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A 10-week feeding experiment was conducted to determine the phosphorus requirement of
juvenile Korean rockfish (Sebastes schlegeli). Three replicate groups of fish initially averaging
42 g were fed the semipurified experimental diets containing graded levels of NaH,PO. * 2H.O
to provide from 0.1% to 1.32% total phosphorus level in a flow-through seawater system.
Korean rockfish muscle and casein were used as the protein sources of the basal diet.

Weight gain, feed efficiency and protein retention of fish fed the 0.35% phosphorus were
higher than those of fish fed the 0.1% phosphorus, although no significant improvements
(P>0.01) were observed above the level. Determined phosphorus requirement using the
broken line model was found to be 0.3% for weight gain. Moisture, protein and lipid
contents of whole body and muscle were not affected by dietary phosphorus levels (P
>0.01). Lipid contents of liver in fish fed the 0.1% phosphorus were lower than those in
fish fed the 0.35% and 1.32% phosphorus (P<0.01). Dietary phosphorus increased ash and
phosphorus contents of the whole body, while those of bone were not affected (P>0.01).
The data obtained in this study indicate that a 0.3% dietary phosphorus level could be
recommended for the optimum growth and efficient nutrient utilization of juvenile Korean

rockfish.
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Introduction

Korean rockfish (Sebastes schlegeli) is a leading
candidate for commercial culture in Korea (Lee and
Lee, 1994). This species has several desirable
characteristics for aquaculture including high
tolerance to both high and low water temperatures,
easiness of seedling production due to viviparous
reproductive style, and the ability to withstand in
high stocking density. Farming of the species has
been rapidly developed since 1987, and aquaculture
production in 1998 approximated to about 20,000
tons (personal estimation), which is second to olive
flounder (Paralichthys olivaceus) in mariculture
fish production in Korea.

In culturing this species, raw fish or moist feed (a
mixture of raw fish and binder meal) has been
intensively used. However, the utilization of these
feeds not only causes many problems such as
introduction of pathogen, occurrence of nutritional
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disease, and deterioration of water quality, but it
also increases production costs in terms of labor
and freeze space. In addition, a stable supply of
fresh raw fish has become increasingly difficult.
Therefore, for further expansion of Korean rockfish
farming, it is essential to employ formulated
artificial dry feeds which can support reasonable
growth.

Development of nutritionally balanced and cost-
effective feeds is dependant primarily upon the
knowledge of nutritional requirements for a species.
To date, nutrition research for Korean rockfish has
identified the protein requirement (Lee et al, 1993
a), essential fatty acids requirement (Lee et al., 1993
bed; 1994; Lee, 1998), vitamin and mineral
requirement (Bai and Lee, 1998; Lee et al., 1998a;
Lee and Kim, 1996; Lee and Park, 1998; Lee et al.,
1998b), digestibility (Lee, 1997a,), utilization of
protein and lipid sources (Lee et al., 1996ab; Lee
and Lee, 1996; Lee and Yoo, 1996) and the feeding
schedules (Lee et al., 1996¢c; Lee, 1997b). Lee and
Park (1998) suggested that each of the P, Ca, Zn,
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Mg, Fe, K, Mn or Se was essential for normal
growth of Korean rockfish when Korean rockfish
muscle and casein were used as protein sources in
the basal diet. Lee et al. (1998b) also investigated
the influence of the deletion of P, Ca, Zn, Mg, Fe,
K, Mn, or Se from mineral premix in the diets
containing 40% fish meal on growth performance
of juvenile Korean rockfish and showed that each
of the Ca, Zn, K, or Se should be added to the diet
containing 40% fish meal for normal growth of
Korean rockfish. But there is no information
available for the minimum requirement on each of
these minerals.

Minerals are an essential nutrient for normal life
processes of fish and have important functions such
as structural components of hard tissues (bone,
exoskeleton, scales, teeth), electron transfer and
regulation of acid-base equilibrium, and osmoregu-
lation (NRC, 1993). Phosphorus is an important
nutrient to make up for skeletal tissue, to produce
energy for cellular reactions and to act as buffers in
a variety of physiological metabolism of fish. On
the other hand, phosphorus is major source of
water pollution. Determination of phosphorus re-
quirement, increment of available dietary phospho-
rus, improvement of feed efficiency, reduction of
uneaten diet in water and development of practical
diets with well-balanced nutrients are essential study
programs to reduce phosphate pollution in the wa-
ter. The present study, therefore, was conducted to
determine the phosphorus requirement of juvenile
Korean rockfish.

Materials and Methods

Experimental diets

Lee et al. (1993¢) reported that a purified diet
containing casein and gelatin as protein sources
was not an adequate nutritional experiment for
Korean rockfish because of lower growth and
palatability. Therefore, a semi-purified basal diet
(Table 1) was formulated to meet the protein
requirement of Korean rockfish (Lee et al., 1993a)
using rockfish muscle and casein as the dietary
protein sources to limit the content of phosphorus
contributed by the protein component. Squid live
oil (E-Wha Oil & Fat Ind. Co., Pusan, Korea) and
a and P starch were added to the diet to meet
essential fatty acids and energy requirement of this
species (Lee et al, 1994; Lee, 1998; Lee and Lee,
1994).

Table 1. Composition of the basal diet
Ingredients %
Rockfish muscle' 50
Casein, vitamin free® 8
Starch’ 20
Squid liver oil* 4
Vitamin premix’ 3
Mineral premix (phosphorus-free)® 5
Carboxymethyl cellulose’ 3
Cellulose’ 7
NaH.PO. - 2H2()8 _

Nutrient (% of dry basis)
Crude protein 493
Crude lipid 10.5
Crude ash 6.6
n-3HUFA’ 1.2

Prepared by lyophilizing muscle from adult fish
cultured in National Fisheries Research and
Development Institute, Pusan, Korea

* Serva, Feinbiochemica GmbH & Co. Heidelberg,
Germany.

a-potato starch and B-potato starch mixture (1 : 1,
W/W).

Provided by E-wha Oil & Fat Ind. Co. Pusan,
Korea

Same as Lee (1997c).

Mineral premix contained the following
ingredients (g/kg mix): MgSO, - 7TH,0, 127; KCI,
206, Ferric citrate, 64; ZnSQO.- 7TH;O, 32; Ca-
lactate, 565.69; CuCl, 0.3; AIClL; - 6H:0, 0.2; KI, 0.2;
Na;Se;O;, 001, MnSO, - Hzo, 3; CoCl, » 6H20, 1.6.
Sigma Chemical, St. Louis, MO, USA.

Partially replaced cellulose to achieve graded
levels of phosphorus.

’ Highly unsaturated fatty acids (C>20).
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The basal diet was determined to contain 0.1%
total phosphorus. Phosphorus levels (0.1%, 0.35%,
0.69% and 1.32%) in the diets were adjusted by
substituting the a-cellulose with monobasic sodium
phosphate (NaH.PO, - 2H;0). The phosphorus
availabilities of monobasic sodium phosphate and
dietary protein sources were considered to be 100%
to Korean rockfish. The experimental diet was
mechanically mixed with water (40 g/100g dried
diet mix.) and pressure-pelleted, and stored
according to the method described previously (Lee
et al, 1993c).

Fish and experimental conditions

Juvenile Korean rockfish (mean weight ca 1.0g)
were obtained from the Puan Hatchery National
Fisheries Research and Development Institute
Branch (Puan, Korea) in June. Thereafter they were
acclimated to our laboratory conditions for 2
months by a feeding diet containing 1.3% phos-
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phorus. After that, in order to accustom fish to the
experimental conditions, fish were randomly
distributed into fifteen 40 £ tanks with 100 fish per
tank and were fed a pre-feeding diet (basal diet) for
6 days. After the conditioning period, fish were
weighed and redistributed into the same tanks with
25 fish (4.2 g initial mean weight) per tank. Fish
were fed by hand to satiety two times per day (7
days a week) at 09:00 and 17:00. The experiment
Iasted for 10 weeks. Filtered sea water was supplied
at a flow rate of 3 4/min to each tank. The water
was aerated continuously, and water temperature
was maintained at 20 £ 1.0C (mean * S.D.). During
the experimental period, photoperiod was left at
natural condition. Fish in each tank were weighed
as a group on the days of initiation and termination
after fish were starved for 24h and anesthetized with
MS222 (tricaine methanesulfonate, Sigma Chemical,
St. Louis, MO, USA) at 100 ppm.

Sample collection and analyses

Fish samples were selected at the initiation (50
fish) and the termination (25 fish from each tank)
of the feeding trial, and stored at —75C for
proximate and/or mineral analyses of whole body,
muscle, liver or bone. Protein, lipid, moisture and
ash of diet and fish were determined according to
AOAC methods (1990). The sample of 7 frozen fish
from each tank were homogenized with
masscolloider (Masuko Co., Ltd., Japan) for whole
body analyses of moisture, crude protein, crude
lipid, crude ash, and minerals. Moisture, crude
protein and/or crude lipid of muscle and liver, and
crude ash and minerals of bone were analysed from
the remaining 15 fish/tank. Vertebrate for ash and
mineral analyses were separated from the 15 fish/
tank removed muscle and viscera, defatted, dried
and ground as described by Wilson et al. (1982).
Phosphorus was determined by the molybden blue
method as described previously (Lee and Park, 19
98). K, Ca, Mg, Fe, Zn and Mn were analysed
using atomic absorption spectrophotometer as
described by Graham et al. (1982). The bone for-
mation of the remaining 3 fish/tank were examined
by X-ray. Fatty acids composition of the experimen-
tal diet were determined by gas chromatography
(HP-5890 II, USA) with capillary column (HP-IN-
NOWax, 30 mX0.32 mmX0.5 um, USA) as descri-
bed previously (Lee, 1997¢).

Statistical analyses
One-way analysis of variance and Duncan’s

multiple range test (Duncan, 1955) were used to test
the significance of the difference among the means
of test groups using the SPSS (SPSS Inc., 1997)
program. The phosphorus requirement was esti-
mated by the broken line model (Robbins et at.,
1979).

Results and Discussion

Survival of juvenile Korean rockfish fed the
different phosphorus levels for 10 weeks was 100%.
Except for growth performance and body chemical
composition, apparent physical phosphorus-deficient
signs such as skeletal deformities by the X-ray
observation were not showed in any of the groups.
Lovell (1978) also reported that channel catfish fed
phosphorus-deficient (0.07~0.42% phosphorus)
diets did not show any skeletal deformities, whereas
bone deformity and spinal curvature were observed
in the phosphorus-deficient carp (Ogino and
Takeda, 1976).

Weight gain, feed efficiency and protein retention
of Korean rockfish fed the diets containing various
levels of phosphorus are presented in Table 2.
These values were significantly (P<0.01) lower in
fish fed the basal diet (0.1% phosphorus) than
those in fish fed the diet containing 0.35%
phosphorus, and then there were no additional
improvements above these levels. Whereas daily
feed intake was not influenced by dietary
phosphorus levels (P>0.01).

The phosphorus requirement of Korean rockfish

. was to be 0.3% (Fig. 1) estimated from weight gain

using the broken line model (Robbins et at., 1979).
Therefore, based on these growth performance, at
least 0.3% available phosphorus should be incor-
porated into a juvenile Korean rockfish diet. Similar
depressions in weight gain and feed efficiency were
observed in other fishes fed phosphorus-deficient
diets (Andrews et al, 1973; Brown et al, 1993;
Ketola, 1975; Sakamoto and Yone, 1979; Wilson et
al,, 1982; Yone and Toshima, 1979). The value of
phosphorus requirement for juvenile Korean
rockfish in the present study is lower than those of
0.5~08% for carp, rainbow trout, red sea bream,
sunshine bass (Morone chrysops$ X M. saxatilis$ ),
and yellowtail (Brown et al, 1993; Ogino and
Takeda, 1976; Ketola, 1975; Watanabe et al., 1980).
The phosphorus requirement (0.3%) in this species
is similar to the requirements (about 04%) of eel
and channel catfish (Lovell, 1978; Lall, 1989;
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Table 2. Performance of Korean rockfish fed the diets containing different phosphorus levels after 10 weeks

of experimental period'

Dictary P Weight gain (%)’

Feed efficiency (%)* Daily feed intake (% )°

Protein retention

level (% )? (% )¢
0.10 117.9 + 3.95° 68.3 + 1.94° 1.811 * 0.0460™ 21.8 + 1.89°
035 178.0 + 10.73 86.7 £ 245 1.810 + 0.0098 28.5 + 2.70°
0.69 192.5 + 1235 90.7 + 2.38 1.802 + 0.0367 289 + 1.37°
1.32 1757 £ 11.22° 88.0 + 3.51° 1.756 * 0.0254 27.3 + 248

" Values (mean * s.d. of three replications) in the same column not sharing a common superscript are

significantly different (P<0.01).

> The apparent availability of dietary phosphorus was considered 100%. Diets contained 0.62% calcium.
* (Final fish weight - initial fish weight)X100/initial fish weight.

* (Fish weight gainX100)/feed intake (dry matter).

> [Feed intake (dry matter) X 100]/[(initial fish weight+final fish weight)/2]Xdays fed.

¢ (Protein gainX100)/protein intake.
* Not significant.
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Fig. 1. Broken line analysis of weight gain to

dietary phosphorus (P) levels.

Wilson et al., 1982).

We assumed the apparent availability of dietary
phosphorus in this study to be 100%, because there
is no information about phosphorus availability in
this species. Monobasic phosphate (NaH,PO. - 2H,
O) used in this study had higher availability than
those of dibasic or tribasic phosphate for other fish
species (Lovell, 1978; Ogino et al., 1979). Rainbow
trout (Ogino et al., 1979) were able to absorb 98%
of monobasic phosphates such as KHPO.
Carnivorous fish can digest monobasic, dibasic or
tribasic phosphate better than herbivorous fish
(Kim et al., 1996; Lovell, 1978; Watanabe et al., 19
88: Yone and Toshima, 1979). Korean rockfish is
strong carnivores (Hatanaka and lizuka, 1962).

Phosphorus  retention (phosphorus  gain X 100/
phosphorus intake) of Korean rockfish fed the diets
containing 0.1~132% phosphorus decreased from

155% to 50% according to dietary phosphorus level
increased (P<0.01). Similar trends of phosphorus
retention have also been reported in other fishes
(Brown et al,, 1993; Ketola et al., 1991; Kim et al,,
1996). But Korean rockfish fed the diet containing
0.1% showed 155%, which was an unexpectedly
high value. The phosphorus requirement have been
reported mainly for fresh water fish (NRC, 1993),
and the retention values in the fresh water fish
ranged from 26% to 87% (Brown et al, 1993;
Ketola et al., 1991; Kim et al, 1996). This different
response of the high phosphorus retention value in
the phosphorus-deficient group as compared to
other fishes is not clear, but it may be due to
differences in fish species, feeding trial periods,
dietary phosphorus ranges, interactions with other
nutrient, or culture surroundings such as
phosphorus concentration in water.

At the end of the feeding trial, whole body ash
and phosphorus contents (Table 3) of juvenile
Korean rockfish fed phosphorus-deficient diet were
significantly (P<0.01) lower than those of fish fed
the diets containing 0.69% and/or 132%
phosphorus. Ca, Zn, Mg, Fe and K of the whole
body were not affected by dietary phosphorus levels
(P>0.01). Similar change trends of phosphorus
content in the whole body have been reported for
carp (Ogino and Takeda, 1976), channel catfish
(Wilson et al, 1982) and red drum (Davis and
Robinson, 1987). Ash and minerals including P, Ca,
Zn, Mg and K in the bone of Korean rockfish were
not influenced by dietary phosphorus levels (P>0.
01). Shim and Ho (1989) have reported that
phosphorus and calcium of bone were not changed
(P>0.05) by dietary phosphorus levels (0.05~1.23
%) in guppy (Poecilia reticulta). On the other
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Table 3. Ash and mineral contents of whole body after 10 weeks of experimental period’

Dieta Ash (% of P(% Ca(% f Zn(m 100g M (% of Fe(m K(% f

level (% f wet wt.) dry wt. 9 g 9 g g g/§g (5
0.10 3.62 £ 0.095° 1.92 + 0.155° 3.78 + 0.498* 14.5 + 0.20* 0.23 + 0.017“ 58.0 + 5047 1.52 + 0.102*
0.35 3.95 + 0.306™ 221 + 0.089™ 4.50 + 0.594 13.6+0.75 023 +0.015 87.7+ 2874 141+ 0.030
0.69 425+ 0.181° 227 +0.070® 403 £ 0.751 104 +321 026+ 0015 803+ 2665 142+ 0.100
1.32 441 £ 0311° 2.60 + 0.340" 4.68 = 0.020 100+ 0.70 023 +0.030 763 + 66.01 148 + 0.095

' Values (mean * s.d. of three replications) in the same column not sharing a common superscript are
significantly different (P<0.01).

* The apparent availability of dietary phosphorus was considered 100%. Diets contained 0.62% calcium.

* Not significant.

Table 4. Chemical composition (%) of whole body, dorsal muscle and liver after 10 weeks of experimental

period’
Dietary P Moisture Crude protein Crude lipid
level (%) Whole body Muscle Whole body  Muscle Whole body Muscle Liver
0.10 75.0 £ 043 79.0 £ 1.00* 155+ 050 182 £ 0.17* 45%0.17* 14+043> 11.6+2.52°
0.35 7352095 7872070 161*075 187 %057 59+034 1.1+x040 169+ 1.85
0.69 744+ 075 784020 156%025 18.6*037 52+055 12+023 140+ 1.59*
1.32 73.0+085 7924032 159+055 184+ 040 59+087 10+045 16.6 =+ 0.81°

' Values (mean * s.d. of three replications) in the same column not sharing a common superscript are

significantly different (P<0.01).

? The apparent availability of dietary phosphorus was considered 100%. Diets contained 0.62% calcium.

® Not significant.

hand, other fishes had lower bone ash and
phosphorus content in the phosphorus-deficient
groups (Andrews et al, 1973; Ketola, 1975; Lovell,
1978; Ogino and Takeda, 1976; Wilson et al., 1982).
These differences may depend on species, dietary
phosphorus levels, feeding periods, or seawater
characteristics. Further study is needed to
investigate distinctive differences.

Moisture, crude protein and crude lipid contents
of whole body, muscle and/or liver after the 10
weeks feeding trial are shown in Table 4. Theses
values of whole body and muscle were not affected
by dietary phosphorus levels (P>0.01). Korean
rockfish fed 0.35% and 1.32% phosphorus diets had
higher crude lipid contents of liver (P<0.01) than
fish fed the 0.1% phosphorus diet. Higher lipid
contents have been reported for other fishes fed low
dietary phosphorus (Sakamoto and Yone, 1973;
Ogino et al., 1979; Shim and Ho, 1989; Takeuchi
and Nakazoe, 1981; Watanabe et al, 1980). They
considered that the lipid increasement of fish fed
the phosphorus-deficient diets could be due to
inhibited lipid metabolism and promoted the
conversion carbohydrate to lipid. However, this
trend of lipid change was not found in our study.
Previous studies with juvenile Korean rockfish have
reported that lipid content was higher in fish fed
the nutrient-sufficient diets than that in fish fed

the nutrient-deficient diets (Lee et al., 1993c; Lee et
al., 1994; Lee et al., 1996b; Lee and Park, 1998).
These results suggest that lower growth with lower
lipid content of Korean rockfish fed the
phosphorus-deficient diet may be due to inhibition
of energy metabolism for growth and energy storage.

In conclusion, the present study suggests that the
optimum phosphorus requirement is 0.3% for normal
growth of juvenile Korean rockfish. This information
will be useful to design dietary formulation of Korean
rockfish for lower water pollution.
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