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Effects of Protein and Lipid Levels of Extruded Pellet on Growth and
Body Composition of Flounder, Paralichthys olivaceus
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This study was conducted to investigate the effects of protein and lipid levels of extruded pellet on growth and
body composition of juvenile flounder. Six extruded dry pellets were formulated to contain two protein levels (50
and 55%) and three lipid levels (8, 12 and 15%). Triplicate groups of fish (initial mean weight 21 g) were hand-
fed to apparent satiation two times a day for 9 weeks. Survival, weight gain and daily feed intake were not sig-
nificantly affected by dietary protein and lipid levels. Feed efficiency and protein efficiency ratio were significantly
(P<0.001) affected by dietary lipid level, and tended to increase as dietary lipid level increased. Feed efficiency
ratio of fish fed the 55% protein diet with 15% lipid was not significantly different from that of fish fed the 50%
protein diet with 15% lipid, but significantly (P<0.05) higher than that of fish fed the other diets. Protein efficiency
ratio of fish fed the 55% protein diet with 15% lipid was significantly (P<0.05) higher than that of fish fed the 50%
protein diet with 8% lipid and 55% protein diets with 8~12% lipids. The contents of moisture, crude protein and lipid
in the liver was significantly (P<0.01) affected by dietary lipid level. The results of this study indicate that an increase
in lipid level at 50-55% protein in extruded pellet can improve feed efficiency for juvenile flounder.
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& FYEAE A7 BodH, YRS tAdeR o] g
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Table 1. Ingredients and nutrient contents of the experimental diets

AZE 206 g8 AYPolE FAE AESH F 300 L (784 150 L)
AF 5z 30nt2ly RO R Fgte] 95 AR
o} Ag A2 E 1Y 28](09:00, 17:00) HE I8t 7
Fojth oAl Z7AA A4aE FFIRL, AD AHEE 29
12 LZ FF3tgh AR717E B9k -2 20.6£2.9 °Co| 9
T, H)132 1.0231+0.0010190t. ZH =RolA FH2 iAlE WY
A A FQoH, £3(13:0000 FZ2E HAsAcE dd A}
2 A& dale] 54 vl 71Esi%ch oA F42 H9
TNAIA &} ZF A o] MS222 (Tricaine methanesulfonate, Sigma,
USA) 100 ppme& mHAA A3zl 588 d3oje A
AFAE S0

MEMF % MEEN

Fz ojA|e] A8 BAgog AY sAle) 3outelet A3
Zg Ao AET BE oA S FE3k] AR £4E S8
75°Co RS @RS HEE AR S8 4 A
o o enlEld RAE 5351 skl FAYo] A2d
134 FAPZ v DA stk APALR, oA,
229 2 7ke] YuAdEe AOAC (1990)2] Whdl wef 24
w2 (Nx6.25)2 Auto Kjeldahl System (Buchi B-324/435/412,
Switzerland; Metrohm 8-719/806, Swizerlandy& ARE-8ke] &
231935, ZAWE etherE AME3le] FEEROH, FES
105°C] dry ovendllX 12A17F A% ¥ FA Ut =32
550°C 33120l A7t T B2 F
L 7500 rpmollA] 582 G4l st
o] 24 REIEA, A4S kit HHAIHE AE-5t Total

it

Diets
PSOLS P50L12 PSOLIS PSSLX P55L12 PSSLIS
Ingredients(%)
Anchovy meal 21.0 21.0 21.0 25.0 25.0 25.0
Jack mackerel meal 21.0 21.0 21.0 25.0 25.0 25.0
Tuna meal 8.0 8.0 8.0 10.0 10.0 10.0
Krill meal 3.0 3.0 3.0 3.0 3.0 3.0
Wheat flour 30.5 25.5 20.5 255 20.5 15.5
Wheat gluten 5.0 5.0 5.0 5.0 5.0 5.0
Squid liver oil 1.5 5.5 9.5 0.5 4.5 8.5
Others 10.0 11.0 11.8 5.8 6.8 7.8
Proximate composition (% dry matter basis)
Dry matter 87.7 87.7 93.8 89.2 86.7 94.9
Crude protein 50.7 50.7 49.5 55.7 55.5 54.1
Crude lipid 7.7 12.0 15.5 8.9 12.1 15.0
Ash 10.6 10.5 10.4 12.1 11.7 11.7
Crude fiber 3.6 29 2.8 0.7 0.7 1.2
Nitrogen-free extract! 274 25.5 21.8 22.6 19.9 18.0
Gross energy (kcal/g diet)’ 5.0 5.4 5.7 52 5.1 5.8

100 - (crude protein + crude lipid + ash + crude fiber).

*Based on 5.64 kcal/g protein, 9.44 keal/g lipid and 4.11 kcal/g carbohydrate.
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Aste] A #z]& SPSS Version 12.0 (SPSS, Michigan
Avenue, Chicago, IL, USA) program< A}&-3te One-way
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Table 2. Growth performance of flounder fed the extruded pellet containing different protein and lipid levels for 9 weeks'

Diets Initial average weight (g) . Net weight gain (%)’ FER (%)’ DFI (%)
PsoLs ¢ 20.710.17 218+3.0 74+11.2° 1.78%£0.06
PsoLi2 20.7+0.30 201£10.2 81.+1.7° 1.67£0.07
PsoLis 20.620.10 2114227 89+1.9% 1.58+0.14
PssLg 20.5+£0.09 227+12.5 81£5.6” 1.76+0.11
PssLiz 20.610.12 256127.6 8117.3 1.8240.02
PssLis 20.6+0.18 2424279 105+4.4° 1.51%0.10

Two-way ANOVA
CP level P<0.1 P<0.2 P<0.9
CL level P<0.9 P<0.05 P<0.1
CPxCL P<0.6 P<0.6 P<0.6

Values (meanszSE of three replications) in the same column not sharing a common superscript are significantly different (P<0.05).
INet weight gain (%) = (final weight - initial weight)x100 / initial weight.

3Feed efficiency ratio (%) = fish wet weight gainx100 / feed intake

“Daily feed intake (%) = feed intakex 100/[(initial fish wt.+final fish wt.+dead fish wt.)/2xdays reared].

Table 3. Growth performance of flounder fed the extruded pellet containing different protein and lipid levels for 9 weeks'

Diets DPI (%)* PER (%)’ HSI* CF
PsoLs 0.90+0.033% 1.5+0.22° 1.210.14 0.92+0.015°
PsoLiz 0.82+0.034% 1.7£0.03% 1.3+0.13 0.9220.012°
PsoLis 0.77+0.070° 1.840.03% 1.340.14 0.94+0.015%
PssLe 0.95+0.064" 1.540.10° 1.2+0.03 0.90+0.006°
PssLiz 0.99+0.012° 1.5+0.13° 1.5+0.13 0.99+0.037°
PssLis 0.81+0.058* 2.0+0.08" 1.5+0.16 0.95+0.021%*

Two-way ANOVA
CP level P<0.05 p<i P<0.2 P<0.3
CL level P<0.05 P<0.02 P<0.3 P<0.2
CPxCL P<0.5 P<0.5 P<0.9 P<0.1

'Values (meanstSE of three replications) in the same column not sharing a common superscript are significantly different (P<0.05).
Daily protein intake = protein intakex100/[(initial fish wt.+final fish wt+ dead fish wt.)xdays reared/2].
*Protein efficiency ratio = (wet weight gain / protein intake)x100.

*Hepatosomatic index = (liver weight / body weight)x100.
5Condition factor = [fish wt. (g) / fish length (cm)*]x100.
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Table 4. Proximate compositions (%) of the liver in flounder fed
the extruded pellet containing different protein and lipid levels for
9 weeks'

Table 6. Proximate compositions (%) of whole body in flounder
fed the extruded pellet containing different protein and lipid levels
for 9 weeks'

Diets Moisture ~ Crude Protein  Crude Lipid Diets Moisture  Crude protein Crude lipid Ash
Initial 80.6 13.1 3.97 Initial 76.4 17.5 2.1 3.4
PsoLs 72.8+0.64% 12.340.10° 7.24£0.17* PsoLs 75.610.88  18.9+0.53* 1.40+0.300° 4.0+0.19
PsoL12 67.1£0.62° 11.0£0.18° 8.8x1.15° PsoL 12 74.5£0.86  18.2+0.41° 2.68+0.559" 3.6+0.47
PsoLis 65.6+2.18° 9.710.44° 15.8+0.51° PsoLis 73.9+042  19.1£0.69® 3.90£0.425° 3.5£0.06
Pssle 74.2+1.48° 12.340.16° 7.0£1.34° PssLs 75.940.16  20.0£0.17° 1.38£0.157° 3.84£0.35
PssLi2 69.6+1.06®  11.6+0.53% 12.9+1.00° PssLiz 74.9+0.66  18.530.27% 2.22+0.330° 3.4+0.27
PssLas 67.5+0.80° 11.0£0.59° 14.7+1.55° PssLis 75.1£0.52  17.7€0.29° 2.49+0.273* 334037

Two-way ANOVA Two-way ANOVA
CP level P<0.9 P<0.8 P<0.5 CPlevel P<0.3 P<1 P<0.1 P<0.5
CL level P<0.001 P<0.01 P<0.001 CL level P<0.2 P<0.1 P<0.01 P<0.3
CPxCL b<1 P<0.3 P<0.7 CPxCL P<0.8 P<0.05 P<0.2 P<]

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

WA 550 LFEENME A 8% T T7FAR 12% 2 15%
FFTEG =UTHP<0.05). T2 e ©@ilF 55%0 A2
8% ZET7F @A 50~55% A- 12~15% F=TE Brt
S5 A =UThP<0.05). 5259 LubE-2 Table 59
ERfQlom, 249 UubARe Ay il fojgh xtolzt §)
ATHP>0.05).
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Table 5. Proximate compositions (%) of the muscle in flounder fed
the extruded pellet containing different protein and lipid levels for
9 weeksl

Diets Moisture Crude Protein ~ Crude Lipid
Initial 77.8 21.8 0.04
Psols 76.11£0.21 22.410.56 0.22+0.094
PsoLiz 76.1+0.22 21.7+£0.23 0.32+0.224
PsoLis 76.0+0.22 21.840.35 0.36+0.137
PssLs 76.0+0.56 22.240.16 0.27+0.148
PssLi2 75.7£0.35 22.1£0.24 0.30+0.106
PssLis 76.1+£0.41 21.310.90 0.3610.147

Two-way ANOVA
CP level P<0.6 P<0.9 P<1
CL level pP<1 P<0.5 P<0.8
CPxCL P<0.8 P<0.7 P<1

"Values (means=SE of three replications) in the same column not
sharing a common superscript are significantly different (P<0.05).

Table 7. Blood chemistry of flounder fed the extruded pellet
containing different protein and lipid levels for 9 weeks'

Diets Total protein (g/100 ml) Triglyceride (g/100 ml)
PsoLs 1.7£0.08 443435.97®
Psoliz 1.410.08 578179.48%
Psolis 1.4+0.19 765+22.61¢
PssLs 1.310.30 478£20.00®
PssLia 1.6+0.16 619£13.61°
PssLis 1.4£0.13 423+49.12°

Two-way ANOVA
CP level P<0.6 P<0.03
CL level P<1 P<0.02
CPxCL P<0.3 P<0.002

'Values (means*SE of three replications) in the same column not shar-
ing a common superscript letter are significantly different (P<0.05).
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