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Abstract

The effect of feeding ratio on growth and body cosifion of juvenile
(feeding trial 1) and sub-adult (feeding triall) olive flounder Paralichthys
olivaceus) fed extruded pellets was determined during thmersar season.

In the feeding triall , thirty juvenile olive flounder (initial body welig of 17
g) per tank were distributed into 21, 180 L flowethgh tanks. Seven treatments
that included triplicate groups of feeding ratio5% decrement were prepared for
this study: 100% (satiation), 95%, 90%, 85%, 80%8pAand 70% of satiation.

In the feeding trialll, thirteen sub-adult olive flounder (an initial lyodbeight
of 319 g) per tank were distributed into 15, 500flaw-through tanks. Five
treatments of feeding ratio in 5% decrement welpared in triplicate100%
(satiation), 95%, 90%, 85% and 80% of satiation.

Fish in the control group (100% of satiation) wdrand-fed to apparent
satiation twice a day for 7 and 10 weeks in thedifeg trials I and II,
respectively. Then feed allowance in the restfai juvenile and four groups for
sub-adult was determined based on average feedoption of fish in the control
group.

In the feeding triall , survival of juvenile olive flounder was over 97&ad
was not significantly #>0.05) affected by the feeding ratios. Weight gaird
specific growth rate (SGR) of fish fed to 100% afiation were not significantly
different from those fed to 95% of satiation bwgrsiicantly (P<0.05) higher than
those of fish fed to 90%, 85%, 80%, 75% and 70%aiation. Weight gain, SGR

and feed consumption of flounder linearB<0.001) decreased with a decrease in



feeding ratio. However, feed efficiency ratio (FER)otein efficiency ratio (PER)
and protein retention (PR) in fish body were nghgicantly (P>0.05) affected by
the feeding ratio. The crude protein levels of wiele body without liver or liver
were significantly affected by the feeding ratiegatosomatic index and condition
factor of fish were not significantlyP&0.05) affected by the feeding ratio.

In the feeding trialll , weight gain of sub-adult olive flounder fed to0%0 of
satiation was significantly®<0.05) higher than that of fish fed to 85% and 886
satiation, but not significantlyP&0.05) different from that of fish fed to 95% and
90% of satiation. However, efficiency (FER, PERJ &R) of diet of flounder was
not significantly P>0.05) affected by feeding ratio. Serum total protglucose
and glutamic pyruvic transaminase were not sigaifity (P>0.05) affected by
feeding ratio, but triglyceride and glutamic oxalefic transaminase were.

In considering the results from the feeding tridlsand II, it can be concluded
that optimum feeding ratio for growth of juveniledasub-adult olive flounder
could be lowered to 95% and 90% of satiation, retpaly, without growth
suppression when fish were fed the extruded pellgt®e a day during the summer

season. And optimum feed allowance decreasedragriesv.

_Vi_



General Introduction

Olive flounder Paralichthys olivaceus) belongs to Order Pleuronectiformes
and Family Paralichthyidae. It is a carnivoroush fepecies and distributes into
Japan, Sakhalin, Kuril island and Korean Peninsul&estern Pacific, and inhabits
the bottom of sea water and depth range of about 20hyung, 1996).

In the year of 2005, total production of maricudtureached to about 1
million MT in Korea and algae production was 620ukand MT (60% of
total production of mariculture in the same yeahd 332 (31%), 81 (8%),
1 (0.1%) and 11 (1%) thousand MT for shellfish,fifih, crustacean and others,
respectively (KNSO, 2005). And total value of tofaloduction of mariculture
in 2005 was estimated to be about 1,348 billion Woatal value of finfish
was 723 billion Won (54% of total value of maricukt in the same year)
and 314 (23%), 267 (20%), 23 (2%) and 19 (1%) fiellfsh, algae,
crustacean and others, respectively, in order. €fbex, aquaculture
production of finfish is very important for maricute in Korea, primarily
composed of olive flounder, rockfisiSgpastes schlegeli), seabream Ragrus
major) and mullet Kugil cephalus). Total production and value of flounder
was 40,075 MT (49% of total production of finfismom aquaculture) and
353 billion Won (49% of total value of finfish prodtion form aquaculture),
respectively.

Since feed cost makes up 50-60% of total fish pcdan cost, feeding fish an
optimum feeding ratio is critical for economicallffective fish production.

Therefore, many feeding trials on determining dietautrient requirements (Lee et



al., 2000a; Alam et al., 2002; Furuita et al., 20QiBn et al., 2002a), availability of

dietary nutrients (Estevez et al., 1997; Lee et 2000b; Furuita et al., 2002),
substitution-effect of other protein sources fahfmeal in the diet (Kikuchi et al.,
1994a, 1994b, 1997; Sato and Kikuchi, 1997; Kikud899, 2002; Cho et al.,

2005a, 2005b), optimum feed allowance (Lee et E199, 2000b; Cho et al.,

2006a) and feeding strategy (Kim et al., 2002b; G@®6b) have been performed
for efficient production of flounder and the diaised in most of the studies
mentioned above were in the form of steam dry fsetie moist pellets (MP).

Until now, MP is commonly used in fish farm in Karand brings about the
several problems. Thus, extruded pellets (EP) gblfirecommendable for most
fish farm in the worldwide because application d? Ean achieve improved
availability of nutrients in the diet, easy obsdima on fish feeding activity,
reduced water pollution source in effluent discledrffom fish farm and spread of
disease, easy handling, and long storage timeafer use.

The formulation of feeds to satisfy the dietaryriauit requirements for olive
flounder has recently been developed. Thereforéeraénation of optimum
feeding ratio is needed for olive flounder when t&d. Feeding fish to less than
satiation without growth retardation is highly pregble for fish production in fish
farm due to easy management, high feed utilizatiod low production of water
pollution source. And optimum feed allowance foowth of fish can be largely
affected by fish size as well.

In this study, therefore, optimum daily feedingadbr juvenile and sub-adult

olive flounder fed the EP was determined duringsilmamer season.
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Abstract

The effect of feeding ratio on growth and body compesition of juvenile olive flounder fed extruded pellets was determined
during the summer season. Thirty juvenile olive flounder (initial body weight of 17 g) per tank were distributed into 21, 180-
1 flow-through tanks. Seven treatments that included triplicate groups of feeding ratio in 5% decrement were prepared for this
study: 100% (satiation), 95%, 90%, 85%, 80%, 75% and 70% of satiation. Fish in the control group were hand-fed to apparent
satiation twice a day. Then feed allowance in the rest of the six groups was determined based on average feed consumption in
the control group. The feeding trial lasted for 7 weeks. Survival was over 97% and was not significantly ( P=0.05) affected by
the feeding ratios. Weight gain and SGR of fish fed to 100% of satiation were not significantly different from those fed to 95%
of satiation but significantly ( 2<0.05) higher than those of fish fed to 90%, 85%. 80%, 75% and 70% of satiation. Weight gain,
SGR and feed consumption of flounder linearly ( P<0.001) decreased with a decrease in feeding ratio. However, feed efficiency
ratio, protein efficiency ratio and protein retention in fish body were not significantly ( P>0.05) affected by the feeding ratio.
The crude protein levels of the whole body without liver or liver were significantly affected by the feeding ratio. Hepatosomatic
index and condition factor of fish were not significantly (P >0.05) affected by the feeding ratio. It can be concluded that
optimum feeding ratio for growth of juvenile olive flounder could be lowered to 95% of satiation without growth suppression.
© 2005 Elsevier B.V. All rights reserved.

Keywords: Olive flounder Paralichtiys olivaceus; Feeding ratio; Satiation; Extruded pellet; Summer season

1. Introduction
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Since feed cost makes up 50-60% of total fish
production cost, feeding fish an optimum feeding
ratio is critical for economically effective fish pro-
duction. Many feeding trials on determining nutrient
requirements or availability in the diets (Estevez et
al., 1997; Lee et al., 2000a,b; Alam et al., 2002;
Furuita et al., 2002, 2003; Kim et al., 2002a), sub-
stitution effect of other protein sources for fish meal
in the diet (Kikuchi et al., 1994a,b, 1997; Sato and
Kikuchi, 1997; Kikuchi, 1999, 2002; Cho et al.,
2005), feeding frequency (Lee et al., 1999, 2000b)
and feeding strategy (Kim et al., 2002b; Cho, in
press) have been performed for efficient production
of olive flounder and the diets used in most of the
studies mentioned above were in the form of steam
dry pellets or moist pellets.

Extruded pellets (EP) are highly recommended
for most fish because use of EP can minimize
water pollution and spread of disease and improve
the digestibility of carbohydrate, feed efficiency and
storage time of feed for later use. EPs are generally
well accepted by olive tlounder. The formulation of
feeds to satisfy the dietary nutrient requirements for
olive flounder has recently been developed. There-
fore, determination of optimum feeding ratio is
needed for olive flounder when fed EP. Improve-
ment in feed efficiency ratio for fish is generally
achieved at slightly below satiation (Meyer-Burg-
dorff et al., 1989; Shimeno et al., 1997; Van Ham
et al., 2003; Eroldogan et al., 2004). Feeding fish to
less than satiation without growth suppression is
highly preferable for fish production in fish farm
due to easy management, high feed utilization and
low production of water pollution source.

In this study, therefore, the effect of feeding ratio
on growth and body composition of juvenile olive
flounder fed EPs was determined during the summer
season.

2. Materials and methods
2.1, Fish and the experimental conditions

Juvenile olive flounder (Paralichthys olivaceus)
were purchased from a private hatchery (Tong-

gyoung City, Kyoungsangnamdo, Korea). Before
the initiation of the feeding trial, fish were acclimat-

ed to experimental conditions for 2 weeks. Thirty
fish (an average body weight of fish; 17.0+0.02 g)
per tank were randomly stocked into 21, 180-1 flow-
through tanks (water volume, 150 I). During the
acclimation period, fish were fed commercial extrud-
ed pellets (Ewha Oil and Fat Industry Co. Ltd.,
Korea) containing 50.0% crude protein and 7.0%
crude lipid twice a day. The flow rate of water
into each tank was 6.5 /min/tank. The water source
was sand-filtered natural seawater and aeration was
supplied to each tank. Water temperature ranged
from 16.0 to 25.5 °C (Mean£S.D.: 23.6+0.26
“C) since the feeding trial was performed during
the summer season. Natural photoperiod was used
and fish were fed 6 days a week throughout the
feeding trial.

2.2. Design of the feeding trial

Seven treatments of feeding ratio in 5% decrement
with triplicates were used: 100% (satiation), 95%,
90%, 85%, 80%, 75% and 70% of satiation. Fish in
the control group were hand-fed to apparent satiation,
100% of satiation, twice a day at 09:00 and 17:00
hours. Uneaten feed was removed 30 min after feed-
ing and deducted from feed consumption calculations.
Feed allowance of fish in the six experimental groups
was determined based on the average feed consump-
tion of fish in the control group. The feeding trial
lasted for 7 weeks.

2.3. Prepavation of the experimental diet

Ingredients, chemical composition and essential
amino acid composition of the experimental diet are
given in Table 1. Mackerel meal, dehulled soybean
meal and com gluten meal were used as the protein
sources. Wheat flour, a-potato starch and wheat glu-
ten, and fish oil were used as the carbohydrate and
lipid sources, respectively. The ingredients of the
experimental diet were well mixed and extruded by
a pellet extruder (EX 920, Matador, Denmark) in
Sinchon Feed Co. Ltd., (Incheon, Korea). The exper-
imental diet contained 51.9% crude protein and &.1%
crude lipid with a gross energy level of 23.8 J/g diet,
which should meet the nutrient requirements for
growth of juvenile flounder (Lee et al., 2000a, 2002;
Kim et al., 2002a).

_4_
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Table 1

Ingredient and nutrient composition of the experimental diet

Ingredient Composition (%)
Mackerel meal 555
Com gluten 3
Dehulled sovbean meal 2
Wheat flour 15
o-potato starch 2
Wheat gluten 4
Fish oil 55
Vitamin premix® 1
Mineral premix® 1.7
Others 10.3
Nutrients (%6, DM)

Crude protein 51.9
Crude lipid 8.10
Ash 11.6
Gross energy (J/g) 233
Essential amino acids (% protein)

Arg 7.1
His 28
lle 4.0
Leu 8.5
Lys 7.9
Met+Cys 0.8
Phe+Tyr 8.0
Thr 52
Val 5.8

* Vitamin and mineral premix provided by Suhyup Feed Co. Ltd.
{South Korea).

2.4. Analytical procedures of fish

Fifteen fish at the initiation and five fish from
each tank at the termination of the feeding trial were
sampled and sacrificed for proximate analysis. Crude
protein was determined by the Kjeldahl method
(Auto Kjeldahl System, Buchi B-324/435/412, Swit-
zerland), crude lipid was determined using an ether-
extraction method, moisture was determined by oven
drying at 105 °C for 24 h, fiber was determined
using an automatic analyzer (Fibertec, Tecator, Swe-
den) and ash was determined using a muffle fumace
at 550 "C for 4 h. All methods were according to
standard AOAC (1990). Amino acid composition of
the experimental diet was analyzed using an auto-
matic analyzer (Pharmacia Biochrom 20, Lit type
high performance ultra pack, UK),

Blood samples were obtained from the caudal vein
of randomly chosen 5 fish from each tank by using a

heparinized syringe after they were starved for 24
h and anesthetized with MS-222 at a concentration
of 100 mg/l at the end of the feeding trial. Plasma was
collected after centrifugation (3000 rpm for 10 min),
stored in freezer at —70 °C as separate aliquots for
analysis of total protein, glucose, glutamic pyruvic
transaminase (GPT) and triglyceride (TG), and ana-
lyzed by using automatic chemistry system (Vitros
DT60 11, Vitros DTE 11, DTSC II Chemistry System,
Johnson and Johnson Clinical Diagnostics Inc., New
York, USA).

2.5. Statistical analysis

One-way ANOVA and Duncan's multiple range
test (Duncan, 1955) were used to analyze the signif-
icance of the difference among the means of treat-
ments. Besides, regression analysis for weight gain,
specific growth rate and feed consumption of fish
against feeding ratio were conducted by using regres-
sion analysis through SAS version 9.1 (SAS Institute,
Cary, NC, USA).

3. Results

Survival (%), weight gain (g/fish), and specific
growth rate (SGR) of juvenile olive flounder fed the
EP with various feeding ratios for 7 weeks are given
in Table 2. Survival was over 97% and not signifi-
cantly (P>0.05) affected by the feeding ratio.

However, weight gain and SGR of fish fed to 100%
of satiation were not significantly different from those
of fish fed to 95% of satiation, but significantly
(P<0.05) higher than those of fish fed to 90%,
85%, 80%, 75% and 70% of satiation, and weight
gain and SGR of fish fed to 90% of satiation were
significantly ( P<0.05) higher than those of fish fed to
80%, 75% and 70% of satiation. Weight gain and SGR
of flounder linearly ( P<0.001) decreased with a de-
crease in feeding ratio: Y (weight gain)=0.7584 x
(feeding ratio) — 0.5826 (+>=0.8376) and ¥ (SGR)=
0.0247 x (feeding ratio)+1.9831 (+2=0.8747) (Fig.
1), respectively.

Feed consumption (g/fish), feed efficiency ratio
(FER), protein efficiency ratio (PER) and protein
retention (PR) of olive flounder fed the extruded
pellet with various feeding ratios for 7 weeks are

_5_
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Table 2

Survival (%), weight gam (g/fish) and specific growth rate (SGR) of juvenile olive flounder fed the extruded pellets with vartous feeding ratios’
Feeding Initial weight Final weight Survival Weight gain SGR?

ratio (%) (g/fish) (g/fish) (%) (g/fish)

100 16.940.06 93.1+35.35 100+0.0 76.1 £539° 45+40.14°
95 17.1£0.03 872+ 1.52 98+ 1.1 70,1 +1.53% 4340050
90 17.1£0.05 846+ 1.59 98+ 1.1 67.641.64° 424006
85 17.04+0.02 81.9+0.51 9841.1 64.9 40,520 414002
80 17.1£0.18 6.5+ 1.45 100400 59.4 41,3254 3940034
75 17.1£0.03 740£0.73 994 1.1 57.040.73¢ 394003
70 17.040.05 69.2+0.27 100+0.0 5214022 3.7+ 0.00°

' Values (mean of triplicates + SE) in the same column sharing a common superscript are not significantly different ( P <0.05).
2 8GR =(In final weight of fish — In initial weight of fish) ¥ 100/ days of feeding trial.

presented in Table 3. Although feed consumption of
flounder fed to 80% of satiation was not significantly
different from that of fish fed to 75% of satiation, it
linearly (P<0.001) decreased with the decrease in

=)
=
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R =08376

=3 —i o2
= = =
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Fig. 1. Changes in weight gain (g/fish), specific growth rate (SGR)
and feed consumption (g/fish) of olive flounder (g/fish) fed the
extruded pellets with various feeding ratios for 7 weeks (n=3).

feeding ratio (Fig. 1). However, FER, PER and PR
of flounder were not significantly ( P=0.05) affected
by the feeding ratio.

Proximate composition of olive flounder fed the
extruded pellets for 7 weeks is shown in Table 4.
Moisture, crude lipid and ash content of the whole
body of flounder without liver was not significantly
(P=0.05) affected by the feeding ratio. However,
crude protein content of flounder fed to 80% of sati-
ation was not significantly (£ >0.05) different from
that of fish fed to 95%, 90% and 85% of satiation, but
significantly (2 <0.05) higher than that of fish fed to
100%, 75% and 70% of satiation. The lowest crude
protein confent was observed in fish fed to 70% of
satiation. Liver moisture, crude protein and crude lipid
content were not significantly affected by the feeding
ratio. Body condition indices of flounder such as HSL,
ranged from 2.17 to 2.57, and CF, ranged from 0.96 to
1.05, were nof significantly (P>0.05) affected by the
feeding ratio.

Blood analysis of olive flounder fed the extruded
pellets for 7 weeks is given in Table 5. Hematocrit of
flounder fed to 100% and 85% of satiation was signif-
icantly ( P<0.05) higher than that of fish fed to 75%
and 70% of satiation. Serum glucose ranged from
208.1 to 265.8 mg/dl and 2.8 to 3.3 g/dl, 576.0 to
670.8 mg/dl and 14.6 to 21.4 [U/ml for total protein,
TG and GPT, respectively; however, none of them was
significantly affected by the feeding ratio.

4. Discussion

Relatively high (=97%) survival of olive flounder
was obtained at the end of the feeding trial. With the

_6_
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Table 3

Feed consumption (g/fish), feed efficiency ratio (FER), protein efficiency ratio (PER) and protein retention (PR) of juvenile olive flounder fed

the extruded pellets with various feeding ratios'

Feeding ratio (%) Feed consumption FER® PER? PR?

100 492+ 153" 1.54+0.060 2.8340.110 5444147
95 4694073 1.49 4 0.009 27440018 5374042
90 4.7+037° 1.54+0.021 2.77 + 0.068 545+1.12
85 4214042 1.5440.012 28340021 5594088
80 39.040.10° 15140017 2.79 4 0.056 5734099
75 37.04043° 1.5440.016 2.8240.030 546+ 1.10
70 3424002 1.53 4 0.006 28040011 5244124

! Values (mean of triplicates + SE) in the same column sharing a common superscript are not significantly different (P<0.05).

% Feed efficiency ratio (FER)=weight gain of fish/ feed consumed.

* Protein efficiency ratio (PER)=weight gain of fish /protein consumed.

* Protein retention (PR)=Protein gain of fish/ protein consumed.

decrement in the feeding ratio, weight gain and SGR
of olive flounder linearly decreased although weight
gain and SGR of flounder fed to 100% of satiation
were not different from those of fish fed to 95% of
satiation (Fig. 1). Shimeno et al. (1997) reported that
feeding ratio could be lowered to 80% of satiation
without reduction in weight gain of common carp
(initial weight of 46 g) when fish were fed a commer-
cial diet 5-6 times a day at various feeding ratios

Table 4
Proximate composition (percentage of wet weight) of olive flounder
fed the extruded pellets with various feeding ratios’

Feeding  Whole body of fish without liver

ratio (%) Moisture Crude protein ~ Crude lipid ~ Ash

100 7244026 1894020 464029 334002
95 7304033 1924020% 424021 364010
90 7294027 19340044 444049 374043
85 7334022 1934018 364016 344012
80 7274012 19940.02° 444023 3.610.11
75 7204032 18940.19% 424036 314018
70 7344022 184+030° 37+£024 394010
Feeding

ratio (%) Liver

100 61.84+0.89 044013 18.641.30
95 61.8+0.78 9.8 4048 19.6+ 0.51
90 62.84+1.05 9.1+0.11 18.641.37
85 61.8+0.53 9.640.14 1834+ 0.84
80 63.24+0.093 054014 184+ 1.60
75 62.1+1.21 9.74+0.14 18.9+2.42
70 63.94+0.31 0.6+0.20 16.542.10

! Values (mean of triplicates + SE) in the same colunn sharing a
common superscript are not significantly different ( P <0.05).

(100-30% of satiation) for 30 days. They demonstrat-
ed that feed restriction stimulated fatty acid and gly-
cogen mobilization, maintained gluconcogenesis and
amino acid degradation, and depressed glycolysis and
lipogenesis in the hepatopancreas in order to supply
energy and blood glucose for maintenance of overall
metabolism.

When the feeding ratio was lower than that for
optimal growth, higher weight gain of fish was
achieved at a higher feeding ratio (Arzel et al., 1998;
Ballestrazzi et al., 1998; Van Ham et al., 2003; Erol-
dogan et al., 2004). Van Ham et al. (2003) reported
that weight gain and SGR of juvenile turbot with the
same feeding ratio were not different regardless of
water temperature but linearly decreased with a de-
crease in feeding ratio when fish were fed to 100%,
65% and 35% of satiation twice daily at either 16 or 22
“C. The highest weight gain and SGR of European sea
bass with an initial weight of 2.6 g was obtained at
100% of satiation in both fresh- and seawater when
fish were fed a commercial diet at 36%, 45%, 54%,
63%, 71% and 100% of satiation daily (Eroldogan et
al., 2004). However, they recommended an optimum
daily feeding ratio of 54-63% of satiation for the
European sea bass because of deterioration of feed
efficiency ratio at higher feeding ratios.

Although feed consumption of olive flounder lin-
early decreased with the decrease in feeding ratio,
FER, PER and PR were not significantly affected by
the feeding ratio in this study. This was probably
because weight gain of fish was proportionally low-
ered with the reduction in feed consumption of fish.
Similar trends have been observed in other feeding
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Table 5

Blood analysis of olive Nounder fed the extruded pellet with various feeding ratios for 7 weeks'

Feeding ratio (%) Hematocrit (%) Glucose (mg/dl) Total protein (g/dl) TG (mg/dl) GPT (IU/ml)
100 43.14£257° 2065.8+12.36 334008 648.8+41.71 182+ 1.9
95 42142100 243441333 334034 598.5+ 47.66 214+ 1.85
90 4244213 243243133 301001 633.14+42.30 202+ 1.54
85 43.740.36" 253341433 3440012 603.7+17.04 1864243
80 40.8 + 1.81%0¢ 227.7+£10.08 294010 670.8+34.16 204+ 1.76
75 34.9+2.93° 208.1£7.96 284018 602.4+21.02 19.7 + 1.69
70 35741315 23444 28.19 2940107 576.0+ 40.85 146+ 1.52

! Values (mean of triplicates + SE. each replicate consists of measurements ol 5 fish) in the same column sharing a common superscript are

not significantly different ( 2 <0.05).

trials (Shimeno et al., 1997; Ballestrazzi et al., 1998;
Eroldogan et al., 2004). Shimeno et al. (1997) showed
that feeding common carp with slightly less than
satiation feeding, such as 90% and 80% of satiation,
as compared to satiation feeding achieved somewhat
higher feed efficiency ratio and lower body lipid
content although it did slightly lower weight gain.
They emphasized a benefit of slightly restricted feed-
ing than satiation, in which slight feed restriction
improved feed efficiency without a reduction in
growth of fish and fish quality by decreasing body
fat content. Improvement in FER, PR and energy
retention was obtained in turbot fed 65% of satiation
compared to those of fish fed to satiation (Van Ham et
al., 2003).

Crude protein levels of the whole body without
liver was significantly affected by the feeding ratio in
this study. Lipid levels of fish normally increase with
increased feeding ratio while moisture andfor ash
levels decrease (Shimeno et al., 1997; Abdelghany
and Ahmad, 2002; Mihelakakis et al., 2002; Van
Ham et al., 2003; Eroldogan et al., 2004).

Body condition indices such as HSI and CF were
not affected by the feeding ratio in this study. CF of
European sea bass was not affected by the feeding
ratio, but HSI was (Eroldogan et al., 2004). Blood
analysis of flounder except for hematocrit was not
affected by the feeding ratio in this study, probably
due to high variation in replication within the same
treatment. However, Shimeno et al. (1997) reported
that serum triglycerides, cholesterol, total protein and
ammonia increased as feeding rate increased while
serum glucose scarcely changed. Although water
quality was not monitored during the feeding trial in
this study, deterioration of water quality in fish farm
could be related to feed nutrients and/or feed allow-

ance and eventually affect fish performance. Also
feeding fish to satiation every meal on a commercial
scale of a fish farm is very difficult to be achieved.
Therefore, optimum feeding ratio for fish should be
carefully determined based on the primary concern of
criteria one is interested in.
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Feeding trialll . Effect of daily feeding ratio on growth and body
composition of sub-adult olive flounder,
Paralichthys olivaceus, fed extruded pellet

during the summer season

Abstract

A 10-week feeding trial to determine effect of gd#¢eding ratio on growth and
body composition of sub-adult olive flounddPatalichthys olivaceus) fed the
extruded pellet was determined during the summasae Thirteen flounder (an
initial body weight of 319 g) per tank were distried into 15, 500 L flow-through
tanks. Five treatments of feeding ratio in 5% dexet were prepared in triplicate:
100% (satiation), 95%, 90%, 85% and 80% of satmatiish in the control group
(100% of satiation) were hand-fed to apparent satiatwice a day. Then feed
allowance in the rest of four groups was determib@ded on average feed
consumption of fish in the control group. Weightrgaf fish fed to 100% of
satiation was significantlyP<0.05) higher than that of fish fed to 85% and 86
satiation, but not significantlyP&0.05) different from that of fish fed to 95% and
90% of satiation. Serum total protein, glucose &fIT were not significantly
(P>0.05) affected by feeding ratio, but triglycerided glutamic oxaloacetic
transaminase were. In considering these resultsinitbe concluded that optimum
daily feeding ratio for growth of sub-adult oliveodinder seemed to be 90% of
satiation when fish were fed the extruded pelletéwa day during the summer

season.

_‘IO_



1. Introduction

Since olive flounderParalichthys olivaceus, is one of the most commercially
iImportant marine fish species for aquaculture ist&a Asia, such as Korea and
Japan, many studies to determine dietary nutriequirements (Lee et al., 2000a,;
Alam et al., 2002; Furuita et al., 2003; Kim et, &002a), alternative protein
sources for fish meal (Kikuchi et al., 1994a, 199&8@ato and Kikuchi, 1997;
Kikuchi 1999; Cho et al., 2005a, 2005b) in the Jdogttimum feed allowance (Lee
et al., 1999, 2000b; Cho et al., 2006a), and fepdimategy (Kim et al., 2002b;
Cho, 2005; Cho et al., 2006b) have been performedffective fish production.

Use of extruded pellets (EP) is highly desirablerfmst of fish farm in terms
of improved availability of nutrients in the dietasy observation on fish feeding
activity, reduced water pollution source in effluelischarged from fish farm and
spread of disease, easy handling, and long stotiage for later use. The
formulation of EP to satisfy dietary nutrient reguments for olive flounder has
been developed and commercially available EP isgo@dapted to many olive
flounder farm in Korea. Excessive amount of fegolpdyicommonly result to lower
feed availability of fish, deteriorate of water tjtyain fish farm, and eventually
increase fish production cost.

In the previous study, optimum daily feeding rdto growth of juvenile olive
flounder grown from 17 to 90 g has been reportelet®5% of satiation when fish
were fed by the EP with various feeding ratio (10®%%, 90%, 85%, 80%, 75%
and 70% of satiation) during summer season (Chalet2006a). However,
optimum feed allowance for growth of fish couldlamely affected by fish size as

well. In this study, therefore, optimum daily feegliratio for sub-adult olive
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flounder fed the EP was determined during the suns@ason.

2. Materials and Methods
2. 1. Fish and the Experimental Conditions

Similar size of sub-adult olive flounder were puastéd from a private hatchery
and transferred into the Lab (Finfish Research €endljin, Kyoungsangbukdo,
Korea). Before the initiation of the feeding tridish were acclimated to
experimental conditions for 3 weeks. Thirteen figh average body weight of 319
g) per tank were randomly chosen and distributéd &b, 500 L flow-through
tanks (water volume: 300 L). During the acclimatipariod, fish were fed a
commercial EP for flounder twice a day. The floweraf water into each tank was
16 L/min/tank. The water source was sand-filteratural seawater and aeration
was supplied to each tank. Water temperature rafiget17.5 to 23.% (Mean +
S.D.: 21.1 + 1.X) since the feeding trial was performed during thenmer
season. Natural photoperiod was used and fish viedefor 7 days a week

throughout the 10 weeks feeding trial.

2. 2. Design of the Feeding Trial

Five treatments of feeding ratio in 5% decremerh wiplicates were prepared
for this study: 100% (satiation), 95%, 90%, 85% &0&c of satiation. Fish in the
control group were hand-fed to apparent satiati®@% of satiation, twice a day at
09:00 and 17:00. Uneaten diet was removed 30 niar &eding and deducted
from diet consumption calculations. Diet allowanmkefish in the rest of four

experimental groups was determined based on thraga/eliet consumption of fish
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in the control group.

2. 3. Preparation of the Experimental Diet

Ingredients and chemical composition of the expental diet are given in
Table 1. Mackerel meal, dehulled soybean mealcam gluten meal were used as
the protein sources. Wheat flour and gluten, arsth foil were used as the
carbohydrate and lipid sources, respectively. Tiggedients of the experimental
diet were well mixed and extruded by a pellet-ed¢min Suhyup Feed Co. Ltd.
(Uiryeong, Gyeongsangnamdo, Korea). The experirhehéd (diameter: 9.0-9.4
mm) contained 49.5% crude protein and 9.2% cruyale With a gross energy level
of 6.0 kcal/g diet, based on the previous studieg ¢t al., 2000a, 2002; Kim et al.,
2002a; Cho et al., 2006a).

2. 4. Analytical Procedures of Fish

Five fish at the initiation and termination of tfeeding trial were sampled and
sacrificed for proximate analysis. Crude proteinsvdgtermined by the Kjeldahl
method (Auto Kjeldahl System, Buchi B-324/435/4%%itzerland), crude lipid by
using an ether-extraction method, moisture by alrging at 105C for 24 hr, fiber
by using an automatic analyzer (Fibertec, Tecéareden), and ash by using a

muffle furnace at 55Q for 4 hr, according to standard AOAC (1990).
2. 5. Blood Analysis of Fish

Blood samples were obtained from the caudal veiranflomly chosen 5 fish

from each tank by using a heparinized syringe dftey were starved for 24 hr and
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Table 1. Ingredient and nutrient composition of éxperimental diet

Ingredient composition (%)
Mackerel meal 57.0
Soybean meal 4.0
Corn gluten meal 3.0
Wheat flour 14.0
Wheat gluten 4.0
Krill meal 2.5
Fish oil 5.0
Vitamin premix 1.0
Mineral premix 1.7

Nutrients (%, DM)

Crude protein 49.5
Crude lipid 9.2
Ash 11.2
Gross energy (kcal/g diet) 6.0
n-3 HUFA 2.8

vitamim and mineral premix provided by Suhyup F&sd Ltd. (Korea).
“Highly unsaturated fatty acid (@8).

_14_



anesthetized with MS-222 at the concentration dd bg/L at the end of the
feeding trial. Plasma was collected after centafign (3,000 rpm for 10 min),
stored freezer at -70 as separate aliquots for analysis of total protgingose,
cholesterol, triglyceride (GT), glutamic pyruviatsaminase (GPT), and glutamic
oxaloacetic transaminase (GOT), and analyzed bwygusiutomatic chemistry

system (HITACHI 7180 and 7600-210, Hitachi, Japan).

2. 6. Satistical Analysis
One-way ANOVA and Duncan's multiple range test (Eam 1955) were used
to analyze the significance of the difference amdhg means of treatments

through SAS version 9.1 (SAS Institute, Cary, NGA).

3. Results and Discussion

Survival (%), weight gain (g/fish), and specificogith rate (SGR) of olive
flounder fed the EP with various feeding ratio 1dr weeks are given in Table 2.
Survival was not significantly®®0.05) affected by feeding ratio. However, weight
gain of flounder fed to 100% of satiation was digantly (P<0.05) higher than
that of fish fed to 85% and 80% of satiation, bot significantly £>0.05) different
from that of fish fed to 95% and 90% of satiatidvieight gain of flounder fed to
95% of satiation was significantly?€0.05) higher than that of fish fed to 80% of
satiation. Weight gain of flounder tended to deseewith a decrease in feeding
ratio in this study. SGR of fish fed to 100% an@®6f satiation was significantly
(P<0.05) higher than that of fish fed to 80% of dadi® but not significantly
(P>0.05) different from that of fish fed to 90% areP8 of satiation. When feeding
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Table 2. Survival (%), weight gain (g/fish) and sifie growth rate (SGR) of sub-adult olive flounded the extruded pellet for

10 weeks with various feeding raltio

Feeding ratio (%) Initial weight (g/fish) Final weigltg/fish)  Survival (%) Weight gain (g/fish) SGR
100 318.6 + 01 487.5 +24.8 100 + G 168.8 +24.9 0.73+0.09
95 319.3 + 0.2 479.1+ 0.7 100 + G 159.8+0.% 0.70 +0.00
90 319.5 + 1.0 461.7 + 5.2 100 + G 142.2 + 6.6° 0.63+0.0%
85 319.0 + 0.1 459.0 + 0.2 100 + G 139.9+ 0. 0.63 + 0.08
80 318.8 + 0.1 448.8 + 7.0 100 + G 130.0 + 7.6 0.59 + 0.03

Walues (mean + SE) in the same column sharing aremmsuperscript are not significantly differeRt-0.05).

’SGR = (Ln final weight of fish-Ln initial weight dish) 100/days of feeding trial.
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ratio was lower than optimal level, higher weiglairgof fish was achieved at a
higher feeding ratio (Arzel et al., 1998; Balleghiaet al., 1998; Van Ham et al.,
2003; Eroldogan et al., 2004).

Feeding fish to less than satiation without grow#tardation is highly
recommendable for fish production in fish farm hesa of less cost in diet and
production of water pollution source, easier manag®, and higher diet
utilization of fish. No significant difference ineight gain among fish fed to 100%,
95% and 90% of satiation in this study indicateat tthaily feeding ratio could be
lowered to 90% of satiation for sub-adult oliveuitmer without growth retardation
during summer season. However, optimum daily fegdiatio for growth of
juvenile olive flounder grown from 17 to 90 g waported to be 95% of satiation
during summer season when fish were fed to sati&vice a day for 7 weeks (Cho
et al., 2006a). According to the pervious and gtigdy, optimum daily feeding
ratio for growth of olive flounder seemed to lowesm 95% to 90% satiation as
fish grew from juvenile to sub-adult. Similar fimgjs that optimum diet allowance
and/or dietary nutrient requirements decreasedshsgfew was reported in other
fish (Page and Andrews, 1973; Skalli et al., 2004tlen et al., 2005; Sweilum et
al., 2005).

Diet consumption (g/fish), feed efficiency ratioHR), protein efficiency ratio
(PER), protein retention (PR), hepatosomatic in(ld$l), and condition factor
(CF) of sub-adult olive flounder fed the EP withrieas feeding ratio for 10 weeks
are presented in Table 3. Since diet allowancéahfler was determined based on
diet consumption of fish in the control group, camgtion linearly decreased with

the decease in feeding ratio. However, efficienfogliet (FER, PER, and PR) of
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Table 3. Feed consumption (g/fish), feed efficienatyor (FER), protein efficiency ratio (PER) and piotestention (PR) of

sub-adult oliver flounder fed the extruded pellet fomieeks with various feeding ratio

Feeding ratio (%) Feed consumption FER PER PR’ HSP CP
100 170.8 + 25%4 0.99 + 0.00 2.00 +0.00 45.3+8.7 1.5+0.2 0.99 +0.01
95 160.2 + 0. 1.00 + 0.08 2.02 +0.00 452 +2.4 1.7+0.17 1.06 + 0.03
90 151.7 + 0.X° 0.94+0.04 1.89 + 0.08 41.3+3.0 1.7+0.17 1.08 + 0.02
85 143.2 + 0.t 0.98 +0.00 1.97 + 0.00 453 +4.8 1.8+0.7 1.07 +0.02
80 134.9 + 0.2 0.96 + 0.05 1.95+0.16 42.6 +3.6 1.7+0.3 1.08 + 0.01

Walues (mean + SE) in the same column sharing a commorsstipeare not significantly differenP£0.05).
*Feed efficiency ratio (FER) = Weight gain of fish/feedsuimed.

*Protein efficiency ratio (PER) = Weight gain of fish/giatconsumed.

*Protein retention (PR) = Protein gain of fish/proteinsiamed.

Hepatosomatic index (HSI) = Liver weight100/fish weight

®Condition factor (CF) = Fish weight100/total lenyth
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flounder was not significantlyP&0.05) affected by feeding ratio in this study. S hi
is probably because weight gain of fish decreasegqrtion to the reduction in
feeding ratio. A similar trend that no differenae feed efficiency of fish was
obtained at various diet allowance was observesther studies (Shimeno et al.,
1997, Ballestrazzi et al., 1998; Eroldogan et 2004; Cho et al., 2006a). Wide
variation in diet consumption of sub-adult floundsr satiation feeding in the
control group due to easy disturbance of feediniyicof fish during the feeding
trial resulted to wide variation in weight gain figh in the control group in this
study. However, fish were more likely to consumedats in other groups (95%,
90%, 85% and 80% of satiation) and achieved legati@n in weight gain. Body
condition indices (HSI and CF) of flounder was sigiificantly (°>0.05) affected
by feeding ratio in this study. The similar resu#is obtained in the previous study
(Cho et al., 2006a). However, Eroldogan et al. @0thowed that feeding ratio
significantly affected CF of European sea b&¥sentrarchus labrax, but did not
HSI.

Proximate composition of olive flounder fed the tolP 10 weeks is presented
in Table 4. Chemical composition (moisture, crudetgin and lipid, and ash
content) of the whole-body of fish without liver éver was not significantly
(P>0.05) affected by feeding ratio. Similarly, proxita composition of flounder,
except for crude protein, was not affected by fegdatio (Cho et al., 2006a), but
conflicted with other studies showing that bodydipontent of fish increased with
the increase in diet allowance or feeding frequei@grayton and Beamish, 1977,
Kayano et al., 1993; Shimeno et al., 1997; Leel.e2@00b; Mihelakakis et al.,
2002; Van Ham et al., 2003; Eroldogan et al., 2004).
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Table 4. Proximate composition (% of wet weight)sab-adult olive flounder fed

the extruded pellet for 10 weeks with various feedatip"

Whole-body of fish without liver

Feeding ratio (%) Moisture Crude protein Crude lipid hAs

100 715 £ 11. 207 £ 1.6 25 £ 0.8 3.9 £ 03
95 71.8 £ 0.9 204 £ 04 45 + 04 3.7 £ 0.2
90 719 £ 0.9 20.2 £ 0.7 35+ 10 3.3 £ 0.2
85 72.7 £ 0.6 20.5 £ 0.7 3.7 £ 0.3 34 £ 0.2
80 72.7 £ 0.7 20.2 £ 04 3.1 £ 0.7 3.6 £ 0.3
Liver

Feeding ratio (%) Moisture Crude protein Crude lipid
100 66.8 £ 1.6 125 + 0.2 140 + 1.3
95 634 £ 2.0 11.3 £+ 0.5 176 £ 2.0
90 63.9 £ 2.7 116 £+ 04 15.8 + 3.8
85 62.6 £ 25 11.3 + 0.5 20.0 £ 41
80 63.7 £ 2.1 11.3 £+ 0.5 19.2 + 34

'Values (mean + SE) for either whole-body or livee aot significantly different

for any treatment>0.05).
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Blood analysis of olive flounder fed the EP withrieas feeding ratio for 10
weeks is shown in Table 5. Serum total proteincgde, and glutamic pyruvic
transaminase (GPT) of flounder was not signifiga(®>0.05) affected by feeding
ratio. However, serum triglyceride (TG) of flounded to 95%, 90% and 85% of
satiation was significantlyP<0.05) higher than that of fish fed to 100% or 86f%6
satiation, although a wide variation was observéliwthe same treatment. Serum
glutamic oxaloacetic transaminase (GOT) of flouniger to 95% of satiation was
significantly (<0.05) higher than that of fish fed at other fegdmatio. GOT
values of fish were ranked 100%, 85%, 80% and 9G%atiation in order.
Similarly, serum glucose, total protein, TG, andTGFas not affected by feeding
ratio (Cho et al., 2006a). These results probaitycate that blood analysis of fish
was not likely affected by the feeding regimes usetthe present study. However,
Shimeno et al. (1997) showed that serum total prot€G, cholesterol, and
ammonia in common cargyprinus carpio, increased as feeding rate increased,
while serum glucose scarcely changed when fish feztdoy the commercial diet
at various feeding rates (100%, 90%, 80%, 70%, 580% and 0% of satiation)
for 30 days.

Diet allowance largely affects not only availalyilaf nutrients in diet, cost of
fish production, and fish performance, but alsduefit discharged from fish farm.
Also, other factors, such as fish species, fisle,sifietary nutrient composition,
water temperature, rearing conditions, etc. cotfiecaoptimum diet allowance for
fish in the feeding trial. Therefore, the least amoof diet without growth
reduction could be regarded as the optimum leuwefi$t and it must be carefully

determined.
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Table 5. Blood analysis of sub-adult olive flounded the extruded pellet with

various feeding ratio for 10 weéks

Feeding ratiolTotal protein Glucose TG GOT GPT
(%) (g/dL) (mg/dL) (mg/dL) (IU/L) (IU/L)
100 35+00 150+12 1135+28 137+08 20+0.6
95 38+0% 18.0+12 1467+17.0255+25 33+19
90 36+02 16.0+10 1665+95 7.0+106 03+0.3
85 36+01% 16.7+0.9 1585+205 10.3+2.2° 2.7+0.9
80 36+03 16.7+1.3 90.0+1008 10.0+25 03+0.3

'Values (mean + SE, each replicate consist of measemts of 5 fish) in the same

column sharing a common superscript are not sigmitigalifferent £>0.05).
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In considering these results, it can be concluded doptimum daily feeding
ratio for growth of sub-adult olive flounder seentedbe 90% of satiation when

fish were fed the EP to satiation twice a day durimgsthmmer season.
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Conclusion

The effect of feeding ratio on growth and body cosifion of juvenile (initial
body weight of 17 g) and sub-adult (initial bodyigig of 319 g) olive flounder,
Paralichthys olivaceus when fed extruded pellets was determined during th
summer season in the feeding tridlsand II, respectively. It can be concluded
that optimum feeding ratio for growth of juveniledasub-adult olive flounder
could be lowered to 95 and 90% of satiation, resypelg, without growth
suppression when fish were fed the extruded pelliee a day during the summer

season. And optimum feed allowance decreased agrégh
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