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Effect of dietary nutrient composition on growth and body composition of juvenile olive flounder Paralichthys
olivaceus with different feeding strategy was determined. Twenty-five fish averaging 16 g were randomly dis-
tributed into 12, 180 L flow-through tank each. Four treatments in triplicates were prepared: fish were fed to sati-
ation twice daily by the control diet for 8 weeks as the control group (Con) and fish were fed to satiation twice
daily by the control and high nutrient diets for 6 weeks after 2-week fasting 2WS-6 WFC, 2WS-6WFHN, respec-
tively) and finally, fish were fed to satiation twice daily by the high nutrient diet for the consecutive 3 days after
4-day fasting for 8 weeks (4DS-3DFHN). No significant difference was found in either survival or weight gain
of flounder among treatments. Feed efficiency ratio (FER) for fish in the 2WS-6WFHN treatment was significantly
higher than that for fish in the Con and 2WS-6WFC treatments. Protein efficiency ratio (PER) of fish in the 2WS-
6WFHN and 4DS-3DFHN treatments was significantly higher than that of fish in the 2WS-6WFC treatment. In
conclusion, manipulation of dietary nutrient composition and/or feeding strategy can effectively improve growth
of juvenile olive flounder without growth retardation at restricted feeding regime.
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Introduction

Olive flounder Paralichthys olivaceus is the most commer-
cially important marine fish species for aquaculture in Korea
over the last two decades. Therefore, many feeding trials on
determining dietary nutrient requirements, optimum feed
allowance, dietary additives and feeding strategy have been
performed for the production of flounder (Kim et al., 1998;
Lee et al., 2000a, b; Kim et al., 2002b; Cho, 2005; Cho et al.,
2006a, b).

Not only nutrient content in a diet, but also feeding strat-
egy are critical in the production of fish because these factors
largely affect feed cost, feed efficiency, fish growth, labor
cost and water quality. Thus, manipulation of dietary nutrient
content at different feeding strategy or vice versa should be
carefully considered to achieve the effective fish production.
Juvenile flounder have an ability to achieve full compensa-
tory growth when fed the fishmeal-based diet containing
46.9% crude protein and 8.0% crude lipid for 6 weeks after 2-
week fasting (Cho et al., 2006b). In addition, Kim et al.
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(2002a) reported that growth of juvenile flounder fed the
moist pellet with alternative day feeding was comparable to
that of fish with daily feeding, but the former was more effec-
tive for feed utilization than the latter. Also, Cho and Park
(2004) showed that growth of juvenile flounder fed the com-
mercial feed for 5 days a week was comparable to that of fish
fed for 6 days a week. Fish grew better on the high nutrient
diet than the low nutrient diet at a restricted feeding rate (Li
and Lovell, 1992; Harpaz et al., 1999; McGoogan and Gat-
lin, 1999; Boujard et al., 2004). Different feeding strategy to
achieve effective fish production requires different dietary
nutrient composition or vice versa.

In this study, therefore, effect of dietary nutrient composi-
tion on growth and body composition of juvenile olive floun-
der Paralichthys olivaceus with different feeding strategy was
determined.

Materials and Methods

Fish and the experimental conditions
Juvenile flounder were purchased from a private hatchery
and transferred into the Lab. Before the initiation of the feed-
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ing trial, fish were acclimated to the experimental conditions
for a week. Twenty-five fish (An initial body weight of fish:
16 g) were randomly distributed into 12, 180 L flow-through
tank (water volume; 150 L) each. During the acclimation
period, fish were hand-fed twice daily by the commercial
feed (Ewha Oil & Fat Industry Co. Ltd., Korea). The water
flow rate of each tank was 6.5 L/min/tank. Water tempera-
ture ranged from 16.0 to 25.5°C (Mean+SD: 23.6+0.26°C).

Preparation of the experimental diets

Two experimental diets were prepared: control (C) and
high nutrient (HN) diets (Table 1). Fishmeal, a-starch and
wheat flour, and pollack liver oil were used as the main pro-
tein, carbohydrate and lipid source in the C diet, which met
dietary nutrient requirements for juvenile flounder (Kim et
al., 2002a, b; Lee et al., 2002). Fishmeal, a-starch and soy-
bean oil were supplemented into the HN diet at the expense
of cellulose and wheat flour to increase dietary protein and
energy levels.

Design of the experiment

Fish were hand-fed to apparent satiation as much as fish
voluntarily eat, twice daily (09:30, 17:00) by the control (C)
diet for 6 days a week during 8 weeks as the control group

Table 1. Ingredients of the experimental diets

Experimental diets

Control (C)  High nutrient (HN)
Ingredients (%)
Fishmeal' 60 68
Cellulose 10
a-starch 5 9
Wheat flour ’ 19.3 153
Pollack liver oil 2 2
Soybean oil 2
Vitamin premix? 1.5 1.5
Mineral premix’ 2 2
Choline 0.2 0.2
Nutrients (DM basis, %)
Crude protein 46.9 51.9
Crude lipid 8.0 10.7
NFE 221 24.0
Estimated energy (kcal/g)* 3.48 4.00
n-3 HUFA® 1.4 1.5

'Fishmeal imported from Chile.

2*Same as Lee et al. (2000a).

“Estimated energy calculated based on 4 kcal/g for protein and
NFE, and 9 kcal/g for lipid (Garling and Wilson, 1976).

°n-3 HUFA: Sum of n-3 highly unsaturated fatty acids (C > 20).

(Con; 8WFC). Fish were fed to satiation twice daily by the C
diet for 6 weeks after 2-week fasting 2WS-6WFC) accord-
ing to the previous study that juvenile flounder have ability to
achieve full compensatory growth after 2-week fasting (Cho
2005; Cho et al., 2006b). Also, fish were fed to satiation
twice daily by the HN diet for 6 weeks after 2-week fasting
(2WS-6WFHN). Fish were fed for 6 days a week. Finally,
fish were fed to satiation twice daily by the HN diet for the
consecutive 3 days after 4-day fasting in a week basis for 8
weeks (4DS-3DFHN).

Chemical and statistical analysis

Fifteen fish at the initiation and five fish from each tank at
the termination of the feeding trial were sampled for proxi-
mate analysis. Chemical composition of the experimental diets
and fish were followed by AOAC (1990)’s method.

One-way ANOVA and Duncan's multiple range test (Dun-
can, 1955) were used to analyze the significance of the dif-
ference among the means of treatments using SAS program
(SAS Institute Inc., Cary, NC, USA).

Results and Discussion

Performance and feed utilization of olive flounder fed the
experimental diets with different feeding strategy were given
in Table 2. No significant difference was found in either sur-
vival or weight gain of juvenile flounder although the high-
est survival and weight gain was achieved in fish in the 2WS-
6WFHN treatment. Li and Lovell (1992) reported that weight
gain of channel catfish letalurus punctatus under restricted feed-
ing increased linearly with increasing dietary protein level
when fish were fed the 26~38% protein diets at restricted
feeding rate. The higher weight gain was achieved in Euro-
pean sea bass Dicentrachus labrax fed the higher lipid diets
at restricted feeding rate when fish were fed the 54% protein
diets with 10, 20 and 30% lipid levels (Boujard et al., 2004).

No difference in weight gain of between fish fed for 8
weeks (Con) and fish fed for 6 weeks after 2-week fasting
(2WS-6WFC or 2WS-6WFHN) or fish fed for 3 days after 4-
day fasting (4DS-3DFHN) in the present study probably indi-
cated that flounder achieved compensatory growth in both
cases and manipulation of dietary nutrient content and/or feeding
regime could improve fish production. Similarly, juvenile
flounder achieved full compensatory growth up to 2-week
fasting in the 8-week feeding trial (Cho et al., 2006b). Also,
compensatory growth of fingerling channel catfish was improved
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Table 2. Performance and feed utilization of olive flounder fed the experimental diets with different feeding strategy’

Treatments

Con (8WFC) 2WS-6WFC 2WS-6WFHN 4DS-3DFHN
Initial weight (g/fish) 15.9+0.01 16.0£0.02 16.0+0.00 15.9+0.04
Final weight (g/fish) 48.9+4.67 41.6£2.27 50.1+0.33 42.742.12
Survival (%) 96.0+0.00™ 96.0+2.31 100.0+0.00 98.7+1.33
Weight gain (%) 207.24£29.43™ 159.7£14.38 213.4+2.06 168.0+13.05
Feed consumption (g/fish) 42.3+4.18° 36.0+£2.06™ 36.140.34% 29.9+0.93°
Feed efficiency ratio’ 0.79+0.040" 0.71+0.025° 0.95+0.004* 0.90:0.048*
Protein efficiency ratio’ 1.62+0.083% 1.47+0.053° 1.78+0.007* 1.69+0.090°

'Values (Mean+SE) in the same row sharing a common superscript are not significantly different (£<0.05).

“Feed efficiency ratio = Weight gain of fish/feed consumed.
3Protein efficiency ratio = Weight gain of fish/protein consumed.

by dietary protein supplementation when fish were fed to
satiation for 11 days after starved for 3 days in 2-week inter-
val during 6 weeks (Gaylord and Gatlin, 2001).

For the easy management and convenience of fish farm-
ers, the 4DS-3DFHN treatment is recommendable although
slight low weight gain of fish was obtained compared to that
of fish in the Con and 2WS-6WFHN treatments in the
present study because satiation feeding is difficult for farm-
ers to achieve each meal in fish farm and improvement in
feed utilization was achieved in the former. Similarly, Kim et
al. (2002a) recommended alternative day feeding strategy for
the improved feed utilization because growth of juvenile
flounder with alternative day feeding was comparable to that
of fish with daily feeding when fish were fed three times a
day by the moist pellet.

Feed consumption of fish in the Con treatment was signif-
icantly (P<0.05) higher than that of fish in the 4DS-3DFHN
treatment, but not significantly (P>0.05) different from that
of fish in the 2WS-6WFC and 2WS-6WFHN, in which fish
were fed for 6 weeks after 2-week fasting. Lower feed con-
sumption, but comparable weight gain of fish in the 4DS-
3DFHN treatment compared to those of fish in the Con treat-
ment in this study indicated that high nutrient content in the
4DS-3DFHN treatment could be effectively utilized for
growth of fish. Similarly, feed consumption of fish with alter-
native day feeding was lower than that of fish with daily
feeding, but comparable weight gain in the 8-week feeding
trial (Kim et al., 2002a).

Feed efficiency ratio (FER) of fish in the 2ZWS-6WFHN
treatment was significantly (P<0.05) higher than that of fish
in the Con and 2WS-6WFC treatments, but not significantly
(P>0.05) different from that of fish in the 4DS-3DFHN treat-
ment. The lowest FER was obtained in fish in the 2WS-

6WEFC treatment. Protein efficiency ratio (PER) of fish in the
2WS-6WFHN, which was highest, and 4DS-3DFHN treat-
ments was significantly (P<0.05) higher than that of fish in
the 2WS-6WFC treatment, but not significantly (P>0.05) dif-
ferent from that of fish in the Con treatment. Significant
improvement in FER and PER of flounder in the 2WS-6WFHN
treatment compared to those of fish in the 2WS-6WFC in the
present study is consistent with the results of other studies
showing that fish responded better on the high nutrient diet
than low nutrient diet at restricted feeding rate (Li and Lov-
ell, 1992; Harpaz et al., 1999; McGoogan and Gatlin, 1999;
Boujard et al., 2004).

Chemical composition (moisture, crude protein, crude lipid
and ash) of the whole-body of olive flounder at the end of the
8-week feeding trial was not significantly (P>0.05) different
among treatments in this study. Similarly, chemical composi-
tion of the whole-body of fish was not affected by either feed-
ing strategy or dietary nutrient content (Kim et al, 2002a;
Boujard et al., 2004; Zhu et al., 2004; Cho, 2005).

In considering these results, it can be concluded that manipula-
tion of dietary nutrient composition and/or feeding strategy
can effectively improve growth of juvenile olive flounder
without growth retardation at restricted feeding regime.
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