Hx AAskAE EPALE W

24

20064

&

o

™

o



0]
=

2%

20064




Abstract

List of tables viii

List of figures -

T T
Al 1T A QT BT e
Al 2 A AT T QA e

A 23 AR B e
A1AJdx AF GAR EP vAIsEY AA A FqF o}



) T e [ 20

4) I BLBL AT o 21
) T e B 21

b A e 2
1. 2o} 7]e) AR A A3Feko] DhaF BT AR o oy
1) }é]z‘g/\}.g ’Sﬂ] .............................................................................................. 22
D) AVBI O ALGTFE] wovvrressemssnss s 22
B) O] A|Z A crrererereeee e 23
4) A BT AY e 23
BY TR ] A B croveeeersrreeeee e 23
2. 8710 AR AA3HeE] 3 TR e A e, 2%
1) /;E}ﬁ/\}g_ @74] ............................................................................................... 24
2) LB O] AFGTHE] rrvveessreeerissssisns e 24
B) O AT crererreeess et 25
) A EEBLAT oo 25
B) T AR E] erererese e 25
3. Aol719] AR A AP ThEF FIFEE AA e 26
1) AL AT A e 26
2) ATIO] ARG TFE] corvvesreremsssssss s 2%
) T e 27
) AJBEEBLAL et 27
I 2 e 27
A3 A qA FAZE BRAG O AFKAG o 28
1) @'?j*]—fy_ gﬁ] .............................................................................................. 28
D) AIFIO] AFGTHE] rovvveossrmss s 78
)T = 29

,ii,



T I i 29
T [ 1 32

I 35
1. 0] 719] A AATFEE AA oo 35
1) ARSI T T coeveeeeessins s 35
2) ;\(joiiﬂ A(—)],E. ................................................................................................... 39
3) S8 AT SRl ZRAT s 40
4) BO) L B AAIEL e 47
2. 243719] AR AATFEE AR v 44
1) ARG AIE] T} oo 44
) FAOTA] AJEE coorerevmmsssse e 47
3) S0 FAOFT AR A e 48
A) BON ED B AP AJEL o 50
3. 301719 AR R ATFEE A A oo s 52
1) AFSAIBE ZAEp corrvvemssereeesssmss s 52
D) FHOTA] A woeeeeeeserns 55
3) E2G U FAOIH AR ZAD 56
4) TG D B AP AT B oo 58

1. 20719l AA A3 et BFTE AR e, 60
1) ARG AL T oo 60
D) FVOYR] AJEL wovvereeesssimmeens s 64

2. 84719 AR A AT I B AA s 65
1) AFSAIE] T coormmmmmemmnesessmmsssee s 65

- i -



3. Aojzle) AA A A s}kl o3k T A e 70
1) AFSAIT] Z T coreersireermsssssssresi 70
2) ZYOY A A B ceeerermmn e 73
A3 A YAl F7E BFAE A AAFAY o 74
1) ARG A E] Z T coveereresiemess s 74
2) FAOJA] AJB- coverseeresseerss et 78
3) B HD B AT EL s 81
4) G F)BID T | oo s 82
Al 4 TF D ZAE 87

A1A |G 4% A2 EP vitAsw A4 AF 3 237}
B 87

A2A G A GAR EP ugAEe AR A8 TF

1‘5]7], }‘éfﬂ ..................................................................................... 89
A3 A QA Az AL VIR AFFAG e 91
A 5 T B O e 9%
e T B4 X B 97
A 7 A FBIEG s 99

,iVA



Evaluation of the optimum dietary lipid
levels and feeding rates of extruded
pellets in the different growth stages of
olive flounder, Paralichthys olivaceus

Hung Sik Park

Department of Fisheries Biology, Graduate School,
Pukyong National University,
Busan 608-737, Korea

ABSTRACT

Series of experiments were conducted to evaluate the optimum dietary
lipid levels and feeding rates of extruded pellets (EP), and to develop
EP for the different growth stages of olive flounder, Paralichthys olivaceus.
Based on the previous researches of olive flounder, firstly, these
experiments were conducted in the different growth stages of olive
flounder : juvenile(less than 80g), growing(160~320g) and adult(more than
320g) stage by the initial fish weight. Two series of experiments were
conducted to define (1) the optimum dietary lipid levels of EP in
juvenile, growing and adult of olive flounder, Paralichthys olivaceus. (II)
the optimum feeding rates of EP in juvenile, growing and adult of olive
flounder, Paralichthys olivaceus. Finally one farm size pratical feeding
experiment was conducted (IlI) to evaluate developed EP, and to

develop practical EP formulation in the commercial fish farm.



1. The optimum dietary lipid levels of EP in the different growth stages

of olive flounder

Experiments were conducted to determine the optimum dietary lipid
level in juvenile, growing and adult of olive flounder, Paralichthys
olivaceus. Five isonitrogenous EP diets (52% crude protein) with increasing
dietary lipids (6, 8, 10, 12 and 14% DM) were fed to satiety to triplicate
groups of the juveniles (18.4+0.11g), growings (84.8£0.27g), adults
(408+3.22g) twice a day for 6 weeks. The optimum dietary lipid levels
were affected by the different growth stages. From results of these
experiments broken line analysis of weight gain (WG) indicated that the
optimum dietary lipid level could be 9.08, 101 and 10.1% for the

maximum WG in juvenile, growing and adult olive flounder, respectively.

2. The optimum feeding rates of EP in the different growth stages of
olive flounder

Experiments were conducted to determine the optimum feeding rate in
juvenile, growing and adult of olive flounder, Paralichthys olivaceus. The
feed intake of triplicate groups of juveniles (13.4:0.15g), growings
(75.7+1.24g), adults (510+3.43g) were restricted to four different feeding
rates for each growing stage ; juveniles(2.0, 2.5, 3.0, and 3.5%), growings
(1.0, 1.3, 1.6 and 1.9%), adults(0.5, 0.7, 0.9 and 1.1%) of their body weight
day™” respectively. WG and feed efficiency (FE) of fish were affected by
the feeding rates. From result of these series of experiments broken line
analysis of WG and FE indicated that the optimum dietary feeding rates
could be 3.50, 1.87 and 1.10% of their body weight for optimum WG and



FE in juvenile, growing and adult olive flounder, respectively.

3. Practical farm feeding trial from juvenile to market size of olive

flounder

This experiment was conducted to develop practical EP formulation
and to evaluate experimental EP by comparision with commercial EP,and
moist pellet (MP) in the commercial fish farm for one year from
juvenile to market size of olive flounder. Duplicate groups of 2,600 fish
averaging 30.1+0.2g (mean+SD) were distributed to 6.0x6.0x0.8m’ tanks.
One year practical feeding trial, WG, whole body analyses and
palatability of flesh were not significantly different among the
experimental diets including MP and commercial EP. These results
indicated the experimental EP could be replaced MP without affecting

growth, feed efficiency and normal health condition in olive flounder.

In conclusion, these results suggested that the developed experimental
E.P containing the optimun dietary lipid levels could replace M.P
without affecting growth feed efficiency and normal health condition in
juvenile( less than 80g), growing(160 ~ 320g) and adult( more than 320g)

stage of olive flounder fed E.P at the optimum feeding rates.
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A 1099 <k GXE tide s A g & (Kikuchi et al, 1992; Bai
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and Ogata, 1998; Takeuchi, 1998, Alam et al., 2000; Alam et al., 2002), =
w27 o1 #] H|(Sato, 1998; Kim et al, 2004e), A4+ Q- (Takeuchi,
1997, Takecuchi, 1998), HIE}Tl Q-+ &F(Wang et al., 2002; Bai et al., 2003,
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Fig. 1. Production of olive flounder (FAO, 2004).
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Table 1. Production of fish feeds in Korea (metric ton)'

Aquatic feeds\years 2001 2002 2003 2004
" Flounder 16364 23,993 19,524 16,876
Marine Korean rockfish 19,092 28,606 20,994 16,113
fish Shrimp 11,527 14,083 9,479 9,227
Others 18,568 12,941 8,488 22,232
 Subtotal 65551 79623 58485 64,448
© Catfish 12289 16,081 19294 13,625
Loach 9,662 8,840 7,258 8,664
Fresh water Ell 10,027 10,146 7,496 5,455
fish Trout 7,094 7,336 7,916 6,954
Common carp 2,316 3,544 5,415 1,169
~ Tilapia 763 1% 1239 649
Subtotal 42151 47143 48618 36,516
Total 107,702 126766 107,103 100,964

1 .
Korea feed association
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iz Lo dulz /oA ul(protein to energy ratio, P/E ratio)Z 4
el =, AR oAz gk wlste] R AAV e Wolx
&

F:U &

o

Apgole] A ANFE F F glonz whilA/ /] vie 4
o] g ook gtHWilson, 1977; Cho and Kaushik, 1990). o}§2 24 wujad/
o f# HlE= A2 81~113 mg/kcal Ml o] AL A} 7H=2] 40~80
mg/keal (NRC, 1993)0l nlsl @A3] 52 %P & + Atk ol 2ol o
ol gdud/euz] vzt &4 7hERY 2 olfE oFf7t w2 @
Q7 2 97l Wie] okdet o /Ut FAFE s wo 7 /A
2 LA YRS HA AR Wil dEHoR oA Kol
2 od AcHSmith, 1989; NRC, 1993). Z, ©ruidgtedo] vjs] A7}

3k ALRE oy Alfole fAld B3 YRS FIsly] s eNAS
st duAdez Atgsteg duid Ggo] wopAla HFE AsiAZ

(Garling and Wilson, 1976; McGoogan and Gatlin I1I, 1999) ¥4} olujeg} ¢F

Oii

Buol AJdew g HAug AL wjdS Ei(Walton and Cowey,
1977). o] ¢} W2 oy ko] |F Bow Aol Abw A FFe] Hof
A51, olell wteh e dg JLEARE FRE IRes 5 oA Jd2E AF
ol Aatect. Wyt ofy}, Ag ] oA FEFe] AUAA wE wWels oAl
W Aol st FH o] AFo e 77t "ol dtiMcgoogan and
Gatlin I, 1999). o]s} ol o}FE UL oex A2 st vl
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W ooy 34 Fol 2% 9%s Ik 53], AEALS 5 APt 3
Yoz g2 dEe 4T AWdrtel 242HA JES e T2 IY
Zolth. 183 REBIESFARFS A f54 H A %S
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0] x5 (Stubbs and Smith, 1984; Swanson et al., 1989), prostaglandin]

=
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10% mlwto] Agstes 237 Rusn QA THKIm et al, 2002a), A
Z£¢] winter flounder (Hebb et al.,2003)¢} turbot(Regost et al., 2001)2] ¢
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Ag HAstn AA o4 FulAT7] A AFEC] o|FoiAL U=
g, oJfFee A HARE Friste AAH] FHE Y A
z)9] Aol =) HteE Rl A rHKanazawa, 1993).

ANEFEFHFL A Aang, 349 AHF BEAAE AL Ao
(Cho et al, 1994). wtef ALR 7} Q) FFHAS 4 ALEHIEY F7He A

2o AR Qs FAeFe] HAT feivt don, v E Al ¥Hol F
& AQoe A2ojy AAAZ}E T 4 Urh(Tsvis et al, 1992
Azzaydi et al, 2000). 0|23t ALBEFHE AFFA7], AFR Y FUEA, AR

o g, Al 9 7 Tol gt @t A doH, 53 ASETEES AR
W xAstEke #=m g9lelgty & 4 ¢lth(Maria and Kissil, 1979; Munsiri
and Lovell, 1993).

Ak, 9o W& BASIY dA wFAEE AEstr] A8 dFEL
hu-E dda gre HAFee AFgos AYstE vtz HEA7)7]d =
BAG 2Hol gldoen, ojgd FAMNE sdstn | wiFAtES Ay
3= 484717 flsie EP AlxE AFAsE FEATAA HE3

= Aol $oyc $4Hool 8 Rog AmEt
eEg, B ApoldE WA WAE Xo}71(80g olsh), &4°171(80-320g

o3, 40171(320g olh= AAWAE FRsm, AR AW a%
U olgsld 4WE EP RS AAFFURE 8 10, 12, 14%) A4}
of 1472 A4EAE ARy 4344933 FHsA B 2w 1
3 AR 9o APAAFDe EP AnF ol 43U A3
ARTRFe FHug doh Ao, o) ARE wHow HAwA
W OEP A RE Adsie] @7 FAge AFFoA WA AEuFAR )
e e AR ATS Fow WA HMFAre NsE duvlEd 2

tlo
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A27 Az R EHY

A1AJH AF GAd EP ulFAIEY AR A
a4F 471 44

1 Aol7s AYAD FF 44

1) 4945 AA

Wzl Ao AMgd APAEY] 243 Ywbdi2 Table 29 Ve AT
AP s e gA 427 (Choi, 2004) & 3] AAsIg e, @jdde
g2+ H7olo]R(jack mackeral meal), 27} (squid meal), = E A§§-(krill
meal), 2 (F)=F e (wheat,corn glutein), 23 d]5 ¥ (dehulled soybean
meal)S AHE3I 2, A APz HE I (pollock liver oil)& 18|31 ©53)

Ego7 WUrtF(wheat meal)E A&stdch APAlEE  HE M (pollock
liver oil)s} W7} (wheat meal) & A9I% 2E Augo]l FUs FHHL
onl, g3 Aoje] HAAW 528 Hrle] 98l AdFHAoL WehRh
(pollock liver oil)E& Al&-3le] HPALaW FA2 &HFE 6, 8, 10, 12, 14%7}
gr 2 M7 st olw A BEAXE zh7 593, 8.02, 101, 12.2, 143% 2
depdoh BE QYARE £RAR o7 3P QRE R F o
# 71 & (Pulverlizer ; US.A Jacobson jit) ©]-§ 800um YA=Z EH3 & X
E 20 5 (extruder) ©]&3}o](Swiss Buhler 7it9] twin screw type) ¢4& - A
el o, ojuf WE= 405(g/cm3), & H7MeFS 21.5%, ~€ @2 52%, 7
Oy &5 95T, A¥7)(cuter end-plate)?] 2%+ 121C, #HEE
5T~101C 2ol 5583t dzxsisler, o Hrbe <% d7heA

el

(external type)o. & Z} AlPAlgo] A HFEL AW A A3, AlsA7|= A

,ll,



off
i
riy
ot
—_—

A 35~45mmz AFHAT ZE AHAFEE TZst 20T P
™A ALE-3H h

2) Aol A5 a7

Hx Hojo] Agels AAEE XA Fysned FAAE A4
B ARSAR Eukete] 30004 el 43 @730 A ¢ dEE oH
M dten, APAF Hel RE AFrE AR HLEA77) A
Zam A 565%(AE7E), 2AY 13.04%(HE7E), 7oy A= 174K]/g
(protein. carbohydrate and lipid : 16.7, 16.7, 37.7j/g)°. % (Lee and Putnam,
1973; Garling and Wilson, 1977) =48 Al 4% 3.5mm A =270
EP A5 E 253t FdaA T dvAbs §, HoFA 184+011 g
(mean+SD)Q! W2 2 ojE 3002 Apzbg=zo z4zh 30vie]¥) 83t 7p 4
g 3wrEo g e WAoo, Abgre g AMESAT 4 4

Yrze §HA02 F4%e 2F AR 5 ¢/mn HEE HPom,
Bl wet 6 ¢/ming 2ASA 4 FE F FRG Mk IFL A
Fab7] 9lsh oo} 2E2 4Ashon, 4P/ B FF 5L 21-25C
z W AW Bl AAGLo ESATE AR PR 325-340%

A3, EFNH(DO)E 63~67 mg/ 2o HAAG 4 ARFFHFS A
&

7§ HEow 19 28(2A 104, F 44) FFSAoH, F A}

oA 2He 3% Aoz ANsdem, A4S Z4a7] 9Astel 244
O AANZ F MS222 (100ppm)2 wFAAA AATAZ SPsach. 43

85 T, Z%5 8 (percent weight gain, WG), U3 E(specific growth rate,
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SGR), wwAH%$F & (protein efficiency ratio, PER), AlS & &(feed
efficiency, FE), Z+35 3 A|4(hepatosomatic index, HSI), HIFI% (condition
factor, CF) 2 A} &8 (survival rate, %) A HFFATE s 2
Fx¥EE 3uily F 45vtEle] 7 RAE AU AV SA FEE9
AL Ot 2o

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

Specific growth rate (%/day) = (loge final weight - log. initial weight ) / days
Protein efficiency ratio = (wet weight gain / protein intake)
Hepatosomatic index = (liver weight / body weight) x100

Condition factor = [fish weight (g) / fish length (cm)’] %100

AR L AYPrRe} 2t F2EE Sl FAE FE5o B A
o E BAEPom, AOAC(Association of Official Analytical Chemists,
2

FREL A =82 Ax7](CeraX, Korea)E ©]-8-3ld 447}

rlo

AHZXEHA3B T, 241K, =dwA
analyzer, Sweden)E ©] &3} kjeldahl 27 FH(Nx6.25), 23| E 2 352
(Yj-8500D, Korea)E o]&3tod 243lsbioz 43t =282 A&
1277 54 7A%x3 %, soxtec system 1046(Tecator AB, Sweden)& A}-8-3}

Hoz Mt AR A Ak GC(Gas
Chromatography, Thermo finnigan trace GC, USA)E ©]-&3}o] #4332

el A B A 7)(Tecator  kjeltec 1030

tlo

o soxhlet =

M, obplibe oprjgt HE 24 7](Sykam amino acid analyer 5433,
Germany)E ©]83}4] Ninhydrin® 2 B



HHUEE F, TTE& 2/ 3 Y4 E BHE Sfstd dddE Ad
371 A7bA) oF 2447 FF AAAHT. AP E A4 Fx2T vty 724
AE FEFF & A3 & FAIE o] &3t Aol mirAgHeA RS A
& 5}3l micro-hematocrit W (Brown, 1980)o 2]3l &||v}E 28] E (hematocrit,
PCV)E =43l om, FA Drabkin's &8 AM83l] cyan-methemoglobin
W (Sigma Chemical, St. Louis MO; total hemoglobin procedure No. 525)
o g 35224 (hemoglobin, Hb)S 73 T}

Sogo) pAolumAl BHe B4 AZE 52% 20mgS test tubed]
3 6N HCI 15mlE 7}&te] 2E3 3 110TC oA 2447t 7F=R 8]t ot o]
Falds o F Y Axste] HAS 433 AAZ v+, sodium
dilution buffer(pH 2.2)2 25m¢ = Al Jdst § o] A& JdAHHF H3to ofnl
e A AE R A 7] S433(Sykam, Germany)E ©]43}e] ninhydrin ¥PH o2

o

At BAaAzAe ey 2o Column size: 4mmx150mm, Absorbance:
570nm and 440nm, Reagent flow rate: 0.25m¢/min, Buffer flow rate: 0.45mf/

min, Reactor temperature: 120°C, Reactor Size: 15m, Analysis time: 65min.

5) SAA=

TE Ame EAAg= Computer Program Statistix  3.1(Analytical
Software, St. Paul MN. USA)& ¥-AFHE2(ANOVA test)S HAISlA FHAHF
o] 2} 74 A(LSD: Least Significant Difference) .2 Ht7+e] {94 (P<0.05)-S
AAstEn. gla, ARAA FEFe FAGFS AEZ broken-line model

(Robbins et al., 1979)2 o] &3} ZA3HTHSAS procedure NLIN, 2002).
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Table 2. Composition, proximate analysis, energy and protein to energy

ratio of the experimental diets for olive flounder

Ingredients ' Diets (%) T

L6 L8 L10 L12 L14
]e;ékrmre;ckeral fish meal’ 57.00 57.00 57.00 B 757.00 57.00
Wheat-Corn gluten meal’ 6.00 6.00 6.00 6.00 6.00
Squid meal 2.00 2.00 2.00 2.00 2.00
Krill meal 3.00 3.00 3.00 3.00 3.00
Kelp meal 1.00 1.00 1.00 1.00 1.00
Dehulled soybean meal’® 4.00 4.00 4.00 4.00 4.00
Wheat flour’ 232 21.0 19.0 16.9 14.9
Pollock liver oil® - 2.20 4.20 6.30 8.30
Vitamin mixture’ 1.20 1.20 1.20 1.20 1.20
Mineral mixture’ 0.80 0.80 0.80 0.80 0.80
Lecithin® 0.80 0.80 0.80 0.80 0.80
Attractant’ 1.00 1.00 1.00 1.00 1.00
Total 100 100 100 100 100
Proximate analysis (%, dry matter basis)
Moisture 7.82 7.74 7.70 7.63 7.61
Crude protein 52.3 51.9 51.7 51.3 51.1
Crude fat 593 8.02 10.1 12.2 14.3
Crude ash 12.0 12.0 11.8 11.9 11.8
Energy & Protein to Energy ratio
Energy (kcal) 4517 4622 4774 4921 5064
Protein/Energy(mg protein/kcal) 116 112 108 104 101

'Lé6, Dietary lipid level 6%; L8, Dietary lipid level 8%; L10, Dietary lipid level
10%; L12, Dietary lipid level 12%; L6, Dietary lipid level 14%.
2Suhyup feeds Co., Ltd., Uiryeong, Korea.



Table 3. Amino acid composition of the experimental diets for olive

flounder(%, dry matter basis)

Diets

Amino acids T T T e e

L6 L8 L10 L12 L14
Aspatic acid 489 502 471 472 504
Threonie 2.14 2.25 217 211 2.09
Serine 2.30 2.38 2.35 2.30 2.30
Glutamic acid 10.89 10.87 10.64 10.43 10.38
Proline 1.95 2.06 221 2.26 214
Glycine 292 2.49 3.19 291 2.73
Alanine 3.16 3.83 3.47 3.27 3.49
Valine 3.95 414 3.89 3.79 3.47
[soleucine 223 181 221 218 1.90
Leucine 3.83 4.05 3.53 3.24 3.84
Tyrosine 0.88 0.85 0.84 1.04 1.30
Phenylalanine 1.51 1.49 1.46 1.31 1.21
Histidine 2.05 2.01 2.20 212 2.07
Lysine 3.76 3.56 3.54 3.42 317
Arginine 3.28 2.87 2.72 291 2.73
Total amino acids 497 497 491 180 479

'Refer table 2.
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Table 4. Fatty acid composition of the experimental diets for olive

flounder(%, dry matter basis)

Diets'
Fatty acids o

L6 L8 L10 L12 L14
14:d 0.287 0.4727& 0.50 o 0.64 7”‘0:71
16:0 1.67 218 2.59 3.05 3.34
18:0 0.57 0.72 0.84 0.96 0.98
SFA2 - 2.52 - 331_ o 3.95;. 4_65 5.03
161 027 043 054 06 086
18:1 0.90 1.30 1.75 216 247
20:1 0.08 0.12 0.18 0.25 0.31
Mc);;;é 7T2g 71785 247 | 73;10 3.64
182 051 065 078 104 117
18:3 0.06 0.07 0.10 0.12 0.15

20:3 - - - - -
20:5 0.39 0.56 0.69 0.84 1.13
22:6 0.80 1.05 1.32 1.55 2.09
 Polyene 176 232 28 355 454
HUFA’/SFA> 119 126 137 143 16
DﬁA4/C16:O 0.48 0.487 - 0.57177 - 0.51 0.62

'Refer table 2.
*Saturated fatty acids.
“Poly unsaturated fatty acids.

Docosa hexaenoic acid.
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SA4719 ARAA FF 43
1) APAE A4
WA APl AbgR d¥atae] 24, dUAR, AFAAE A1 d Ao
71 9A EP wlgAtsd HAAAdE 44 493 TS Ag-sten,
JAERUE olgdta hF - AP ARATIT A4 65~7.5mmz 293}
o AAHANG BE dPAsE A 20T Y5 BAsEA A3
o}.

._4

2) A3o] AL e

Hx gAole] AFols AAEE LaoM ZPFatnsty FAAE AT

AE AFSAZ uksta] 30007 oA Ad B e F U=
HlALSE stglom, XA A RE AP
FAARE 2570 FUIA FEEAT AHIALS F, HFA 8481027 g
(mean+SD)Sl 2] {Ao]S 300¢ Apz=zol ztzh 20viE|¥ F=83e] 7t
HP7E 3WEo R FA9 wiAIPon, A&FE dgE AHEEAT 2

Z‘:

e FEHOR RFFS 2P AGAG 6 ¢/min HES o,

rir
x
o
>
=
b
2
N
oo
>
N
N
A
=

_;

=
2 A A7 Bl AFL oEa Tt AMSFY GRS 32.7~34.0%,
o]¢lal, £#EAA(DO)E 64~68 mg/ ¢ o WAL dd AaFgIFHEe A
AYA7IZE B v o g 1Y 23)(2A 104, L% 44]) ¥FstAen, F At

A sk

o
i
m U
s
o~
rlo
(o)
N
N
>

3) oA=3
A 1A X7l YA AR AAFF AP w4 ez Agsein



AR, AR 9 T2F obnx=ibe A 1 4 A7 |A #Y AA

G 4y 53U wyoz At
5) A A €

e AR FAXGE A 1A o7l A 54 A4FF 4P 5
@ oz Agstg
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3. Joj7]e] AAAA IF AA

1) AdA s 24

dx APl AMgd 2PARY] 24, ek R, A@8Ae A1 A" Ao
7] @ EPALRY AAAATF 44 A FL8HA AHEstReH, e
FEE o]&dty] ¢E - A¥A ARV A4 105~11.5mmE £H st A
AEdck. ZE A@AEe EFSt 20T ¥F ZastdA AREsiAT

AE] AbSHZ Eukale] 30002 2ol HE A AT 5 AU
HALS stdom, APAZ Aol e AF7E Agalgel FHSA717] 9
AAARE 253 FAEA FH3IAT CHIANS &, WA 408:3.22 g
(mean+SD)Ql YA AolE 1000¢ APzl 742 120124 F~§3to 7+ 4
7Y 3kB oz 229 wjAEHon, AsyEe s AR 4 4
Aaze FFAoR §4Fe A3 AR 10 ¢ /min Z2HSAT 2
S A THE BFESY] A dlo] ~2ES dAstdon, 49

o HEF 22 20025CT2 W APV Fto Adgo] oESIA
t} A}Sgre] AR L 32.7~341%°]415, £FAA(DO)E 64~6.8 mg/ ¢ 2] H
Aanh dd AlRIFFFE A AP FF HEow 1d 23)(LH 104,

3) oAZA
A 1A A7) WA AR AAeE A9 FAF PPoz AGsick

7207



o

AR, YR P 528 opulmae A 1A Aol ¥x A4 A4

wF APy U YHos AR

BE A8 BAAGE A1 A Aoy dA AF AAFF 4
ez AystAt
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A 2A Y AR 9AY EP ujdALE 9 A Als

Tud 37t 29

1. Xo]7]19 AAAA FF i3t T3F 273

1) A3Ag A4

U Ao Algd AFARE A 14 o)y A Ad gF 2PN
ARAAD7E A 5w LIOCP: 51.75%, CL: 10.1%)S AHg3stglon,
Table 20 Yl AdAEE Y982 33 & AR o8 T3l
q 2ERENE o83t ¢F - d¥Eden Aear] & A4 35~45mm
2 AAEAG. B APAIREE 48t 20T ¥ BAstEA ALE3SHA

2) 4G} A% el

WAl Aloje] dyols AMEE LN TYFHAFA FAAE ATA
B OAMSAR Sl 30004 FxA 4 B3 48F + ASS oy

A Bt on, AgAz de BE Adge A¥ANRAd AEA7I7] A8
FEAMNEE 2770 FdsHA sEetRH. dulAbS §, A 1341015 g
(meantSD)Q! { A Xol& 300¢ Apztgzol zhzh 30mbe] ¥ Fgohe] 7p 4
o3 3R o g AL wWAstReH, AAsse dg5E AMSET 2 4
Aog FoEd AY AlAAY 5 ¢ /min HER dHeH,
6 ¢/ming ZAAL 2t Fx G TR A

3l7] 98 oo 28-S AAsRon, 497 F H 72 21~25T
A A7 Fetel ARG o EaTh AbSTe AES 32.5~34.0%

3~6.7 mg/ ¢ MGt AT ARITHHFS

- 22_.



olAF 20, 25 30, 35% eln EFFoR FROR 574 APTE o
Adskglen, 1d 23)(&3 94, &F 44) FHsAdT F AsddrIe

429 oo, AA AlgFFYL 309 oA

3) AAFA
A 1Ao7l YA AR AT PH FAD pHo Astgeh

4) AL
AojAle] dwrgEe A 1 4 Foj7] gA A4 AdIF A s
o2 Algsiglch

A
i

5) %A A <]
RE AR BAANE A1 Moyl ¥A ¥y A3FF AP 5
& oz AYstech

— 23_



§4719] ARAA FFl A 5% 24
1) A3JAs A4
gz Ao g8 dFAEE A1 A |47 Y A" FF 2PN
AAAR AF S5 LI0CP: 51.75%, CL: 101%)S AHgstgoen,
Table 20 UYehlAth HAEAE+= 985 £33 T SHAIE o5 339
g5l ¢t= - AEstgoen g7 = F7% 65~7.5mm
2 AzZEAY. 25 AAAIRE 24319 20T WE RAsHEA AR5
=3

N o|iERUE of

rL‘lN'

2) A3 A54E

gA Aoje dgole ANEE TFPolA ARG FAAE AFA
E] AMSAZE akste] 30002 sz A3 870 IS & UAEF qy]
A slglon, AdA Hol RE AdTE AFARA HSAT7 98
FAAREE 273 FYsHA FEEAT duAbS &, HEFA 7574124 g
(mean+SD)Ql W2 o1& 3004 Abzhgzol zhzt 20vhe] ¥ 48-5hof zp A
A g o g 79 wjAstgen, Abse e AMgstth 7 A
2 frrge 43 AFAC 6 ¢/min HES §loH,
7 ¢/minZ ZHSAT 7t £ G FEF e IFS R
o] 2ES Ao, 4PVt ¢ B =S 21~25C
2 A AV FdA AAFl & AFSFe PR 32.5~34.00%
o], §ENAL(DO)E 63~67 mg/ /o] HAUH. AT AARIEIE
olA % @ 1.0, 1.3, 1.6, 1.9% 18]y WEFFoz FRoF 57 AFLR ¢
Astdon, 19 28(d 94, &% 44]) T F AHAF 7S 6

T olgdon, ArrFH IS 359 oA



3) ojA5A
A 1A Ao/ ¥A A4 AAFF 2P FAF Yoz AYsigoh

1) JEEH
dojAle) Aurgre A 1A Aoyl YA 44 AAFF 4¥ FAS
oz Agsieck

5) A A
e Auel EAXNYE A 1A Hoj7] YA A4 ALY 4Pt Y

g Rlez AlgstEn.

8]
(@1



ol

3. Joj7le] AAHAA FFF i
1) A3As A4
gx) Ao Agd ABAEE A 1" Holv] A4 AR ¥ PN
AAART} 718 $4@ Y LI0CP: 51.7%, CL: 10.1%)& AH439.2.1, Table
20) ehh APARE 9EE ERD F SR 48 IFAAN o=
ERGE o| &t ¢& - PR Atg=a7] = H74 105~11.5mm=E A
A5t RE APARE Tkl 20T WE myshdA ALsgch

v 4243

B ARSAE gulste] 30002 F£FRoA A BAd HEFT F UEE o]
A EHon, APAG de RE A¥aE A¥Asd H3A717 98
AAARE 253 FUSHAl FFstATh dulAbS F, HFA 5104343 g
(mean+SD)¢l WX X]o]& 1000 ¢ Apztg=Zof zhzh 12vhe] 4 =83t 7p A
o kR o g FA9 wjAstg o, Al dFE AMEE AT 7 4

ZE ez 53 AF AR 10 ¢ /min HEE Z2ASY
th 7} 2z o 2RE A 23S BEET] Yl oo AES dxslgo

o, A3 7)7F FoF HF F2L& 19~25TZ A A7 Foto 2S489

.

&Yt AT @RS 325~34.0%°]0x, &EAL(DO)E 6.3~6.7
0 1

2 50 oA
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3) A=A
A 1A Aol dx A4 AAdY A9H FUS Phow At

A
~1

AolAel Yurgee A 1A Aoyl YA 4 ALHF 49 A

o2 Aldstsit.

4 4

She
S

5) SAEAN
2E AR EAAAE A 1A Aoyl YA A3 ALYL 49H Y

g o g AlgE AT



Al 3 A YA A7|7t dFA L vlw ASAF

1) A3JA s AA

WA 496l A48 APAR(EP)S] Ui @ ovuiit 25 Table 5
of JepHRlen, ey AW 2AL Table 6o] Yehigch A@ARS
guwRelo g A7Poloji(jack mackeral fish meal), 3% o
meal) €3 )58}t (dehulled soybean meal), A.FFF ¥l (wheat.corn
gluten meal), FHI(krill meal)S AlEEHoH, XAYez wHEI{
(pollock liver oil), W5 &A% (soya lecithin), Z1&]1 &3tEHo R YrHH
(wheat flour)2 AFE3IGTE AR FH7FA 24 Aol (kelp meal), T8 5
(beer vyeast), 34F3lA|(anti oxidant), @3} (choline choride), WIE}Y]
(vitamin), 7| ] Z(mineral), 4o]& 7 & Z(attractant) 53 AFS3IH 2, FA
FMP)= WYF 35 9|(frozen horse mackerel)9} WX 7}FALE (commercial
binder meal)E 82 HI&Z T §3td A8 APAIRE AHLE A9
g BE AlRdSs T AREstdor, dAARI(EP)R AFdYow A
olFlf+E dFAE2E AFYCE AANFE AHESt] FHEAE ¥ ¥

oA AEFRUE ol &3t 4E - ¥ ARG AEE AAEHUG A
FALR(CEP)E 28 H4 EPAISE ARGAER Tdste] ARgstg o,
FAIEMP)= S d4dA A A7EE Axstd dF5d 5 AEsE
o},

Aol A8 A Febd zAEd 9XE gx G AN
Suksle] ZARESZEBOM, 158)04] A48 874 AL 4 Y2 o)



A slgen, AEA Holl RE A¥FE HAPAE HLA77] sl
YA AERALRE 2577 YAl FRstATh ARIALS &, P FA 301+
0.2 g (mean:SD)Ql W= 2o|& FFESFF| ztzt 2,600mt2] ¥ (80kg) 4
g3te] 7} AlRTE 29HE o2 B9 Wittt 4 APsrxre f5AHL
2 e Ad 12314 HEE sgon], 44l wal Alztd 1833
og zAsAh b Ak FHE HFE] S olo] 2~
& dAstden, 47| Tt H &2 102~256T= A A7t F
Qtell ApAg2el] o] E&Ath AbEF] HEL 31.5~339%°1R T, §EATA
(DO)E= 59~69 mg/ ¢ o] HLAt dd ASITFFE A AP ¢ o
A Fe) 05~-35%(AE7|F)2 19 23)(2A 94, 2% 54) FFdgen, =
A58 71 7He 137092004 59 319 ~20059 6Y 30%) AAstA T

Al

N
o
it

l'

o
W

3) oA FA
olF FAHL 24 tAom HAEHeH, AFES FH37] 8t 244
I AAANZ F AAFAE SIS AFETEE F, 55 &(percent weight

gain, WG), Y3r43 & E(specific growth rate, SGR), @2 A3 F & (protein
efficiency ratio, PER), Als&$&(feed efficiency, FE), ZFE#AF
(hepatosomatic index, HSI), B]¥t5x(condition factor, CF) 3 AJ& 8- (survival

rate) & bt Y. A FAFE A8 4 s Sepe)y Al

il
A

r:i
lo
4

AR AYALRS 2 FEAL Srhely PAYR FEohe] BT A
oA EAsIgon, AOAC000)H o wel 2] 1 " X0}~y gx| EPALEU)

AYAAGHE A3 297 FUS PHow PAsdL. IR £He



dstel AP AN FSIA} AYHA B AARBo] Y3 Aol
@

30%-7F WA F 3,000rpmof| A 1083 A4 E2)ste] WA H At

718 ol&3t dFole] v g NEF &, HS FSuAL
A=A g2 ddddd ¥ Ao 3083t WA} F 3,600rpmei A
1587 A4 RE et WA Asted BEAstAri(Asst £47], ltaly). €3
HAAtell lo] A= kinetic HHH ol 9Jsl GOT 2 GPTE 393l end-point H}
Holl ©o]d] total protein, phospholipid, total cholesterol, triglyceride, uric
acidE A3t}
TAotu A Re F4 HUXHE 5 20mgS test tubeo] @il 6N
HCl 15ml2 7hstel W3a % 110Tel A 24412 752 al5hgeh of 2o
o HClE #4438 A|AZ v, sodium dilution
2 Fsto] obmleat A

EH A7) S433(Sykam, Germany)E ©| 83} ninhydrin o2 RB431%

buffer(pH 2.2)2 25mi Al FFs F o 843 44

oA BAe B4 Feheaol sl Hshy 05N H@esushiEF
g2 g 5 Bepmasd #F 9218 dAsta 5-1083 5
FAY §dol ol wrbx sPslAck 2 F 1% BRIE BFIAES

o
o
2
R

°F 100mgS 100mL =] Zepx=o JUs] FHsba, 05N o g2k
FEAS o 4mL 7} 5 APeels SU oz Atk GC(gas
chromatography)= HP-6890 GC/FIDZ %45} th.
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Sun Rheometer compact-100S ©] &3} AR & (10x10x10)mm=E %3] =}
2 F ATy 24z seed 1ol 354 ZFAthEA: critical
diameter 10mm, load cell 10.0kg, chat speed 100.0mm/min, table speed
60.0mm/min). 2o} =ik vp 3t oS 1g o Ethanol 30ml & %31 %
ol 4TelA 1AF A & 3023 dd3 o FEs} " ARgS
10000rpm 4C ol Al 1523 A& st dTds Ao G2 Algedl 70%
Ethanol 30ml & %31 30&3F w23}
23k 44Re stol 452 AUTh Wl HEARS WTAN FFEA
1 F FRFE Hol @7o] %1% $713, Bther(F 20m)2 Yol ofF

S 2). ol%7)e] SFAe 1R A S5CelsNA HYs

=3t1, =H+E ¢ 3 o] #IgE= 3 & pH 22 Lithum Citrate

r

& AJE9L 10000rpm, 4C A 15

buffer2 25mlel #8313, Sulphosalycilic acid 1g8 2ol 1A wWhx] 3
0.45m membrane filter2 o #}sle] A5 Ho g AMESIFGT}E Felopu]i it
Z4 W A A4S 93t Amino Acid Analyzer(Ninhydrin ¥)& AM&-s}
A HColumn : Separation column Amino Acid LCAKO7Physiology Fluids
(4.6x150mm)) HIHEH JEEAS vy olF  2gol 10% FHFAaRt
(perchloric acid, PCA)&< 10mE 7isle w23 3 &, d2H3 A ARE
AAFZ 7)o 10%5F<E 3,000rpme 2 ARSI FFS Hestn JAE
of tiste} 10% PCA &4 10m= 9o} 22 223 23] whRste] J3ds
gstdT) AEH S o3star 5N KOH=ZE pH 652 =43 b5 10% PCA
gHe H7Ee] 100z AE3EE 0T A 3083 wx§ o3 0.45um
membrane filter2 o33k t}3 HPLC ¥4& As2 A&t ditad
Arol 24 2@ A BMS 93 HPLCE Agagth Columne C18(4.6
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mm Ld. x 250 mm)& &35 0|54 o2 1% triethylamine - phosphoric
acid(pH6.5) 2 1ml/min®] §%02 TWA HPLCH A2 204 734
UV 254nmoljA] A&t ¥P 1, EFEY 9 retention timeg vlusle] ik
HEe SASAC.

71 AR 24 ALRTEY WA AIRE SA 9IRS B F e o,
A-#n) g 7|Fo2 AAE 5584 48 272 AHE o5 HFE 5
WA E O 2 ste] BFHALE HAIEAT VSR te gATd dad
o]ANES 30W S Ao HFlavor), & (Color), BHTaste), &3 (Texture)
92 E234 71 &% (Overall acceptability) 58 934 A3x HTWE A5l
M2 wkA o g2 AAEY tHHatae et al, 1989). HEFS 002 S uf, o

2R vfs Fod +4, vl X gow 48 dof 98 A A

5) BAA=
e AR89 EA3dE Computer Program Statistix 3.1(Analytical
Software, St. Paul MN. USA)Z AR 2 (ANOVA test)S AHAJstd FHA

2} A A (LSD: Least Significant Difference) 0.2 #3724 (P<0.05)<
A8tk
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Table 5. Ingredients and nutrient contents of experimental diets

Diets'

EP1 EP2 CEP MP
Ingredients -
Protein sources 72.1 721 -
Carbohydrate sources’ 14.4 14.4 -
Sardine oil 5.0 - -
Squid liver oil - 5.0 closed -
Others" 8.5 8.5 -
Frozen horse mackerel - - 80
Commercial binder meal' - - 20
Proximate analysis (%, DM basis)
Moisture 8.7 8.5 8.3 60.2
Crude protein 53.2 53.7 51.5 61.8
Crude lipid 10.3 10.2 8.9 12.1
Crude ash 11.6 11.9 10.6 8.9
Essential amino acids (% of protein)
Arginine 5.35 5.67 5.33 6.11
Histidine 3.86 411 3.31 3.89
Isoleucine 4.38 451 3.91 4.24
Leucine 8.43 8.03 7.88 8.30
Lysine 7.71 7.30 7.32 8.16
Methione+Cystein 3.99 3.60 2.89 4.60
Phenylalanine+Tyrosine 7.12 7.52 8.14 7.90
Threonine 4.50 4.55 4.09 4.56
Valine 4.29 512 4.68 4.98

'EP1, experimental pellet 1; EP2, experimental pellet 2; CEP, commercial
extruded pellet; MP, moist pellet.

*White fish meal, dehulled soybean meal, corngluten meal, krill meal.

*Wheat flour, wheat gluten.

*Kelp meal, yeast, vitamin mixture, mineral mixture, lecithin, glucan
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Table 6. Fatty acid composition of the experimental diets for olive

flounder(%, dry matter basis)

Diets'
Fatty acids
EP1 EP2 CEP MP
1407 - 0.58 0.52 0.56 A 0.67
16:0 271 2.61 291 2.81
18:0 0.90 0.86 0.91 0.97
SFA? 418 399 438 445
16:1 0.82 o -0.57 065 - 0.92
18:1 1.63 1.82 1.97 212
20:1 0.14 0.19 0.19 0.23
7 I;/Ionoe;e - 2.59 2.58 2.81 3.27
i 18:2 0.78 : 0.8717 075 0.94
18:3 0.10 0.11 0.13 0.14
20:3 - - - -
20:5 0.53 0.75 0.65 0.84
22:6 1.35 1.43 1.17 1.56
Polyehe | 2.76 W 3:10 2.70 3.48
PUFA3/SFA£ 3‘28 - 142 - 17.257 - 717.’51 7
DHA*/C16:0 0.50 7 0.55 0.40 0_56 o

'Refer table 5.
*Saturated fatty acids.
*Poly unsaturated fatty acids.

4 . .
Docosa hexaenoic acid.
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A3d 24 ¥

A 1A Jdx A% GAE EP WA sl A A4
i i g e

1. xoj719 AA AAZZF AA

1) A48 A

67 Tt AR GO 4% ATE Table 79 UehRch ZEE, A7)
4AEol gdolA AU A FFol 8 10% AAT AR Ad FP
o] 6, 14%%) PPN FelHow wA EAARP<0.05), ARy A
kol 12%91 AW ToE F94Q Aolzh vl %kohP>005). AR
A7 greel 6%Q AWTE MY Xe 23EY ANELES RAT. Y
A gdael QoiA Ay Ad shakol 10%) AP AA FE 6, 14%
3 Aol ulal folHoz EA UEREAHP<0.05), Agd 4D o]
8, 12%21 AFToE HoA Aol7h YehA RATHP>0.05). 5 &, o
R ET AR AANE BRSAAE AR AR gl 6% A
b wl UrebsthP<0.05). AbR 8T DA ASE So QoM
S5E 9 AVHRLEI ST 4TS mAow, Auu A4 Fgo 8,
10%91 ARAF7F Abag AF o] 6, 14%2) AP TR FHo A
Lhel A HP<0.05), AFE U AF sl 1% AR Tk fol4Ql 2ol s
Gehda) eieh(P>0.05). Abrd XA FHEel 6%l AT AHF v U
Ehsk 0 W (P<0.05), 6%} 14% APl folHQl 2hol7h UehtA ergieh
(P>0.05). 7+& A 42(1.43~1.60), HITHE(1L.01~1.08) % A E§(71.1~84.4%)

o
-
N
N



ARDTAN o Bl Aol 7t LA SEREEHP0.05).
A%E FEehel mo ARl AQ o] 8-10%c14 Huz 1

§ Haste

o
29

2] &}

ox
o

on, Atz A ko] 6%oldt e 12%0]4 F71E A
S HHT Broken line model #4& T3 Hol A4S Ag dA A

]7]

EPA 2 A A £2& 9.08:037% 2 el THfig 2)
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Table 7. Growth performance of juvenile olive flounder fed five different

dietary lipid levels for 6 weeks'

Diets’ Pooled
LP6 LP8 LP10 LP12 LP14 SEM’

Initial weight (g/fish) 184 18.4 18.4 18.4 18.4 0.03
Final weight (g/fish)  48.7° 56.6° 59.2° 55.7 528" 1.06
WG (%)* 165° 208" 222° 203" 187" 567
SGR (%)’ 226° 269 2.82° 2.65" 250"  0.06
DFI (%)° 215° 225" 231" 225" 220 002
FE (%)’ 117°  126° 129° 124°° 120% 1.35
PER® 225° 243" 249° 239" 230 003
HsI’ 1.43 1.54 1.49 1.55 1.60  0.03
CF" 1.01 1.03 1.08 1.05 1.02 001
Survival rate (%) 80.0 75.6 84.4 83.3 711 2.08

1

10

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 2.

Pooled standard error of mean: SD/+v/'n , n = 3 replicated tanks of fish per
Weight gain (%) : [final wt.(g) - initial wt.(g) / initial wt.(g)] = 100.

Specific growth rate : [log. final wt.(g) - loge initial wt.(g)/days] = 100.

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

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

Protein efficiency ratio : wet wt. gain / protein intake.

Hepatosomatic index : (liver wt.(g) / body wt.(g) x 100.

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



250
200 -

]
150 - d

Y = 203.4-20.7 (R-Xg)
100 = 9.08+0.37
50 ¢ (x = 9.08
0 L /f' L 1 I

5.93L 8.02L 10.1L 12.2L 14.3L

Fig. 2. Broken line analysis of weight gain (WG, %) based on the dietary
lipid levels in juvenile olive flounder.
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6F B¢ APARE AT FHo HojH HEE Table 89 b
o} HojAle  FRFE(T53~76.6%), ZEWIEK(169~175%), Z3IE-3HF
(3.81~3.93%)& S AITlA F4HA Fo|7t Ve FpeHP>0.05).
stk Aojalo]l =AW FHEe AUl AAFF FFEA wE Frbsie
A vebgth dojAl 2 FEkell glolM Almul AAFEF] 12, 14%
APF7E 6, 8% AP TRG FIHoR EA VEPITP<0.05). wHde), AlR
U AAgeo] 6~10% AF7he 10~14% AP Pl 2hzh fo#el 2}
o] 7} vhehbA] 2 2kTh(P>0.05).

Table 8. Proximate composition of whole body of juvenile olive flounder

Diets(%)' Pooled

Composition )
L6 L8 L10 L12 L14 SEM

Moisture 76.6 76.2 75.6 75.3 75.8 1.10
Crude protein 17.5 17.3 171 171 16.9 0.52
Crude fat 2.43° 2.86" 297 3.16° 3.17° 0.23

Crude ash 3.82 3.86 3.81 391 3.93 0.30

'Refer table 2.
? Pooled standard error of mean : SD / v/n.
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65 B APARE AAD FRolY) T A= zHe
Table 9] YeRRATE T35 FAov| et 242 AR W A A9
Joll ek kol vehtAl stk B8 pAokul et 2L ofxs)
E] 4Haspatic acid) &#(9.65~9.87%), E & 21 (Threonine) ¥7(3.98~4.11%),

olN

A D (serine) F#F(3.51~3.77%), FFEFRILHglutamic acid) F%F(14.6~15.1%),
Z 2 (proline) 3H#(2.68~2.88%), =& 4l(glycine) F#(3.72~3.90%), Letd
(alanine) ?;}%1'(6.00%.24%), 22l (Valine)  3H2F(4.46~4.68%), o}o] A=Al
(isoleucine) ¥ 5F(4.37~4.48), F2l(leucine) &=K7.52~7.79%), E}o| 24l (tyrosine)
3} 2F(2.64~2.83%), #H'ddeld(phenylalanine)  $2F(3.38~3.48%), 3|ElW
(histidine) $8F(2.10~2.27%), 2he]4l(lysine) &8.96~9.04%), ©}= ] (arginine)
FFET5-3902%)0] RE AFTAM welHe ot uehdx gt
(P>0.05).
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Table 9. Amino acid composition of dorsal muscle of juvenile olive

flounder(%, dry matter basis)

Amino acids S Diets e

L6 L8 L10 L12 L14
Aspatic acid 958 975 965 9.72 9.87
Threonine 4.00 411 3.98 4.06 4.24
Serine 3.49 3.67 3.51 3.77 3.71
Glutamic acid 14.6 15.0 14.6 15.1 15.0
Proline 2.88 2.81 2.84 2.68 2.81
Glycine 3.72 3.86 3.90 3.80 4.01
Alanine 6.00 6.24 6.09 6.22 6.27
Valine 4.46 4.68 4.56 4.63 4.56
Isoleucine 4.46 4.48 4.45 4.37 4.50
Leucine 7.79 7.78 7.60 7.52 7.74
Tyrosine 2.75 283 2.67 2.64 2.67
Phenylalanine 3.38 343 3.48 3.39 3.27
Histidine 217 2.27 218 210 221
Lysine 9.04 9.28 9.06 8.95 9.10
Arginine 3.87 3.92 3.75 3.78 3.76

'Refer table 2.
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67 S APAIEE HHAST TRl A 4 FH A EE Table 104]
R gith A dutE I E(PCV) 42](22.3~263%)¢}F sl 22 2R (Hb)
%)(6.35~6.70), AU GOT ¥ak37.2~57.6 1U/I), GPT &2K7.10~8.40 TU/I),
228 & (T-Chol) 3(221~246 mg/dl), T A 32H4.35~443 g/dl), 252
2 2 (CGlucose) §#(21.7~295)2 HE AAFoAA Fo A1 Aol7t el A]
e ATHP>0.05). wiAC, P FAAA(TG) FF(343~431mg/dl)-& ALs )
AAgEFe] Frtel JFo] e Aoz FA vEuth AW FAAAAN
Ao AtsY AA ko] 14%9] A FIF A A-EgEF 6, 8% AP
o} f93 =4 JeEPGTHP<0.05). 31A9, Alsu xAstEo] 6~10% A3
T 10~14% A@FAAME 2H7E Ko A0 Aoyt vElA] ekgkth
(P>0.05).
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Table 10. Serological characteristics of juvenile olive flounder fed five

different experimental diets for 6 weeks'

Diets Pooled

3
LP6 LP8 LP10 LP12 LP14 SEM

PCV (%)* 24.5 25.6 242 263 223 0.17
Hb’ 6.70 6.85 643 678 635 0.34
GOT (1U/1)° 43.1 37.2 413 392 576 5.78
GPT (1U/1) 810 710 760 730 840 2.16
TG (mg/d})® 332" 352" 368" 387" 383" 295
T-Chol (mg/dl)’ 21 230 224 235 246 16.7
TP (g/d)" 435 4.42 443 438 437 0.13
Glucose (g/dl) 295 248 217 232 273 4.42

'Walues are means pooled SEM from triplicate groups of three pooled blood.
Means in each row with a different superscript are significantly different (P <
0.05).

*Refer table 2.

*Pooled standard error of mean : SD/+/n.

*PCV (%) = Haematocrit
Hb (g/dl) = Hemoglobin

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

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

*Triglyceride
“Total cholesterol

“Total protein
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2. 54719 AR AA%F 44

85 FF Ak gAe A A= Table 110 Yetlidoh. S350 9l
olA AtE W AA FHFol 10, 14%31 AP 77 ALsdl A F3Fo] 6, 8, 12%
A AYTRYG FofHor FA b}E}‘;kE}(P<O.O5). AbEW AE FEFol 12%
ddTe 6% AATEG ¥ T8 HEHHTHP<0.05). ¥Hd Abs
A AgheEF 6, 8% AP 8%, 12% AP 7A7h /oAl Zolrt v}
LA S ATHP>0.05). AR EA oM AlgW A ol 10, 12, 14%
ol A7t 6, 8% APTRT fFoHoz FA UERGTHP<0.05). utdd,
AbaW A A gHeFol 10, 12, 14%<1 APkt 6, 8% AFF-L 742 {9
Q1 zo]7h el A tH(P>0.05). Ats R &l SlotA Atgdl AA
o] 10, 14%<1 APF7} 6, 8% AHIFERY FogHoz A Yelgen
(P<0.05), Abgl A=A 3heko] 10, 12, 14%S) AA P73 6, 8, 12% AT 3+
< 72 FoAd Aelrt yEhdA] FRoh(P>0.05). @ d HFEEL AlR
AL FAS A Bgon, gy AA o] 10, 14%%) AP F7} 6
8% APTHG FofHer A vehsten(P<0.05), Absl AF gkl 10,
12, 14%<1 A4k 8, 12% APF02 Zh4 #Fol#He Aolzh vehA
BATHP>0.05). AW AF FFo] 6% I HI 7= EE AP 2
AMEESS RYUHP<0.05). 7FE 22 4(1.32~1.55), HITFE(1.00~1.13) 2 4=
£ (74.4~789%)& RE A polA] f9 Al =Holzb el 9 %TtHP>0.05).

AgANE st B Alsdy A ol 6~10%2 SUtdes A%
a7t S Es 4 BAen, 10% olddMes FofAl Ael7t vebu
Al %9ktt. Broken line model #4125 F3 Hdl 448 AT WA A7
EPALEY AHH A" F£7L& 101+£056% 2 el }(Fig 3)
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Table 11. Growth performance of growing olive flounder fed five different
dietary lipid levels for 6 weeks'

. 2
Diets Pooled

3
LP6 LPS8 LP1I0 LP12 LPi4 SEM

Initial weight (g/fish) 84.5 84.7 84.5 85.0 84.8 0.05
Final weight (g/fish)  258° 264" 281" 278 2830 214

WG (%)* 203¢ 212 233 270 2336° 673
SGR (%)’ 1.98°  203° 215 211 215 005
FE (%)° 89.8° 933>  1024° 995® 1026 114
PER’ 173 179" 197 191" 197 004
HSI® 1.48 1.49 1.32 1.39 155  0.03
CF’ 1.00 1.01 1.03 1.06 1.13 0.02
Survival rate (%) 789 75.6 74.4 76.7 75.6 1.02

' 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 2.

Pooled standard error of mean: SD/+/n , n = 3 replicated tanks of fish per
Weight gain (%) : [final wt.(g) - initial wt(g) / initial wt.(g)] x 100.
Specific growth rate : [log. final wt.(g) - log. initial wt.(g)/days] x 100.
Feed efficiency (%) : (wet weight gain / dry feed intake) x 100.

Protein cfficiency ratio : wet wt. gain / protein intake.

Hepatosomatic index : (liver wt.(g) / body wt.(g) x 100.

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

(55}

"

=X ~3 = i
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Fig 3. Broken line analysis of weight gain (WG, %) based on the dietary

lipid levels in growing olive flounder.
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6F T APARE AT FHO)A HolA HEE Table 129 b
th. AojAlel SEFEH(738~755%), ZTulFEk(18.1~184%), Z3]R T
(3.72~3.86%)2 X AZTAA FYAA zol7t veRA A THP>0.05).
shA gl AojAlo] A e AUl NAFE FFEA wE Frsle
AFE vEtsth doAl =AY FFA Aol ALgW A ATl 10~14%
AET7E 6, 8% AFTERYG FoHow A YEHTHP<0.05). WiHel, Ats
W A Fdggo] 6~8% AP0 10~14% AP 73N E 22 ol FHA A}
o7} bR & kTH(P>0.05).

Table 12. Proximate composmon of whole body of growing ollve flounder

Dlets(‘y ) Pooled

Composition : e N
L6 L8 L10 L12 L14 SEM

Moisture 75.3 75.5 74.7 74.1 73.8 1.03
Crude protein 18.4 18.3 18.3 18.1 18.1 0.52
Crude fat 232" 2.40° 2.97° 3.10° 3.22° 0.20

Crude ash 3.72 3.82 3.83 3.86 3.80 0.20

'Refer table 2
? Pooled standard error of mean : SD / V/n.
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Table 130) Uehidich S8 FAck A 24 Al 449
Z7}ol d)gt gako] vbelhlx] rtl S8 FAjolu|Ale] z Ao o}
s} tHaspatic  acid)  §#(9.52~9.75%), E ¢ 2 (Threonine)

Lo

)
T

ok
T

(4.02~4.17%), A & (serine) &3(3.59~3.77%), ZFEFT A (glutamic acid)
(14.4~15.0%), =Z=2¢(proline) §(2.78~291%), el Al(glycine)
(3.78~3.98%),  ¥2}d(alanine)  FEH(6.10~6.21%), LH(Valine) T
(

(

ot
T

4.53~4.68%), o}o]AF4l(isoleucine) %}%(4.3%4.50), T2l (leucine)  EHeF
7.62~781%), E}olZ Al (tyrosine)dF(2.69~2.84%), HdLeld(phenylalanine)
%21(3.39~3.48%), 8]2~EW(histidine) FFH(2.10~2.27%), to]4l(lysine) ek
(892~915%), o} 2 ) (arginine) BHZH(3.74~3.89%)0] RE AF FolA &
1 Zpol7b vhebutA] F QkTH(P>0.05).
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Table 13. Amino acid composition of dorsal muscle of growing olive

flounder(%, dry matter basis)

Amino acids DR Diets’ -

L6 L8 L10 L12 L14
Aspatic acid o 9.52 97}; 9.64 9.73 9.74
Threonine 4.03 417 4.02 411 417
Serine 3.59 3.67 3.69 3.77 3.78
Glutamic acid 144 14.8 14.3 15.0 14.8
Proline 2.86 2.82 291 2.78 2.80
Glycine 3.82 3.81 3.92 3.78 3.98
Alanine 6.10 6.17 6.21 6.20 6.16
Valine 454 4.68 4.65 4.53 4.66
Isoleucine 4.45 4.50 442 4.39 447
Leucine 7.81 7.72 7.67 7.62 7.68
Tyrosine 2.75 2.69 2.70 2.84 2.73
Phenylalanine 3.42 3.40 3.48 3.39 3.29
Histidine 217 227 2.18 2.10 2.21
Lysine 8.97 8.98 9.07 9.15 8.92
Arginine 3.74 3.82 3.86 3.83 3.89

'Refer table 2.
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67 2t HAANEE HHAT TEol9 A F Y HE S Table 149 1}
Pl g FufER Y EPCV) 4%(23.3~27.6%)%} 3|22 2R (Hb) &
%)(6.53~6.87), AU GOT 3e¥(39.5~47.3 TU/I), GPT &ak(7.23~8.12 TU/I),
228 2(T-Chol) 33F(212~241 mg/dl), @9 d Fe}(4.34~451 g/dl), 3=
© 2(Glucose) 33523.4~27.3)2 R& AF7oA G2 zol7t etz
% ATHP>0.05). wHoll, AP FHAA(TC) Fa(322~381mg/dl)2 A5
A Al Fbel FeFo]l JE Aoz =A Jehgrh AW S Ho|
AolA Atsdl A FeFol 6% APV BRE APfo] viE] fodezm
SEA e eH(P<0.05). stAIRY, Als ] A A FHeFo] 8~12% APt AM e 7zt
7t fo A3 atelz} vehbA @gtohP>0.05).



Table 14. Serological characteristics of growing olive flounder fed five

different experimental diets for 6 weeks'

Diets’ Pooled

3
LP6 LPS LPI0 LP12 LP14 SEM

PCV (%)* 255 276 252 253 233 0.21
Hb’ 660 675 653 687  6.65 0.37
GOT (1U/])° 453 395 457 427 473 4.25
GPT (1u/1y 808  7.23 754 737 812 2.06
TG (mg/dl)® 322" 358° 372 381°  378° 21.2
T-Chol (mg/di)’ 212 234 234 241 239 16.7
TP (g/d)" 434 442 443 444 451 0.12
Glucose (g/dl) 237 256 239 234 273 3.26

'Values are means pooled SEM from triplicate groups of three pooled blood.
Means in each row with a different superscript are significantly different (P <
0.05).

“Refer table 2.

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

'PCV (%) = Haematocrit

*Hb (g/dl) = Hemoglobin

°Glutamic oxaloacetic transaminase. One unit is defined as the amount of enzyme causing
the transamination of 1.0 pmol of L-aspartate per minute at 25°C and pH 74.

"Glutamic pyruvic transaminase. One unit is defined as the amount of enzyme causing
the transamination of 1.0 pmol of L-alanine per minute at 25°C and pH 7.4

*Triglyceride
*Total cholesterol

"“Total protein



3. 4dol719 AR AATF 4F
) A48 45
85 T AR dAo A% A= Table 159 Yel At 33584 o
HAEC UM Atsw A o] 10, 14%<0 AP ALsW AE 3
Fol 6, 8% APATHEY FoJHo g A VERFTHP<0.05). At AF g
gol 12% A7+ 6, 8% AP TRY £ FFE°] YERTHP<0.05).
el AL A ZEF 6, 8% HYPTII 8%, 12% HAFIHE A Fo]HQ
Zpol7b YRRl RATHP>0.05). AR AESE] SlolA ALREW AA Feko)
14%<1 A@171 6, 8% AAFHRTE FolAHoZ FA pebR o (P<0.05), A
s AF ol 10, 12, 14%A AF+202 6, 8% HP4He Zh7h {94
1 zpolzh YpEREA] ATHP>0.05). @l d AV EL S ALRAES T A
AES naom, AtsuW A FFe] 10, 14%1 A7} 6, 8% HPFRT
2 =7 el on(P<0.05), AtEW A& o] 10, 12, 14%<1 A
A7 8, 12% AP 242k Fo A zol7h YeRA 2 tH(P>0.05).
Atsd A FFol 6% 1 HIFE BRE A TN e 22 A5EES
HYTHP<0.05). dUrE  FFZH1.00~1.05), 7+3Z24(1.40~1.56), HITIE
(1.06~1.16) @ AHEE(80.6~91.7%) RE AFFA ol =Ho|7} el

=
o

off

o]
rEE

n% Jo
1o
)
o

BEdHE Setd B Algul AA o] 6, 8% AP 7ol He A
A5 HAon, AsW AF kel 10% o4 g B9 6 8% APTFR
o w2 AFaEAVE JeEgon, 10% o4 #37F Aleldl e §oHl zle]
= uvehdA] @kth. Broken line model BA4S 23t Hu AL 98
A Zol7] EPALEY AA A 47L& 1014091% 5 el thFig 4)
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Table 15. Growth performance of adult olive flounder fed five different
dietary lipid levels for 6 weeks'

Diets’ Pooled
LP6 LP8 LP10 LPr12 LP14 SEM’

Initial weight (g/fish) 408 408 408 409 408 0.43
Final weight (g/fish) 567° 579" 606" 602° 605" 448
WG (%)* 393" 41.9™ 484" 473" 482" 119
SGR (%)’ 1.94° 197 205 2.04" 205" 0.02
DFI (%)° 1.01 1.01 1.05 1.03 1.00  0.02
FE (%)’ 729 742 796° 791 81.1°  1.06
PER® 1.40° 143  153° 1.52°° 1.56°  0.03
HSI’ 1.31 1.35 1.49 1.41 143  0.03
CF" 1.12 1.08 1.16 1.10 1.06  0.01
Survival rate (%) 917 86.1 86.1 83.3 80.6 2.87

' 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 2.

Pooled standard error of mean: SD/+/n , n = 3 replicated tanks of fish per
Weight gain (%) : [final wt.(g) - initial wt.(g) / initial wt.(g)] x 100.

Specific growth rate : [loge final wt.(g) - log. initial wt.(g)/days] = 100.

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

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

Protein efficiency ratio : wet wt. gain / protein intake.

Hepatosomatic index : (liver wt.(g) / body wt.(g) x 100.

" Condition factor : [fish wt. (g) / fish length (cm)3] x 100.
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Fig 4. Broken line analysis of weight gain (WG, %) based on the dietary
lipid levels in adult olive flounder.
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67 S APARE HFAT FTHEY HojA A Table 169 YeRHA
ok AojAle FEITFEH69.2~723%), ZTulEeF(19.1~201%), =353
(3.72~3.83%)2 E= AFFNA FAAHA Aolzb vEhGA ek koh(P>0.05).
A, WojAe) =AW e Al ARFT $2d vt Frbshe
Age vebduh "old zA Fel dolM Ataul A Aol 10~14%
AFTIL 6, 8% APFRTG FoH02 Al GehdTh(P<0.05). v, Alg
W A A3tgo] 6~8% AP T 10~14% APl E 7hzt g9 F o 2}
o] 7} vFeh}R] QaktH(P>0.05).

Table 16. Proximate composition of whole body of adult olive flounder

Diets(%)l Pooled

Composition T T T T T T 5
L6 L8 L10 L12 L14 SEM
Moisture 72.3 70.5 70.7 70.2 69.2 1.05
Crude protein 191 19.4 193 19.7 20.1 0.32
Crude fat 221° 2.48° 3.04° 3.15° 3.30° 0.24

Crude ash 3.75 3.83 3.80 3.79 3.72 0.27

'Refer table 2.
? Pooled standard error of mean : SD / /n.



Z7bol WE Gl YehgA Rtk 52K FAolE e 2L ofx
9} €] 2H(aspatic  acid)  3H(9.47~9.79%), E# Q(Threonine) 3}k
(4.02-4.19%), A% (serine) ¥ 7F(3.59~3.79%), FF et H(glutamic acid) &
(145~153%), Z=Z(proline) T (2.75~2.93%), F&|4(glycine) I+
(3.72~3.93%),  ¥e}d(alanine)  FHF(6.09~6.27%), ¥ (Valine) 3
(4.54~4.71%), o}o]LFAl(isoleucine)  §HaF(4.32~4.51), FAl(leucine) gtk
(7.60~782%), E}o]Z4l(tyrosine) F2F(2.65~2.87%), #HLUEd(phenylalanine)
$9(3.32~349%), 3]2~E]W(histidine) FF(2.10~2.25%), ehol2(lysine) T
(8.87~9.17%), oF= A (arginine) 3#(3.72~3.93%)0] RE AL F9A
2l #kol7}h thehtA) egEEH(P>0.05),
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Table 17. Amino acid composition of dorsal muscle of adult olive

flounder(%, dry matter basis)

Amino acids - e Dlet51 ****
L6 L8 L10 L12 L14
Asp;UT ac;d 9.47 " 9.73 962 9.75 9.79
Threonine 4.07 4.15 411 4.02 419
Serine 3.62 3.71 3.59 3.79 3.70
Glutamic acid 14.7 15.0 14.5 15.3 14.6
Proline 2.81 2.80 293 2.83 2.75
Glycine 3.72 3.93 3.82 3.78 3.88
Alanine 6.24 6.09 6.18 6.27 6.14
Valine 471 4.62 4.59 4.54 4.67
Isoleucine 4.51 4.45 4.32 449 441
Leucine 7.81 7.60 7.72 772 7.82
Tyrosine 2.65 2.78 2.87 2.74 2.68
Phenylalanine 3.32 344 3.38 3.49 3.39
Histidine 2.20 217 218 210 2.25
Lysine 8.87 8.89 9.02 917 9.04
Arginine 3.72 3.86 3.88 3.93 3.89

'Refer table 2.



4) do @ AP E

65 T2k HIANEE HHAS THo1 9 9 FH AHR-S Table 18] o
B A S EIYEPCV) FX](24.2~262%)¢}F 3| ZFZ0(Hb) 4
%](6.50~6.77), &AW GOT ¥ 2k37.5~453 1U/I), GPT & (7.48~8.10 1U/I),
F2~¥| Z(T-Chol) 33(223~248 mg/dl), ¥4 3}H4.31~449 g/dl), 272
© 2 (Glucose) 3(23.1~27.3)2 ZE AP oA Fo & ztol7t Uehtx|
% UTHP>0.05). wHHdl, A FAAA(TG) FHaH320~387mg/dl)-& ALs
AAg o] Zrbdl JFo] e AoF EA Jehdth Y FAA A
ojx Alguw A& gao]l 10~14%%) AP T7F 6% AFFRG HolFo
2 A YeRoh(P<0.05). aA¢, AW @] 6~8% APt
8~14% A 7oA 242 ol 2l Aozt YERG A ek keh(P>0.05).



Table 18. Serological characteristics of adult olive flounder fed five

different experimental diets for 6 weeks'

Diets’ Pooled

3
LP6 LPS  LPI0 LPI2 1LpP14 SEM

PCV (%)* 249 262 242 253 243 0.17
Hb’ 650 653 637 677 6.6l 0.32
GOT (IU/1)° 413 375 427 417 453 3.12
GPT (1U/1) 810  7.83 774 748 801 2.10
TG (mg/d)° 320 348  379°  375°  387° 21.2
T-Chol (mg/di)’ 223 237 245 241 248 16.7
TP (g/dn" 431 4.40 449 445 447 0.12
Glucose (g/dl) 23.1 242 26.1 25.6 27.3 2.63

'Values are means pooled SEM from triplicate groups of three pooled blood.
Means in each row with a different superscript are significantly different (P <
0.05).

*Refer table 2.

*Pooled standard error of mean : SD/+/n.

*PCV (%) = Haematocrit
*Hb (g/dl) = Hemoglobin

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

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

xTriglyceride
*Total cholesterol

"“Total protein
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A2 A dxe AF 9AE EP wFAIEe AA Am

TuE B 29

1. Xoj719 AAQ ANAgZFA g 59 44
1) A543 23
65 &<t AR E FA o] A A3t Table 196 Jehfidch 558, 4zt
HAEELS AMRETFFC F7ESS FoFeR 58 Aol JEbA|g
(P<0.05), AtgEH ol oAlF T 35%%} v AP (AF T 40% 5
= FARA Zel7b YEA] e tohP>0.05). dLYAIEFTHEE TFTEY
G ETD FAE Aol et o AsdFFol S7Hdrs fodew
F2 Aol UEHRTHP<0.05). AbFF @] S7Hs Atgd] Ad ko] 12%
A AdTes FAAHA Aelvt e Al G RTHP>0.05). AR A&7 Tl
Ao AolM AtmFH ol AAF F 25 35% HP7st 20% 2wt
By vs] foAo g A UEATHP<0.05), 3.0% A7 §9
¢l ztolzk VERFA QEATHP>0.05).  ZFE | R(147~1.66), HIDE
(0.99~1.07) 2 AE8(944~978%) e AP TN F959 o7t el
LA 2 $EeH(P>0.05).

4gdne FHekel BY ARZFFel 3AEFE AU S

RS BRYth A AlgEe Y S AASEE S AgT I Y] g
S 20% Aot pEAYT(AFE & 4.0% FF)7F Eo AFS Ryrh

Broken line model #4& &3 o] AAS 93k dx A7) EPAFEY 3
4 ARTHES oAF F 3.56+0.06% % 0™ (Fig 5), A AMEEES A%
WA #o]7] EPALREW A AR FaES oAlF T 2361012% 2 JEbEth
(Fig 6).



Table 19. Growth performance of juvenile olive flounder fed five different
dietary lipid levels for 6 weeks'

Diets’ Pooled

D20 D25 D30 D35 DS  SEM’

Initial weight (g/fish) 13.4 13.4 13.4 13.4 135 004
Final weight (g/fish) 3L0°  384° 439" 519’ 526" 221
WG (%)’ 132 187 229 287 290" 163
SGR (%)’ 234 311°  360° 418° 421° 019
DFI (%)° 1.99° 222 249 2.63" 299° 009
FE (%) 133°  144° 143" 149° 132° 216
PER® 1.81° 208  2.09° 2.23° 1.97°  0.04
HSI® 1.49 1.66 1.47 1.60 1.60  0.04
CF" 1.01 0.99 1.03 1.07 1.05 001
Survival rate (%) 97.8 94.4 96.7 95.6 944  1.00

' 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.
2 D2.0, Feeding rate 2.0%; D2.5, Feeding rate 2.5%; D3.0, Feeding rate 3.0%; D3.5,
Feeding rate 3.5%; DS, Feeding satiatin rate.
Pooled standard error of mean: SD/+/n , n = 3 replicated tanks of fish per
Weight gain (%) : [final wt.(g) - initial wt.(g) / initial wt.(g)] = 100.
Specific growth rate : [log. final wt.(g) - loge initial wt.(g)/days] x 100.
Daily feed intake : Feed intake (dry matter) x 100/(initial fish wt. + final fish
wt. + dead fish wt)/ 2x days fed ]
Feed efficiency (%) : (wet weight gain / dry feed intake) x 100.
Protein cfficiency ratio : wet wt. gain / protein intake.
Hepatosomatic index : (liver wt.(g) / body wt.(g) x 100.

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

10
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Fig 5. Broken line analysis of weight gain (WG, %) based on the dietary
lipid levels in juvenile olive flounder.
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Fig 6. Broken line analysis of feed efficiency (FE, %) based on the dietary
lipid levels in juvenile olive flounder.
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67 ¢ APARE AHFAT Fuole dojaAl dE Table 200 e
oh. AR FFF oA HojH AR dFS ¥A g AoeF vyt
AojHlo] SR (T44~753%),  ZAMEaF(17.0~17.6%),  ZA g
(2.76~2.86%), Z3| 28T 3.77~3.84%) FE AFp)A] FoHl zolr} 1}
EHbA] €8 R eH(P>0.05).

Table 20. Proximate composition of whole body of juvenile olive flounder

Diets(%)l Pooled

Composition )
D2.0 D25 D30 D35 DS SEM

Moisture 75.3 75.0 74.9 74.2 72.1 1.01
Crude protein 171 17.0 17.3 17.5 17.6 0.31
Crude fat 2.78 2.76 2.81 2.85 2.86 0.12
Crude ash 3.77 3.80 3.82 3.84 3.80 0.15

'Refer table 19.
? Pooled standard error of mean : SD / +/n.

,64,



2. 54719 AR AAGZ A 35F 43

1) A543 4%

65 B2 A3 WX A% Aute Table 216 Jeh It 258, 97t
AEES AMETHEHC FVETE #FYHeE & AFol YEpAR
(P<0.05), AtR&F el AT T 1.9%9} e APF(xFF 2.0% +F)
= el A Aoz YEhbA ERTHP>0.05). UAIR T HESE AR FH

F7VAFE FolHow A JERGOM(P<0.05), 25EF ¥ AR E I
AR AEgS RAoh ARaSY il [HAEES AT F ol AAF
T 1.0%0A 13% 2 Z71852 Z71507) 1.3% oAl e Az Zasts
S Rt AsEs&y guAdSTE JolA AlgaFHEo] ofAFE
T 13% A7 1.0% A@ vs) =A Jeldth gidol, AlgdH ol
Az F 13,16 19 L wrBAH L7k 1.0, 1.6, 1.9% = R A S 7)o
e A7F Fof Al zbeolzb dEhGA stk bR 4+(1.32~1.50), HIvtE
0.95~1.00) % AEE(100%)> ZE APTAAM FAHA o7t et
o A THP>0.05).

2

—_

A8 9lak gx xo]7] EPAFRY AR Algea3ae olxE o 1.87:0.08%
er(Fig 7), A A2 E8ES A% JA #of7] EPAIRY AF AEIFH
o oJAlF o 1.36+0.11% = e}t c}(Fig 8).



Table 21.  Growth performance of growing olive flounder fed five

different dietary lipid levels for 6 weeks'

Diets’ Pooled
DI.O D13 DL6 D19 DS  SEM’
Initial weight (g/fish) 75.6 75.5 76.3 75.9 751 0.29
Final weight (g/fish) 118"  145° 163" 182° 189" 700
WG (%) 5541 92.0°  116° 140° 151 936
SGR (%) 183" 233 261 2.87° 297 017
DFI (%)’ Lor* 1274 150° 1.8 192 013
FE (%)° 102°  119°  116% 108°° 106 240
PER’ 1.96° 228  224™ 208"  205® 0.05
HsI® 1.32 1.42 1.40 1.50 147 003
CF" 0.95 0.92 0.99 0.99 1.00 001
Survival (%) 100 100 100 100 100 0

1

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.

D1.0, Feeding rate 1.0%; D1.3, Feeding rate 1.3%; D1.6, Feeding rate 1.6%; D1.9,
Feeding rate 1.9%; DS, Feeding satiatin rate.

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

=

10

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] = 100.

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

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

Protein cfficiency ratio : wet wt. gain / protein intake.

Hepatosomatic index : (liver wt.(g) / body wt.(g) x 100.

Condition factor : [fish wt. (g) / fish length (cm)3] x 100.
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Fig 7. Broken line analysis of weight gain (WG, %) based on the dietary
lipid levels in growing olive flounder.
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Fig 8. Broken line analysis of feed efficiency (FE, %) based on the dietary
lipid levels in growing olive flounder.
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(2.76~2.84%), %3] 5 3§H=(3.73~3.82%)

EfubA) 9EtTh(P>0.05).

A% Frodd A

N o]4 & Table 220] YERJ
th At5FdFFel oaiA HoAA GRS dFE 2R dv Aoz Yehdd
dojAle] S EIFEHT73.2~74.9%),

Z ) 3 2(18.1~18.6%),
A AAA FoFQl Aol 1}

rlo

=AY

Table 22. Proximate composition of whole body of growing olive flounder

Composition
D2.0

Moisture 74.9
Crude protein 18.1
Crude fat 2.82

Crude ash 3.73

'Refer table 21.

D2.5

741

18.3

2.76

3.82

Diets(%)'
D3.0 D3.5
744 73.9
18.3 18.6
2.81 2.83
3.77 3.80

? Pooled standard error of mean : SD / /.
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DS

73.2

18.5

2.84

3.78

Pooled
SEM?

1.03
0.27
0.13

0.15



3. doj719] AR AAZ}FA A s5F 23
1) A%A% A
65 Zob A}S-3F Yx2] A A3E Table 230 YU Qct. 228, A7t

BAES AMBRTEH INHEFS fHeE w2 A%l dEEAT

(P<0.05), AEFFFl AF G 11%st B8 AFTCEIAF F 12% FF)
= foHd Fol7h EhA BRchP>005). YUNRTFEE ARTEY
o] 385% folHo B GehROn(P<005), FFE 2 YN ED
FAE 3

Fe Atk AEasd umaE ARFESe AaTILEd BAQ
o] Fe1AQ Aol7k ERA] ATH(P>0.05). 1HEFA R(1.22~143), WP
(1.01~1.00) 2 AWEL(100%)e ZE APFoX FeHA 2olrh vEhA]

A4ATE FHs B ARTFYol FAE4S AFEA} B e
A, ARES 9 Budasnge Augidd BAgel w8 A
o]7} thEh}R] 93tth  Broken line model A< E3 Ho AFL AP
WAl zol7] EPAtasW A Alsed S olAlE T 1L11+0.02% 2 YEET
(Fig 9).
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Table 23. Growth performance of adult olive flounder fed five different

dietary lipid levels for 6 weeks'

Diets® Pooled
D05 D07 D09 D1l DS SEM’
Initial weight (g/fish) 510 509 512 510 513 0.89
Final weight (g/fish)  600°  644° 689" 736" 740" 145
WG (%)* 1750 265 347" 443 446" 2.80
SGR (%)* 163 176¢ 188 2.00° 201" 005
DFI (%)° 046° 064  081°  0.99° 102" 007
FE (%)° 840 876 86.5 87.3 852 140
PER’ 1.61 1.68 1.66 1.68 164  0.02
HsI’ 122 132 1.38 1.42 143 003
CF" 1.09 1.02 1.05 1.07 .01 0.01
Survival (%) 100 100 100 100 100 0

' 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.

D0.5, Feeding rate 0.5%; D0.7, Feeding rate 0.7%; D0.9, Feeding rate 0.9%; D1.1,
Feeding rate 1.1%; DS, Feeding satiatin rate.

Pooled standard error of mean: SD/+/n , n = 3 replicated tanks of fish per
Weight gain (%) : [final wt.(g) - initial wt.(g) / initial wt.(g)] x 100.

Specific growth rate : [log. final wt.(g) - log. initial wt.(g)/days] x 100.

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

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

Protein efficiency ratio : wet wt. gain / protein intake.

Hepatosomatic index : (liver wt.(g) / body wt.(g) x 100.

Condition factor : [fish wt. (g) / fish length (cm)3] x 100.
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Fig 9. Broken line analysis of weight gain (WG, %) based on the dietary
lipid levels in adult olive flounder.
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2) AojAl Q&
6% F¢ AYANEE HAT TR AolA A Table 229 EhiY
b ARFFSl alA HolA RS TS wA e Ao yshgr

Hojdle)  FRIF(T05~71.2%),  ZTrMEEF(19.1~19.7%), 2 A urgE
(2.79~2.85%), Z3| 2 #((3.77~385%) BE AT FoFe zto|7}

Table 24. Proximate composition of whole body of adult olive flounder

Diets(%)' Pooled

Composition 5
D0.5 D07 D09 D11 DS SEM

Moisture 71.2 71.3 70.8 70.5 70.5 1.03
Crude protein  19.1 19.1 19.3 19.5 19.7 0.27
Crude fat 2.84 2.80 2.85 2.81 2.79 0.13
Crude ash 3.85 3.82 3.77 3.80 378 0.15

'Refer table 23.
? Pooled standard error of mean : SD / +/n.

-3 -
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1BAY Ft AASE HR9 47HA] Atmge] 44 dibe Table 259 e}
Wl S & (wt gain, %)oll dolA HAPALE2(EP2) B FALE(MP)7} A}
FALR(CEP)9E vt folHoz A dEbom(P<0.05), AlPAtR
1(EP1)& EP2 2@ MPs} Hlwste] 922 zpo]E Holx| ttH(P>0.05).
APRESFE)C oA EP1 % EP2 Al & F AR foAl AolE
Holx] @e(P>0.05) whd] CEP 3 MP Atz Hluaste foxog =
& e YERAIOH(P<0.05), MP7} 7bg e gh4.05)S EFTHP<0.05).
A FEGGR)O 11 EPL, EP2 3 MP Abg 7 F4<Q Aolg Kol
A %ok o™ (P>0.05), ©] AtRTELS CEPS} nlwdle fofzoz e g
UER ATh(P<0.05). @A A3 E & (PER) dolA EP1 2 EP2 Al
0E ARTER vlasty folHor o S vER o n(P<0.05), CEP
Al E MP AR 7RO fojHoR £ 3he HATHP<0.05). 7+ HAS
(HSI)¥= EP1 ¥ EP2 AL&7+& CEP @ MP AbR79 vlasly & ke B
0w (P<0.05), CEP 3 MP ALET& #oHd Aols HolA gsit
(P>0.05). HIRIE(CF)¥= EP2 3@ MP Aps+-7} CEP A}E 9} Hlwdla] {9
Hog A vehd ¥hA(P<0.05), EP13} Hlwdte] §2AQl 2olE Ho|X

l

w9 vlaste] #9124l Aol Holx] e (P>0.05) whwel] CEPs} H)wa}
T HoE £ s e ATHP<0.05).
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718 A SAF vlale Table 260] YERAT. 74 ~94€ Alo] B2
2 g FHEE, nFLo g g HoldA g opyY WMoz Y HJw
HolFo|7t A2 HA gokom, o HARES 15~20% LAY ATh EPI,
EP2, MP Atm & 200g7hA] A AAatolE HolA 9toen, 350g %ol
M MP7F & Als7RY i 52 A4S RYTH(P<0.05). Al@7Izt

2H 717kl FAEZ AR RT £ 28& 2 Qs FAF] o=
E ApolE MRl Ao AtgH T, 8¥Ae FAE A AR R Tha
& FAEE B AL e Feog Jdi A¥FAe] wel vewth 7
AW FAFS 8~9Y Abo] FARAA 165ge.® dEisten, Ha A4
b= 2~39Ate] EP1eA]  27go. 2 uehsth A Foz 108 ~1194 3l
o] A} 7|7Hd Z A Fo A 123~165g0.2 714 HL ZAFS Jehlgoen, 2

NONE o ofN

cad

o
!
(@8]
e
=2,
30

A 27~38go g 7t v FAHFS KAt 4¥~6¥ole 2
o2 AgsA7lel @3 50g4 gt HTt

dAGA P 98 & ®¥sk= Table 270 Yebdnt 744 =& &
2 89l 2B56TE Uepton, 7HE @& 22 2¢0 102T2 YebRte
o, g2 Aol AolA 9d~11do] HFH & ar of
HAFom s FFHGT olste] 2olE vEhd)7t oW YEEY 1
i, 12398 BISHA] @ FR02 Qs gxle AR NS xs)

At

_76_



Table 25. Effects of flounder fed the extruded pellets and moist pellet for

13 months!

Diets’ Pooled

EP1 EP2 CEP MP SEM’

Initial weight (g/fish) 30.2 30.2 30.1 30.1 0.20
Final weight (g/fish) 593% 615° 563° 620" 155
WG (%) 1864 1937° 1771° 1960° 55.9
SGR (%)’ 1.98° 2.01° 1.95° 2.02° 0.10
FE (%)° 84.0 87.6 86.5 87.3 1.40
PER’ 1.64° 1.67° 1.41° 1.15° 0.20
HsI® 1.44° 1.47° 1.28° 1.21° 0.10
CF’ 1.14%° 1.19° 1.08" 1.18° 0.10
Survival (%) 59.4° 61.5° 58.8" 65.9° 4.50

' 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 table 5.

Pooled standard error of mean: SD/+/n , n = 3 replicated tanks of fish per
Weight gain (%) : [final wt.(g) - initial wt.(g) / initial wt.(g)] x 100.

Specific growth rate : [log. final wt.(g) - loge. initial wt.(g)/days] x 100.

Fecd cfficiency (%) : (wet weight gain / dry feed intake) x 100.

Protein efficiency ratio : wet wt. gain / protein intake.

Hepatosomatic index : (liver wt.(g) / body wt.(g) x 100.

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

r
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Table 26. Weight gain of flounder fed the extruded pellets and moist

pellet for two months'

Diets
Months EP1 EP2 CEP MP
5 - - - -
7 70.8° 70.8° 57.9" 71.9°
9 101° 105° 86" 94
11 138" 148° 123° 165°
1 82 76 80 75
3 27 38 38 37
6 144 147 148 147

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

Table 27. Temperature change of water in tanks a month'
Month
6 7 8 9 10 11 12 1 2 3 4 5

C 189 210 256 227 198 164 135 115 102 108 129 133

'Values are means from triplicate groups of fish where the means in each row
with a different superscript are significantly different (I’<0.05).
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AEAY T8 S, AP F2%, 1 E HolAlY ANk E 24 4
Table 28 % 299 z}z} Jehl Ao %——E%(dorsal muscle)ol] A £
BT AARTA /93] ol S HolA] ktH(P>0.05). =Y A S EP2
a7 EP1 % MP Abgteh Hlaste] {23l AolE HolA] e
(P>0.05) WtHo] CEP Abs7HT & s BAUHP<0.05). =242 EP1
EP2 2 MP Al 7} CEP Als+t9 Hlulste folxom A eyt
(P<0.05). zZ}(iver)o] UojA] F=%-& EP1, EP2 @ CEP At2F77F MP AE
o} vlaste] Feoldog ¥ g HHFov(P<0.05), EP1, EP2 ¥ CEP Al®

~

TFRrE fFoAQ AolE HolA @rh(P>0.05). =whwd Bl 2d 2 EP2
2 MP Atm g7 CEP AbgT¢b Hlwste] fojAo=w A uvegutiow
(P<0.05), EP13} Mlaste] {2Q1 ApolE HolA FUTHP>0.05). HoA
(whole body)dll oA Fi-2 EE AbR7LHA FoH<d Ato]g HolA
& ATHP>0.05). A2 EP27}EP1 % CEP AtEFRY fFoyoz =7
UERsE 0.1 (P<0.05), MP$} Blatste] fo] &<l Apol & Mol skt =AW
& EP2 9 MP Abg 377 CEP AR 9h vlustel fodog w4 vebste
M (P<0.05), EP13} wlatste 22l xpolE Ho|A] A hth(P>0.05). =3+
< EP27} 98 Atmel Blatste] fojHow P w2 e Hiow
(P<0.05), EP1 Als7++v MP Algt9} Hlusle] feojxoz A Jer%
(P<0.05). =3}, CEP Atg47F 7} we ghs B AiP<0.05). Y %W
olul}zal AE A= Table 309 YEMQATE HE AL folA giREE
glutamic acid, lysine, aspartic acid, leucine, alanine, valineo|A] ¥ &
el om,  HA opwimgbe]  SlojA  EP27F 17.8% =M 7HE wokom,
CEP(17.5%), MP(16.5%), EP1(163%) %<2 1bepyi}.



Table 28. Proximate composition (%) of dorsal muscle and liver for
flounder fed EP diets and MP diet during 13 months'

Diets’ Moisture Crude protein Crude lipid
dorsal muscle S

EP1 74.6+0.22 225+0.34"° 0.6+0.05"

EP2 74.8+0.63 22.9+0.23" 0.7+0.19°

CEP 74.7+0.25 21.5+0.26" 0.4+0.03

MP 75.9+0.53 22.6+0.02 0.7+0.06"
Lo e

EP1 65.8+4.63" 11.5+0.49" 17.1+1.99°

EP2 64.4+1.48" 12.9+0.39° 18.2+1.36

CEP 65.5+1.31° 9.5+0.60° 16.5+1.75"

MP 61.6+0.52° 13.2+2.05" 19.3+0.91°

'Values (mean + SE of three replications) in each row not sharing a common
superscript are significantly different (P<0.05).
? Refer table 5.

Table 29. Proximate composition (%) of whole body for flounder fed EP
diets and MP for 13 months'

Diets’ Moisture Crude protein  Crude lipid Ash

EP1 7084158 195:040° 3.1+1.34 3.7+0.34°
EP2 70.1+1.38 20.9+0.06° 3.1+1.10 4.5+0.03°
CEP 72.0+0.12 19.4+0.20° 2.6+1.45 3.040.15
MP 72.8+0.72 20.1+0.03*" 2.8+0.93 3.6+0.14°

'Values (mean + SE of threc replications) in cach row not sharing a common
superscript are significantly different (P<0.05).
? Refer table 5.



Table 30. Amino acid contents of the dorsal muscle for flounder fed EP
diets and MP diet during 13 months'(%)

Diets”

Amino acids

EP1 EP2 CEP MP
Aspatic acid 1.85 2.03 2.00 1.89
Threonine 0.77 0.88 0.83 0.77
Serine 0.68 0.73 0.74 0.69
Glutamic acid 2.81 3.07 3.07 2.87
Proline 0.51 0.53 0.52 0.49
Glycine 0.75 0.81 0.81 0.77
Alanine 0.98 1.06 1.05 1.00
Valine 1.94 2.01 1.97 1.91
Cysteine 0.31 0.35 0.32 0.29
Metionine 0.65 0.72 0.71 0.67
Isoleucine 0.82 0.90 0.87 0.83
Leucine 1.46 1.60 1.56 1.49
Tyrosine 0.59 0.66 0.65 0.58
Phenylalanine 0.71 0.77 0.76 0.71
Histidine 0.41 0.46 0.45 0.42
Lysine 1.44 1.58 1.58 1.44
Arginine 0.60 0.68 0.68 0.61

'Values (mean + SE of three replications) in each row not sharing a common
superscript are significantly different (P<0.05).
® Refer table 5.
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3) 49 3 AFPAYY W3

wale] #83yg AEEA ARE Table 310 veliien, GOT, GPT
Total cholesteroldl] ¢o]jA AAZH O F EP AlSFERT MP AMS ol A

pd
=

A Webstoh Q1A & (Phospholipid)2 EP2 ALE37F 718 w2 3S vER
91 (P<0.05), EP1 @ MP A& 7& CEP A& 79} vlasle §o8oz &4
U ERG TH(P<0.05). Total protein(TP)¥= EP2 AlZ 77} th& AlE e} Hlaldled
B S BRYon(P<0.05), & AIRETES FH 2JolE Koz gk
CHP>0.05). Triglyceride(TG)& 5AFRE oA @& Hg S WP, A 2o

2 frolHQl ApolE Bolx] WtTHP>0.05).

Table 31. Serological characteristics of flounder fed EP diets and MP diet for

13 months’

Diets’

EP1 EP2
GOT(U/L)* 47.2" 453°
GPT(U/L) 4.4° 5.4°
Phospholipid(mg/ (¢) 825" 1069°
Total protein(g/ d¥) 5.2° 5.9°
Total cholesterol(mg/ d?) 201° 219°
Triglyceride(mg/ d¢) 248 198
Uric acid(mg/ de) 0.5 1.4

'Means of triplicate groups, values in the same
are significantly different (P<0.05).
*Refer table 5.

Pooled standard error of mean : SD/+/n.
*Glutamic oxaloacetic transaminase.

5 . . .
Glutamic pyruvic transaminase

,81 —

CEP
54.5°
59"
695°
48
298°
186
0.8

MP
59.2°

7.4°
836"
4.9°
417°
163
0.7

Pooled

SEM’
5.38
1.06
20.1
0.11
12.5
10.3
0.05

row with different superscripts
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45U fFEjlotrleite] ZEEA A Table 32¢] YehAo. tAl 2
@ube We ofulmite] QlojA EPAME-PIRAlA MP AR 7ET} proline,
glycine, alanine g&o] =A E}%t O™, threonine, serine2 2}o]& R.o]X]
Ut 53] taurineo] UojA EP1 Abs7F ©h& Als 19} Hlwéle &
AdS By, 252 U= o}r]Xx2H(valine, isoleucine, leucine, lysine)ol]

2E ARTUNA Aolg nolA ghgteh alm, frelofultte] %
Fol YoINE BE ARTAN FolF Hold wsih

A BEER YREA A= Table 330 Jehige) 2 gdE8d =
ATP 3 IMPo] el wishAlgollA FAMRRT £2 @& Hen, 53]
EP2o| A T2 Alg 3¢} vluste =& kS Byt ADP ¥ Inosine® &
AP A YA 9kt Hypoxanthind]] Qlojx{ % EP27F of & wl§HALSE

¢ Hlalsted 50%AE w2 @S HAoew, MP A4 7P v @E
Lhehy el

W5 HAAHE Table 340 veR It} g (Flavor), &) T (Color), BH(Taste)ol] 31
ol EP Abe7bd MP AFRT7h Reldel atol2 molx] ghkth(P>0.05).
Z 7H(Texture)o] lojA| EP2 A}m -+ CEP 9 MP Alg 9} vBlulsle] {9
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Y EFETHP<0.05). A REA Q7] & &= (Overall-acceptability)oll 1o EP27} o} &
AR T ERY frojdog =4 yErs o w(P<0.05), EP1, CEP 9 MP Alg Tt
solM = #FolAQl Aol E HolA] g UTHP>0.05).

Sel 0] el Aolzt =A AHE olje] A S o
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EPL 2 CEP Abe7¢} mliste] ¥A JebdohP<0.05). ©re4s $34e
BE ALRTAA ZolE Bo|A egirH(P>0.05).
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Table 32. Free amino acid contents of the dorsal muscle for flounder fed
EP diets and MP diet for 13 months'(%)

Diets’
Free amino acids

EP1 EP2 CEP MP
Phosphoserine 0.006 0.005 0.005 0.005
Taurine 0.198 0.184 0.179 0.182
PPhosphoethanolamine - - - -
Urea - - - -
L-Aspartic acid - - - -
L-Threonine 0.011 0.013 0.009 0.013
L-Serine 0.003 0.003 0.002 0.004
Asparagine - - - -
L-Glutamic acid 0.003 0.001 0.001 0.006
L-a-Aminoadipic acid - - - -
L-Proline 0.005 0.005 0.005 0.001
L-Glycine 0.005 0.003 0.003 0.001
L-Alanine 0.007 0.008 0.008 0.003
L-Citrulline - - - -
L-a-Aminobutyric acid - - - -
L-Valine 0.006 0.006 0.007 0.006
L-Cystine. - - - -
L-Methionine - - - 0.001
L-Isoleucine 0.003 0.002 0.004 0.003
L-Leucine 0.005 0.005 0.008 0.006
L-Tyrosine 0.004 0.004 0.004 0.005
L-Phenylalanine 0.005 0.004 0.007 0.005
B-alanine - - - -
DL-B-Aminoisobutyric acid - - - -
v-Aminobutyric acid - - - -
L-Orinithine - - - -
L-Lysine 0.001 0.001 0.002 0.002
1-Methyl-L-Histidine 0.007 0.010 0.018 0.017
L-Histidine - - - -
3-Methyl-L-Histidine 0.004 0.003 0.003 0.004

L-Carnosine - - - -
L-Arginine - - - -

'Walues (mean + SE of three replications) in each row not sharing a common
superscript are significantly different (P<0.05).
*Refer table 5.



Table 33. Nucleotides and their related compounds of flounder fed EP
diets and MP diet for 13 months' (mg/g)

Contents T Diets’ -
. EMm  EP2 CEP . MmP
AMP 0.003 0.010 0.009 0.004
ADP ND ND ND ND
ATP 0.013 0.024 0.005 ND
Inosine. ND ND ND ND
IMP 2.220 3.741 1.614 0.950
Hypoxanthin 0.321 0.712 0.418 0.202

'Values (mean + SE of three replications) in each row not sharing a common
superscript are significantly different (I’<0.05).
’Refer table 5

Table 34. Sensory scores of flounder fed EP diets and MP diet during 13

months'
.2
Contents N T pets T PSOEO]i/?;i
EP1 EP2 CEP MP
Flavor 6.33 6.60 6.37 6.13 0.18
Color 6.87 6.67 6.83 6.60 0.28
Taste 7.00 7.13 6.70 6.97 0.16
Texture® 6.90° 7.10° 6.97° 697 0.09
Overall-acceptability*  6.77 7.03" 6.77° 6.73° 0.11

'"Walues (mean + SE of three replications) in each row not sharing a common
superscript are significantly different (P<0.05).

*Refer table 5

*Pooled standard error means.

*P<0.01.
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Table 35. Physical properties of flounder fed EP diets and MP diet for 13

months’

. 2
Diets ~ Pooled

Contents ' 3
EP1 EP2 CEP MP SEM

Hardness(dyne/cm?)  4832°  5435°  4935°  51.29% 2.35
Springeness 0.52 0.59 0.46 0.58 0.06

Cohesiveness 0.41 0.43 0.41 0.44 0.02

'Values (mean + SE of three replications) in each row not sharing a common
superscript are significantly different (P<0.05).

’Refer table 5

*Pooled standard error means.
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A 1A gAe 4% @AM EP M@Aey 33 AF
A7 F Bt A9

2 A3AM 9A EPAIRW AAFEL DAt dAglel 47, Hoj
A, AW A2 FFol FFE vlAE Aeg Algdnh Al 3o
A Rzl Ae Absdl AF el 8~12%, %471 10~14%, do7le
10-14% AFFAA EA vehgted, Qo716 va) Holvlz 25 v
4 Adeanrt g Aoz Alg®@u. A, o]y & A= Ao (Johnsen
and Wandsvik, 1990) % sea bass(Peres and Oliva-Teles, 1999)2]| A}= 1
25% Wl wls) e 2 G d deraay vl vt o]2fd ol
= WA7F EF ofFol Hls) AMAG Fe7F @2 ofFel Aog AdHY,
E1%, 7FAH], halibut % flat fish ojfFollA W& AW RAE 7H3o=
Hael A EATh Atsu AA ko] FrtdaE HojA AR o
Hog Fridte 43S BAth olfd date flat fish oJ7<1 B R (Regost
et al, 2001) #vt olg} dojF(Johnsen and Wandsvik, 1990) % sea
bass(Peres and Oliva-Teles, 1999) 5 E} o} FolM= /A dus B A
£gh AolAlel w gerel A% o4Q) Aole vEhA AW i
she Aol yepged, ol Amul Ad F7h K46 GBS v &
Rl welolgtn woET. AW F4AAe A9 ARy AAFGge]

o we} Friske AFS BAow, B (Regost et al, 2001)9] Aite} {4}
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Aol v Ao AlgHT, dutrl Hoj7|dM AHojrlz MM 2w

= Agko] 9= Aoz wurATh g Pdxo lolH EPALEW A
AAAG L HANAAL S A3t Hoj7l= 9.08%, 471 101%, o7l
101% AAFF Aoz AAdth do2, {YA EPAsW AAAFE shed
Adol |dxo el 2He mHste 84% 9 AALE g @b of
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A 2 A Jdgxeo AF GAY EP wigAs 9 AA Als
TaF B A3

AR APEIES olF 27 2 AR Sol W g A 5 o
™ (Brett, 1979; Ng et al, 2000), dWr&q o2, /& X§$ ojfv= 4FLsF
= 1 AFo) he 4AEES 2aT w3 AKTTES AR QA
o we} gt A 4 A7l o (Maria and Kissil, 1979; Munsiri and
Lovell, 1993), &g dd oA AA o 3o wet 43 % Alss
g9 MAEH7t Jepdthe B (Garling and Wilson, 1976)7F 171 wjj &)
Aad HAANA e s FFAAE FHed F29 247 "Hu
A B ApoAs AF9AE 9A EP AW AA AddEe Al A
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gko] gt o]#]dt AiE sea bass(Eroldogan, 2003), F-A|7) <o](NRC,
1993)ell A} FAFSHAl vEbt o™, ol E Fatol AH AAREH 4
AR W BAH Zded mLHo Bdor B & & ATk WA Ao
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s A4 Ard A4 FFFE 4G AAF T 356%< 236%7F LpEbstt
g2 2oj7)ell oM FAES 7IFoE AR TEES oAT
19~2.0%(HE), AEESS 7For  13~20%2 JEygon, o4
brokenline® & 53 A A82Ul AAY FFFL 77} oAF T 1.87%%
136%7F Uebstth g3 zoj7iell oA FAES 7IFe2 AYARYW ¥
FHL o F T 11~12%(WE), AREES 7T 25~35%E UEHHS
™, oluf brokenline24& 53 24 Alsd AP FFHFS 44 AT 7
356%<} 2.36%7F ElgTh ol# g AFES o7 {A7Ie Af AlRE
T HAAVNEE ALY A8 ES ofd AR st wepy HAYAL

sEdgel Fede 4 & Ak AW Horz haA ARIFH of

gepd, ol s Adse F@stel 2 W, 9A 4FEAE Asd 3 A}
35%, SA71e 1.87%, A7l 1.1%7F 3
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Al 3 A |gxl9 F7t dFAE val A543

2822 MRS AEsty] dside it oFd Bast 9dE R I
Faw A4 a73e THsE Aol 4% WA A= olol s, 53 WG
As ARA AR A AC) dg 44 @A w(P/E ratio)s 7 F25
A e Eojot 3tth(Peres and Oliva-Teles, 1999). o}-&¢ 47 A& & 4
HE5g Edg dxxo], §40] & oo Almuidie 4Fde 0o @

2004). ExtruderE o|&3le Alg ARA|, 7tFERA(LE, 28F Y
9 AEd U 24U wepdm EPSl Fdel @l 4 e,
extruder URol 2] WAsE wdz ds) Jo] kg wgY @ FPaTt 5
A= 4 UrkSlinger et al, 1979; Kiang, 19891 Springate, 1991). d & E9,
ANE AEE 2" "7 e Fd3d 7)1He<h ascorbic acid7t EFP 3
1} 7] 5] A H(Slinger et al., 1979), lysine #} cystine®} 2-& Folm=Arke] g
ZFo] 712 (Viola et al, 1983)5E 5o Anr} ojw] ofe] Aol HIH
ot webA, AR AEAdE ddie] Wi ve 4 Jtexd 58 F3H L

2 m#stedol &0, AF extruder 7} Zol Bt FTAHA Aol

7] AkeS EUR, EPAEE 98 4dy50] MP A3 ek vt

zo QAL Hol ARE ;Pste] 2w dx EPALRC lojA MP9
Al 7F5AS AAFEka o) Lee et al. (1999)2 dxle] xo7)(1.6-4 g)oll
MPe] Fol HlEm&Aolgti HilstH e, Seo et al. (2005)2 27-51 go
Ha xoj2 gadez 1057 AL 28e Ax), EP7E MP 2ARS 444
e wo EPALRE MP Al 7bsAS Raudnt itk o4 dds2rH
J2e xoj7)el] 15| wol® MP FFRthe EP9t @2 A pellets &

Fate Aol vty 4 & Ao oAk we, B AP FAREE A9



A= Ao g EP9 MPE A7|7H14d) Ab$E 23 (unpublished data, Lee
et al, 2005), YA A&l Ao EPe} MPZrel| §-2]§ 2to]E Rolx| edth
olelgt Axte A A7 AFKA] EPY A anyt MPA vl H oty
B 7129 Fol7te AL uE 4 Ag Ao neln 197 HsiAd EP
o] MP thd 7bsAds 9T A4l Ao EP
o} MP9] nlmAl§ Aol Fa3y, AFAPAME o8 fFAIG AisE A
Eow ojrbEe] g R e BARS Y 5 o] EPE AAl 44
#ogol] A& 5 AL Aolg} wrrEch oY MY EPARS] FL2 HF2

7120 JUYAT AHRES wgoR YA Fad vt #FUA T
H17) gEeg ddE.

A& Wl FALE(CEP)Ol oA we A4S Kol 2L @A ¥ Adf
o 879 AlRdRy FH o7 Ao
(2004)2> = 2 =9 FPE AR 4L
Abgel gl @ xde] BYgog Hrise] e Aolg HustHd. o}
&9, gdx9 Hd FF& A% AR A A
7 Qo m(Kim et al, 2002), dx AFEW 24 geld/oyx Hl= oA
16.7k]/ge] @A g 45% Atsr7t 7MY 2 AFER AlRREES UE
W ITHKim et al., 2004).
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ol upeh HAF Al Aol Fest gebd & Yom old g
A% ol Fa® Wt P Aoz gud.
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= ojg&o] w2 YTHSim et al., 1995).

&% GOT, GPT 2 Total cholesteroldl] glojA] AA 2o g wFALR TR}
MP AbE ol A=A Vebgten, Triglyceride(TG) AR oA W2 7
&S HYrh ol AL FARE TN 7, & T A Zovt e A=
}& 5™ (Gordon, 1968), TG2 A7} @& A& 1tAEe AgiAL 715 9]
A3 garAke 4 & F AT G, EP ALRTH(EPT & EP2)°lA|
2 AIs e el & dFS vEES € 5 3
on, olgigt Al 7lse TA AFL o AT A FAE, AREE
Zof GEdA Aeg® Ao FEHE AW <A A (Phospholipid)2 EP2
AR} 7 2 FHE e AdAdS RE AT 72 T8
3t aaoln, Fola AAHFH F3tAZA gt ojFAE g FH
g9E F AR Algddh

>~

7
ol[‘

N,
i
olr
o
ol
N
>
)
lo
e

_]>~l
lo,
R
i3
A
2
& o

7Vatol] whebA Aold 2 zhm WA
sfof olAlA7lol me xelg Mtk oA w

z
X
o

,93,



and Nakagawa, 1995). o}-&2], A Az o] £HE F4o]
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