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This study was conducted to evaluate the effects of extruded pellet (EP) diets, as compared to a raw fish
moist pellet (MP) diet for olive flounder, Paralichthys olivaceus, grown in commercial-scale aquaculture
for 1 year. Four diets with duplication per diet were formulated for this experiment: two experimental
EP diets (EP1 and EP2), one commercial EP diet (CEP), and a raw fish MP diet (MP). The MP diet
consisted of 80% frozen horse mackerel and 20% commercial binder meal. Fish weighing 30.1+0.1 g
(mean+SD) were distributed randomly to each aquarium as a group of 2,600 fish. Weight gain (WG)
and feed efficiency ratio (FER) of fish fed EP2 and MP were higher (P<0.05) than those of fish fed CEP,
while those of fish fed EP1 did not differ (P>0.05) from those fed EP2 and MP. However, fish fed the
MP diet had a higher survival rate than fish fed the other diets. Fish fed EP2 had higher serum, phospholipids
and total protein levels, and lower levels of serum glutamic-oxaloacetic transaminase (GOT), glutamic-pyruvic
transaminase (GPT), and total cholesterol than fish fed MP (P<0.05). Dorsal muscle and liver proteins
and lipid of fish fed EP1 were higher (P<0.05) than those of fish fed CEP, while those of fish fed EP1
and MP did not differ from those of fish fed EP2 (P>0.05). These results strongly suggest that EP1 could
be developed to replace MP for grow-out stage production of olive flounder without adverse effects on

growth performance.
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Table 1. Ingredients and nutrient contents of experimental
diets

Diets
EP1 EP2 CEP MP
Ingredients
White fish meal’ 56.0 61.1 - -
Dehulled soybean meal’ 50 30 - -
Corngluten meal' 20 20 - -
Krill meal’ 50 40 - -
Squid liver powder'1 20 20 - -
Kelp meal’ 30 20 - -
Fish oil + Soya-oil' 00 61 - -
Yeast' 1.0 10 - -
Frozen horse mackerel - - - 80
Commercial binder meal' - - - 20
Wheat flour’ 115 124 - -
Wheat gluten’ - 20 - -
Oil mixture? 70 00 - -
Vitamin premix® 10 10 - -
Vitamin premix® 1.0 13 - -
Protector® 4.5 - - -
Additive® - 21 - -
Proximate analysis (%, DM basis)
Moisture 87 85 83 602
Crude protein 532 537 515 61.8
Crude lipid 120 100 89 121
Crude ash 116 109 106 89
Essential amino acidss (% of protein)
Arginine 535 5.67 533 6.1
Histidine 3.86 4.11 3.31 3.89
Isoleucine 438 451 391 4.24
Leucine 843 8.03 7.88 8.30
Lysine 771 730 7.32 8.16
Methione + Cystein 3.99 3.60 289 4.60
Phenylalanine + Tyrosine 712 752 814 7.90
Threonine 450 455 409 456
Valine 429 512 468 4.98

Provided by Suhyup Feed Co., Kyong-Nam, Korea.
%Fish oil, Com oil, Ethoxyquin, Lecthin, Vit A, D and E.
*Premix (mg/kg): KI 250, MnSOsxH0 2800, ZnSO4xH,0
2350, Vt K 225, Biotin (2%) 3500, Niacin 4850, Calcium
pantothenate 11000, folic acid 2000, Vt-B1 1500, Vt-B2
2000, Vt-B6 2000, Vt-C 50000.

‘Anti-oxidant, glucan, Gelatin, betaine, Choline, wheat flour.
®*Enzyme, Choline, Glucan, Lecthin.

TS Kjeldahl AR Y, 2382 AP s &
ARt ZALLE AES 12417 F2 XS F, Soxtec
system 1046 (Tacator AB, Sweden)& AF2-3td Soxhlet &
oz BMsgnh gAY BaS 5t A¥ gAS
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Table 2. Effects of extruded pellets and moist pellet diets
for 13 months on flounder growth'

Diets Pooled
EP1 EP2 CEP MP SEM
Initial wt. (g) 302 302 30.1 30.1 0.2
Final wt. (g) 593  615° 563"  620° 15.5
Wt. gain (%)’ 1,864® 1937*° 1771° 1960° 559
FCR (%) 1.31% 1327 155"  4.05° 0.2
SGR (%Y 198° 201" 195 202° 0.1
PER® 1.64°  167° 141"  115° 0.2
HsI® 1.44° 1477 128 1.21° 0.1
CF7 1.14®  119° 108° 1.18° 0.1

Survival rate (%) 59.4® 61.5° 588" 659 45

"Values are means from triplicate groups of fish where the
means in each row with a different superscript are sig-
nificantly different (P<0.05).

?Percent weight gain; (final wt. - initial wt.) x 100 / initial wt.
3Feed conversion ratio; (wet weight gain / dry feed intake).
*Specific growth rate; (loge final wt. - loge initial wt.)/ days.
®Protein efficiency ratio; (wet weight gain / protein intake)x
100.

®Hepatosomatic index; (liver weight/body welght) % 100.
"Condition factor; [fish wt. (g)/ fish length (Cm) 1> 100.
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GOT, GPT 2 total cholesterold] 114 AA) A O Z EP AT
ERT MP ALR TN =4 Jeisth AAEE EP2 AFRT
7} 71 e kS VUERNQ3(P<0.05), EP1 @ MP Al 87
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Table 3. Serological characteristics of flounder fed extruded
pellets and moist pellet diets for 13 months’

Diets Pooled

EP1 EP2 CEP MP SEM4

GOT (ULY 47.2° 453" 545® 5927 538
GPT (UL)® 44> 54 59° 74 106
Phospholipid (mg/dL) 825" 1069° 695° 836" 20.1
Total protein (g/dL) 52° 59° 48 49° o0M
Total cholesterol (mg/dL) 201° 219° 298" 417° 125
Triglyceride (mg/dL) 248 198 186 163 103
Uric acid (mg/dL) 0.5 1.4 0.8 0.7 0.05

"Means of triplicate groups, values in the same row with
different superscripts are significantly different (P<0.05).
’Glutamate oxaloacetate transaminase.

®Glutamate pyruvate transaminase.

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

M= s
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Table 4. Proximate composition (%) of whole body, dorsal muscle and liver from flounders fed extruded pellets and moist

pellet diets for 13 months’

Diets Moisture Crude protein Crude lipid Ash
Whole body

EP1 70.8+1.58 19.5 +0.40° 31+£1.34 3.740.34b

EP2 70.1+1.38 20.9+0.06° 31+1.10 4.5+0.03a

CEP 72.0+0.12 19.4 +0.20° 26+1.45 3.0+0.15¢

MP 72.8+0.72 20.1+0.03%® 2.8+0.93 3.6+0.14b
Dorsal muscle

EP1 746+0.22 22.5+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 75.940.53 22.6 +0.02% 0.7 +0.06°
Liver

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+052° 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).

(P<0.05), MP} BlaLste] o] HQl XpolE Holx] skt
ZA2 EP2 2 MP AFE 77} CEP AFR 79} Hlmste] £-2]
202 w7 JEREom(P<0.05), EP17 Bl aldted {o]H Q)
ApolE Kol FATHP>0.05). Z3]&-& EP27F T E AE
o} vl foHoz 7 L TS B0 (P<0.05),
CEP A7} 713 W& ghe HATHP<005). 5 <5l o]
Al RS BE AAETA Y EQ) ZpolE HolA] ettt
P>0.05). AL EP2 ALE77) EPL 2 MP AR 19} vl
3t F9Z Q) RolE Koo)X ¢F-&(P>0.05) HHHC CEP AR
TR =8 7S B AthP<0.05). ZA4H2 EP1, EP2 2 MP
AFET7} CEP AL 79 Hlwsle] frojd oz A ettt
(P<0.05). ZHliver)oll YJoJA] =82 EP1, EP2 ¥ CEP AlE717}
MP Atg ¢} Hlaste] foFoz & s BFoH
(P<0.05), EP1, EP2 & CEP AR T Hel& F93 ] Aol&
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(P>0.05).
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AAZ Ao, Ep AJAANEZE AR B FAE R S5
A74e Bustgoh. o] EP Al s B A0 E
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AHZAQ #yo] 7] wE(Brett and Higgs, 1970) w2
2o o] EPALE ] tigk B4 9 golAA I+ B9
Aoz ATHY. AAE W FALE(CEP)d JojAt & HF
£ B AL ol 2 AALEe] 279 AlsdRY] £4
2 Fofie FE AV A& Aoz AZLHET. Choi et
al. 004y ] 2 9] JY 8 gAAlE e AR HlaEAd s
ot tjREe] Alsol Tl | R Fo] Yo HrhE o]
Qe AoZ HustHo}

EP ALE 7ol B3l MP AR 7] We ALRE S-S o]
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< MP9] -9 ARETRA ALRE AF e B FFo=
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Mcphall, 1995). 53], F2u]&e 23 A A& 43
71 918 AR 2A A g A77t B2 AFAE
ol Ao grt AolFolF o G FRANE 54
S g E ALE &4 olA wiFAIEST AAE B
of et A Vet 2z vt o dsigtd AR
TAHE FAAHORE BuEUTHCho, 1993; Hardy et al.,
1993).

ol 9] Aol A e} HEA] LAt AL ohH,
o2 gl o7 A 1AgE], A A &4 2 AWlAL
AN e ddste oHo s AR ] E4o] AME-FIL glo
wh, olF, oA A7), AR BFFSa dH, AMAshe
AAHZA 2 olA9 e T wE AR HFo| A
2o HAEI glo] 7735 ol 7Y Aast AR 3|
2 ZAA%)e dl= ojy)go] W21 Auk(Sim et al, 1998).
A GOT, GPT ¥ total cholesterolol] 1ojA HAAA o= wlig
APRFRT MP ALE oA A VeSO ™| Triglyceride ™
FAEFAA F& TS B o)L FALE TN 78,
o5 59 &Fd Fofrt A& ALZ ALS ™ (Gordon,
1968), triglyceride®) $=2|7} & AL 7hAE 2] A HthAL 7]
ol A3 APTkE AL & & UYTh BEbA, EP ALET
X 2t 7158 SN BEE AT AAd & 93
S HHES & & o, oEs AeH %o &4 st
o] 43t Aol AL, AIEFEE T fEskA FeE Ao
2 290 830 Qx2S B ARRET) M 8 RS
ER It IAES BE A TR T3 2409,
ol AAdH S FpA ZA ZEste] ofFA e RrEel F
H 59s £ AoR AgHEHo.

A7) AAEg EUZ, siitolf Sl wetd d8-F
Q MigAlE S AEsts A2 A4, Al5ES 2 AR89
ooz ofale] A g 2 A5 FoE Bk ojye
FA A ddn] o] Al o)t 5= ALEH| 9] A-S 71A-E Aol
o, @3 ALEME, 58 AT R 52 SHE AEE
sAle & 4 Qe B A vk 24 2 AlRT)eS
A3 2 AEEE F3F 7 A& Aotk ofe, WA
AEuAE FAAE e AR HHE TRFgeER A

0 o

A A 5

A g7 At A A8AHA wigAts Aol AAFH
ZH e A3 Fo A4S 7R THRodriguez-Sernba et al.,
1996).

kA, A7) 49 23 EUE gX& EP2e AYE
AL 2 FALR R 283] 7teAo] JoBE FAF
AZAE S AFAAN @R Ra8 F Jg Aoz A7y,
ob2 e wirE FAE RIS st F2 8
71 g A7 8 Ao AlgETh

Al At
2 doe aydedm g de)itel A8 gAraNg, re-
2006-AQ-005)2] Aol 3] EA=HAHFUY.
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