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Long-term Evaluation of Extruded Pellet Diets Compared to Raw Fish
Moist Pellet Diet for Growing Flounder, Paralichthys olivaceus
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Kyoung-Duck Kim and Sungchul C. Bai'
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This experiment was conducted to compare the effects of extruded pellets and raw fish-based pellet on olive
flounder Paralichthys olivaceus. Six diets were prepared for this study: two formulated extruded pellets (FEP1 &
FEP2), three commercially available extruded pellets (CEP1, CEP2 & CEP3) and moist pellet (MP). Weight gain
of fish fed FEP1 and CEP3 were significantly higher (P<0.05) than those of fish fed FEP2, CEP1, CEP2 and MP,
while that of fish fed MP was not significantly different (P>0.05) from those of fish fed the FEP2, CEP1 and
CEP2. Feed efficiency of fish fed CEP2 was significantly lower (P<0.05) than those of fish fed FEP1, FEP2,
CEP1, CEP3 and MP. There was no significant difference in protein efficiency ratio and hepatosomatic index
between fish fed FEP1 and CEP3, and among fish fed FEP2, CEP1 and CEP2. There was no significant difference
in condition factor among fish fed the FEP1 and CEP3, and between fish fed FEP2, CEP1 and MP. However, fish
fed MP had a lower survival rate than fish fed the other five EP. These results suggest that diet FEP1 could be
developed to replace MP for the growing stage of flounder without adverse effects on growth performance.

Keywords: Olive flounder, Extruded pellet, Moist pellet

N B

REREEIREE R
FE A 7% ALE A 2L u@AbEel g Aga]
7h S Elojof s Ape A 27 vl ojm, 53] Ak
7} ekal o] At Ayt F o] E Zol= YA 30~60%=
AABRE 2 Bopw P e} AAALL Swac o) v
FAR F848 & F UTNRC, 1993). H2 F27)%)

& 1980H =0 <

e

T

UESRRNSCERUVEEEDE 213
Y 71g0] AN o), Y Je] nUSE FuAny

/ﬂo

A] 7]»‘5—7‘5]—

=0
R

i
o

[«

kon

T, O
WA g o] ool om, WA skl FAE 50~60%
2 AAske W Faw ARl WA U Ak

AR AR E EfE 19889 100] B0 R 28 By o)
) 20049 °F 40,000) ELF Z71819 tHMOMAF, 2004). ©]
o} 7bo] sAtolfy oF2le] AA Sz wl&2 wle wWE 57t 5

A% Holi wkHlo] AL el wul Clste] ol ko]

O

*Corresponding author: kwkim@momaf.go.kr

2

Az ke WA ko] nixlel dejolvt. migALE s} AN
fAdele 2 ojFe] Ageie SR HE §lo] M=

797t Wol el Ba¥oR ofd A4 % ARRE
Zwol|a| AAtgel Hlal] A Ao} A @AY TATe
M= WA a9k ARF7IRAE oH "Belal 9l A

o}, o}, AJUIAQ] TEO R ¢ty YolAlE ] HEo] F

AH oz ZAT O HolH (New, 1999), 53] slaTe} A
o A% WARE] 7 BIHAT 714 BF, AR AL A 5
NS WE BT 99 9 MP 7A Avlsh 718 W QA

9] wjFo] Fo} HH?}A}E_E&I 2@01 ARIAH R o] FA L
q_ wHe) Agj\}g_ /\}B_atO] Hﬂ%l/\].Ei zqﬁ,gh;}l 7}
shH HHWPE~ ol *}E“P 200,000% o] 33
o 2 wgALES] A 7T A AR AAgRe R AT

Az QR ATE B GFatEe o8| WhiiE 27 (Lee
2002; Kim et al., 2002a), T2 /oll L4 =] vl(Sato, 1998;
Lee et al, 2000; Kim et al, 2004), o} =2t @ 7-HForster and

rzi oZi 32

et al.,

Ogata, 1998; Alam et al., 2002), A& B A4t Q77HKim
et al,, 2002b; Kim and Lee, 2004), ©53lE FYA7(Lee et



226 A&, 74831, AR,
al., 2003), U3 G5 8T (Wang et al,, 2002) = ¥ol A}
EF9(Kim et al, 2002¢), AR YFE o]-&4 (Kikuchi et al,
1997; Sato and Kikuchi, 1997) 5 %-& %ojAlE GFstd 7]
ZAFEo| FYHA Frt.

upebA, B As GA JojA 7] A7 ARES EY
2 AL WRRmE A AFste] 7]E9] MiFASCIEALE)
2L AT o} GEEHH o] vla-BrrE B3 AAEe)a &
ZAZ1AR1 EA]8- A8 AR E Tdshke o] 2 £ .

M2 W

ATt AHALE T, A ol= B 19244.5 g (meanxSD)2! @
X (Paralichthys olivaceus) Pl/do1E A8, 3% PP
(polyethylene plastic) ¥l +2 F 30vialy 2+ Ag+
T 3NHE0 2 B9 uijR]Eit). 7t A Re Ao E #
g2 dY 12313 AARYAHR S5E AMEEGeH, &
g Ak FEE 93l dlojAES AAET AE7)7 B¢t
L 89-260°CE X A7 B AdAg-2o &3}l on,
BT 31x] gL 2 pHE 7.6£030.2 2L U A8
e oAFe] 1.0-2.5% (AEZIEE 19 2823 94,
41y Fol(@FF)skaen, 20039 8¥dlA 20043 8Y7H
VA7 ARSAES AAE AT

fr

¥

s}t

X to ol

e X
i)
&
<

1

A
Ahgel 24,

> >
o g

(EPA B DHA ¥3h), 21813 ©r3leg o2 WrkEE ARS-&)
(ot 7T A7 TAleRRE, WE 9, E9,
dste] ARSIt AEAEE F A AR E
IS Flon, x4 A2k vigALE 22 (Flounder extruded
pellet, FEP 1 & 2), 448 WigHALE 3% (Commercial extruded
pellet, CEP1, 2 & 3) 2! 5AS (Moist pellet, MP)= LF3Ic}. FEPI
& 2= AEBAMIA FE Az o, AlRYdE 7|5e 4t
3lx 2] FS Al = (p-anisidine) %] 500)8}E 3}, B
TS TAAT 1*10Yg ©l8tE ST of2d, &a
W WA AR sodium dehydroacetate @ 321312 MEEQ
(FAIY, B=E 742} 100 ppm H 78l Alzs1A T

T H,

b
!
=

A (}m

f e
(lop

OXNI&EE X HEEH

oAl H4 & wid ez dAEen, 44ES SA st

olal%g, 474, visd

7] 918te] 244 7F AAAZ] & MS-222 (100 ppm)E HHHAIA
HAAFAE g3tk AEFE F, S E(percent weight gain,
%), AFEE & (feed efficiency, FE), Y7H37&E (specific growth
rate, %/day), ¥ 2 A8 4 & (protein efficiency ratio, PER), 1+
Z2X]4(hepatosomatic index, HSI), H]RH=(condition factor,
CF) 2 A&E&(survival, %)y ZABIRY. 15358 73t
7] 918 7+ exdE ekl 7k BAE S48t 83 4
ARe APAE 7 2T vy FAYE FEI 438
FAE o83l APole] nRAuo)x] FAg AET F,
e FZIAT A=A G2 Pl g A2
A3 & 3,600 rpmell A 158271

o

3087} ¥} e sl WHAR
Aste] A8 THCH-100, ITALY). 8% ZAM] oM e

Kinetic B8] 28] GOT ¥ GPTE 3193, end-point *H ol
2]8) total protein, phospholipid, total cholesterol, friglyceride,
uric acidS S 3k ANAE B4 AR 7L &
2 5wl PR FE3le] BT AoAE E4 e
™, AOAC (1984l weh 8- A7z (105, 6
Al7Y), 2 AL Kjeldahl 224 9 (Nx6.25), Z3|E-S &
g3lshH o g FA3IITh AW AES 122 $AAxT
% Soxtec system 1046 (Tacator AB, Sweden)2 A}-8 3}
soxhlet F+&H o T B39,

SAXz2

R2E ARY BAAEE Computer Program Statistix 3.1
(Analytical Software, St. Paul MN. USA)Z £4HEA (ANOVA
test)e AAIEt] HAfol 24 (LSD: Least Significant Difference)
o2 Perzke] F94 (P<0.05)2 At

4 o

2R A= FA] vde] A wiARE(FEPIH 2)= o
A T 50~51%, A2 10~12%F AAEAeH, JdE wigh
AFE(CEP1, 29} 35= 46~52%, A1E 8~10%Z £ = {cH(Table
1. gx] mlde] Aol sloiM 6 £/ (FEP 2%, CEP 3%
9 MP 1%)E Y AR A¥SH A2h= Table 200 VERASAT
ZA) & (Weight gain, %)> FEP1 2 CEP3 ALR77| Th& AR
TEI} vlwEte] fo)Hor =8 ZAES HCoH, FEP2,
CEP1, CEP2, MP Al 7oA f-9)F oz e Z4 8-S By
th(P<0.05). ¥FA9] FEP2, CEP1, CEP2, MP Al&7E §29]3
Ql Aol YN SUH(P>0.05), CEP1 ALE A 7H W2 7
g BT AR EE(FE) 2 A7 FE(SGR) $loiA = FEPI
g CEP3 AHE77} ThE ALETE3 Blsle] fo04o2 =4
velston, CEP20IA o) 02 71 @A Wk th(P<0.05).
HhAe|, FEP2, CEP1 ¥ MP AlE oA = f-21AQ1 Zel7t gl
RO (P>0.05), MP ALRT7F CEP2ET} %2 7388 Ho)
A A S8 (PER)S MP AL -7} FEP1 ¥ CEP3 AlS++



WA R 2 ke W) o

Table 1. Composition and proximate analyses of the experimental diets (% of the DM basis)

Diets
FEP1 FEP2 CEP1 CEP2 CEP3 MP
Ingredients
White fish meal’ 45.0 35.0
Dehulled soybean meal’ 5.0 9.0
Corngluten meal' 2.0 5.0
Krill meal’ 5.0 1.0
Squid liver powder' 2.0 2.0
Kelp meal’ 3.0 3.0
Protosan' 7.5 13.0
Yeast' 1.0 1.0
Frozen horse mackerel 80
Commercial binder meal® 20
Wheat flour! 13.0 14.0
Wheat gluten' 2.0 2.0
Oil mixture® 7.0 9.5
Vitamin & mineral premix® 2.0 2.0
Protector’ 5.5 3.5
Proximate analysis (%, DM basis)
Moisture 6.7 8.5 8.3 8.1 7.2 60.2
Crude protein 51.3 50.4 48.5 46.5 52.1 61.8
Crude lipid 10.0 12.5 8.9 7.9 9.9 12.1
Crude ash 11.6 10.3 10.6 8.2 9.5 8.9
Essential amino acids (% of protein)
Arginine 5.35 5.67 5.33 5.78 5.81 6.11
Histidine 3.86 4.11 3.31 3.54 3.57 3.89
Isoleucine 4.38 4.51 391 3.81 3.95 4.24
Leucine 8.43 8.03 7.88 8.09 8.50 8.30
Lysine 7.71 7.30 7.32 7.51 8.12 8.16
Methione+Cystein 3.99 3.60 2.89 3.51 4.30 4.60
Phenylalanine+Tyrosine 7.12 7.52 8.14 6.98 8.04 7.90
Threonine 4.50 4.55 4.09 4.38 5.01 4.56
Valine 4.29 5.12 4.68 4.99 4.68 4.98

'"Provided by Dong-Sun Industry Co., Kyunggi-Do, Korea.
*Purchased by Suhyup Feed Co., Korea.
*Fish oil, Corn oil, Ethoxyquin, Lecthin, Vit A, D and E

*Premix (mg/kg): KT 250, MnSO,*1,0 2800, ZnSO,*H,0 2350, Vi K 225, Biotin (2%) 3500, Niacin 4850, Calcium pantothenate 11000,

folic acid 2000, Vt-B; 1500, Vt-B, 2000, Vt-Bs 2000, Vt-C 50000
*Anti-oxdi, glucan, Gelatin, betaine, Choline, wheat flour
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Table 2. Performance of flounder fed the extruded pellet (EP) diets and moist pellet (MP) during 12 months'

Diets Pooled
FEPI FEP2 CEPI CEP2 CEP3 MP SEM®
Initial weight(g/fish) 192 196 192 190 192 191 0.1
Final weight(g/fish) 681 635 622 603 673 611 10.1
Weight gain (%) 255a 223b 225b 217b 251a 220b 4.2
FE (%)’ 81.2a 73.4b 72.3b 65.6¢ 80.0a 68.4bc 3.8
SGR (%)* 2.26a 2.10b 2.10b 1.96¢ 2.24a 2.08b 0.02
PER (%)° 1.62a 1.47b 1.45b 1.41b 1.60a 0.98c 0.01
HSI® 1.24b l41a 1.38a 1.50a 1.20b 1.31ab 0.01
CF’ 1.42a 1.31b 1.28b 1.15¢ 1.44a 1.32b 0.01
Survival (%) 79.8a 76.6a 77.5a 76.3a 79.1a 64.2b 2.5

'Values are means from triplicate groups of fish where the means in each row with a different superscripts are significantly different (P<0.05).
“Weight gain: (final weight-initial weight)x100/initial weight.

3Feed efficiency : (increase in biomass of fishx100)/feed intake.

*Specific growth rate: (In final weight-In initial weight)/daysx100.

SProtein efficiency ratio: weight gain/dietary protein intake.

*Hepatosomatic index: liver weightx100/body weight.

"Condition factor: (wet weight/total length3)=100.

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

Table 3. Serological characteristics of flounder fed the extruded pellet (EP) diets and moist pellet (MP) during 12 months'

Diets Pooled

FEP1 FEP2 CEP1 CEP2 CEP3 MP SEM*
GOT(U/LY 45.0b 48.5b 53.5ab 50.5b 51.0b 58.0a 5.38
GPT(U/L)? 5.5b 4.5b 6.0b 5.0b 5.0b 7.0a 2.06
Phospholipid (mg/dl) 959a 525b 595b 646b 1128a 736b 20.1
Total protein (g/dI) 5.7a 5.1b 5.1b 5.3b 5.6a 4.9b 0.11
Total cholesterol {mg/dl) 210b 19%b 305ab 427a 2590 427a 12.5
Triglyceride (mg/dl) 178 258 189 182 172 133 10.3
Uric acid (mg/dl) 1.5 0.5 0.9 0.6 0.5 0.7 0.05

!Means of triplicate groups, values in the same row with different superscripts are significantly different (P<0.05).
’Glutamic oxaloacetic transaminase.

3Glutamic pyruvic transaminase

*Pooled standard error of mean: SD/vn.

Table 4. Proximate composition (%) of the whole body of flounder fed the extruded pellet (EP) diets and moist pellet (MP) during 12
months'

Diets Pooled

Initial FEP1 FEP2 CEP1 CEP2 CEP3 MP SEM?
Moisture 76.2 74.5 75.0 74.9 75.8 74.8 75.1 1.21
Crude protein 15.6b 18.4a 17.3ab 17.4ab 16.8ab 18.2a 17.4ab 0.84
Crude lipid 2.30 242 245 248 2.49 2.50 2.59 0.15
Crude ash 4.49a 4.15ab 4.25ab 4.29ab 4.15ab 4.00b 4.05b 0.27

"Means of triplicate groups, values in the same row with different superscripts are significantly different (P<0.05).
Pooled standard error of mean: SD/+n.
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