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Development of Extruded Pellet for Growth of Flounder
(Paralichthys olivaceus) in Commercial Scale Feeding Trials
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Two feeding experiments were conducted to evaluate the effects of the experimental extruded pellet (EP), com-
mercial EP and raw fish-based moist pellet (MP) on growth of growing flounder (Paralichthys olivaceus). In experiment
1, two replicate groups of the fish (average body weight of 115+3.2 g) were fed one of five experimental diets (EP1-
EP5) and MP in circular concrete tanks (4.6 m @, 0.6 m depth) for 78 days. In experiment 2, in order to evaluate EP
in the commercial scale (8 m x 8 m), flounder (average body weight of 137+11.4 g) were fed one of five EPs (EP1-
EP5) used in experiment 1, commercial EP (EP6) and two MEPs (MEP4 and MEP6) as moist pellet types which were
made from EP4 and EP6, respectively, by being sprayed with a mixture of water and additives for 80 days. In experiment
1, weight gain of fish fed the all EPs was not significantly different from that of MP. Feed efficiency of fish fed the EP4
was highest, and protein efficiency ratio of fish fed the EP4 and EP5 was significantly higher than that of fish fed the
MP (P<0.05). Significant differences were observed in the contents of moisture and crude lipid in the muscle, and mois-
ture in the liver of fish (£<0.05). In experiment 2, weight gain of fish fed the EP4 and MEP4 were highest and feed effi-
ciency showed high tendency in EP4, MEP4 and MEP6. Fish fed the MEP6 showed higher weight gain and feed
efficiency compared to those of fish fed the EP6, but there was no difference in those of fish fed EP4 and MEP4. Based
on the results of this study, dietary formulations used in EPs could be most recommendable applied in the practical
extruded pellet feeds for flounder grown from 114 g to 350 g.
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Table 1. Ingredients and nutrient contents of experimental diets

ME @y

AEAls

A8 1ol A AlEFRA SR AT 5EFR] o aiEAt
E.(EP1, EP2, EP3, EP4 9 EP5)9} MPE & 6572 FH|313
o, A% 20ll= A3 19 ARSSE EP 53(EP1-EPS), A8
(EP6) & EP4$} EP6S 220 mI/100 g diety} 215 FUa
81, 2715 7 9 vleR] 9} E BZA] 21} 1 g/100 g diet)
£ BFN 255F9 EA-HALE(MEP4, MEPO)E % 857+<]
AleE FH]315I 0 EP1-EPSE 9|9 kA Q7 (Lee et al,,
2000, 2002, 2003; Kim and Lee, 2004)2 T&j3lo] A58 A

Ast AR 3 Aol Q) ato] AFEA|Z7](EX 920, Matador,
Denmark)%. 74 7% 28l 0 2 A Z31% 00, EP6S 480

Diets
EP 1 EP2 EP 3 EP 4 EP S MP EP6
Ingredients (%)
Mackerel meal 55.5 49.7 Closed
Herring meal' 55.0 46.0 60.0
Wheat flour 15.0 18.5
Wheat flour (Low CP) 239 20.4 21.3
Fish oil 24 2.4 2.4 5.5 4.0
Dehulled soybean meal 7.0 2.3 3.0
Corn gluten meal 3.0 3.0 3.0 3.0
Starch 2.0 2.0
Brewers yeast 2.0 2.0 4.0 1.1 2.0
Krill meal 5.0 5.0 5.0 4.0 5.0
Poultry by-product 5.0
Wheat gluten 4.0 2.0
Others 8.7 9.2 7.3 7.6 10.8
Mackerel (raw fish) 75
Binder meal 25
Proximate analysis (% dry matter basis)
Dry matter 96.8 95.5 95.1 92.9 94.7 46.9 89.9
Crude protein 51.9 51.8 553 54.8 53.2 59.6 549
Crude lipid 8.1 8.4 8.4 10.5 8.7 7.8 7.2
Ash 11.6 11.9 12.1 11.3 11.7 11.9 11.1
Gross energy (kcal/100 g diet) 569 577 587 600 583 609 582
E/P (kcal/g protein) 11.0 11.1 10.6 10.9 11.0 10.2 10.6
Essential amino acid composition (% in protein)
Arg 7.1 6.7 7.1 6.5 6.6 6.7 7.0
HIs 2.8 2.6 33 34 33 33 33
Ile 4.0 3.9 4.1 3.8 3.8 3.9 3.9
Leu 8.5 8.4 8.3 8.2 8.2 8.8 8.6
Lys 7.9 7.3 8.3 7.5 7.5 7.8 7.5
Met + Cys 0.8 4.1 0.4 4.1 3.5 2.5 1.2
Phe + Tyr 8.0 8.2 7.5 8.1 8.1 8.4 7.5
Tyr 52 4.9 5.3 49 5.0 5.0 4.9
Val 5.8 5.0 5.8 49 5.0 52 5.6
Feed cost (won/kg)* 984 955 972 969 1006

'Imported from Chile.

Cost of ingredients except for diet processing cost based on the price in 2004.
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Table 2. Growth performance of growing flounder fed the experimental diets for 78 days in experiment 1'
Diets EP! EP2 EP3 EP4 EP5 MP
IMW (g/fish)’ 116+11.3™ 121+6.9 118+6.8 114+14.5 117+£10.3 11849.2
SUR (%)’ 70+9.5™ 78+8.1 67+11.0 70£13.0 74+7.5 72+5.0
WG (%) 127+7.7% 113+1.5° 136+13.8%® 161+£21.8° 13442.6% 151+8.1*
FE (%)’ 85+1.6° 84+0.9° 88+5.2% 105+0.9° 93+1.0* 9342.5°
DFI (%)° 0.96+0.04™ 0.96+0.07 0.94+0.10 0.90+0.02 0.95+0.07 1.01£0.04
DPI (%)’ 0.50+0.02™ 0.50+0.04 0.52+0.05 0.49+0.01 0.51+0.04 0.60+0.02
PER? 1.64+0.03® 1.63+0.02% 1.59+0.09% 1.92+0.02° 1.74+0.02° 1.39+0.21°
CF 1.18+£0.070™ 1.19+0.010 1.17+0.055 1.15+£0.001 1.17+0.010 1.10+0.010
HSIY 1.56+0.075"™ 1.58+0.015 1.42+0.080 1.53£0.225 1.54+0.075 1.18+0.135

'"Values (mean=SE of two replication groups) in the same row not sharing a common superscript are significantly different (P<0.05).

?Initial mean weight.
*Survival.

*Weight gain = (final body weight-initial body weight)x100/initial body weight.

*Feed efficiency = fish wet weight gain x 100/feed intake (dry matter).

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

8Protein efficiency ratio = fish wet weight gain/protein intake.
°Condition factor = (body weightx100)/total body length(cm)’.
"®Hepatosomatic index = (liver weightx100)/body weight.
"Not significant (P>0.05).

Table 3. Proximate composition (%) of the muscle and liver in
growing flounder fed the experimental diets for 78 days in
experiment 1'

Diets Moisture Crude protein Crude lipid
Muscle
Initial 77.1 21.6 0.8
EP1 75.3+0.12% 24.6+0.09° 0.67+0.40™
EP2 74.9£0.07* 24,3+0.24° 0.60£0.33
EP3 75.4+0.26° 23.9+0.28% 0.41£0.02
EP4 74.6+0.24 23.3£0.15% 0.78+0.55
EP5 74.6+0.36® 24.2+0.64° 0.2320.12
MP 76.6+0.18° 22.8+0.41° 0.75+£0.51
Liver
Initial 73.3 15.7 7.3
EP1 68.6£0.20° 12.8+0.46™ 11.4+1.24™
EP2 68.6+0.66° 13.3£0.46 12.5£1.93
EP3 68.3£1.28° 13.3+0.84 13.2+1.55
EP4 64.6+1.21° 11.9+0.83 15.2+1.94
EP5 69.0+1.57° 13.8+0.89 9.4+0.65
MP 70.3£0.39° 14.5£0.96 14.0+2.11

'"Values (mean%S.E. of two replications) in the same column not
sharing a common superscript are significantly different (P<0.05).
"Not significant (£>0.05).
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Table 4. Hernatological changes of the plasma in growing flounder fed the experimental diets for 78 days in experiment 1'

Diets Glucose (mg/100 mL) Total protein (g/100 mL) Triglyceride (mg/100 mL) GPT (IU/L)
EPI 22.041.52™ 4.7+0.08™ 191+29.9" 3.4+0.04™
EP2 22.1+1.82 5.0+0.02 185+13.3 4.3+1.81
EP3 25.0£6.55 5.0+0.04 198+18.0 5.6+0.57
EP4 22.1£4.22 4.7£0.18 198+70.3 4.1+0.39
EP5 21.7£6.26 4.9+0.19 208+19.9 4.9+0.46
MP 18.9+4.69 5.2+0.02 197+£21.0 5.4+0.16
'Values are meantS.E. of two replications.
*Not significant (£>0.05).
Tablz 5. Growth performance of growing flounder fed the experimental diets for 80 day in experiment 2
Diets IMW' SUR? wG? FE* DFP° DPI® PER’ CF® HST’
EP1 126 95 229 107 0.91 0.47 2.07 1.03 1.52
EP2 130 97 228 112 0.87 0.45 2.16 1.16 1.13
EP3 146 99 254 115 0.85 0.47 2.09 1.08 1.32
EP4 141 96 262 129 0.79 0.44 2.35 1.18 1.71
MEP4'"® 146 95 266 128 0.77 0.42 2.34 1.21 1.88
EP5 116 96 233 122 0.85 0.45 2.31 1.16 1.44
EP6 140 89 211 116 0.75 041 2.12 1.12 1.71
MEP6"° 149 95 250 137 0.69 0.38 2.50 1.12 1.49
'Initial mean weight (g/fish).
2Survival.

3Weight gain (g/fish).

“Feed efficiency (%) = fish wet weight gain x 100/feed intake (dry matter).
*Daily feed intake (%) = feed intake (dry matter) x 100/[initial fish wt. + final fish wt. + dead fish wt.)/2 x days fed.
SDaily protein intake (%) = protein intake x 100/[initial fish wt. + final fish wt. + dead fish wt.)/2 x days fed.

"Protein efficiency ratio = fish wet weight gain/protein intake.
$Condition factor = (body weightx100)/total body length(cm)®.
*Hepatosomatic index = (liver weightx100)/body weight.

"°EP4 and EP6 by sprayed with mixture of water and additives.
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Table 6. Proximate composition (%) of the muscle and liver in

growing flounder fed the experimental diets for 80 days in
experiment 2

Diets Moisture Crude protein  Crude lipid

Muscle
Initial 75.5 21.0 0.63
EPI 75.0 24.0 0.14
EP2 74.6 23.0 0.25
EP3 74.3 24.4 0.45
EP4 73.9 24.6 0.04
MEP4 74.0 245 0.67
EP5 74.3 24.6 0.10
EP6 75.6 233 0.62
MEP6 75.1 24.7 0.11

Liver
Initial 73.2 11.9 6.7
EP1 70.5 15.2 10.1
EP2 66.2 13.9 14.2
EP3 65.7 13.7 13.3
EP4 63.6 134 13.1
MEP4 63.0 12.1 14.7
EP5 67.8 14.0 9.3
EP6 73.5 15.1 7.4
MEP6 67.8 15.2 14.2
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Table 7. Blood chemistry of growing flounder fed the experimental diets for 80 days in experiment 2

Diets Glucose (mg/100 mL) Triglyceride (mg/100 mL) Total protein (g/100 mL) GPT (1U/L)
EPI1 26.8 195 42 1.97
EP2 434 223 43 2.29
EP3 38.8 173 45 2.89
EP4 36.8 218 4.6 2.49
MEP4 31.8 247 5.4 1.82
EP5 63.5 210 49 3.04
EP6 289 225 4.8 3.12
MEP6 423 178 4.6 1.93
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