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Abstract

Seung-Jun Shin, Sungchul C. Bai, Kyeong-Jun Lee, Jeong-Dae Kim, and Sung-Sam Kim. 2018.
Optimum Feeding Rate for The Sub-adult Olive Flounder, Paralichthys olivaceus, Fed Practical Extruded
Pellets at Optimum Water Temperature. Aquacultura Indonesiana, 19 (2): 57-64. We investigated the
effects of feeding rate on the growth, blood components, and histology of the growing olive flounder
(Paralichthys olivaceus). We determined the optimum feeding rate (initial fish mean weight = 525.3 + 7.12 g) at
the optimum water temperature. Two replicate groups of fish were fed a commercial diet at rates of 0%, 0.2%,
0.4%, 0.6%, and 0.8% (i.e., to satiation) of body weight (BW) per day. The feeding trial was conducted using a
flow-through system, with ten of 1.2-metric-ton aquaria receiving filtered seawater between 20.5 and 24.5°C, for
3 weeks. Weight gain (WG) and specific growth rate (SGR) were significantly greater in fish fed with satiation
at 0.8% BW/day compared to fish fed at 0.2% BW!/day, and with unfed fish. These parameters were negative,
and significantly lower, in the starved fish compared to the fish fed the experimental diet, for all feeding rates.
There were no significant differences in WG and SGR among fish fed at 0.2%, 0.4%, and 0.6% BW/day, and
among those fed at 0.4%, 0.6% and 0.8% of BW/day. The histological changes in tissues were not significant in
the hepatopancreas, kidney, or anterior intestine of fish fed at 0%, 0.4%, and 0.8% of BW/day. Broken-line
regression analysis based on weight gain demonstrated that the optimum feeding rate for an olive flounder
weighing 525 g was 0.70% BW/day at optimum water temperature.
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Introduction those fed 30% protein, when both were fed to
approximately 75% satiation, the weight gain did
Moist pellet primarily made of raw fish, not differ (Minton, 1978). This illustrates the
has been used as feed for culture of olive relationship between the feeding rate and nutrient
flounder in Korea. This is a problem for several  (protein) content of the diet. A similar result
reasons because unstable supply of raw fish, showed by Li and Lovell (1992a, 1992b), also in
increased storage cost, and heavy self-pollution  channel catfish.
resulting from the thawing of raw fish to make The olive flounder (Paralichthys olivaceus)
moist pellet and leaching of nutrients from moist is one of the most commercially important
pellet when fed to fish. In addition, the price of marine aquaculture species in Korea, and was
raw fish has been increased due to its high ranked first for marine finfish aquaculture
demand with large scale development of marine  production in 2014 (Statistics Korea, 2014). The
fish aquaculture system in the country. Therefore, olive flounder is very popular and highly valued
for further expansion of flounder farming, it is by Koreans due to its high dressing percentage
essential to employ formulated artificial dry feeds and pleasant taste. To optimize growth, cost of
such as extruded pellet which can support production and product quality, the optimum

reasonable growth of fish. feeding rates for various sizes of this species
Optimum feeding rates vary with feeding need to be established.
frequency, the nutrient content of the feed, the Feeding costs account for the major

fish species and size, and water temperature and  portion of aquaculture production costs, rendering
other water-quality parameters. Channel catfish feed management one of the most important
fed 36% protein gained more weight compared to  determinants of viability and productivity for any
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commercial aguaculture operation. Diet costs can
represent between 30% and 70% of the total
operating cost of an aquaculture enterprise: the
proportion increases commensurate with the
intensity of the operation (Webster et al., 2001).
Feed intake is perhaps the principal factor
affecting the growth rate of fish (Li et al., 2004);
several studies have demonstrated that growth
correlates to food intake (Mihelakakis et al.,
2002; Cho et al., 2007; Kim et al., 2007; Ozorio
et al., 2009). Ensuring an adequate supply of
nutritionally balanced feed is critical for optimum
growth, survival, disease immunity, dress-out
yield, and the organoleptic properties of the flesh.
If the feed supply is inadequate, reduced growth
and survival rates will result. Conversely,
overfeeding increases fish production costs, and
reduces profit, due to the increased cost of feed
and deterioration of water quality, which can
eventually reduce the growth of fish. The food
application rate does not necessarily equate to the
food consumption rate in large-scale commercial
systems, because a significant and unknown
proportion of administered food may not be eaten
(‘Yamada, 1985).

Feeding rates have been determined in
various species of fish at various stages of growth
(Hung et al., 1993; Mihelakakis et al., 2002;
Fiogbe and Kestemont, 2003). Feeding rates are
influenced by various factors, including fish size,
and decrease commensurate with the growth of
fish. Fiogbe and Kestemont (2003) reported that
optimum feeding rates, for Eurasian perch (Perca
fluviatilis), decreased by 7.4%, 5.1%, 4.5% and
2.2% biomass/day, for fish with initial weights of
0.22, 0.73, 1.56 and 18.9 g, respectively. Several
studies have determined optimum feeding rates in
juvenile and growing-stage olive flounders (Kim
et al., 2010; Kim et al., 2011; Lee et al., 2014;
Kim et al., 2014). However, optimum feeding
rates in sub-adult olive flounders have not yet
been determined. Therefore, this feeding trial was
conducted to determine the optimum feeding rate
of sub-adult olive flounder at optimum water
temperature.

Materials and Methods
Experimental Diets

The commercial feed used in the feeding
trial was supplied by Suhyup Feed Company
Limited (Uiryeong, Gyeongsangnamdo, Republic
of Korea). Feed sizes, with the corresponding
proximate composition, were selected according

to fish size, in line with the methods employed by

farms and the recommendations of the company.

The proximate composition of the experimental

diet is delineated in Table 1.

Table 1. Proximate analysis of the experimental
diet of the olive flounder (Paralichthys
olivaceus; % of DM basis)

Proximate composition Content
Dry matter (%) 7.04
Crude protein (%, DM) 56.0
Crude lipid (%, DM) 14.3
Crude ash (%, DM) 114
Gross energy (MJ/kg) 17.6
Size (mm) 15.0~15.4

Experimental Fish and Feeding Trial

Fish were collected from Chang-Hae
Fisheries in Jeju-Do, Republic of Korea. Prior to
the commencement of the experiment, fish were
fed the commercial diet twice daily to apparent
satiation for 1 week, to acclimate them to the
experimental diet and conditions. The commercial
feed used in all the feeding trials was supplied by
Suhyup Feed Company Limited (Uiryeong,
Gyeongsangnamdo, Republic of Korea). Three
hundred fish with an initial body weight of 525.3
+ 7.12 g (mean %= SD) were randomly distributed
among 10 tanks (30 fish/tank). Each tank was
then randomly assigned one of the five feeding
rates: 0%, 0.2%, 0.4%, and 0.6% BW/day, and
satiation (0.8% BW/day). Fish were fed twice per
day, at 09:00 and 16:00. The feeding trial was
conducted using a flow-through system, in ten
(IMT) tanks receiving filtered seawater from a
central tank. The total body weight of fish, in
each aquarium, was recorded every week, and the
amount of diet fed to the fish was adjusted
accordingly. The rearing water temperature
during the experiment ranged between 20.5 and
24.5°C. Photoperiods were maintained under
conditions of natural light. Supplemental
aerations were provided to maintain dissolved
oxygen levels at 6.5 £ 0.5 ppm: salinity was
maintained at 33 + 1 ppt.

Sample Collection and Analysis

Weight gain (WG), specific growth rate
(SGR), feed efficiency (FE), protein efficiency
ratio (PER), survival and whole-body proximate
composition were calculated and measured at the
end of the feeding trials. Blood samples were
obtained from the caudal vein of 6 fish from each
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tank (12 fish per dietary treatment), using a
heparinized syringe following anesthetization of
the fish with tricaine methanesulfonate (MS-222)
at 100 mg/L. Immediately afterward, hematocrit
and hemoglobin were measured using the micro
hematocrit technique (Brown, 1980) and CH 100
plus blood biochemical auto analyzer (SEAC,
Italy), respectively. Following measurement of
whole blood, blood plasma was collected after
centrifugation at 300 x g for 5 min, and was
stored at —70°C as separate aliquots for assay of
total protein, alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) using a blood
biochemical auto analyzer. Hemoglobin was
determined by an end-point method, and alanine
aminotransferase and aspartate aminotransferase
activities were determined using a Kkinetic
method. The remaining six fish from each tank
were sampled at the end of the feeding trial and
stored at —70°C for the subsequent proximate
whole-body analysis, using standard methods
(AOAC, 1990). The clinical signals of the fish
were carefully monitored on a daily basis
throughout the experiment. At the end of feeding
trial, fish were autopsied and processed for
histological examination. Autopsies were carried
out on three randomly selected fish from each
tank. All tissues and organs obtained were fixed
in Bouin’s solution and processed for a routine
histological examination.

Statistical Analysis
All data were subjected to one-way ANOVA

using the SPSS for Windows software package
(ver. 11, Chicago, IL, USA). Group differences were

assessed using Duncan's multiple tests. Data are
presented as means + SE. The optimum feeding
rate was estimated using the Broken-line
regression method (Robbins, 1979).

Results

Weight gain (WG) and specific growth rate
(SGR) were significantly higher in fish fed to
satiation (0.8% BW/day) compared to both those
fed at 0.2% BW/day and the unfed fish (Table 2).
There were no significant differences in WG and
SGR among fish fed at 0.2%, 0.4% and 0.6%
BW/day, and among those fed at 0.4%, 0.6% and
0.8% of BW/day. WG and SGR of the unfed fish
were both negative, and significantly lower,
compared with fish fed the experimental diet, for
all feeding rates. There were no significant
differences in FE and PER for fish in all feeding
conditions.

The serological characteristics of sub-adult
olive flounders fed the experimental diet at
different feeding rates are described in Table 3.
Hematocrit was significantly higher in fish fed at
0.2%, 0.4% and 0.6% BW/day compared to both
the unfed fish and the fish fed to satiation (0.8%
BWi/day). There were no significant differences
in hematocrit among either the unfed fish or
those fed to satiation, or among those fed at
0.2%, 0.4% and 0.6% BWo/day. Blood glucose
was significantly higher in fish fed at 0.6%
BW/day than in either the unfed fish or those fed
at 0.2% and 0.8% BW/day. There were no
significant differences in hemoglobin, alanine
aminotransferase, aspartate aminotransferase, or
total protein, for fish in all treatment conditions.

Table 2. Effect of feeding rates on the growth performance of olive flounder (Paralichthys olivaceus)

fed the experimental diet for 3 weeks'

Diets

> Pooled SEM’
0% 0.2% 0.4% 0.6% S
Initial weight (g/fish) 525.3 523.2 522.0 518.7 537.3 8.73
Final weight (g/fish) 393.2* 549.4° 5757 5815 628.7° 27.07
Weight gain® -20.7*  5.0° 10.3*° 121 17.0° 4.49
Specific growth rate* -1.37% 0.29° 058"  0.67  0.92° 0.28
Feed efficiency® - 102.4 112.7 111.0 111.8 8.92
Protein efficiency ratio® - 1.83 2.02 1.99 2.00 0.16
Survival (%) 91.7 91.7 91.7 88.3 83.3 2.15

IValues are means from duplicate groups of fish; values in each row with different superscripts are significantly

different (p < 0.05).
2S = Satiation (0.8%).

*Weight gain (%) = (final weight - initial weight) x 100/initial weight.
*Specific growth rate (%) = (log, final wt. - log. initial wt.)/ days.
*Feed efficiency (%) = wet weight gain (g) x 100/dry feed intake (g).

®Protein efficiency ratio = wet weight gain/protein intake.

"Pooled standard error of means = SD/vn.
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Table 3. Effects of feeding rate on the serological characteristics of olive flounder (Paralichthys
olivaceus) fed the experimental diet for 3 weeks’.

Diets > Pooled SEM®

0% 0.2% 0.4% 0.6% S
Hematocrit (%) 21.0° 29.5° 29.9° 27.6° 22.8° 1.22
Hemoglobin (g/dL) 5.8 7.4 7.5 7.4 6.9 0.26
AST (U/L)? 23.6 45.6 41.5 40.7 33.9 3.50
ALT (U/L)* 6.38 5.04 12.76 6.11 5.96 1.43
Glucose (mg/dL) 10.7* 13.2%® 22.1% 24.8° 13.4® 2.10
Total protein (mg/dL) 3.4 4.1 3.3 2.8 4.1 0.23

' Values are means from duplicate groups of fish; values in each row with different superscripts are significantly
different (p < 0.05).

2 S = Satiation (0.8%).

% AST = Aspartate aminotransferase.
Unit per liter (U/L) = the amount of enzyme which oxidizes one pmol/L of NADH per minute.

* ALT = Alanine aminotransferase.

® Pooled standard error of means = SD/vn

Table 4 displays the whole-body proximate
composition of olive flounders fed the experimental
diet. Although there were significant differences
in all analyzed parameters, there were no clear
trends. There were no clear correlation between
feeding rate and whole body composition of olive

rates are illustrated in Figure 2. Differences in the
condition of the hepatopancrease, kidney and
anterior intestine of fish fed at 0%, 0.4% and
0.8% BW/day were minimal.

Broken line regression analysis, for WG,
indicated that the optimum feeding rate for a 525-

flounders.
Histological changes in the tissues of fish
fed the experimental diet at different feeding

Table 4. Effect of feeding rate on the whole-body composition of olive flounder (Paralichthys
olivaceus) fed the experimental diet for 3 weeks (%)".

g sub-adult olive flounder is 0.70% BW/day
(Figure 1).

Diets Pooled SEM®

0% 0.2% 0.4% 0.6% s? oole
Moisture 74.4%® 72.8° 74.0® 72.8° 74.7° 0.29
Crude protein 67.8° 70.2° 64.9° 68.0° 69.2% 0.61
Crude lipid 18.9° 19.2° 17.3 20.6° 17.42 0.42
Crude ash 12.2° 11.6% 12.3 14.0° 12.6° 0.29

"Values are means from duplicate groups of fish; values in each row with different superscripts are significantly
different (p < 0.05).

°S = Satiation (0.8%).

®pooled standard error of means = SD/vn
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Weight gain (%)
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Feeding rate (body weight/day, %)

Figure 1. Broken-line regression analysis of weight gain (%) according to feeding rate. Each point represents the
average of two groups of fish. The optimum feeding rate for weight gain was 0.70% body weight/day.
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Figure 2. Histological changes of the hepatopancreas, kidney and anterior intestine of olive flounder
(Paralichthys olivaceus) fed the experimental diet for 3 weeks. A, D and G: 0% group
(A:hepatopancreas, D: kidney, and G: anterior intestine), B, E and H: 0.4% group (B: hepatopancreas,
E: kidney, and H: anterior intestine), C, F and I: S (satiation, 0.8%) group (C: hepatopancreas, F:
kidney, and I: anterior intestine).

Discussion

The present study demonstrated that
growth in olive flounders improves in accordance
with feeding rate, at the optimum water
temperature. Weight gain and growth rate
increased with feeding rate, up to the level of
satiation (Table 2). Growth has been reported to
increase commensurate with feeding rate in
several fish species (Adebao et al., 2000; Ng et
al., 2000; Mihelakakis et al., 2002). The optimum
feeding rate for a sub-adult olive flounder (525 g)
was 0.70% body weight per day, based on weight
gain indexed by broken-line regression analysis
(Figure 1). Fish appear to continuously increase
in weight commensurate with feeding rate up to
the level of satiation, although this increase may
not correspond with incremental feed consumption.
Continuous weight gain in response to increased
feeding rate has been reported in blackspot
seabream (Pagellus bogaraveo; Ozorio et al.,
2009); olive flounder (P. olivaceus; Cho et al.,
2007); white sturgeon (Acipenser transmontanus;

Deng et al., 2003); and gilthead sea bream
(Spurus aurata; Mihelakakis et al., 2002), among
other species. However, the improvement in
growth performance of fish fed at a rate below
satiation varied according to fish size.

Feed utilization plateaued at certain feeding
rates. Maximum feed efficiency has been
reported for feeding rates below those required
for maximum growth (Brett and Groves, 1979).
At low feeding rates, fish tend to optimize their
digestion to extract nutrients more efficiently
(Zoccarato et al., 1994; Van Ham et al., 2003).
This implies an inverse relationship between
feeding rate and feed efficiency. The peak in feed
efficiency in the present study could be
explicable on the basis of greater weight gain vs.
the incremental feed intake observed for feeding
rates below the peak value. However, beyond the
peak value, fish could not efficiently utilize the
additional food, leading to a drop in feed
efficiency.

Table 3 displays the serological
characteristics of sub-adult olive flounders fed
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the experimental diet at different feeding rates.
Hematocrit levels were significantly higher in
fish fed at 0.2%, 0.4% and 0.6% BW/day,
compared to both the unfed fish and the fish fed
to satiation (0.8% BW/day). Hematocrit levels
are frequently used to indicate the health and
immunity status of fish. There were no significant
differences in hematocrit levels between the unfed
fish and those fed to satiation, nor between those
fed at 0.2%, 0.4%, and 0.6% BW/day. The results
indicate that inadequate feeding, or overfeeding,
could affect the health and immunity status of
fish: it appears that adequate feed supplies are
vital for the optimum growth, health, and
immunity.

The whole-body proximate composition,
of sub-adult olive flounders fed the experimental
diet, is delineated in Table 4. There were no clear
trends in any of feeding rate categories. Cho et al.
(2006) observed no relationship between feeding
rate and the proximate composition of olive
flounders for any parameter other than crude
protein. The differences in whole-body composition
according to feeding rate cannot be explained by
the present results. Whole-body proximate
composition appears to be a weak determinant of
feeding rate.

Histological changes associated with the
different feeding rates are displayed in Figure 2.
There were minimal differences in the response
of the hepatopancreas, kidney, and anterior
intestine of fish according to feeding rate. All
tissues, of fish fed at 0%, 0.4%, and 0.8%
BWi/day, were in good condition. Kim et al.
(2014) reported that histological changes in fish
fed at 0.6% BW/day indicate that this group was
in the best condition; minimal differences were
observed in the tissues of fish fed at 0.6%,
compared with those fed at 0% and 1.0%
BWi/day, at the optimum water temperature.
Similar results have also been reported for olive
flounders at various growth stages (Lee et al.,
2014; Kimet al., 2014).

In the present study, increased feeding
rates improved the growth performance of the
sub-adult olive flounder; similar results have
been reported for many other fish species (Ng et
al., 2000; Mihelakakis et al., 2002; Lee et al.,
2014; Kim et al., 2104). At all growth stages,
optimum feeding rates decreased with fish size.
This observation is in agreement with previous
studies of various species (Skalli et al., 2004;
Hatlen et al., 2005; Sweilum et al., 2005). Fish
growth rates decrease with age, and by extension
greater size. This implies that small fish have an

increased demand for food to satisfy their high
metabolic rates.

Conclusion

A Dbroken-line regression analysis of
weight gain indicated that the optimum feeding
rate of olive flounders weighing 525 g was 0.70%
BW per day at optimum water temperature (Fig.
1). Future studies should focus on water
temperature (low and high), adult stages of
greater duration, and olive flounders weighing
more than 1 kg.
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