T =

el AT} Total protein, glucose % GO

o] A ekt ovH(P>0.05), cholesterol> A2 &FHF oA 714 =&
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A4t A5 FFT9F Fost Zol7k gl Triglyceride %2 A3 v 77F &
Ats el HlE] el ek Al =A Ve THP<0.05).

Table 3-34. Hematological change of the plasma in growing flounder fed the

experimental diets for 15 weeks'

Diets Total protein  Glucose GOT Cholesterol Triglyceride
(g/100ml) (mg/100ml) (IU/L) (g/100ml) (mg/100ml)

Con 4.2+0.14™ 36+6.0" 6.0+0.4™ 208+3.4" 42+87°

Al 4.2+0.14 30+2.2 6.0+0.0 205+6.6 72+7.1°

A2 4.4+0.18 30+1.6 5.8+0.3 243+11.7° 44+6.6"

A3 4.2+0.11 24+15 5.3+0.3 218+1.3" 167+184°
A4 4.4+0.05 31+2.8 5.8£0.3 228+7 2% 44+6.1°

A5 4.340.12 32+1.1 5.8£0.5 234+10.7™ 70+8.3"

! Values (mean = S.E. of four replications) in the same column not sharing a common
superscript letter are significantly different (P<0.05).
" Not significant (P>0.05).

ASAY FR T, FE% AWN 24 % ADFFL Table 3-3500 EASAT
T5Y 160, 181n-9, 182n-6 ¥ 22:6n-3 > AP Fogk Aol §lo

e e nYov, SU%d ALY E=F AN /A% Aok A
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Table 3-35. Fatty acids (% of total fatty acids) and crude lipid (% of dry
matter basis) composition of dorsal muscle in growing flounder fed

experimental diet for 15 weeks

Diets
Fatty acids Con Al A2 A3 A4 Ab
C14:0 1.5+0.1° 1.5+0.1° 2.2+0.1° 1.4+0.2" 1.74£0.1° 1.4+0.1°
C16:0 24.8+1.3 25.0+0.8 26.4+0.3 25.0+0.8 25.2+0.3 25.8+0.7
C16:1 0.9+0.5 0.6+0.1 0.8+0.1 0.6+0.1 0.9+0.2 0.9+0.2
C18:0 0.5+0.1 2.8+19 0.9+0.1 1.3+0.2 1.7+0.4 1.5+0.6
C18:1n-9 9.6+2.3 7.8+0.2 7.3+0.5 7.1+0.2 6.4+0.8 8.2+0.3

C18:2n-6 172407  175+04 187407 17.640.6 18.40.1 17.4+0.1
C18:3n-3 75204 6.7£0.3 7.2+0.7 8.7+3.0 74£0.2 6.4=0.1
C20:4n-6 20£0.1° 06017 0.6£0.1 0.5+0.1* 1.2£0.3 1.0+£0.4™
C20:5n-3 5.0+0.2 5.1+0.3 5.4%0.1 5.2+0.5 5.6=0.1 5.0+0.2
C22:6n-3 31.0+2.3  324%13 30.6+1.4 32.7+1.2 31.5+0.9 32.440.9
n-3HUFA'  36.0:21  375+13 36.0£15 39.9+1.3 37.2+0.8 37406

Crude lipid  2.7+0.67 3.7£0.56 2.7£0.44 3.7£0.93 3.410.86 2.2£0.09

! High unsaturated fatty acids (C=20).

ool AER Kol B Aol AhgE HIMAES |A Ao A 3 AR
ol gl FEFE WAA dof Aojok FAg AikE BT AR old ATEel
thal ®arse] vk 19

ne, 5 gdd drpAC A gA S deE uewg 2 Ay A%

ol vigk A57F Ao & Aow AZhHEU

- 157 -



3.3. 398 =78 93 Ay dF

1. 94 Atg HA7HA 5o @A AR, A4 2 998 Fol v
A 9%
7b A E

2} ¥ 7] & o l‘i?i@rﬂoi STHANE 7= A
grdel m=ar s wistel] Wdo] Aeto] mlaA kel &oldtr] wiitel dH o]
Bk FaolEow deso] gt w3k vl dE
of g ® Qe dxo o ALKAHoR Friete] dA FAAAe] TS THA
gt 20073 =ul o F Ml FAAF(F 97,000%)e] 42.2%<F FAAHE
8029 1) 9] 547%E A sHHEA(MIFAFF, 2008) @A $-2luatels 7+ F2d 3
bl FA o g Folth webA JAo] E&Ad FAANS A ATEA AR
FAa 27 T (Lee et al, 2002a; Lee et al, 2003; Kim and Lee, 2004), t}<F
A o] o] &4 (Yoo et al, 2006), Al &5 A= (Kim et al, 2002b; Seo et
al., 2005; Cho, 2005; Cho et al, 2006) ¥ ¥ A 7] (Kikuchi, 1999; Kim
et al, 2003; Cho et al, 2005a, b; Pham et al, 2005; ) %ol thdt t}st A7)
egsoigity, 2 H AW 319 Hgom gAo uRIA AES ST
Agd "A7Al A=A FYgo]l FEE(Park at al, 2003), ] EAHKIm et al.,
1998; Lee et al., 1998; Kim et al, 2000), $HAA(Kim et al., 1996), WAt AFA|
g (Kim at al., 2006) ¥ =2 7FA(Cho et al, 2007) 59 tdst H7kAE o]
&3 JAY BEE T, 194 FUF 25FE N 2 AT NS S vdd
AEel Bad \f Atk a2y {GAY A5 FAEE TSt ol THA
Qe ogk {xe] A WA o2 Qg g o tfRFHALR Qlste] X g o

.
MES Be AAA ofdee AT Y] Wi ¥ YA Wy B
i

O

o
L)
Au)
N
o
ol
2

09,

rob

rE

Ao s 4me) ARAAAE 0§ ool Y % WY Gl o
L

. W el % (Opuntia  ficus—indica ver.
A oo e E7)E Ao wdedor ukadd
] EY(Kim et al, 2002c)9] &%°] Bi ¥ v} it}

aglz FRolA dojxl= A EA Bl Z2Z e A(pro-polis)E Uyt
i

N 9 Edoln, gt L Fatsle] &
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N Edoletn Hay v Jth(Kim et al, 2002a; Lee et al., 2002b). 1] 3L JS+r

=
(JS lactic acid bacteria) AXY AA2EF & AES AAZ 3 A EFFAA

Fsab(Allium cepa)

[e)
[e]
3T 3T
F 2 AAAEFeR de ¢y

rlr
=
st
&
-
b
_O‘L
rlr
—r
%
i
o
e
fr
>
1>

2y
1>
o
9
i)
=2

°of ¢ TuEdolA ZHlzElE Astel= A A ALR dEAd o
(Vinson, 1999), @&+ &4 (Ryu and Jung, 1999)3 3:F3l& 3 (Lim et al, 2005)7} <&
A ek HT Ao A EA] FAES oAl Rl EvE TRy
PGA)2 LfFel A& AEAEA dEA ATk
(Hahm, 2005). %3+ -7]+3(Organic sulfur) 2 Biostone® %o]

ol\

7 E EY 38 AR G

o

o] of FUYAol ol §Hm Utk thd ARAIAIE FAFA Rkl F83A 489
S glont Fbdolm AAAL AT of AR E Mg E Aol

weld B AT L e ARHAAE ol gskel WA MEAR HAFO
A WA folrle 4R, Az R Wy el WAL 9% FAFORA

182 WEANEE AR ARt B

92 frole AR S fA g AJAFAGANA TSk, A
ol 30mkelE 27709

7} 7) st o ZF o] Hit 7.2 L/ming

oA AANTE FESAT B SR AEHH O F aeration

s
2 FHsgoM, $F/E AAYF/ 20L gt ASEA Fee 16

YA R AFAE EH

B poaE F 957 [DhEF(control, Con)-FH7, @& X (Opuntia
ficus—indica ver. saboten, OF), @< 2% ~(pro-polis, PP), @JSAkr (2] & A

- 1589 -



2, ]S), @y-PGA(E =4 2aE Fdl, yP), ©®Y35F%E(Onion extract, OE), @
7] 63 (Organic  sulfur, 0S), ®#}o] & ~E(Biostone, BS), @3} 7] ~(Fig
extract, FE)]9] A= 71A17F H7te A AsE #vlstd o, 7 A3 45 3nkE

T FUTH(Table 3-36). o} ¥, GugjFu 2 ZIFARS Fo UNAUOT o
[e)

il

of Artstglom, FaHdrae 1% s27t HAF & il H7bskAh
B AdARe] das SRR sl E89 § o2 T3¢ vER Aol
+ s A 24A7F AEAIR &
20Tl A Bastua Barviy 24 ARGt AlrEEE 19 23(07:00 2
2 6 °

3

bgdd J7HAE HUEe AFRS Faol |Ae dHH mA= d¥ds Abet
71§18t WA Al Edwardsiella tarda 219 524 12vF2]9] F292
=8 HAAA #ALES AAEAT. =, AE FF= TSA A olA 27, 2443
st & Hatsto], oAl A2 1x108 cfu/ml (OD 600 nm=0.3)°] H ==
AGAA HAo Bl 01 mly FASE & ApgsteE AAIE AASI ] FRoH,
B2 FAE o] % 253 #Eskt

3 ] 2t $x29 5ulgly AlZste] dubgd R R

of o] &atdith AAE B oA AP ES AOAC (1990)°] ol whel 4]
sttt 2w A (Nx6.25)2 Auto Kjeldahl System (Buchi, Switzerland; Metrohm,
Switzerland)& ©]-&3te] #A5k%lal, A H L ether FEHS ol &ston, &
£ 105C 9 dry ovenoll Al 6A17F =<k Ax ow Z3IEL 600Ce 3

st A 4A7E B3k e F ek

1%

=439

M
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57 #4

One-way ANOVA, Duncan's multiple range test (Duncan, 1955)¢} Tukey test
#2418 SAS version 9.1 (SAS Institute, Cary, NC, USA) X2 138S o] g3lo] 7}
AT fFode HAAsAH

. A% % =9

QA fold 48 2 AL ol &4

vkt AR HNA 23E AFAEE 6573 T T HA frold AEE
(%), oJAFT F7FH(g/fish) 2 LLAAE(specific growth rate, SGR)E Table
3-37°1 YetAth BE AT FX AEES 9% ol A HEwg e
ZE AT YA AolE HolA FStHP > 0.05). LHy AT %—7}‘%?»8—
FHFEEol H7tE HIAROE)E T3 AP TlA dHx7(Con) R ZmEE
27F Z7te AdAERPP)E Ed AR oA oR =4 e ew(p <
0.05), vr=oz F3paA 7| A(FE), 771+2(0S), JSAE(JS), Hhol @ 2=(BS), W
H2(0F) % y-PGAGP)9 o2 YEytou 24l Afo]& HolA FUTHP >
0.05). & ATolA AHEE ot M7k 5 dFHFEEol dAe A JHAdd of
T 2 e Ao %%EJU%, T3t 7], S

9 ouag A% Whe s

=
CHKim et al, 1998; Lee et al., 1998; Yeo and Rho, 2004). ¥ <]

Aol GAEA AFEW FEgls) A A ) dx9 AlR AHHFLS ZrA Ao,
HAxel A4 Mdass 7Ided & Ao Bagk vk 9t (Cho et al, 2007). HE3F

dAdGES SFFEE(0E), 78497 ~(FE), #F71+30S), JSHAtet(JS), =t
WA X(OF) H7b7F Z22&2=(PP) H7HEY folAor =

< Aoz YEtHP < 0.05).
677el  AbsAR FRA YA AbE &AM FH(g/fish), APEAFEE(Feed
efficiency rate, FER), @ 2 43} & & (Protein efficiency rate, PER), Tl 2 Z=4 &
A 9= (Hepatosomatic index, HSI) % H|¥%=

(Protein retention, PR), ZFA]
(Condition factor, CF)+ Table 3-389] YEFH AT AlE2u] ) A5 A 3]
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(OE) 7} 953 ZAo= vyt

dale] A gH e} vivte S Az 7 AP oA AolE Holx &
RARHP > 0.05), HIWre= AL H7FAIZE 29 A 52 oz T ol Hlé‘}@ AL s A
7PA 7Y E3E BE Aol A EolA e A
ATFANAE FE&uABEF] A EF H7Me AARE TS AP HvET o

Zo v)Ete] AAE T B a3 (Yeo and Rho, 2004).
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TP > 0.05) (Table 3-39). Z2#} A= kAl (Lee and Lim T
S ZxHCho et al, 2007) FH7b= ofAe] A FHFS FAAZITI Bag v)

£ 2gTelA 2vtelw Axbskel ) 4T

= AR
ol FElgk ApolE wES F7F AT wEkA 25310 gFols AET fAE
8

BA &4

Ay TEA BE AT G2 BA @0 F94<l el zh dE vERy
A gkt (Fig. 3-1). 284 Cl9A o=z AdS Fo3t & wdd % (0F), y-PGA(~y
P)o} ¥3FEE(0E) H7brolA BAl @go] o4 A S7hetdthFig. 3-2;
ANOVA Tukey, P < 0.05). AtE1W Vitamin ES 3 7}ste] Foldk Ax}b HojoA
B &Aool F7138t% 2 (Obach et al., 1993), &3+ 7|2k H7IAL R FFo] yd
detylolo] BA 4S5 F7HA I tHKwon, 1999) 3 K 1138}%1

7hA o] EolA wWeonkge tig JFS BASATh SJFA ] FHe ¢4, A
o 2188 dHS 96 well plated] 1/205-8 1/204807F4] Full® A s]4

50w Fdstd o, upA et wellol] negative control® 5009 PBSE ¥ttt E
tarda 219 FKCE PBS® 33] A 23t bmg/mle =% dAEd T 50uE 2 well
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of &Fsta Ao AR FH/FA = SHEEEo] dojues HudAuaR
A AARsAY. L A WHEx HIFH(O0F)E 3ud dAelA SRFA 7 79
05). ¥ A5+ Aol fFAFS}
A MAZE o] &3t in vitro9t in vivodl Xl M- x7}F Salmonella®t E. colidll ol
Fd s HolA A A A 2 WY S 237F dvkal B sk tH(Kim
et al., 2002).
Uddetgots tidor AAIE dAolAe 1A HE AR Rt gix
Ats ol vlste] =2 & FA7FE BT (Kwon et al, 1999).
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Table 3-36. Ingredients (%) and nutrient composition of the experimental diets

Experimental diets
Con OF PP Js P OE OS BS FE

Ingredient (%)

Fishmeal 40 40 40 40 40 40 40 40 40

Dehulled soybean meal 20 20 20 20 20 20 20 20 20

Corn gluten 10 10 10 10 10 10 10 10 10

Wheat flour 23 22 22 22 22 22 22 23 22

Soybean oil 49 49 49 49 49 49 49 49 49

Vitamin premix' 1 1 1 1 1 1 1 11

Mineral premix” 1 1 1 1 1 1 1 11

Choline (50%) 0T 01 01 01 01 01 01 01 01

Opuntia ficus—indica !

ver. saboten’

Pl‘O*pOlng 1

JS lactic acid 1

bacteria”’

y-PGA’® 1

Onion extract’ 1

Organic sulfur’ 1

Biostone® 1

Fig extract’ +
Nutrients (%, DM basis)

Crude protein 51.3 5H1.8 51.8 5H37 519 5H25 524 531 524

Crude lipid 102 107 111 109 99 105 98 108 10.2

Ash 778 85 7T 7T 87 718 716 86

Witamin premix contained the following amount which were diluted in cellulose (g kg ' mix):
L-ascorbic acid, 121.2; DL-a-tocopheryl acetate, 18.8; thiamin hydrochloride, 2.7; riboflavin, 9.1,
pyridoxine hydrochloride, 1.8; niacin, 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; cholecalciferol,
0.003; cyanocobalamin, 0.003.

2Mineral premix contained the following ingredients (g kg-1 mix): MgSO47H-0, 80.0;
NaHoPO4-2H-0, 370.0; KCI, 130.0; Ferric citrate, 40.0; ZnSO4 7H2O, 20.0; Ca-lactate, 356.5; CuCl,
0.2; AlCI3-6H20, 0.15; KI, 0.15; NaxSe20s, 0.01; MnSO4-H20, 2.0; CoClz-6H20, 1.0.

3Opuntia ficus—indica ver. saboten, Pro-polis, ]S lactic acid bacteria, y-PGA, Onion extract, Organi
sulfur and Biostone were supplied by Jeilfeed Co. Ltd. (Haman, Gyeongsangnam-do, Korea).

4Fig extract was purchased from Bosunggreentea Co. Ltd. (Bosung—gun, Jeollanam-do, Korea).
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Table 3-37. Growth performance of olive flounder fed the diets containing

various sources of additives for 6 weeks (MeantSE)

Diets Initial Weight Final Weight Survival Weighjc gain SGR!
(g/fish) (g/fish) (%) (g/fish)
Con 2504002  722+1.08  96.7£1.92"  47.3+1.09"  29+0.04"
OF 25.040.02  733+1.73™  94.4+294*  483+1.74™  29+0.07°
PP 250+0.07  69.1+1.38°  96.7+1.92"  44.1%1.33° 2.70.05"
JS 25.040.03  744+1.05"  96.7+1.92"  49.4+1.05° = 2.9+0.04°
yP 25.0+0.02 728141  989+1.11*  47.9+1.43™  29+0.05"
OE 25.0+0.03  775+0.87°  97.8+1.11*  525+0.90% 3.1+0.03"
0S 25.0+0.05  74.6+1.04"  94.4+222"  496+1.01"  3.0+0.03"
BS 250+0.03  742+145"  97.8+222°  492+147" 294005
FE 25.040.04  76.1£242"  96.7£1.92* 511239  3.0£0.08

'SGR = (Ln final weight of fish - Ln initial weight of fish)x100/days of feeding

trial.
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Table 3-38. Feed consumption (g/fish), feed efficiency ratio (FER), protein efficiency

ratio (PER), protein retention (PR), hepatosomatic index (HSI) and

condition factor (CF) of olive flounder at the end of the 6-week feeding
trial (MeantSE)

Feed
Diets consumption FER! PER® PR’ HSI! CF’
(g/fish)

Con 481+0.73"  0.98+0.008"  1.92+0.015"  36.4+1.33" 2.23+0.166" 0.93+0.018"
OF 49.5+0.33"  0.98+0.034"  1.89+0.065"  36.0+2.15" 2.09+0.113" 1.00£0.007"
PP 46.5+1.24"  0.95+0.004"  1.83+0.007°  35.4+0.36" 1.97+0.152° 1.01+0.017°
JS 50.5+1.06"  0.98+0.014" 1.82+0.025"  32.7+1.97" 2.33+0.038" 0.98+0.010"
yP 49.5+0.28"  0.97+0.027"  1.86+0.052"  35.2+1.44° 2.41+0.088" 0.99+0.022"
OE 51.3+2.04"  1.03+0.026"  1.95+0.050"  36.5+1.30" 2.05+0.098" 1.03+0.012°
(ON} 51.2+0.46"  0.97+0.026"  1.85+0.050"°  34.7+0.53" 2.07+0.041° 1.04+0.032°
BS 51.9+1.12°  0.95+0.047"  1.81+0.089"  35.0+2.73" 2.15+0.029" 1.02+0.032*
FE 50.7£1.52%  1.01+0.041"  1.90+0.077°  35.9+1.82° 2.23+0.111° 0.99+0.043"

"Feed efficiency ratio (FER) = Weight gain of fish/feed consumed.

*Protein efficiency ratio (PER) = Weight gain of fish/protein consumed.

Protein retention (PR) = Protein gainx100/protein consumed.

*Hepatosomatic index (HSI) = Liver weightx100/fish weight.

®Condition factor (CF) = Fish weightx100/total length®.
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Table 3-39. Proximate composition (%) of olive flounder at the end of the 6-week

feeding trial (MeantSE)

Whole body of fish without liver

Diets
Moisture Crude protein Crude lipid Ash
Con 73.7+0.78" 18.0+0.39" 4.1+0.05" 3.1+0.37"
OF 73.1+0.47* 18.1+0.51° 4.3+0.19" 3.0+0.23"
PP 74.8+1.15" 18.2+0.10" 4.1+0.19° 3.1+0.14"
JS 73.2+0.43" 17.4+0.58" 4.4+0.39° 3.2+0.12°
vP 74.2+0.49" 18.0+0.28" 4.0+0.49" 3.3+0.31"
OE 75.1+0.32° 17.9+0.23" 3.8+0.25" 3.7+0.34"
(0N} 74.9+0.17" 17.9+0.15 4.2+0.18" 2.9+0.15"
BS 73.8+0.40° 18.2+0.40% 4.3+0.38" 3.1+0.03"
FE 74.6+0.51° 18.0+0.18" 4.3+0.33" 2.8+0.23"
Liver
Diets
Moisture Crude protein Crude lipid
Con 60.6+0.65" 10.3+0.17° 20.4+2.31°
OF 59.6+0.98" 10.3+0.37* 19.2+1.51°
PP 59.1+1.19° 10.2+0.40" 21.0+1.70°%
JS 60.3+0.99" 9.5+0.09" 18.9+1.26"
yP 60.5+2.34" 9.7+0.26" 21.81.07"
OE 59.7+0.79" 10.2+0.17* 20.8+0.59"
(ON} 60.5+1.85" 10.2+0.41° 19.2+0.17°
BS 60.9+0.49" 10.7+0.15" 22.0+1.23°
FE 59.3+1.16" 10.7+0.20" 23.0£0.87"
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Fig. 3-1. Effects of dietary additives on alternative complement activation

pathway in olive flounder (Paralichthys olivaceus).

1.2 -
* *

~~ 1 | *
X
g 0.8
Z 0.6
2 04
%

0.2 -

0

Con OF PP JS vP OE OS BS FE
Treatments

Fig. 3-2. Effects of dietary additives on alternative complement activation
pathway in olive flounder (Paralichthys olivaceus) in 2 weeks after E.

tarda infection.
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Fig. 3-3. Agglutination titer of olive flounder at the end of the 6-week

feeding trial in 2 weeks after E. fardainfection.
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2. A5 29 &8y, o} 2B ZE K - HE S HI G A 9 v S o] A W ukg- 3
o] ¥ Al # (Edwardsilllatarda) % 34 ol v] X] = 9 &

7h A E

Il A 7Hd Beo
= AAA EAE 1=l 0103*1 11 3 A
Bt WA vAE F dEYSoE Edwardsiella tardaS € 4 Ut} Edwardsiella
tardat= Enterobacteriaceae¥oll £3dl= ZL¥SA ¢ 0= A Edwardsiella S &5 9] ¥<lo]
Ho, 23 g2ojFel Aol (Wakabayashi and Egusa, 1973), chinook salmon
(Amandi et al, 1982), x| (Nakatsugawa, 1933), © &} o}(Kubota et al, 1981), o]
(Sae-Oui et al, 1984), =¥ 7](Meyer and Bullock, 1973) % << o}(Kusuda et al.,
1976)9F o] TrgFe ol Fol A FRSIstA daE Al Ark ol oAy AWAR
Ao g i A2 oA E oxytetracycline¥} #2 FAFAAZS FEEEA A&
star vk FAFAAL FEES A2 ofFd O oAl WS FUHAA
(Mcphearson et al, 1991), o}7¢ WIHE A AlZlth (Heo et al, 1992). <ol
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geto] gtAlskal vk webA A A Wetem Fzkgo] gle AdEde] TR
FHoFo BATAA AEe STV AR FAAAY VA HAEETE Ay
1 9= A Aol

9 &y B A EFE Cyanophyceae”d, Nostocales¥oll 43tn wuld g5
o] 60%°]7, 7HE €T 100-200mg/100g, 2154 WAk 8% o], WEebnF, 2k, )
FAAlotd & A Al od dEFLd =2 a%EE I o8] W w2 A
g ddolet & 4 vk wEbA Tk, offF ¥ dAle=e ARl HUbHE = Aol AT
A nHE L dnh Hole AR AE H oy e AEHER o8] 9
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o}~ e} el (Astaxanthin) A, 7Hl AAZRE FEH= JI2E =0 =A Mo o
ToR AAA 53] fjFdAed e wExE dil =i, dof, Fof, AF % T F
o AME FoMow WA= 2 Z dEAd i (Chien and Jeng, 1992;

=
Mensaveta et al, 1994). HE3F ol2elFES Eotd 24 E oA AY XA
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(oxygen free radical)E A Ast= 7lso] g Evue AFZ297 FHE 50 RuyHa
A THGoto et al., 2001, Mortensen et al., 2001; Pan et al., 2003; Winston et al., 2004).

AFe= ARl virfolal -2jubete] FH vkl 9 ]OPU% R s 7HE wol W
I QlolA ol 3tel] AAstE slEFY TR vt FH-ste] slEzRE ol &g AT

7} g9l o) Fojxa Q). AF T A AsE EH_%% = ZrEj(Ecklonia cava)x= Z =%
ol

2] & & (Phaeophyta), "] I}of] &al= thd A dlz2FolH, iy dx2F= xﬂ—,—oﬂohﬂ] s
o] &3kl Ut} AT AHE Agoz o &5t Qe vy & o] s
S W = e HWeuto] Y= ol R FUoAE T3] dREXYS Asta
o Ago2 A9 o]&HA o A HE Fo Holz Ho] o]&xa (Y o,

I
!

(Hizikia fusiformis)< 3t=r3} &

-1 o S
wEAe] W ¥} Qu ZEF RANID of 3 sxFoln, we ATE 53

=& ks @S Za e AeE Huxa 9l (Karawita et al, 2004
Siriwardhana et al., 2003a, Siriwardhana et al., 2003b; Siriwardhana et al., 2004,
Siriwardhana et al., 2005). 52 2 AFEH AFJAE2 e A5 =25 AFARRE

o] gHAoH, AMFowA xgHIAQl A7) o] o]Fox Ut Shan & (1999) o
oJgtHl & &I QIFA WHy A AddEs ST Basa itk (Liv
et al., 1997, Okai et al, 1997, Okai et al., 1998). #<* E°] JUoA = ZEE o] &3
AE3t Aol S Bola low 2 ks &Aool e AT E Fe Hiwu
A (Kim et al., 2004; Heo et al., 2005, Heo et al., 2003), &g A2} 22 A 2 A
o] 7 A E S 4 9l om(Athukorala and Jeon, 2005), WotAl YU EZAY A A 2] =} 9]
Shupel ofdabd S ZA o m Eafdittar ®aE vk (Park, 2005).

-
of AFelA AEE WAFAEA 2 %aw o} ~EbAE, % - el
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3 APRAETHAIZA Aol R
oA A ol 2 AFTE vHE Aol HEFE o
oFoly Atazxa 9 A3 U THLindsay et al., 1984;
Shiau and Yu, 1999). 2 Aol 2 40l Hiad 4oz strfdte I §X&
AAGEs% ol AR&std 238y FA&o] YEld 4 2™ (Shiau and Yu, 1999), 24
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AHALR
A3 1 (=9E8y 23
ZT 49 AEAET 46%] 2dWAY 173 MJ/kgd] AUATdFS 2tesE L3t
ZA Y (Table 3-40). £ 23 Atg&¥ 23 &2 Y (Spirulina pacifica) =22
Cyanotech Ltd. (Kailua-Kona, Hawai, USA)o| 4] A gdxtoton dutA] R FAL8 Table
3-41el YeEtlidv. S 29 ESYuUE AR Wl J7FEEEel 22 0%, 3%, 6% B
9%7t HxE FH7bste] (SPI O, SPI 3, SPI 6, SPIL 9) AAAL5E A xstAth. APALR
Azs 4 B ARdS 7 E ol &ste SR dHE JdAstA weal, 4 AR
= AlEXRA R e Ags] FAE A 5 o7 AL v AR T 30-40%°l
THIE H7rste] AR EF7] (NVM-14-2P, Korea)2 &3, wkAZ T &
P x97] (SMC-12, Korea)s ©]&3to] A7 3 mm Z7I=2 AP A
Azx7oM AZEAA, A B (Sieve)E o] &3lo] A

5l A7)9 AFRE JtEEAeH, AR FF A7FA -20C WEare] BEaE ).
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T R AIANEE 44%° =W Ay 171 MJ/kgd] AuAdEFS s T
Al 22U (Table 3-40). &+ Aol AF&¥ o} ~E}I¥l(astaxanthin) %
Cyanotech Ltd. (Kailua-Kona, Hawai, USA)ol| A Ak o™ Table 3-41¢] YEY
o 22 EH Y of2eR S AtR W HIFs ROl 72 0%, 1%, 2% B 3%7F HEE A
7bskol (AST 0, AST 1, AST 2, AST 3) 4@ 85 Azt ddrs Axs 4
Y13 w43 AAE g
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2 ;9.4 FIO
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NEALEE 44%9] 2dW A} 171 MJ/kge AYATHS 22 Fods)
(Table 3-40). ¥ Agd 8% % (Hizikia fusiforme)¥} 7El
cava)= AFulgtn gt A EAdl ST AF AR EH A agton o
22 Table 3-41°] vepdt $-
g8 E3tstanh 2 5, Abs W HubgEke] zhzd 0%, 2%, 4%, 6% 2 8%7F W=
E 0, HE 2, HE 4, HE 6 ¥ HE 8) A 85 Ax3ich AdrA= xili
= A 19 sdg AR P
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Table 3-40. Formulation of experimental diets (1000 g dry matter)

Diets
Ingredients SPIO0 SPI3 SPI6 SPI9
White fish meal 45.0 45.0 45.0
Casein 10.0 8.0 4.0
Spirulina powder 0.0 3.0 9.0
Starch 10.0 9.0 7.0
Wheat flour 23.0 23.0 23.0
Yeast 2.0 2.0 2.0
Mineral mix * 1.0 1.0 1.0
Vitamin mix " 1.0 1.0 1.0
Squid liver oil 8.0 8.0 8.0

Diets
Ingredients ASTO AST1 AST?2 AST3
White fish meal 45.0 45.0 45.0
Soybean meal 15.0 15.0 15.0
Astaxanthin 0.0 1.0 3.0
Starch 5.0 4.0 2.0
Wheat flour 23.0 23.0 23.0
Yeast 2.0 2.0 2.0
Mineral mix 1.0 1.0 1.0
Vitamin mix " 1.0 1.0 1.0
Squid liver oil 8.0 8.0 8.0

Diets
Ingredients HEO HE2 HE4 HE®6 HES
White fish meal 45.0 45.0 45.0 45.0 45.0
Soybean meal 15.0 15.0 15.0 15.0 15.0
Starch 5.0 5.0 5.0 5.0 5.0
Wheat flour 23.0 21.0 19.0 17.0 15.0
Yeast 21.2 21.2 21.2 21.2 21.2
Mineral mix 1.0 1.0 1.0 1.0 1.0
Vitamin mix " 1.0 1.0 1.0 1.0 1.0
Squid liver oil 8.0 8.0 8.0 8.0 8.0
Ecklonia powder 0.0 1.0 2.0 3.0 4.0
Hizikia powder 0.0 1.0 2.0 3.0 4.0

a MgSO4.7H20, 80.0; NaH2PO4.2H20, 370.0; KCI, 130.0; Ferric citrate, 40.0; ZnSO4.7H20, 20.0;
Ca-lactate, 356.5; CuCl, 0.2; AICI3. 6H20, 0.15; Na2Se203, 0.01; MnSO4.H20, 2.0; CoCl2.6H20, 1.0.

bL-ascorbic acid, 121.2; DL- tocopheryl acetate, 18.8; thiamin hydrochloride, 2.7; riboflavin, 9.1;
pyridoxine hydrochloride, 1.8; niacin, 36.4; Ca-D-pantothenate, 12.7, myo-inositol, 181.8; D-biotin, 0.27;
folic acid, 0.68;, p—aminobezoic acid, 18.2; menadione, 1.8; retinyl acetate, 0.73; cholecalficerol, 0.003;

cyanocobalamin, 0.003.
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Ash
14.0
6.5
5.6
1.3
40.0
174
9.7
60.0

9.4
2.0
1.0
0.1
1.2
0.7
1.8
60.0

Lipid
Marine Bio-Chemistry Department,

Protein
74.8
46.8
42.2
91.0

9.9
10.0
61.3

1.0

Moisture
8.7
8.1
5.5
4.0
9.50
8.8
6.0
3.5

b

diets (% DM)
Spirulina powder was kindly provided from Cyanotech Ltd., Kailua-Kona, Hawai, USA.

Hizikia and Ecklonia was kindly provided by Prof.

Table 3-41. The proximate composition of major ingredients used in experimental
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APAE 24
AAAEY 2 APARY] DR BAS AOAC (1995) Wilel ubel SEe 4t
HAAZWA25°C, 3h), 38 A3 FUO00°C, 12h) o= =4 adm, dude 2

B 2oy 247 (Kejltec System 2300, Sweden) & #4135 o AW Folch et al.
(1959) ¢ o] wel Soxhlet F+% 4 * & (Soxhlet Heater System C-SH6, Korea) ©]
43t &4 33

Vitamin C &4
=

_“
9} ol A9 % vitamin C %S Dabrowski and Hinterleitner (1989)¢]

A AL
A S B2 2 4-dinitrophenylhydrazine (DNPH)E AF-&3lo] WA A 2Fslo] FA % Q)
o AMEFL2 250 mM HCIO47F E3H¥ 5% trichloroacetic acid § <402 w3} 313t}
T AstE AEFS 4°ColA 307 7F 15000rpm o2 HAAFE AT EEE A5 250

ulel 0.2% dichorophenolindophenol £ 25 ulE 713k & Ao A 2083 HESA]Z
t}. 5% meta-phosphoric acid®l 2% thiourea®] ¥3+d 250 ule} 2% DNPH 250 ulE &
gate] H7betar 3AIF FF 60°ColA widetaitt. E3d S 18 M sulfuric acid
500 ulE #H7Fgk ¥l 524 nmelA FFE=E SASAT. L-Ascorbic acidE ©]-& 3}
BEFTdE wEol ARskth

2 M 32 4] F4] (Nitroblue tetrazolium activity)

S I
ool A M E A LS Stasiak 9+ Bauman (1996) ¢ EAMH S Ef &2
g S0uE

Q

!
7 =2 96-well U-bottom platedl] /] E& F 37T A 1A 7HE¢E v-& A H
H A5 PBSE ARESte] Aojuiddth 02% NBT 8945 50uE 37kt

o A 1A HESATZ] & BEE cellS 100% WEFES 100 83k A Y 1
T 50pee] 30%mErE = 2733 Aojulo] 37TelAl oF 30i7td AZXZAATE 60ute] 2N
potassium hydroxide¢}t 70402l DMSO (dimethly sulphoxide)E Z+2+e] celld] #H7}3sk &

#3333 =4 (Multiskan EX, Thermo, Filand)E A}&3Fe] 540nmeolA S3 &5 SHSHY

ol

R

-l>

A

e

o
=

fl

e

W S Skerget et al. (2005)¢] WHES 7|22 o +=H
A, AFRE A7 T 7 AFES] 1gE WEE 50mLel ¥
S 7 40ToNA 243 F FEEAT FEE SO FoM A7 F, 045mTAL

4 o3 ¥ (Whatman Inc., Clifton, N2 AFAHY. T2 o 25mLe
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Folin-Ciocalteu (0.2N, Sigma)Al ¢f& 7}t $o] d-2oA 5& &<k vEEAIZl =, 2mL
9] sodium carbonate (Na2C03) ¥3}8 < (75 g/L)S H7Fsth €38 AZ2 50T
A 587 HESAIZ o Aol A A%l & #3333 =7 (Genesys 10 UV, Rochester, NY,
USA)E A€3te] 760nmoll A 3 5=E AU EFAGFoZE  gallic acidE A

shaich.

DPPH radical scavenging 4]
AALE S AFoFeo zte =
1-diphenyl-2-picrylhydrazyl) A& &S
= ol&dte] B v A e &
(CAT Homogenizer X120, Germany)® 1% %< #Ag st #4d3 9 =3
150004 eppendorf tubeZ &7l * YA #E]7]E2 4TelA 5000rpm &%= 10%
A EF st FFALS 0.45um microfilter A7 S o] &3to] o7& A T AatdE AE
tFA] eppendorf tube® %71 ¥ DPPH-E(0.1mM)3} A& 9] Hl&o] Z+7; 9500 : 5040
Hes 23 ¥ 2AGEAR S1immIgA 1R AR 1085t FAHAG. S
A g2 o5 A2 Fsto] AT (Sandoval et al., 2002).
Percent Inhibition = [(Ao-As)/Aolx100 (Ao:A &4 %=, AsiAlZre] W& 517nmeoll A 2]
4=

7

off mE
Mo N,

o 2

Myeloperoxidase +4]

g% W myeloperoxidase #2412 Kumari and Sahoo (2005)¢] WHS 7|22 #As
Atk WA HBSS (Hans balance saline solution)& 96-well platesol 800 ¥F3+ t}
S 8% 20wmE HEeEy. I % 20mM  TMB  (3,3'55'-tetramethylbenzidine
hydrochloride)-& 4 ¥} 5mM H2028& %S 2=t 281F vEA71 & 4AM H2S04-8 4 &
35u0 A 7Fektl. 1 % microplate reader 450nmell A FF =S =H 3}

mlm

Lysozyme 4]

g4 W lysozyme 42 93] Micrococcus lysodeikticus cell& ©]-&3fo] E431<
t}. WA, 0.IM sodium phosphate acid buffer (pH 6.4)°] &2 z1zZ%¥ M.lysodeikticus
(Sigma)E H7Fste] 075 mg/ml %9 dEgAS vrET 20009 dEAS 96-well
Fotal, ofFelA e A 20wE Bt HE F SAl, 570nm FF =
IRy

-

3 Asta, AeolA 0% B WY F, hAT FRE @S 57

&“f
o
B\

A 4

=
= =]
sk}, A

platesel] &
=
=]
.]

)

mlg lysozyme unito.=2 ZHE™, 1 unit2 93 0.001 3=

X

el
o5
—

rlo

N
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SOD (Superoxide dismutases) activity +43

4 AEES 74 o F 3rEy e F 0.2g9 Hl 20mM sodium phosphate
buffer (pH 74)& 1.8ml ¥ § SEAUO|AE o] &3t 40x & w23}t A7t 1
S 97l 15000rpme = 4Tl 1023F st ASsds Bt v&
96-well platesol 20xl radical detecter H7Fet & AWEZS 10w® HY=vh 1 F 2040
xanthine oxidaseE #7}sle] 208 WHEA| 7Tt HE4 92 microplate reader 450nmel

A FBEE =43 U/mg protein® 2 kS UERYSITE

O

Edwardsiella tarda 5723723
B Ao A Alg % Edwardsiella tardai= ©]F ZH vAE=ZA KCTC-12267(%F=
Axpe-s))o] A ok ol -70C Deep freezeroll A H3 (50% = Al =)ste] A& o A}

=y
Fig. 3-5. Experimental tanks for challenge test with Edwardsiella tarda
FEoFre AMit2 15% NaCle] #7}¥ Brain Heart Infusion Broth (Difco)sj=#|el 25T
AN ZF wfFS Slo] Algslg e, 15% NaCle] #7F¥ Salmonella Shigella agar
(Difco)oﬂ THS JEste] #o s gl # A9 FEE McFarland No. 0.5

O

daAdgAdrr Al 2530 AlREHEol &

‘Jrj ”4913% e fal AEF F FS olF T 74 Fxun 10ve o Ao E T4
A sle] 0.1mle] Edwardsiella tarda & =
Z el FAREA T Hddtel FE AdolE F 26709 20L xR IEEE 2Nk
H

7ag) MAGAT (Fig. 3-5). A& AFAFE 3% 29 adalg, 6}#— =

(107 colony forming units/ml) g %]

rulo
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Salmonella shigella agar (Difco)oll A ®j%&le] Al <lS A wal¢dc).

AR HiR = 235 A 8 (Completely randomized design)S A A8k ar, A
2 2 BA A= SPSS (Version 11.0) Z2 138 0] 8319 One-way ANOVAE E7
A} dol8 e oA+ Duncan’s multiple test (P 0.05)% Bl At} do]

He Hgh £+ 5B A (mean + std)Z YEFN T W 2& dlo]E = arcsine W3 { S

o)
(@)
jang
=
=

<
Ll
M

>y
ro

BAHFig, 3-6 and 3-7). 4 AIZFiE =2 NBT activityES #2413 23} 3A 7 A=

ok Fol g molx] gtk shAu 6417 Folt A Bt 4
e RE AJTAM gt AEA 2o gETRY FoYoR e BYS
Bgom, 12475} 2447 Folt F95Q Fo§ ol AW WE AFTFA

iz Bot 52 @4s Halth 24070 Fof ddelA el MPO activity= 29 &2
A7l Sobstel mel SUbeke ARFE nela, A EEd 9% dET B

He A e SOD avtivity®] ZA¥3E EBEW 29 Eue =Fo] F7hgel wel SOD

activity .= S7tete AFE BAa, 29Ey 9% H 7oA dxH o FoFHoR

E S A 6%- s Fo A ZolE Holx] gkttt (Fig. 3-8).

= , Edwardsiella tardas ©]83% 243 A= Fig. 3-9914 =

FaL v 29 EYurt AUt EE AR Tl dEarRg folAom wE A AL
Adg HoFa vt 3AAY 39A 7HA = Hl=g AES Holurt 4dA5FY

=
FA Arbelr] ARstel 79 REE o o4 HAbshE AAZE WA Bk

401,
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Fig. 3-6. NBT activity of olive flounder fed the experimental diets containing 0%,

3%, 6% and 9% of Spirulina pacifica. Values are presented as means * SD (n=3).
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Fig. 3-7. Myeloperoxidase activity in fish fed the experimental diets containing
different levels of Spirulina pacifica for 2 weeks. Values are means of three
replicates per treatment. Bars with different letters are significantly different (P<

0.05).
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Expenmental diets
Fig. 3-8. Liver superoxide dismutase activity (SOD) of olive flounder fed the
experimental diets containing 0%, 3%, 6% and 9% of Spirulina pacifica. Values are

presented as means + SD (n=3).
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Fig. 3-9. Cumulative mortality after challenge test with Edwardsiella tarda by

intraperitoneal injection in olive flounder fed the diets containing 096, 3%, 6% and 9%

of Spirulina pacifica for 2 weeks. Values are presented + as means (n=3).
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at7] flaf FAHAJT. AIARE Tu3 o7 o oA NBT activitys 4

g A3 of2ExtE HIbAolA FoHow oA W9 A4S »nid (Fig.

3-10). A AIZFE E NBT activityE #2413 A3} A= ZE A FolA F9

AQl 2ol & HolX| gFgkth. AN 6AIFF Fo = o} 2ERXIE o]

ofxEtEl o]l HI7MHA S R BRu fFoHoR w2 4S5 Bow, 1243 F

NE 1%H7HE AL 2, 3% H7FA o &

24X Foll= YA ApolE HolA FUAINE BE AP olM gt BY =& Z

As BT oA SOD avtivity 235 KW, of~EpbE o] §Feol

SOD activity® 2718l A8 B, of~el@El 2 3% A7 7oA tZ7TRT fo

Ao =L S4S B, 1%H7M9= FoAd 2polE Holx &okrt (Fig. 3-11).

OFAEFIE L FhEE ol =] AMAEA HEY ERURE 7 kst dvkar oy

A vk wEbA ol Aol = AAAE S Fel A 9] vitamin C S A 8=,

A A3 ofxepd®l M bsheFe] Frhstel] wel A@AALE S (FolA 9] vitamin C

o] T7tet= A& = F A4 (Fig. 3-12).

, Edwardsiella tardas ©| &3t 34439 Ay Fig. 3-13°0 4]
r

gHom e A

o
o
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olth7h 595 3

B A dAkeks] Agstel TR EE W ol dAtekE AL B g,

—4— ASTO0 —8— AST1 AST 2 AST 3
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= L
2 35 n B
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T

2.9 1 1 1
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Time (after feeding)
Fig. 3-10. NBT activity of olive flounder fed the experimental diets containing 0%,

196, 2% and 3% of astaxanthin. Values are presented as means * SD (n=3).
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Fig. 3-11. Superoxide dismutase activity of olive flounder fed the experimental diets

containing 0%, 1%, 2% and 3% of astaxanthin. Values are presented as means = SD

(n=3).

190
 Liver M Diet
170
150
130

1101

NS
=]
-]

Yitamin C concentration (ug/g)
o |
]

h
=]

AST O

AST 1

AST 2

Experimental diets

AST 3

Fig. 3-12. Vitamin C concentration of the experimental diets and liver
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Fig. 3-14. NBT activity of olive flounder fed the experimental diets containing 093,

2%, 4%, 6% and 8% of alga mixtures. Values are presented as means £ SD (n=3).
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Fig. 3-15. DPPH radical scavenging activity (DPPHRS) in the experimental diets
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Fig. 3-16. Total polyphenolic compounds in the experimental diets supplemented with
0%, 2%, 4%, 6% and 8% alga mixtures. Bars with different letters are significantly
different (P < 0.05)
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Fig. 3-17. Cumulative mortality after challenge with Edwardsiella tarda by
intraperitoneal injection in olive flounder fed the challenge test diet containing 0%,

196, 2% and 3% of alga mixtures for 2 weeks.
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3. AtE 2 e gAe FAR BEPY B4

7}. Realtime PCR %79 &9

ol-&3sto] FHA BAFES L4 e AE-E primer= Table

Realtime PCRH
3-42¢] Y<Exo] 9o dissociation curveZ A
w3 amplification ploto.ZA wWkS-o] 2 Adojr}=

3-19). 1831 Z} primer set& ©]&3% PCR 2t=E52

9 gelagl

(Fig. 3-1

NEs & Jﬂ?ﬁ"ﬁr (data not shown).

Table 3-42. Primer lists used for realtime PCR analysis

J Z} primer set7} Eo]% o
[e)

sequencing 3o} 7]

Gene sequence Tm(T)
TNF-a F 5'-GGACGGAGACGCCACCTT-3' 56.2
TNF-a R 5'-CTCAAACATCCAAAGTCGAGCTT-3' 56.0
IL-1B F 5'-GACAGTGAGATGGTGCGATTTC-3' 55.7
IL-1B R 5'-ACCATCACTGGCCTGTTGTCT-3' 55.5
NKC F 5'-GACTCACACTTCTCCCATTTTGC-3' 55.6
NKC R 5'-TCTTCCTTCAGGACGCCATAG-3' 55.8
Gelsolin F 5'-GAGCCTCCCCACCTGATGA-3' 56.8
Gelsolin R 5'-GGTCTGCGACTGTCCACCTT-3' 56.1
NADH_ds1 F 5'-GGCGCTTCCCACATTCC-3' 55.8
NADH_ds1 R 5'-TGCTTTGGTCATGATATTGATGCT-3' 57.2
COS3 F 5'-CTTCGTTGCCACTGGTTTCC-3' 56.6
COS3 R 5'-TCATGCGGCTGCTTCGA-3' 56.8
Myosin F 5'-AGCCCTACAATCGCTTCCTACA-3' 56.7
Myosin R 5'-GCTACGTCGTCCTGGAAACC-3' 55.8
HSC70 F 5'-CCGCACCCAACACCTAAAGT-3' 56.1
HSC70 R 5'-CTGTTGCCCTGGTCATTGG-3' 55.8
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Table 3-43. Sequence of PCR products

Gene Sequence of PCR products Identities Gene 1D

GGACGGAGACGCCACCTTCCTGGGTGCTGTCAAACTG
GCCTGAATGGTGTCACCTCACCTTGGACCCGGGGGAC )
TNF-a e PGCTGTCATTTGAAAAGAGGTTTCATACTGGGAA | 98% | 8if78225772

GCTCGACTTTGGATGTTTGAG

GACAGTGAGATGGTGCGATTTCTGTTCTAC
AAGCAGGACAGCGGGGGGGTGAGCATCAGC

IL=1B | ACCCTCATGTCGGCCCGCTTCCCCAACTGGTACATCA| 98% | gitl9911214
GCACATCAGAGCAAGACAACAGGCCAGTGATGGT
GACTCACACTTCTCCCATTTTGCATGGACCAACACAC

\kpr  |CACGTAAGCMGGGCGGTCTGGGTACCATGAAGATTC | oo | oo

CCTTGGTATCTGACACACGGCGCACCATCTCCACAGA
CTATGGCGTCCTGAAGGAAG

GAGCCTCCCCACCTGATGAGCCTGTTCCAGGGCAAAC
Gelsolin CCATGATCATCCACAGCGGAGGGACGTCACGCAAAGG| 100% This lab
TGGACAGTCGCAGACC

NADH
dehydrogenase
subunit 1

GGCGCTTCCCACATTCCGTCCATCCCCGAATTGACGA

GCATCAATATCATGACCAAAGCA 98% gi78227496

CTTCGTTGCCACTGGTTTCCACGGACTTCATGTTCT

oxidase subunit AATCGGCTCGACGTTCTTGGCCGTCTGCCTCCTACGT

3 CAGATTCTCCACCACTTTACGGCCAATCACCATTTTG
GGTTCGAAGCAGCCGCATGA

Cytochrome
98% gi:5018706

AGCCCTACAATCGCTTCCTACAGCGGTATAAAATGAC
GTGTGAGTACACCTGGCCGAACCACCTGATGGGGTC
GGACAGACAGGCCGTGGAGGCCATCGTCAACCACTAC
GGTTTCCAGGACGACGTAGC

ACTGCTATGTCAGGCACATAGCTAGGTGAGGTCGTG
TGCCCTTGATCTCGGCACCACCTACTCCTGTGTTGGT
HSC70 GTGTTCCAGCATGCAAAAGTTGAGATCATTGCCAAT 92% gi:1154782721
GACCAGGGCAACAGGACCACACCCAGCTATGTGGCCT
TCACAGATTCCGAGAGGCTGATTGGG

Myosin 98% 21:5018506

Real time PCRZ &A% Ct#a HSC70 A=} 23] 4] normalize¥ 1o, 2=+
Atz e} wlaste] 1 wE o] Zo]lE fold change® YWEATH == do]g = SPSS
T2 AE3le] One Way ANOVA testE 3lo] 214 <l Ao]E ol on,

Duncan®] B H & Abgste] T5& o<l skl
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Dissociaton curve
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Fig. 3-18. Dissociation curve. Specific bindings of primers were verified.
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Fig. 3-19. Amplification plot of realtime PCR

Y. 9x 2HE FAAA TE S
ofAl W =AM FAAe] HH FAS TARE] ste] AdTd A 9vkel el |
25 HA(S-HK), 7HS-L) , ZF(S-D, 2SS AHEL SA AAAroN 43 5
H2ZALE] AAHAAE Fo] VFFE B
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F=49 RNAE AI&3t9] cDNAE A9 Y. §4 % cDNAE ABI 7200 AAIF 5%
4 A W7 E o] 835}9] Real time PCRE AA st Ha Ao Alg% FAx

+ TNF-a (tumor cell necrosis factor), IL-1beta, NK-cell enhancing factor, gelsolin,
NADH dehydrogenase, cytochrome oxidase 12]3l myosin® & #HS =A3st o,

house keeping gene® 2 HSC70(heat shock cognate 70)- A A= A}-&3}

Z AR Aol me fEA A 24

AAQS} A, G5 HE, TUAF oo BE FAA AL
AEFol 579 15550 AAelAe] A4 BAL BAG A 5FEAelE RE 7
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Table 3-44. Gene expression levels relative to control group after feeding diets
containing different oil sources or different levels of nutrients for 5

weeks or 15 weeks

Gene Diet week 5 week 15
fold change S.D. fold change S.D.
TNF-a FO 11.34 * 10.99 0.91 0.6
LO 551 3.25 0.92 0.41
SO 0.85 0.81 2.56 1.58
Control 1.05 0.97 1.38 1.09
LL-HP 0.66 0.28 1.59 1.43
HL-FO 9.29 * 4.73 0.99 0.16
HL-VO 5.16 1.89 0.87 0.47
LL-HC 55 2.24 0.33 0.54
IL-18 FO 1.39 0.46 0.66 0.24
LO 15.89 14.82 0.86 0.61
SO 0.29 0.99 0.79 1.12
Control 1.15 2.64 1 0.82
LL-HP 0.38 0.25 0.81 0.95
HL-FO 9.14 7.59 2.36 1.24
HL-VO 2.53 1.85 1.13 547
LL-HC 10 10.68 0.17 0.77
NKEF FO 2.83 1.19 0.96 5.16
LO 6.84 3.79 0.47 0.18
SO 0.87 0.8 1.33 39
Control 0.75 0.68 1 1.06
LL-HP 0.22 0.03 0.63 0.59
HL-FO 5.48 2.31 0.52 0.69
HL-VO 6.47 10.51 0.85 9.3
LL-HC 2.81 191 0.22 0.26
Gelsolin FO 5.62 6.07 0.58 0.64
LO 13.13 4.01 0.65 0.25
SO 1.8 3.17 1.74 0.92
Control 1 2.2 1 0.63
LL-HP 0.64 0.11 0.81 0.34
HL-FO 10.71 4.65 0.63 0.2
HL-VO 10.3 12.53 0.8 5.29
LL-HC 4.99 1.87 0.26 0.63

- 193 -



FO 1.81 0.93 0.77 0.69
dehydlli‘lo%gnase

LO 26.43 18.75 0.51 0.53

SO 0.76 0.67 2.27 0.87

Control 1 15.01 1 0.49

LL-HP 0.55 0.14 1.99 1.09

HL-FO 14.15 13.05 1.27 1.29
HL-VO 8.2 3.6 2.1 20.59

LL-HC 7.46 4.82 0.5 0.65

Cy Otg%ggéne FO 2.16 0.83 0.99 0.79
LO 26.34 20.84 0.56 0.64

SO 0.86 0.82 1.83 0.75

Control 1 15.11 1 0.79

LL-HP 0.49 0.11 2.14 1.06

HL-FO 13.05 13.93 112 0.79
HL-VO 8.35 1.02 1.57 10.18

LL-HC 7.03 457 0.55 0.35

Myosin FO 0.87 0.91 0.39 0.17
LO 0.54 1.08 0.26 0.09

SO 0.81 0.32 1.14 0.5

Control 0.76 0.53 1 0.31

LL-HP 0.77 0.12 0.42 0.27

HL-FO 1.97 0.87 0.52 0.26

HL-VO 2.46 0.75 0.71 0.66

LL-HC 0.71 0.36 0.34 0.3
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Fig. 3-22. TNF-a gene expression relative to control group at 5 and 15 week after

feeding diets containing different oil sources or different levels of nutrients
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Fig. 3-23. IL-1beta gene expression relative to control group at 5 and 15 week after

feeding diets containing different oil sources or different levels of nutrients
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Fig. 3-24. NK-cell enhancing factor gene expression relative to control group at 5
and 15 week after feeding diets containing different oil sources or

different levels of nutrients
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Fig. 3-25. Gelsolin gene expression relative to control group at 5 and 15 week after

feeding diets containing different oil sources or different levels of nutrients

- 196 -



= 00 5 woek o 5000 15 week

=l =

w w

7] ®

] 3

2 2

a g

X X5 4000

o 200 °

= c

=] [

(4] (0]

2 2 a0.00

o o

c c

S0 z

<] o

e 2

<] o

> > 20,00

= =

] @

° k-

I I

2 100 2

4 = 10.00

o o

= =

3 ! *16 E = ozl 028

D [} *3 : & e [ *36

T — — —— = T o] —— - S —
T I T I T I 1 I T T 1 T T 1 T I
Fo Lo 80 control LL-HP HL-FO HL-WO LL-HC Fo Lo 80 comtrol LL-HP HL-FO HL-WO LL-HG

Diet Diet

Fig. 3-26. NADH dehydrogenase gene expression relative to control group at 5 and
15 week after feeding diets containing different oil sources or different

levels of nutrients
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Fig. 3-27. Cytochrome oxidase gene expression relative to control group at 5 and 15
week after feeding diets containing different oil sources or different levels

of nutrients
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Fig. 3-28. Myosin gene expression relative to control group at 5 and 15 week after

feeding diets containing different oil sources or different levels of nutrients
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Table 3-45. Effect of Vitamin E on the gene expression in flounder fed diets
containing different oil sources different levels of nutrients for 5 weeks

or 15 weeks

week 5 week 15
Gene Diet

fold change S.D. fold change S.D.
TNF-a HL-FO-VE 3.81 2.39 0.39 0.18
HL-VO-VE 10.07 7.18 0.31 1.09
LL-HC-VE 6.74 2.46 0.8 0.08
HL-FO+VE 472 5.88 1.08 0.65
HL-VO+VE 4.98 2.72 141 0.43
LL-HC+VE 2.34 1.01 1.82 0.82
Control 1.11 4.87 1.77 1.3
L-1B8 HL-FO-VE 2.22 3 0.22 0.11
HL-VO-VE 10.43 20.38 0.14 1.2
LL-HC-VE 3.87 4.1 1.01 0.36
HL-FO+VE 3.19 1.53 0.82 0.62
HL-VO+VE 592 12.14 1.19 0.35
LL-HC+VE 2.85 5.34 1.12 0.45
Control 1.15 2.64 1 0.82
NKEF HL-FO-VE 1.76 1.56 0.1 0.16
HL-VO-VE 4.78 1.39 0.3 1.15
LL-HC-VE 4.49 1.72 0.36 0.08
HL-FO+VE 3.51 1.16 0.55 1.62
HL-VO+VE 3.46 0.95 0.59 0.41
LL-HC+VE 1.99 1.21 0.91 0.38
Control 0.75 0.68 1 1.06
Gelsolin HL-FO-VE 4.36 0.98 0.24 0.08
HL-VO-VE 8.34 4.72 0.18 0.8
LL-HC-VE 7.55 3.97 0.54 0.18
HL-FO+VE 7.34 3.06 0.89 0.37
HL-VO+VE 6.77 5.69 1.21 0.68
LL-HC+VE 3.2 1.81 2.16 1.02
Control 1 2.2 1 0.63
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HL-FO-VE 3 7.36 0.26 0.16
deh%ﬁggnase

HL-VO-VE 18.74 * 5.54 0.36 0.96

LL-HC-VE 9.39 5.66 0.77 0.38

HL-FO+VE 4.96 3.09 0.63 0.64

HL-VO+VE 8.19 4.32 1.13 1.37

LL-HC+VE 2.02 1.98 1.31 0.88

Control 0.87 1.28 1 0.49

HL-FO-VE 3.09 6.91 0.29 0.17

Cytochrome oxidase

HL-VO-VE 16.21 * 5.06 0.37 0.77

LL-HC-VE 8.96 5.31 0.9 0.41

HL-FO+VE 4.83 3.9 0.8 0.89

HL-VO+VE 6.84 4.03 1.04 1.52

LL-HC+VE 191 1.83 2.31 0.81

Control 0.84 1.35 1 0.79

Myosin HL-FO-VE 0.76 0.31 0.43 0.18
HL-VO-VE 1.23 0.65 0.62 0.53

LL-HC-VE 0.82 0.51 0.48 0.17

HL-FO+VE 1.03 0.31 0.45 0.3

HL-VO+VE 1.24 0.9 0.63 0.55

LL-HC+VE 0.45 0.35 0.7 0.56

Control 0.76 0.53 1 0.31
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Fig. 3-29. Effect of Vitamin E on TNF-agene expression in flounder fed diets
containing different oil sources different levels of nutrients for 5 weeks

or 15 weeks
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Fig. 3-30. Effect of Vitamin E on IL-1beta gene expression in flounder fed diets
containing different oil sources different levels of nutrients for 5 weeks or

15 weeks
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Fig. 3-31. Effect of Vitamin E on Gelsolin gene expression in flounder fed diets
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Fig. 3-33. Effect of Vitamin E on NADH dehydrogenase gene expression in flounder

fed diets containing different oil sources different levels of nutrients for 5

weeks or 15 weeks
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Fig. 3-34. Effect of Vitamin E on cytochrome

oxidase gene expression in flounder

fed diets containing different oil sources different levels of nutrients for 5

weeks or 15 weeks
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Fig. 3-35. Effect of Vitamin E on myosin gene expression in flounder fed diets

containing different oil sources different levels of nutrients for 5 weeks or

15 weeks
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Table 3-46. Effects of natural substances on the gene expression in flounder fed
diets containing kelp meal, krill, garlic, mandarin, onion, ginger, moxa,

licorice root, wasabi for 5 weeks or 15 weeks

Gene Diet week 5 week 15

fold change S.D. fold change S.D.

TNF-a Kelp meal 248 13.85 2.29 5.24
Krill 2.79 2.62 1.32 0.81

Garlic 5.43 6.22 1.45 0.88

Mandarin 17.89 16.85 1.16 0.44

Mix 5.29 3.86 1.03 0.54

Onion 3.66 2.62 1.91 414

Ginger 2.69 0.87 2.25 0.7

Moxa 4.63 1.53 1.17 0.83

Licorice root  170.84 * 82.93 1.39 0.85

Wasabi 3.05 1.62 213 0.81

Control 1.11 487 1.77 1.3

IL-18 Kelp meal 1.59 4.66 1.46 6.61
Krill 1.76 1.65 0.82 0.34
Garlic 4.61 2.18 1.21 649.45

Mandarin 1.5 1.18 0.76 0.51

Mix 1.47 1.12 1.03 0.59

Onion 2.29 1.37 1.21 3.2

Ginger 1.72 1.72 1.27 0.76

Moxa 2.71 2.8 0.8 0.5

Licorice root  240.18 * 31.57 1.15 1.72

Wasabi 1.27 0.56 0.92 0.59

Control 0.58 0.69 1 0.82

NKEF Kelp meal 1.49 2.6 74 41
Krill 14 0.74 1.05 2.22

Garlic 4.87 4.04 0.85 7.99

Mandarin 2.39 1.08 0.33 0.18

Mix 3.24 2.03 0.61 0.56

Onion 212 1.53 0.44 1.13

Ginger 2.64 1.86 1.35 0.94

Moxa 3.25 1.05 0.66 0.66

Licorice root  153.85 * 81.68 0.54 3.36

Wasabi 2.09 1.98 0.82 0.44

Control 0.75 0.68 1 1.06

Gelsolin Kelp meal 3.03 1.29 1.7 2.28
Krill 3.66 1.48 0.8 0.28

Garlic 9.75 * 3.22 0.85 1.08

Mandarin 11.65 * 3.81 0.59 0.45

Mix 6.24 1.56 0.46 0.27
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Gelsolin Onion 3.54 1.32 0.88 1.95
continued Ginger 3.68 0.67 1.46 0.42
Moxa 5.33 2.07 0.88 0.64
Licorice root 2.16 1.39 0.84 0.59
Wasabi 6.54 3 0.7 0.54
Control 1 2.2 1 0.63
NADH Kelp meal 7.33 3.13 1.66 2.87
dehydrogenase Krill 479 6.55 1.07 0.94
Garlic 7.48 4.39 1.03 0.84
Mandarin 3.87 1.79 0.57 0.24
Mix 6.95 5.15 0.63 0.18
Onion 8.98 413 2.76 1.91
Ginger 2.78 0.56 2.27 1.28
Moxa 8.01 1.09 1.79 0.73
Licorice root 1236.8 * 458.73 1.07 1
Wasabi 5.66 1.49 1.95 1.56
Control 0.87 1.28 1 0.49
Cytochrome Kelp meal 6.1 291 2.58 2.73
oxidase Krill 2.19 2.54 1.49 1.02
Garlic 6.47 34 1.26 0.76
Mandarin 415 1.77 0.61 0.33
Mix 4.89 3.24 0.71 0.24
Onion 8.27 4.32 1.75 1.18
Ginger 2.97 0.61 2.19 1.11
Moxa 9.73 412 1.86 0.96
Licorice root 1421.3 * 562.27 0.98 1.27
Wasabi 6.25 1.68 1.97 1.72
Control 0.84 1.35 1 0.79
Myosin Kelp meal 0.43 0.7 0.78 1.28
Krill 0.42 0.78 0.44 0.29
Garlic 1.28 0.93 0.67 0.11
Mandarin 0.23 0.28 0.45 0.13
Mix 0.13 0.13 0.38 0.34
Onion 0.37 0.11 0.61 0.44
Ginger 0.46 04 0.79 0.38
Moxa 0.34 0.44 0.53 0.52
Licorice root 0.11 0.28 0.33 0.12
Wasabi 0.32 0.21 0.26 0.43
Control 0.76 0.53 1 0.31
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Fig. 3-36. Effects of natural substances on TNF-a gene expression in flounder fed

diets containing kelp meal, krill, garlic, mandarin, onion, ginger, moxa,

licorice root, wasabi for 5 weeks or 15 weeks
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Fig. 3-37. Effects of natural substances on IL-1beta gene expression in flounder fed

diets containing kelp meal, krill, garlic, mandarin, onion, ginger, moxa,

licorice root, wasabi for 5 weeks or 15 weeks
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Fig. 3-38. Effects of natural substances on NK-cell enhancing factor gene expression
in flounder fed diets containing kelp meal, krill, garlic, mandarin, onion,

ginger, moxa, licorice root, wasabi for 5 weeks or 15 weeks
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Fig. 3-39. Effects of natural substances on gelsolin gene expression in flounder fed
diets containing kelp meal, krill, garlic, mandarin, onion, ginger, moxa,

licorice root, wasabi for 5 weeks or 15 weeks
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Fig. 3-40. Effects of natural substances on NADH dehydrogenase gene expression in
flounder fed diets containing kelp meal, krill, garlic, mandarin, onion,

ginger, moxa, licorice root, wasabi for 5 weeks or 15 weeks
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Fig. 3-41. Effects of natural substances on Cytochrome oxidase gene expression in
flounder fed diets containing kelp meal, Kkrill, garlic, mandarin, onion,

ginger, moxa, licorice root, wasabi for 5 weeks or 15 weeks
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Fig. 3-42. Effects of natural substances on myosin gene expression in flounder fed
diets containing kelp meal, krill, garlic, mandarin, onion, ginger, moxa,

licorice root, wasabi for 5 weeks or 15 weeks
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in flounder fed diets containing different oil sources different levels of

nutrients for 15 weeks
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licorice root, wasabi for 15 weeks
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Fig. 3-47. Histological sections of Control group. a) gills; b) intestines; ¢) stomach;
d) kidneys; e) liver
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Fig. 3-48. Kelp meal-administered group. a) liver, adult group; b) stomach, adult

group; c¢) liver, juvenile group; d) stomach, juvenile group
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Fig. 3-49. Krill meal-administered group. a) liver, adult group; b) liver, juvenile
group; c¢) intestines, juvenile group; d) stomach, juvenile group; e) liver, juvenile

group; f) stomach, adult group; g) liver, adult group; h) stomach, adult group
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Fig. 3-50. Garlic powder-administered group. a) liver, adult group; b) liver, juvenile
group; c¢) liver, juvenile group; d) stomach, juvenile group; e) gill, adult

group
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Tangerine-administered group a) liver, adult group; b) liver, juvenile
group; ¢) intestines, juvenile group; d) liver, juvenile group; e) stomach,

juvenile group ; f) stomach, adult group
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Fig. 3-52. Mix powder-administered group a) liver, adult group; b) liver, juvenile
group; c¢) liver, juvenile group; d) stomach, juvenile group; e) intestines,

juvenile group; f) liver, adult group; g) intestines, adult group
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Fig. 3-53. Onion-administered group a) liver, juvenile group; b) stomach, juvenile
group; c¢) liver, adult group; d) stomach, juvenile group; e) kidneys, juvenile

group.
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Fig. 3-54. Ginger administered group. a) liver, juvenile group; b) stomach, juvenile

group; c¢) liver, adult group
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, juvenile

b) stomach

-55. Artemisia administered group. a) liver, juvenile group;

Fig. 3

e) stomach; adult

, adult group;

c) intestines, juvenile group; d) liver

group;

group
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Fig. 3-57. Wasabi administered group. a) liver, juvenile group; b) liver, adult group;

¢) stomach, adult group
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	2. 사료내스피롤리나, 아스타잔틴, 톳·감태의 첨가가 넙치의 비특이적 면역반응과 어병세균(Edwardsilllatarda)저항성에 미치는 영향
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	제4장 연구개발 목표달성도 및 관련분야에의 기여도

	제5장 연구개발결과의 활용계획

	제6장 참고문헌



