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Evaluation of dehulled soybean meal as a fish
meal replacer in Korean rockfish, Sebastes
schlegeli (Hilgendorf) and olive flounder
Paralichthys olivaceus (Temminck et Schlegel)

Sung Ryul Lim

Departiment of Fisheries Biology Graduate School
Pukyong National University

Abstract

Two experiments were conducted to evaluate dehulled soybean meal
(DHSM) as a fish meal (FM) replacer and to determine the proper
inclusion level of dehulled soybean meal in Korean rockfish (Sebastes
schlegeli) and olive flounder (Paralichthys olivaceus) diets. In the first
experiment, those results indicated that DHSM could replace FM up to
20% without amino acids (Met, Lys) supplementation and 30% with
amino acids supplementation for the maximum growth of Korean rockfish.
In the second experiment, those results indicated that DITSM could replace
FM up to 20% without amino acids (Met, Lys) supplementation and 30%
with amino acids and/or attractant supplementation for the maximum

growth of olive flounder.
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Experiment 1 : Evaluation of dehulled soybean meal as a
fish meal replacer in Korean rockfish

(Sebastes schlegeli)

(1) Evaluation of dehulled soybean meal as a fish meal replacer in juvenile

Korean rockfish

This experiment was conducted to evaluate dehulled soybean meal
(DHSM) as a fish meal (FM) replacer in juvenile Korean rockfish
Sebastes schlegeli diets. Fish meal, a major animal protein source in the
DHSM, diet, was replaced by DHSM on the protein equivalent base.
Fish averaging 2.5 + 0.04g (Mean + SD) were distributed to each
aquarium as a group of 40 fish reared in flow through system. Fish of
triplicate groups were fed one of eight diets comtaining 48% crude protein
and 16.0kJ available energy/g diet. Eight diets were formulated to replace
fish meal with DHSM at 0, 10, 20, 30 & 45% without amino acid
supplementation and 30, 45 & 60% with amino acid supplementation
(DHSMy, DHSM,s. DHSMys, DHSM3,, DHSMus, DHSMigiaa, DHSMusiaa,
DHSMgoran).  After 8 weeks of feeding trial, there was no significant
differences in weight gain (WG) among fish fed DHSM, DHSM;s,
DHSMyp and, DHSMspian  diets. However, WG of fish fed DHSM,,
DHSMis and DHSM3g-as diets were significantly higher than that of fish
fed DHSMj;, DHSM;s, DHSMusiaa and DHSMggias diets. There was no
significant differences in feed efficiency (FE) among fish fed DHSMy,
DHSMs, DHSMz and DHSMjgaa diets. However, FE of fish fed
DHSM, and DHSM,; diets were significantly higher than that of fish fed
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DHSM30, DHSMas, DHSMusiaa and DHSMeoeas diets (P<0.05). Condition
factor (CF), hematocrit (PCV), hemoglobin (Hb) showed the same trend as
hepatosomatic index (HSI). Survival of fish fed DHSM;s. DHSMy,
DHSM30, DHSMaigiaa, DHSMusian diets were not significantly different
from those of fish fed the DHSM, diet (P<0.05). There was no significant
differences in average survival among fish fed DHSM, DHSM;s DHSM;o,
DHSM3o DHSMagiaa and DHSMysiaa diets.  Apparent protein digestibility
(APD) showed the same trend as apparent dry matter digestibility (AD).
There was no significant differences in APD among fish fed DHSM,,
DHSM;s, DHSMz and DHSMspaa diets. However, APD of fish fed
DHSM, and DHSM,s diets were significantly higher than that of fish fed
DHSM;zo, DHSMus, DHSMysiaa and DHSMegenaa diets. (P<0.05). Therefore,
these results indicated that DHSM could replace FM up to 20% without
amino acids supplementation and 30% with amino acids (Met, Lys)

supplementation.

(2) Evaluation of dehulled soybean meal as a fish meal replacer in growing

Korean rockfish

This experiment was conducted to get the information on the long
term fish meal replacement effects of dehulled soybean meal (DHSM) and
to determine the proper inclusion level of dehulled soybean meal in
growing Korean rockfish Sebastes schlegeli diets for 12 weeks. Fish meal
(FM), a major animal protein source in the control diet (DHSM;) was
replaced by DHSM on crude protein equivalent base. Fish averaging 21.5

+ 0.05g (Mean + SD) were distributed to each aquarium as a group of
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20 fish reared in the flow through system. Fish of triplicate groups were
fed one of six diets containing 48% crude protein and 16.0kJ available
energy/g diet. Six diets were formulated to replace fish meal with dehulled
soybean meal at 0, 10, 15 & 20% without amino acid supplementation
and 20 & 30% with amino acid supplementation (DHSMs; DHSM,q
DHSM,s, DHSMzo, DHSM3p:44, DHSMigiaa).

After 12 weeks of feeding trial, there was no significant difference in
weight gain (WG@), feed efficiency (FE) and specific growth rate (SGR,
%) among fish fed six experimental diets. There was no significant
differences in protein efficiency ratio (PER) among fish fed DHSM;,
DHSM,p, DHSM,5 and DHSMy; diets. However, PER of fish fed DHSM;,
diets was significantly higher than that of fish fed DHSMjpas and
DHSMsg:an diets.  There was no significant differences in hepatosomatic
index (HSI) among fish fed DHSM, DHSM;; DHSM;; DHSMspss and
DHSM3sp:aa  diets. However, HSI of fish fed DHSM, DHSM;s and
DHSM;piaa diets were significantly higher than that of fish fed DHSMag
diets. 'There was no significant difference in intraperitoneal fat ratio (IPF
ratio), condition factor (CF) and survival among fish fed six experimental
diets.  There was no significant differences in hemoglobin (Hb) content
among fish fed DHSMp DHSM,o, DHSMis. DHSM;pias and DHSMigian
diets. However, Hb content of fish fed DHSMypan diets was significantly
higher than that of fish fed DHSM, DHSM;; DHSM,s; and DHSM,, diets
(P<0.05). There was no significant differences in triglyceride (TG) content
among fish fed all of diets. However, triglyceride (TG) content of fish fed
DHSMy.aa diets was significantly higher than that of fish fed DHSMagsas

diets (P<0.05). There was no significant difference in hematocrit (PCV),
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total protein (TP), glucose contents and whole body proximate composition
among fish fed six experimental diets.

Therefore, these results indicated that DHSM could replace FM up
to 20% without amino acids supplementation and 30% with amino acids
(Met, Lys) supplementation for the maximum growth of growing Korean

rockfish.
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Experiment 2: Evaluation of dehulled soybean meal as a
fish meal replacer in olive flounder

Paralichthys olivaceus

(1) Evaluation of dehulled soybean meal as a fish meal replacer in juvenile

olive flounder

This experiment was conducted to evaluate dehulled soybean meal
(DHSM) as a fish meal (FM) replacer and to determine the proper
inclusion level of dchulled soybean meal in juvenile olive flounder
Paralichthys olivaceus diets for 8 weeks. Fish meal, a major animal
protein source in the control diet (DHSM), was replaced by dehulled
soybean meal (DHSM) on crude protein equivalent base. Prior to the
feeding trial. fish were fed contol diet for 2 weeks to adjust to the
experimental diets and conditions. Fish averaging 5.0 + 0.04g (Mean +
SD) were distributed to each aquarium as a group of 25 fish reared in
the flow through system. Fish of triplicate groups were fed one of eight
diets containing 50% ecrude protein and 16.7k) available energy/g diet.
Eight diets were formulated to replace fish meal with dehulled soybean
meal at 0, 10 & 20% without amino acid supplementation and 20, 30 &
40% with amino acid supplementation and 30% & 40% with amino acid
& attractant supplementation (DHSMy DHSM;;, DHSMy DHSMagiaa,
DHSMipaa, DHSMageaaca. DHSMagiaa, DHSMugeas-an).

There was no significant differences in weight gain (WG) of fish fed
DHSMy  DHSMyo, DHSMa2y, DHSMsgias, DHSMsgean and DHSMsoeansan
diets. However, average WG of fish fed DHSM,, DHSM;; DHSM;s
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DHSM;;, DHSMipean, DHSMisgaa  and  DHSMsgiansan  diets  were
significantly higher than that of fish fed DHSMaspian and DHSMuygiansaq
diets. There was no significant differences in feed efficiency (FE) of fish
fed DHSM, DHSM,,, DHSMi, DHSMpeas, DHSMioas  and
DHSM;soiaa+an diets. However, average FE of fish fed DHSM,, DHSMy,
DHSM;s, DHSMjo, DHSMag:aa, DHSMigeaa and DHSMigiansan diets were
significantly higher than that of fish fed DHSMupiaa and DHSMuoiaasaq
diets. There was no significant differences in average specific growth rate
(SGR) of fish fed DHSMy DHSM;y, DHSMz, DHSMaigpias, DHSMigian
and DHSMjgiasian diets. However, average FE of fish fed DHSM,,
DHSMyy DHSM;s. DHSMj;, DHSMagiaa. DHSMagias and DHSMagiaasan
diets were significantly higher than that of fish fed DHSMugpas and
DHSMugran+an diets.  There was no significant differences in protein
efficiency ratio (PER) of fish fed DHSM, DHSM,;, DHSMas, DHSMagiaa.
DHSMagiaa and DHSMigiansae diets. However, PER of fish fed DHSM,,
DHSMiy, DHSM;s5, DHSMy;, DHSMypeas, DHSMigian and DHSMagsancan
diets were significantly higher than that of fish fed DHSMy.aa and
DHSMyo+aaeay diets. There was no significant differences in average
survival of fish fed all of diets.

Therefore, these results indicated that DHSM could replace FM up to
20% without amino acids supplementation and 30% with amino acids

(Met, Lys) supplementation for the maximum growth of juvenile olive

flounder.
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(2) Evaluation of dehulled soybean meal as a fish meal replacer in growing

olive flounder

This experiment was conducted to evaluate dehulled soybean meal
(DHSM) as a fish meal (FM) replacer and to determine the proper
inclusion level of dehulled soybean meal in growing olive flounder
Paralichthys olivaceus diets for 10 weeks. Fish meal, a major animal
protein source in the control diet (DHSM,), was replaced by dehulled
soybean meal (DHSM) on crude protein equivalent base. Prior to the
feeding trial, fish were fed control diet for 2 weeks to adjust to the
experimental diets and conditions. Fish averaging 45.5 = 0.08g (Mean +
SD) were distributed to each aquarium as a group of 15 fish reared in
the flow through system. Fish of friplicate groups were fed one of six
diets containing 50% crude protein and 16.7k] available energy/g diet. Six
diets were formulated to replace fish meal with dehulled soybean meal at
0, 10. 20 & 30% without amino acid supplementation and 20 & 30%
with attractant supplementation (DHSM; DHSM;o, DHSM,, DHSM;
DHSMzo+a1. DHSM04a6).

There was no significant difference in weight gain (WG) among fish
fed DHSM; DHSM,;p, DHSM;; and DHSMspaq diets. However, WG of
fish fed DHSM, DHSM,;,, DHSMy, and DHSM;ip.an diets were
significantly higher than those of fish fed DHSM;; (P<0.05). While
WG of fish fed DHSMjpian diet was highest among all the dietary
treatments.  There was no significant difference in feed efficiency (FE)
among fish fed DHSM, DHSMi, and DHSMay diets. However, FE of fish
fed DHSMp DHSMiy; and DHSMy diets were significantly higher than
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those of fish fed DHSMsy, (P<0.05). While FE of fish fed DHSMagian
diet was highest among all the dietary treatments. There was no
significant difference in specific growth rate (SGR) among fish fed
DHSMy DHSM;;, DHSM3z and DHSMagiay diets. However, SGR of fish
fed DHSMo DHSMip DHSMz and DHSMj.a: diets were significantly
higher than those of fish fed DHSM;, (P<0.05). While SGR of fish fed
DHSMjp.aq diet was highest among all the dietary treatments. There was
no significant difference in protein efficiency ratio (PER) among fish fed
DHSMo, DHSM;; and DHSMy diets. However, PER of fish fed DHSM;,
DHSMyy and DHSM;, diets were significantly higher than those of fish
fed DHSMj, (P<0.05). While PER of fish fed DHSMipay diet was
highest among all the dietary treatments. There was no significant
difference in survival among fish fed DHSM, DHSMq DHSMy,
DHSM:p+an and DHSM;giay diets.

Therefore, these results indicated that DHSM could replace FM up to
20%  without attractant  supplementation and 30% with attractant

supplementation for the maximum growth of growing olive flounder.
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I. Introduction

The success of aquaculture industry most likely will depend on the
reduction of fish meal use in fish feeds. Fish meal has traditionally been
a major ingredient in fish diets because of its high protein quality and
palatability, but is one of the most expensive ingredients in formulated
fish diets. Also, It has been the major protein source in formulated olive
flounder and Korean rockfish diets. The total domestic utilization of fish
meal is approximately 100,000mt per vear in 2001. It is obvious that the
domestic supply of fish meal levelled off or decreased, but the demand of
fish meal continuously increased. However, Lee and Bai (1997a) noted
that the world supply of fish meal increased only about 27% during the
past 20 vears and fish meal output by the major fish meal producing
countries actually declined. Because of limiting supply of fish meal around
the world, the cost of producing fish would be expected to increase. For
this reason, many studies have been conducted to replace or reduce its
inclusion in fish diets by various less expensive alternative protein sources.
Recently, fish nutritionists conducted many researches by using the stable
supply ingredients such as plant protein sources (soybean meal, cottonseed
meal, corn gluten meal etc) and animal protein sources (meat & bone
meal, blood meal, feather meal, poultry by-product meal etc) to replace
partial or all of the expensive fish meal in fish feed (Bai et al., 1997,
1998; Carter & Hauler, 2000; Lee & Bai, 1997ab; Refstie et al., 2001).
Soybean meal (SM) has been tested to some degree in this capacity
because of its generally favorable protein content and amino acid profile

(Mcgoogan & Gatlin II, 1997). There have been numerous studies on the



utilization of SM in the diet of various species of fish such as carp,
rainbow trout, yellowtail, Atlantic salmon etc (Dabrowski et al, 1989; Jo
et al,, 1998; Shimeno et al.,, 1993; Refstie et al., 2001).

Olive flounder (Paralichthys olivaceus) is one of the commercially
important fish species in Korea, its production is the top among the
Korean mariculture finfish species. Culture of olive flounder has rapidly
increase in the last 20 years with annual production of 3mt in 1981 to
39,628mt in 2001. Additionally, the production of formulate feeds of olive
flounder also increased to 23,993 MT in 2001. And Korean rockfish
(Sebastes schlegeli) is one of the most important commercial aquaculture
fish species in Korea.  This species has desirable characteristics for
culture including the high tolerance to water temperature changes, the
casiness of seeding production because of a ovoviviparous reproductive
style and the ability to withstand high stocking density.  Commercial
culture systems of this species have been rapidly developed since 1987,
and its production reached at 39,321 mt among the total finfish
mariculture production, which was approximately 100,000 mt in Korea
(The Ministry of Maritime Affairs and Fisheries, 1999). However, there
are only a few studies for evaluation of dehulled soybean meal (DHSM)
in Korean rockfish and olive flounder. Additionally, more information is
needed for the practical use of SM in Korean rockfish and olive flounder
diets.

Therefore, the purpose of this study is to evaluate DHSM as a fish

meal replacer in Korean rockfish and olive flounder.



II. Materials and Methods

Experiment 1: Evaluation of dehulled soybean meal as a
fish meal replacer in Korean rockfish

(Sebastes schlegeli)

(1) Evaluation of dehulled soybean meal as a fish meal replacer in juvenile

Korean rockfish

Experimental design and diets

An eight week feeding trial was conducted to determine the inclusion
level of dehulled soybean meal (DHSM) that could replace fish meal
(FM) in juvenile Korean rockfish diets. FEight experimental diets were
formulated to contain 48% CP and 16.0 kJ available energy g’ by
varying lipid content (Table 1). Eight diets were formulated to replace fish
meal with dehulled soybean meal at 0, 10, 20, 30 & 45% without amino
acid supplementation and 30, 45 & 60% with amino acid supplementation
(DHSM,, DHSMis. DHSMy, DHSMss, DHSMys, DHSMugias. DHSMusias
DHSMgg+a4). Estimate available energy (Lee & Putnam, 1973; Garling &
Wilson, 1976) of experimental diets were adjusted to have 16.0 kJ g
(167, 167 and 377 kI g' for profein, carbohydrate and lipid.
respectively). The approximate and essential amino acids (EAA)
composition of FM and DHSM are shown in table 2. Two EAA
(methionine and lysine) were selected to study the effect of adding EAA

to Korean rockfish diets. The EAA composition of the experimental diets



is shown in table 3. White fish meal, dehulled soybean meal, and comn
gluten meal served as the major protein sources. Squid liver oil and wheat
meal were used as lipid and carbohydrate sources, respectively. Cellulose
were also included in the diets to match CP and energy levels. Dehulled
soybean meal were obtained from ASA (American Soybean Association /
Korea). Dehulled soybean meal was composed of 53.5% crude protein,
1.9% crude fat and 7.9% ash on a dry-matter basis. Procedures for diet
preparation and storage were as previously described by Bai & Kim
(1997).  After thoroughly mixing the dry ingredients, squid liver oil
together with 30% filtered tap water, experimental diets were pelleted by

using a laboratory pelleting machine.

Experimental fish and feeding trial

Juvenile Korean rockfish (Sebastes schlegeli)y were obtained from
Tong-young, Korea and the feeding trials were conducted at the Institute
of Fisheries Sciences (Pukyong National University, Busan, Korea). Prior
to the feeding trial, the fish were fed DHSM; diet for 1 weeks to allow
them to adjust to the experimental diets and conditions. Feeding trials
were conducted in 300 ¢ aquaria each having a water flow rate of 1.0 ¢
/min.  Supplemental aeration was also provided to maintain dissolved
oxygen levels near 6.5 + 0.5 ppm. The water temperature was maintained
at 23 + 2 C (mean + SD) the salinity was maintained at 31 + | g/L
(mean + SD), and the pH was maintained at 7.5 + 0.3 (mean + SD) and
photoperiod of 12h light : 12h dark (06:00 to 18:00) was used throughout
the experimental periods. In the first 8-week experimental period, three

groups of 40 fish averaging 2.5 = 0.04 g (mean = SD) were randomly



assigned to each diet treatment. Each diet were fed to triplicate groups to
apparent satiation 2 times per day at a rate of 2.5% dry matter basis diet
of wet body weight. Total fish weight in each aquarium was determined
every 2 weeks, and the amount of diet fed to fish was adjusted
accordingly. The inside of each aquarium was cleaned during fish

weighing,

Fecal collections and digestibility determination

Fecal samples were collected each day by careful pipetting from each
tank in the morning and 2h after feeding. Feces were immediately frozen
and stored at -20C pending analysis. Prior to analysis individual
collections from each tank were pooled to a composite sample per
treatment. Apparent dry matter digestibility (AD) and apparent protein
digestibility (APD) was estimated by the equation :

% Cr;0; in feed
AD = 100 -100x( : — )
% Cr(O; in feces

100% Cry0; in feed % Protein in feces
APD = 100-( — Sx )
% Cr;03 in feces % Protein in feed

Eight diets and feces were dried in an oven at 60°C for 24 h and
ground with a mortar and festle, then triplicate samples of each diet and
feces were subjected to chemical analysis. Crude protein content (N x
6.25} was determined by the microKjeldhal method. The apparent

digestibility of dry matter, protein of eight diets were determined by the
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chromic oxide (Cr0s;) method (Hanley, 1987). Cr,O; concentrations were
determined by flame atomic absorption spectrophotometer following
combustion of sample in muffle furnace, before and after digestion in
nitric acid (AOAC, 1993). Apparent digestibility (AD) values ere
calculated as previously described by Cho & Slinger (1979) and Sugiura
et al. (1998).

Sample collections and analysis

At the end of the feeding trial, fish were anesthetized with MS-222
(100ppm), and then weighed, and counted to calculate weight gain (WG),
feed efficiency (FE), specific growth rate (SGR) and protein efficiency
ratio (PER). Three fish from each aquarium were randomly selected to
determine hepatosomatic index (HSI) and condition factor (CF). Blood
samples were obtained from the caudal vein with a syringe. Hematocrit
(PCV) was determined on three fish randomly selected per aquarium by
the microhematocrit method (Brown, 1980), and hemoglobin (Hb) was
measured with the same fish by the cyan-methemoglobin procedure using
Drabkins solution.  Hb standard prepared from human blood (Sigma
Chemical, St. Louis, Missouri) was used. The muscle structural amino
acids were quantified by amino acid analyzer S433 (Syknm, Germany)
using ninhydrin method.  Analysis conditions are as follows : Column
size; 4mm * 150mm, Absorbance; 570nm 440nm, Reagent flow rate; 0.25mf
/min, Buffer flow rate; 0.45mf/min, Reactor temperature; 120, Reactor
Size; 15m. Analyses of crude protein, moisture and ash were performed
by the standard procedure of AOAC (1995). Crude fat was determined
using the Soxtec system 1046 (Tecator AB, Sweden) after freeze-drying



samples for 12hours.

Statistical analysis

Data were subjected to ANOVA test using Statistix 3.1 (Analytical
Software, St. Paul, MN, USA). When a significant treatment effect was
observed, a Least Significant Difference test was used to compare means.

Treatment effects were considered significant at P < 0.05.



Table 1. Composition and proximate analysis of the eight experimental

diets (% of dry matter basis)I

Diets'?

Ingredients

DHSMo DHSMis DHSM DHSMs DHSM,; PHOM PHSM PHSM
White fish meal” 60 51 48 42 33 42 33 24
Corn gluten meal’ 85 85 85 85 85 85 85 85
Soybean meal’ 0 1L5 153 229 344 229 344 458
Wheat meal’ 60 60 60 60 60 60 60 50
Dextrin’ 120 82 70 45 09 51 21 0
Methionine 0 0 0 0 0 05 05 05
L-Lysine - HCI’ 0 0 0 0 0 052 078 1.04
Squid oil® 70 76 78 82 87 80 826 860
Vitamin premix’ 1.0 1.0 1.0 10 10 10 10 1.0
Mineral premix'" 3.0 3.0 30 30 30 30 30 3.0
Cry0; 0.5 05 05 05 05 05 05 05
cmce! 20 20 20 20 20 20 20 20
Cellulose 0 071 094 142 20 0 0 0.04
Proximate analysis
Moisture 265 27.6 282 273 280 281 287 295
Crude protein 48.0 479 477 476 478 489 491 493
Crude lipid 125 125 125 125 125 123 120 118
Crude ash 132 122 11.8 112 102 112 102 92

' Feed stuffs not mentioned here are the same feed stuffs as the domestic aquaculture

feed companies are using currently.
2‘3 Suhyup Co. Busan, Korea

4 . . .
American Soybean Association/ Korea



5 Young Nam Flourmills Co., Pusan, Korea

“"United States Biochemical, Cleveland, Ohio 44122

7 0.5% L-lysine - HCI (0.4% lysine)
* E-Wha oil Co., Ltd., Pusan. Korea

’ Contains (as mg/kg in diets) : Ascorbic acid, 300; dl-Calcium pantothenate, 150 ;
Choline bitatrate, 3000; Inositol, 150; Menadione, 6; Niacin, 150; Pyridoxine - HCI, 15;
Riboflavin, 30; Thiamine mononitrate, 15; dl-a-Tocopherol acetate, 201; Retinyl
acetate, 6; Biotin, 1.5; Folic acid, 5.4; B;; 0.06

10

Contains (as mg/kg in diets) : NaCl, 437.4; MgSO, - 7TH.0. 1379.8; NaH.P, - 2H,0,
877.8; Ca(H:POq) - 2HO, 1366.7; KH:PO,, 2414; ZnSO,.7H.O, 226.4; Fe-Citrate,

299; Ca-lactate, 3004; MnSO4 0.016; FeSOs, 0.0378; CuSOs, 0.00033; Calcium iodate,
0.0006: MgQ, 0.00135; NaSe(Qs;, 0.00025

"' Carboxymethyleellulose

" DHSM, 100% fish meal (FM) ; DHSM;s 85% FM + 15% dehulled soybean meal
(DHSM); DHSMs, 80% FM + 20% DHSM: DHSMi, 70% FM + 30% DHSM
DHSMys 55% FM + 45% DHSM ; DHSM;g.aa. 70% FM + 30% DHSM + Met &
Lys : DHSMus.aa, 55% FM + 45% DHSM + Met & Lys; DHSMyian, 40% FM +
60% DHSM + Met & Lys



Table 2. Proximate analysis and amino acid composition of white fish

meal and dehulled soybean meal (% of dry matter basis)'

White fish meal Dehulled soybean meal
Crude protein 68.1 53.5
Crude lipid 9.0 1.9
Crude ash 21.4 7.9
Arginine 4.21 3.86
Histidine 1.34 1.51
Lysine 4.53 3.16
Leucine 4.52 3.63
[soleucine 2.67 2.20
Methionine 1.68 0.63
Phenylalanine 2.34 2.61
Threonine 2.57 1.96
Trypthophan 0.60 0.52
Valine 3.02 2.10

' Values of amino acid were analysed at Feeds & Foods Nutrition Research Center,

Pukyong National University,

,10_



Table 3. Calculated essential amino acid (EAA) composition of eight

experimental diets (% of dry matter basis)’

Diets’

Ingredients -
DHSMo DHSMis DHSMy DHSMiw DHSM,, PHSM DHSM  DHSM

30+AA 45+AA 6(+AA

Arginine 371 365 364 352 344 356 347 3.38
Histidine 127 130 131 130 132 132 134 136
Isoleucine 2,51 244 242 232 223 234 225 215
Leucine 494 509 516 515 529 521 534 547
Lysine 386 364 357 334 310 408 422 434
Met + Cys® 213 201 198 1.86 173 257 244 231
Phe + Tyr' 417 426 430 426 432 430 436 4.42
Threonine 236 233 233 226 222 229 225 220
Trptophan 054 0.56 056 056 057 056 057  0.58
Valine 286 283 283 275 270 278 273 268

' Values are calculated from the ingredients used in this study
~ Dispensable amino acids. but cystine spares methionine and tyrosine spares phenylalanine

¥ Refer to the table |



(2) Evaluation of dehulled soybean meal as a fish meal replacer in growing

Korean rockfish

Experimental design and diets

Consecutive twelve-week feeding trial was conducted to determine the
inclusion level of dehulled soybean meal (DHSM) that could replace fish
meal (FM) in growing Korean rockfish diets. Six experimental diets were
formulated to contain 48% CP and 16.0 KJ available energy g' by
varying lipid content (Table 4). Six diets were formulated to replace fish
meal with dehulled soybean meal at 0, 10, 15 & 20% without amino acid
supplementation and 20 & 30% with amino acid supplementation (DHSM,
DHSMy, DHSM;s. DHSMi, DHSMjg.aa. DHSM;s0i44). Estimate available
energy (Lee & Putnam, 1973; Garling & Wilson, 1976) of experimental
diets were adjusted to have 16.0 KJ ¢' (16.7, 16.7 and 37.7 KJ g" for
protein, carbohydrate and lipid, respectively). Two EAA (methionine and
lysine) were selected to study the effect of adding EAA to Korean
rockfish diets. The EAA composition of the experimental diets is shown
in table 5. White fish meal, dehulled soybean meal, and corn gluten
meal served as the major protein sources. Squid liver oil and wheat meal
were used as lipid and carbohydrate sources, respectively. Cellulose were
also included in the diets to match CP and energy levels. Dehulled
soybean meal were obtained from ASA (American Soybean Association/
Korea). Dehulled soybean meal was composed of 53.5% crude protein,
1.9% crude fat and 7.9% ash on a dry-matter basis. Procedures for diet
preparation and storage were as previously described by Bai & Kim

(1997).  After thoroughly mixing the dry ingredients, squid liver oil
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together with 30% filtered tap water, experimental diets were pelleted by

using a laboratory pelleting machine.

Fish and feeding trials

Growing Korean rockfish (Sebastes schlegeliy were obtained from
Tong-young, Korea and the feeding trials were conducted at the Institute
of Fisheries Sciences (Pukyong National University, Busan, Korea). Prior
to the feeding trial, the fish were fed DHSM; diet for 1 weeks to allow
them to adjust to the experimental diets and conditions. Feeding trials
were conducted in 300 L aquaria each having a water flow rate of 1.0
L/min by the flow through system. Supplemental aeration was also
provided to maintain dissolved oxygen levels near 6.5 0.5 ppm. The
water temperature was maintained at 18 £ 1 T (mean + SD) the salinity
was maintained at 31 £ 1g/lL (mean + SD), and the pH was maintained
at 7.5 + 0.3 (mean + SD) and photoperiod of 12h light : 12h dark (06:00
to 18:00) was used throughout the experimental periods. In the second
12-week experimental period, three groups of 20 fish averaging 215 +
0.05 g (mean + SD) were randomly assigned to each diet treatment.
Each diet were fed to triplicate groups to apparent satiation 2 times per
day. Total fish weight in each aquarium was determined every 4 weeks,
and the amount of diet fed to fish was adjusted accordingly. The inside

of each aquarium was cleaned during fish weighing. Feeding trial was

carried out at the Institute of Fisheries Sciences.

Sample collections and analysis

At the end of the feeding trial, fish were anesthetized with MS-222

,13‘



(100ppm), and then weighed, and counted to calculate weight gain (WG),
feed efficiency (FE), specific growth rate (SGR) and protein efficiency
ratio (PER). Three fish from each aquarium were randomly selected to
determine hepatosomatic index (HSI) and condition factor (CF). Blood
samples were obtained from the caudal vein with a syringe. Haematocrit
(PCV) was determined on three fish randomly selected per aquarium by
the microhematocrit method (Brown, 1980), and hemoglobin (Hb) was
measured with the same fish by the cyan-methemoglobin procedure using
Drabkins solution.  Hb standard prepared form human blood (Sigma
Chemical, St. Louis, Missouri) was used. The muscle structural amino
acids were quantified by amino acid analyzer S433 (Syknm, Germany)
using ninhydrin method.  Analysis conditions are as follows : Column
size; 4mm * 150mm, Absorbance; 570nm 440nm, Reagent flow rate; 0.25nf
/min, Buffer flow rate; 0.45n¢/min, Reactor temperature; 120, Reactor
Size; 15m. Analyses of crude protein, moisture and ash were performed
by the standard procedure of AOAC (1995). Crude fat is determined using
the Soxtec system 1046 (Tecator AB, Sweden) after freeze-drying samples

for 12hours.

Statistical analysis

Data were subjected to ANOVA test using Statistix 3.1 (Analytical
Software, St. Paul, MN, USA). When a significant treatment effect was

observed, a Least Significant Difference test was used to compare means.
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Table 4. Composition and proximate analysis of six experimental diets (%

of dry matter basis)'

Diets'?

neredionts DHSM, DHSM;, DHSM;s DHSM,;, PHSM DHSM
20+AA J0+AA

White fish meal’ 60 54 51 48 48 42
Com gluten meal’ 8.5 8.5 8.5 8.5 8.5 8.5
Soybean meal® 0 7.6 11.5 15.3 15.3 22.9
Wheat meal’ 6.0 6.0 6.0 6.0 6.0 6.0
Dextrin® 12.0 9.7 8.2 7.0 6.9 5.1
Methionine 0 0 0 0 0.5 0.5
L-Lysine - HCI’ 0 0 0 0 0.5 0.5
Squid oil® 7.0 7.3 7.6 7.8 7.8 8.0
Vitamin premix’ 1.0 1.0 1.0 1.0 1.0 1.0
Mineral premix'" 3. 3.0 3.0 3.0 3.0 3.0
Cr04 0.5 0.5 0.5 0.5 0.5 0.5
cme! 2.0 2.0 2.0 2.0 2.0 2.0
Cellulose 0 0.37 0.71 0.94 0 0
Proximate analysis
Moisture 192 207 19.8 20.5 18.8 17.8
Crude protein 48.1 48.0 47.9 47.7 48.7 48.9
Crude lipid 124 125 12.6 12.6 12.3 12.2
Crude ash 132 125 122 11.9 11.5 113

' Feed stuffs not mentioned here are the same feed stuffs as the domestic aquaculture

feed companies are using currently.
= Suhyup Co. Busan, Korea

4 . .
American Soybean Association/ Korea
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g Young Nam Flourmills Co., Busan, Korea

*'United States Biochemical, Cleveland, Ohio 44122

7 0.5% L-lysine - HCK0.4% lysine)
* E-Wha oil Co., Ltd., Busan. Korea

’ Contains(as mg/kg in diets) : Ascorbic acid, 300; dI-Calcium pantothenate,150; Choline
bitatrate, 3000; Inositol, 150; Menadione, 6; Niacin, 150; Pyridoxine - HC1, 15;
Riboflavin, 30; Thiamine mononitrate, 153; dl-a-Tocopherol  acetate, 20f; Retinyl

acetate, 6; Biotin, 1.5; Folic acid, 5.4; By, 0.06

" Contains (as mg/kg in diets) : NaCl, 437.4; MgSO, - 7H:0. 1379.8; NaH:Ps - 2H:0,

877.8; Ca(H:PQu). - 2H.0, 1366.7; KH:PO., 2414; ZnSO,.7H:0, 226.4; Fe-Citrate,

299; Ca-lactate, 3004; MnSO4 0.016; FeSO,, 0.0378; CuSQq, 0.00033; Calcium iodate,
(.0006; Mg0O, 0.00135; NaSeQs, 0.00025

! Carboxymethylcellulose

" Refer to the table 1.
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Table 5. Calculated essential amino acid (EAA) composition of the six

experimental diets (% of dry matter basis)’

Diets’
Amino acid
DHSM, DHSMi, DHSM;s DHSM; DHSM  DHSM

Arginine 3.37 3.36 3.29 3.29 3.22 3.18
Histidine 1.15 1.18 1.17 1.18 1.16 1.14
Isoleucine 2.28 2.26 2.20 2.19 2.14 2.11
Leucine 4.49 4.62 4.60 4.66 4.56 4,51
Lysine 3.51 3.51 3.28 3.23 3.78 3.73
Met + Cys’ 1.94 1.89 1.82 1.79 2.37 2.34
Phe + Tyr’  3.80 3.88 3.84 3.88 2.80 3.75
Threonine 2.15 2.15 2.11 2.11 2.06 2.04
Tryptophan 0.49 0.51 0.50 0.51 0.50 0.49
Valine 2.61 2.61 2.56 2.56 2.51 2.48

' Values are calculated from the ingredients used in this study.
: Dispensable amino acids, but cystine spares methionine and tyrosine spares phenylalanine

* Refer to the table 1,
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Experiment 2: Evaluation of dehulled soybean meal as a
fish meal replacer in olive flounder

(Paralichthys olivaceus)

(1) Evaluation of dehulled soybean meal as a fish meal replacer in juvenile

olive flounder

Experimental design and diets

An eight week feeding trial was conducted to determine the inclusion
level of dehulled soybean meal (DHSM) that could replace fish meal
(FM) in juvenile olive flounder dicts. Fight experimental diets were
formulated to contain 50% CP and 16.7 kJ available energy g by
varying lipid content (Table 6). Eight diets were formulated to replace fish
meal with dehulled soybean meal at 0, 10 & 20% without amino acid
supplementation and 20, 30 & 40% with amino acid supplementation and
30% & 40% with amino acid & attractant supplementation (DHSMg,
DHSM;o, DHSM>s DHSMzgiaa, DHSMipiaa. DHSMagiaasae, DHSMapian

DHSMugianan). Estimate available energy (Lee & Putnam, 1973; Garling
& Wilson, 1976) of experimental diets were adjusted to have 16.7 kI g’
(167, 167 and 377 kI g' for protein, carbohydrate and lipid,
respectively). The approximate and essential amino acids (EAA)
composition of FM and DHSM are shown in Table 7. Two EAA
(methionine and lysine) were selected to study the effect of adding EAA
to olive flounder diets. The EAA composition of the experimental diets is

shown in Table 8. White fish meal, dehulled soybean meal, and corn

gluten meal served as the major protein sources. Squid liver oil and wheat
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flour were used as lipid and carbohydrate sources, respectively. Cellulose
were also included in the diets to match CP and energy levels. Dehulled
soybean meal were obtained from ASA (American Soybean Association /
Korea). Dehulled soybean meal was composed of 50.4% crude protein,
2.1% crude fat and 7.1% ash on a dry-matter basis. Procedures for diet
preparation and storage were as previously described by Bai & Kim
(1997).  After thoroughly mixing the dry ingredients, squid liver oil
together with 30% well water, experimental diets were pelleted by using a

laboratory pelleting machine.

Experimental fish and feeding trials

Juvenile olive flounder (Paralichthys olivaceus) were obtained from
Tong-young and the feeding trials were conducted at the Institute of
Fisheries Sciences (Pukyong National University, Pusan, Korea). Prior to
the feeding trial. the fish were fed DHSM, diet for | weeks to allow
them to adjust to the experimental diets and conditions. Feeding trials
were conducted in 40 / aquaria each having a water flow rate of 0.8 ¢
/min.  Supplemental acration was also provided to maintain dissolved
oxygen levels near 6.5 +0.5 ppm. The water temperature was maintained
at 23 £ 2 C (mean + SD) the salinity was maintained at 31 + 1g/L
(mean £ SD), and the pH was maintained at 7.5 £ 0.3 (mean + SD) and
photopertod of 12h light : 12h dark (06:00 to 18:00) was used throughout
the experimental periods. In the 8-week experimental period, three groups
of 25 fish averaging 5.0 + 0.04 g (mean + SD) were randomly assigned
to each diet treatment. Each diet were fed to triplicate groups twice per

day at a rate of 4-5% dry matter basis of wet body weight. Total fish
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weight in each aquarium was determined every 2 weeks, and the amount
of diet fed to fish was adjusted accordingly. The inside of each aquarium
was cleaned during fish weighing. Feeding trial was carried out at the

Institute of Fisheries Sciences.

Sample collections and analysis

At the end of the feeding trial, fish were anesthetized with MS-222
(100ppm), and then weighed, and counted to calculate weight gain (WG),
feed efficiency (FE), specific growth rate (SGR) and protein efficiency
ratio (PER). Three fish from each aquarium were randomly selected to
determine hepatosomatic index (HSI) and condition factor (CF). Blood
samples were obtained from the caudal vein with a syringe. Haematocrit
(PCV} was determined on three fish randomly selected per aguarium by
the microhematocrit method (Brown, 1980), and hemoglobin (Hb) was
measured with the same fish by the cyan-methemoglobin procedure using
Drabkins solution. ~ Hb standard prepared form human blood (Sigma
Chemical, St. Louis, Missouri) was used. The muscle structural amino
acids were quantified by amino acid analyzer S433 (Sykam, Germany)
using ninhydrin method.  Analysis conditions are as follows : Column
size; 4mm * 150umm, Absorbance; 570nm 440nm, Reagent flow rate; 0.25mf
/min, Buffer flow rate; 0.45mf/min, Reactor temperature; 120, Reactor
Size; 15m. Analyses of crude protein, moisture and ash were performed
by the standard procedure of AOAC (1995). Crude fat was determined
using the Soxtec system 1046 (Tecator AB, Sweden) after freeze-drying

samples for 12hours.
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Statistical analysis

Data were subjected to ANOVA test using Statistix 3.1 (Analytical
Software, St. Paul, MN, USA). When a significant treatment effect was
observed, a Least Significant Difference test was used to compare means.

Treatment effects were considered significant at P < 0.05.
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Table 6. Composition and proximate analysis of the ecight experimental

diets (% of dry matter basis)'

Diets'

Ingredients DHSM, DHSMyo DHSM,, PHSM DHSM DHSM DHSM DHSM

AL IAA SDHAACAN  00AA  GOTAATAM
White fish meal’ 60 54 48 48 42 42 36 36
Comn gluten meal’ 6.9 69 69 55 54 50 54 49
Soybean meal® 0 8.84 17.7 177 265 265 354 354
Wheat meal’ 82 82 82 82 82 82 82 82
Dextrin® 119 86 54 57 25 26 0 0.30
Methionine 0 0 0 05 05 05 05 05
L-Lysine - HCl’ 0 0 0 054 056 056 057 057
Squid oil® 75 77 79 795 82 82 806 8.00
Vitamin premix9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Mineral premix'® 3.0 30 30 3.0 30 30 30 3.0
Cr0s 05 05 05 05 05 05 05 05
cMce! 1.0 1.0 1.0 1.0 10 1.0 10 1.0
Cellulose 0.03 020 042 042 067 052 042 021
Attractant 0 0 0 0 0 0.5 0 0.5
Proximate analysis
Moisture 182 184 189 190 186 186 185 18.7
Crude protein 504 503 503 50.0 498 500 499 3500
Crude lipid 1.7 117 118 118 11.9 11.8 114 113
Crude ash 11.9 113 108 108 102 102 97 97

' Feed stuffs not mentioned here are the same feed stuffs as the domestic aquaculture

feed companies are using currently.

** Suhyup Co. Busan, Korea
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4 . o L.
American Soybean Association/Korea

s Young Nam Flourmills Co., Busan, Korea

6,11

United States Biochemical, Cleveland, Ohio 44122
" 0.5% L-lysine - HCI (0.4% lysine)
* E-Wha oil Co., [.td., Busan. Korea

® Contains (as mg/kg in diets) : Ascorbic acid, 300; dl-Calcium pantothenate,150 ;Choline
bitatrate, 3000; Inositol, 150; Menadione, 6; Niacin, 150;Pyridoxine - HCIL, 15;
Riboflavin, 30: Thiamine mononitrate, 15; dl-a-Tocopherol acetate, 201; Retinyl

acetate, 6; Biotin, 1.5; Folic acid, 5.4; By, 0.06

" Contains (as mg/kg in diets) : NaCl, 437.4; MgSO, - 7H,O. 1379.8: NaH.P, 2H:0,
877.8; Ca(H:PO4): - 2H:0, 1366.7; KH.PO4, 2414; ZnSOy. TH0, 226.4: Fe-Citrate, 299
: Ca-lactate, 3004; MnSQs 0.016; FeSO,, 0.0378; CuSQ. 0.00033; Calcium iodate,
0.0006; MgO, 0.00135; NaSeOs, 0.00025

"' Carboxymethylcellulose

" DHSM, 100% fish meal (FM) ; DHSMy, 90% FM + 10% dehulled soybean meal
(DHSM); DHSM.o, 80% FM + 20% DHSM: DHSMazgiaa 80% FM + 20% DHSM +
Met & Lys ; DHSMspiaa, 70%FM 1 30% DHSM + Met & Lys : DHSMioa.an,
70%FM  + 30% DHSM + Met & Lys + Attractant ; DHSMuygaa, 60%FM + 40%
DHSM + Met & Lys; DHSMigiaacan, 60% FM + 40% DHSM + Met & Lys +

Afttractant.
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Table 7. Proximate analysis and amino acid composition of white fish

meal and dehulled soybean meal (% of dry matter basis)'

White fish meal Dehulled soybean meal

Crude protein 72.2 504
Crude lipid 6.8 2.1
Crude ash 19.4 7.1
Arginine 4.02 3.84
Histidine 1.41 1.36
Lysine 4.92 3.22
Leucine 4.91 3.85
Isoleucine 2.72 2.50
Methionine 1.83 0.80
Phenylalanine 2.62 2.57
Threonine 2.52 1.96
Trypthophan 0.79 0.56
Valine 3.23 2.33

' Values of amino acid were analysed at Feeds & Foods Nutrition Research Center,

Pukyong National University.
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Table 8. Calculated essential amino acid (EAA) composition of eight

experimental diets (% of dry matter basis)'

Diets’

Ingredients DHSM DHSM DHSM DHSM DHSM

J0+HAA 0HAA+ARR  d0HAA  AHAACAR

DHSM, DHSM;; DHSMy,

Arginine 316 329 343 340 350 349 362 3.62
Histidine 117122 127 125 128 128 133 132
Isoleucine 226 233 242 238 243 242 250 249
Leucine 454 461 469 452 455 449 460 455
Lysine 374 374 375 374 371 370 369  3.69
Met + Cys® 221 216 211 207 199 198 193 192
Phe + Tyr’ 3.83 397 412 400 410 406 422 419
Threonine  2.05 208 212 209 210 209 213 2.12
Tryptophan  0.62  0.62 063 062 062 062 063 062
Valine 268 270 273 268 268 267 269 268

' Values are calculated from the ingredients used in this study.
* Dispensable amino acids, but cystine spares methionine and tyrosine spares phenylalanine.

 Refer to the table |
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(2) Evaluation of dehulled soybean meal as a fish meal replacer in growing

olive flounder

Experimental design and diets

An twelve week feeding trial was conducted to determine the inclusion
level of dehulled soybean meal (DHSM) that could replace fish meal
(FM) in growing olive flounder diets. Six experimental diets were
formulated to contain 50% CP and 16.7 kJ available energy g'l by
varying lipid content (Table 9). Six diets were formulated to replace fish
meal with dehulled soybean meal at 0, 10, 20 & 30% without amino acid
supplementation and 20 & 30% with amino acid supplementation (DHSM,
DHSMiy, DHSMyy, DHSM3, DHSMagiaq, DHSMigeay). Estimate available
energy (Lee & Putnam, 1973; Garling & Wilson, 1976) of experimental
diets were adjusted to have 167 kJ ¢ (16.7. 16.7 and 37.7 kJ g for
protein, carbohydrate and lipid, respectively). White fish meal, dehulled
soybean meal, and corn gluten meal served as the major protein sources.
Squid liver oil and wheat meal were used as lipid and carbohydrate
sources, respectively. Cellulose were also included in the diets to match
CP and energy levels. Dehulled soybean meal were obtained from ASA
(American Soybean Association / Korea). Dehulled soybean meal was
composed of 50.4% crude protein, 2.1% crude fat and 7.1% ash on a
dry-matter basis.  Procedures for diet preparation and storage were as
previously described by Bai & Kim (1997). After thoroughly mixing the
dry ingredients, squid liver oil together with 30% filtered tap water,

experimental diets were pelleted by using a laboratory pelleting machine.
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Experimental fish and feeding trials

Growing olive flounder (Paralichthys olivaceus) were obtained from
Tong-young, Korea and the feeding trials were conducted at the Institute
of Fisheries Sciences (Pukyong National University, Busan, Korea). Prior
to the feeding trial, the fish were fed DHSM; diet for 1 weeks to allow
them to adjust to the experimental diets and conditions. Feeding trials
were conducted in 300/ aquaria each having a water flow rate of 1/
/min.  Supplemental aeration was also provided to maintain dissolved
oxygen levels near 6.5 +0.5 p.p.m. The water temperature was maintained
at 17 = 1 C (mean + SD) the salinity was maintained at 31 = 1g/L
(mean + SD), and the pH was maintained at 7.5 + 0.3 (mean = SD) and
photoperiod of 12h light : 12h dark (06:00 to 18:00) was used throughout
the experimental periods. In the 12-week experimental period, three groups
of 15 fish averaging 455 = 0.08 g (mean + SD) were randomly assigned
to cach diet treatment. Each diet were fed to triplicate groups twice per
day at a rate of 2-4% dry matter basis of wet body weight. Total fish
weight in each aquarium was determined cvery 4 weeks, and the amount
of diet fed to fish was adjusted accordingly. The inside of each aquarium
was cleaned during fish weighing. Feeding trial was carried out at the

Institute of Fisheries Sciences.

Sample collections and analysis

At the end of the feeding trial, fish were anesthetized with MS-222
(100ppm), and then weighed, and counted to calculate weight gain (WG),
feed efficiency (FE), specific growth rate (SGR) and protein efficiency

ratio (PER). Three fish from each aquarium were randomly selected to
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determine hepatosomatic index (HSI) and condition factor (CF). Blood
samples were obtained from the caudal vein with a syringe. Hematocrit
(PCV) was determined on three fish randomly selected per aquarium by
the microhematocrit method (Brown, 1980), and hemoglobin (Hb) was
measured with the same fish by the cyan-methemoglobin procedure using
Drabkins solution.  Hb standard prepared form human blood (Sigma
Chemical, St. Louis, Missouri) was used. The muscle structural amino
acids were quantified by amino acid analyzer S433 (Sykam, Germany)
using ninhydrin method.  Analysis conditions are as follows @ Column
size; 4mm x 150mm, Absorbance; 570nm 440nm, Reagent flow rate; 0.25 Imd
/min, Buffer flow rate; 0.45m{/min, Reactor temperature; 120, Reactor
Size; 15m. Analyses of crude protein, moisture and ash were performed
by the standard procedure of AOAC (1995). Crude fat was determined
using the Soxtec system 1046 (Tecator AB, Sweden) after freeze-drving

samples for [2hours.

Statistical analysis

Data were subjected to ANOVA test using Statistix 3.1 (Analytical
Software, St. Paul, MN, USA). When a significant treatment effect was
observed, a Least Significant Difference test was used to compare means.

Treatment effects were considered significant at P < (.05.
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Table 9. Composition and proximate analysis of six experimental diets (%

of dry matter basis)’

Diets'?
Ingredients
DHSM, DHSMis DHSM DHSMy, DHSM - DHSM

White fish meal’ 60 54 48 42 48 42
Com gluten meal’ 6.9 6.9 6.9 6.9 6.9 6.9
Soybean meal* 0 8.8 17.7 26.5 17.7 26.5
Wheat meal’ 8.2 8.2 8.2 8.2 8.2 8.2
Dextrin® 11.9 8.6 5.4 2.0 5.3 2.0
Squid oil’ 7.5 7.7 7.9 8.2 8.0 8.2
Vitamin premix” 1.0 1.0 1.0 1.0 1.0 1.0
Mineral premix’ 3.0 3.0 3.0 3.0 3.0 3.0
Cr0; 0.5 0.5 0.5 0.5 0.5 0.5
cMmc' 1.0 1.0 1.0 1.0 1.0 1.0
Cellulose 0.03 0.2 0.42 0.7 0 0.23
Attractant 0 0 0 0 0.5 0.5
Proximate analysis

Moisture 19.8 202 19.8 20.0 19.1 19.3
Crude protein 50.0 502 50.1 50.0 50.3 50.3
Crude lipid 1.8 117 11.7 11.8 11.6 11.5
Crude ash 11.9 11.3 10.8 10.3 10.7 10.4

' Feed stuffs not mentioned here are the same feed stuffs as the domestic aquaculture

feed companies are using currently.
“* Suhyup Co. Busan, Korea
‘ American Soybean Association / Korea

: Young Nam Flourmills Co., Busan, Korea
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*"United States Biochemical, Cleveland, Ohio 44122

" E-Wha oil Co., Ltd., Busan. Korea

¢ Contains(as mg/kg in diets) : Ascorbic acid, 300; dl-Calcium pantothenate,150; Choline
bitatrate, 3000; Inositol, 150; Menadione, 6; Niacin, 150; Pyridoxine + HCI, 15;
Riboflavin, 30; Thiamine mononitrate, 15; dl-a-Tocopherol acetate, 201; Retinyl
acetate, 6; Biotin, 1.5; Folic acid, 5.4; By, 0.06

? Contains (as mgrkg in diets) : NaCl, 437.4; MgSO, - 7H:0. 1379.8; NaH,P, - 2H-0,
877.8. Ca(H:POu) - 2H;0, 1366.7; KH:POs, 2414; ZnSO..7H;0, 2264; Fe-Citrate,
299; Ca-lactate, 3004; MnSO, 0.016; FeSO,, 0.0378; CuS04, 0.00033; Calcium iodate,
0.0006; MgO, 0.00135; NaSeOs;, 0.00025

1

Carboxymethylcellulose

"> Refer to the table I.
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Table 10. Calculated essential amino acid (EAA) composition of the six

experimental diets (% of dry matter basis)I

Diets’

Amino Acid

DHSM, DHSMi, DHSM; DHSM; DHSM DHSM
Arginine 3.23 3.36 3.47 3.60 3.44 3.57
Histidine 1.19 1.24 1.28 1.33 1.27 1.32
Isoleucine 2.30 2.39 2.45 2.52 2.43 2.50
Leucine 4.63 4.71 4.75 4,82 4.71 4.77
Lysine 3.82 3.82 3.79 3.79 3.76 3.75
Met + Cys’  2.26 221 2.13 2.07 2.11 2.06
Phe + Tyr’  3.91 4.06 4.17 4.31 4.13 4.27
Threonine 2.09 2.13 2.15 2.18 2.13 2.16
Tryptophan 0.63 0.64 0.64 0.64 0.63 0.64
Valine 2.73 2.76 2.76 2.79 2.74 2.76

' Values are calcufated from the ingredients used in this study.
: Dispensable amino acids, but cystine spares methionine and tyrosine spares phenylalanine

* Refer to the table 1.
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II1. Results

Experiment 1: Evaluation of dehulled soybean meal as a

fish meal replacer in Korean rockfish

(1) Evaluation of dehulled soybean meal as a fish meal replacer in juvenile

Korean rockfish

Weight gain (WG, %), feed efficiency (FE, %), specific growth rate
(SGR, %), protein efficiency ratio (PER, %), hepatosomatic index (HSI,
%), condition factor (CF), hematocrit (PCV, %), hemoglobin (Hb, g/100me)
and survival (%) during the first 8-week experiment are shown in Table
Il. WG of fish fed DHSMg DHSM;s and DHSM;sp.as diets were
significantly higher than those of fish fed DHSM;, DHSMys, DHSMysesn
and DHSMggian  diets  (P<0.05). However, there was no significant
difference in WG among fish fed DHSM, DHSM;;, DHSM, and
DHSMspiaa  diets. FE of fish fed DHSMy; and DHSM;s diets were
significantly higher than those of fish fed DHSMjo, DHSMys, DHSMusian
and  DHSMgpraa diets (P<0.05). However. there was no significant
difference in FE among fish fed DHSMg. DHSM,s, DHSM and
DHSMig.aa diets. SGR of fish fed DHSM, diet was significantly higher
than those of fish fed DHSMis, DHSMysiax  and DHSMgpiaa  diets
(P<0.05). However, there was no significant difference in SGR among fish
fed DHSM,, DHSM;s, DHSM;p, DHSM;; and DHSMig.as diets. PER of
fish fed DHSM; diet was significantly higher than those of fish fed
DHSMy, DHSM3, DHSM,s, DHSMusiaa and DHSMeg.aa diets (P<0.05).
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However, there was no significant difference in PER among fish fed
DHSM,, DHSMis and DHSMjpas diets. HSI of fish fed DHSM,,
DHSM;s, DHSMy,, DHSMs,, DHSMigaa and DHSMusan  diets  were
significantly pigher than those of fish fed DHSMgpaa diet (P<0.05).
However, there was no significant different in HSI among fish fed
DHSM,, DHSM,;5, DHSMj, DHSM3, DHSMys, DHSMjpaa and
DHSMys:aa diets. CF, PCV, Hb showed the same trend as HSI. survival
(%o) of fish fed DHSM, and DHSMa; diets were significantly higher than
those of fish fed DHSMys and DHSMjpiaa diets (P<0.05). However, there
was no significant difference in survival among fish fed DHSM,, DHSM; s,
DHSMz, DHSM30, DHSMsg:aa and DHSMusias diets. Crude protein of
wholebody in fish fed DHSM,, DHSM;s;, DHSMy and DHSMi.as diets
were not significantly different from each other (Table 12). Average
apparent digestibility (AD) and apparent protein digestibility (APD) are
shown in Table 13. APD showed the same trend as AD. APD ranged
from 86.2+3.5% in this study. APD of fish fed DHSM,; and DHSM,s
diets were significantly higher than those of fish fed DHSMi,. DHSMys,
DHSMysian and DHSMegiaa diets (P<0.05). However, there was no
significant difference in APD among fish fed DHSM,;, DHSM,s, DHSM,,
and DHSMjpiaa diets. The APD in DHSM,, DHSM;s, DHSMy, DHSMso,
DHSMas. DHSMigiaa, DHSMusiasa and DHSMapan  diets was 91.3%,

89.2%, 87.4%, 86.2%, 81.3%, 88.3%, 84.2% and 81.9%, respectively.
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Table 11.

Effects of the experimental diets for the first 8 weeks in

juvenile Korean rockfish (Sebastes sch!egeli)1

Diets’

Pooled

DHSM, DHSM;5 DHSM;y DHSM;; DHSMys

DHSM DHSM DHSM SgM?

30+AA A5+AA 60+AA
WG(%) 509" 491° 439" 334" 188°  465° 325 210 251
FE(%)’ 87.6° 85.1° 76.0" 66.4° 387 793" 632" 402° 3.80
SGR(%)" 3.23° 317" 3.01° 2.2 1.880 3.00®° 258" 197 0.11
PER’ 1.82° 1.77° 158" 138" 0.81° 1.65° 1.32° 082° 0.08
HsI? 2.85"  3.05"  3.00° 297" 268" 295 290" 2.50° 0.0l
CF’ 1.80" 1.76" 1.74* 170" 1.65™ 1.75° 1.70° 1.60° 0.01
pcv" 3257 303" 31.0° 297 282" 3060 295° 26.1° 0.02
Hb'! 9.80"  9.79° 972  9.70° 8.84™ 975" 9.00° 850" 0.03
Survival(%)  98.3° 96.7"  992° 875" 858" 950® 9670 858" 127

' Means of triplicate groups; Values in the same row with different superscripts are

significantly different (P<0.05).

* Refer to the

* Pooled standard error of mean :

table 1.

" PER =Protein efficiency ratio :

g

9

HSI = Hepatosomatic index :

CF = Condition factor

“PCV = Hematocrit (%).
"Hb = Hemoglobin {2/100me).

SD/+/n.

_34

FE = Feed efficiency : (wet weight gain / dry feed intake) x100.

wel wt. gain / protein intake.
(liver weight x 100/ body weight).

: (wet weight / total ]engthj) x 100,

WG(%) = Weight gain (%) : [(final wt. - initial wt.) / initial wt.} x 100.

SGR = Specific growth rate : [(log. final wt. - log, initial wt.)/days] * 100.



Table 12. Whole body proximate composition (%) of juvenile Korean
rockfish (Sebastes schlegeli) fed eight experimental diets for

the first 8 weeks'

Diet’ Moisture ~ Crude protein Crude lipid Ash
DHSM, 70.8 17.9° 8.9° 4.3°
DHSM:;s 69.5 17.9° 8.8° 4.4°
DHSMa, 69.9 17.4% 8.9° 4.5°
DHSM;0 69.0 16.9° 8.7° 4.6™
DHSMus 68.7 16.0° 8.6" 4.7*
DHSMg: aa 69.6 17.5% 8.7° 4.3°
DHSMus:ax 68.3 16.8" 8.8° 4.6"
DHSMgo:as 68.4 16.1° 8.6" 4.7°
Pooled SEM 0.17 0.11 0.03 0.02

1 - . . .
Values are means from ftriplicate groups of fish where the means in each row with a

different superscript are significantly different (P<0.05).
? Refer to the table 1.

* Pooled standard error of mean : SD//n.
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Table 13. Apparent dry matter digestibility (AD) and apparent protein
digestibility (APD) in juvenile Korean rockfish (Sebastes
schlegeli) diets'

Diets’ AD(%) APD(%)
DHSM, 82.0° 91.3°
DHSM ;s 78.3° 89.2°
DHSM; 77.4% 87.4%
DHSMy 75.2° 86.2°
DHSMas 71.0° 81.3¢
DHSMigsaa 78.1° 88.3%"
DHSMusian 74.2" 84.2"
DHSMeo+an 71.0° 81.9¢

Pooled SEM’ 0.78 0.72

' Means of triplicate groups: Values in the same row with different superscripts are
significantly different (P<0.05).
? Refer to the table 1.

* Pooled standard error of mean - SD//n.
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Fig.1. Average weight gain (WG, %) from fish fed 8 diets for the first § weeks.

Values are means from triplicate groups where the bar have different

superscript are significantly different (P <0.05)
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Fig.2. Average feed efficiency (FE, %) from fish fed 8 diets for the first §

weeks. Values are means from triplicate groups where the bar have

different superscript are significantly different (P <0.05)



SGR(%)

Fig.3. Average specific growth rate (SGR, %) from fish fed 8 diet for the first
8§ weeks. Values are means from triplicate groups where the bar have

different superscript are significantly different (P <0.05).

PER(%)

Fig.4. Average protein efficiency ratio (PER, %) from fish fed 8 diets for the

first 8 weeks. Values are means from triplicate groups where the bar

have different superscript are significantly different (P <0.05).

_38_



HS(%)

fig.5. Average hepatosomatic index (HSI, %) from fish fed 8 diets for the first 8
weeks. Values are means from triplicate groups where the bar have

different superscript are significantly different (P <0.05).
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fig.6. Average condition factor (CF) from fish fed 8 diets for the first 8weeks.
Values are means from triplicate groups where the bar have different

superscript are significantly different (P <0.05).
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Fig.7. Average Survival (%) from the fish fed 8 diets for the first 8 weeks.
Values are means from triplicate groups where the bar have different

superscript are signtficantly different (P <0.05).
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(2) Evaluation of dehulled soybean meal as a fish meal replacer in growing

Korean rockfish

The second 10-week experiment are summarized in Table 14. There
was no significant difference in weight gain (WG), feed efficiency (FE),
specific growth rate (SGR) and intraperitoneal fat (IPF) ratio among fish
fed six experimental diets. WG in this experiment ranged from 270.4% for
fish fed DHSMj dict to a high of 277.2% for fish fed DHSM, diet.
Average protein efficiency ratio (PER) of fish fed DHSM; diet was
significantly higher than those of fish fed DHSMagas and DHSMigian
diets (P<0.05). However, there was no significant difference in PER
among fish fed DHSM, DHSM, DHSM;s, DHSMj diets. Average
hepatosomatic index (HSI) of fish fed DHSM,, DHSMs, DHSMag:ian dicts
were significantly higher than those of fish fed DHSMyy diets (P<0.03).
However, there was no significant difference in HSI among fish fed
DHSMy  DHSMjo, DHSM,s, DHSMapuaa and DHSMigiaa  diets.
Hematological and serological characteristics are shown in Table 15.
Hemoglobin (Hb) content of fish fed DHSMagaa diet was significantly
higher than those of fish fed DHSM, DHSM;,, DHSM;s and DHSM,,
diets (P<0.05). However, there was no significant difference in Hb among

fish fed DHSMugaa and DHSMigiaa diets. Triglyceride (TG) content of
fish fed DHSMsp-aa diet was significantly higher than those of fish fed
DHSMaeaa diet (P<0.05). However, there was no significant difference in
TG among fish fed DHSMg;, DHSM,y, DHSM;5, DHSMz and DHSM;gian
diets. There was no significant difference in Hematocrit (PCV), total

protein (TP), glucose contents among fish fed the six experimental diets.
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Whole body proximate composition are shown in Table 16. There was no
significant difference in whole body proximate composition among fish fed
six experimental diets. Dorsal muscle amino acid composition during the
second 12-weeks experiment are shown in Table 17. Amino acids in
dorsal muscle was 85.1% - 81.7%. There was no significant difference in
amino acids in dorsal muscle among fish fed the six experimental diets
and there was no significant difference in amino acids composition in

dorsal muscle among different dietary treatment.
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Table 14. Effects of the experimental diets for the second 12 weeks in

growing Korean rockfish'

Diets’ Pooled

DHSM, DHSMio DHSM; s DHSM;, DHSM DHSM  sgnp?
WG(%)* 2772 2751 2713 2704 2743 2716 0.93
FE(%)’ 839 835 832 820 832 815 0.48
SGR(%)° 1.58 157 156 156 157  1.56  0.003
PER’ 175 174 173® 1 71™ 170° 1.70°  0.003
HSI® 3.058° 296" 301 256" 323 293 0.06
IPF ratio’ 296 296 340 294 363 323 0.11
CF'" 1.65 1.66 1.59 1.59  1.65 1.64 0.02
Survival(%) 100 100 100 100 100 100 0

' Means of triplicate groups: Values in the same row with different superscripts are

significantly different (P<0.05).
® Refer 1o the table 1.

* Pooled standard error of mean SD/+/n.

! WG(%) = Weight gain (%) : [(final wt. - initial wt.) / initial wt.] x 100.
FE = Feed efficiency : (wet weight gain / dry feed intake) x100.

SGR = Specific growth rate : [(log. final wt. - loge initial wt.)/days] = 100.
PER =Protein efficiency ratio : wet wt. gain / protein intake.

HSI = Hepatosomatic index : (liver weight x 100/ body weight).

CF = Condition factor : (wet weight / total length’) x 100.
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Table 15. Hematological and serological characteristics of growing Korean
rockfish (Sebastes schlegeli) fed six experimental diets for the

second 12 weeks'

Diets’ Hemoglobin Hematocrit Protein  Triglyceride  Glucose
(2/100ml) (%) (g/dl)  (mg/dl)  (mg/dL)
DHSM, 10.2% 40.7 3.6 99,7 42.7
DHSM, 11.1° 40.5 3.8 96.3* 39.3
DHSM; 10.4% 38.0 3.7 95.0°" 53.3
DHSM 9.6° 39.7 3.3 102.3% 62.0
DHSMa0144 12.6" 39.7 3.7 79.3° 58.3
DHSM;0:a4 11.3* 40.3 3.9 115.3° 46.0
Pooled SEM® 027 0.48 0.06 3.96 3.29

' Means of triplicate groups; Values in the same row with different superscripts are

significantly different (P-<0.05).
* Refer to the table 1.

* Pooled standard error of mean : SD/+/n.



Table 16. Whole body proximate composition (%) of growing Korean
rockfish (Sebastes schlegeli) fed six experimental diets for the

second 12 weeks'

Diet® Moisture ~ Crude protein  Crude lipid Ash
DHSM, 67.2 18.1 9.2 4.2
DHSM;, 67.8 18.1 9.5 4.8
DHSM;s 67.0 18.3 8.9 38
DHSM; 71.4 18.0 9.2 4.4
DHSM3p1aa 66.7 18.0 9.3 42
DHSMig:an 69.0 18.0 9.2 4.6
Pooled SEM’ 0.41 0.4 0.27 0.32

1 . - . .
Values are means from triplicate groups of fish where the mieans in each row with a

different superscript are significantly different (P<0.03).
* Refer to the table 1.

' Pooled standard error of mean : SD// n.
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Table 17. Dorsal muscle amino acid composition (mg/100 mg) of growing
Korean rockfish (Sebastes schlegeli) fed 6 experimental diets for

12 weeks (% of dry matter basis)]

Diets’

Amino Acid

DHSM; DHSMi, DHSMis DHSMy DHSM — DHSM
Aspartic acid 9.28 9.06 8.98 9.38 9.02 9.17
Threonine 3.98 3.90 3.84 3.99 3.86 3.91
Serine 3.69 3.59 3.55 3.69 3.61 3.60
Glutamic acid 13.2 12.8 12.7 13.2 12.6 12.7
Glycine 3.79 3.71 3.64 3.85 3.72 3.72
Alanine 5.31 5.25 5.14 5.41 5.18 5.18
Cystine 1.26 0.91 1.28 0.84 1.29 1.24
Valine 4.08 3.97 3.97 4.14 3.97 3.97
Methionine 272 2.47 2.62 2.28 2.62 2.37
Isoleucine 4.21 4.23 4.08 430 4.11 4.05
Leucine 0.89 6.71 6.58 6.87 6.54 6.03
Tyrosine 3.03 2.95 2.94 2.98 2.96 2.90
Phenylalanine 3.84 3.87 3.21 3.96 3.87 3.83
Histidine 2.72 2.81 2.84 2.86 2.78 2.85
Lysine 8.46 8.26 8.15 8.45 8.21 8.23
Arginine 5.18 5.15 4.93 5.02 4.78 4.88
Totai AA 85.1 83.2 81.7 84.6 82.5 82.7

' Means of triplicated groups, values in the same row with different superscripts are

significantly different (P<0.05).
* Refer to the table 1.

' Pooled standard error of mean : SD / VI
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Fig.8. Average protein efficiency ratio (PER) from fish fed 6 diets for the second
12weeks. Values are means from triplicate groups where the bar have

different superscript are significantly different (P < 0.05).
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Fig.9. Average hepatosomatic index (HSI) from the fish fed 6 diets for the second
12 weeks. Values are means from triplicate groups where the bar have

different superscript are significantly different (7 < 0.05).
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Experiment 2 : Evaluation of dehulled soybean meal as a
fish meal replacer in olive flounder

Paralichthys olivaceus

(1) Evaluation of dehulled soybean meal as a fish meal replacer in juvenile

olive flounder

Weight gain (WG, %), feed efficiency (FE, %), specific growth rate
(SGR. %), protein efficiency ratio (PER, %), hepatosomatic index (HSI,
%), condition factor (CF), hematocrit (PCV, %), hemoglobin (Hb, g/100mf)
and survival (%) during the 8-week experiment are shown in Table 18.
There was no significant difference in weight gain (WG) among fish fed
DHSMg, DHSMjo, DHSMap, DHSMagiaa. DHSMagiaa and DHSMigransan
diets. However, WG of fish fed DHSM;, DHSM5, DHSM, DHSMog:aa,
DHSMso:aa and DHSMipipasan diets were significantly higher than those
of fish fed DHSMugsa and DHSMipianran diets (P<0.05). There was no
significant difference in FE among fish fed DHSM,, DHSM;, DHSMyq,
DHSMaoiaa, DHSMs0iaa and DHSMsgiansaq diets. However, FE of fish fed
DHSM,, DHSMy, DHSM,, DHSMjpiaa. DHSMigiaa and DHSMigiansax
diets were significantly higher than those of fish fed DHSMypias and
DHSMugsaasan diets (P<0.05). There was no significant difference in SGR
among fish fed DHSMy, DHSM;q. DHSMyy, DHSMapias. DHSMinias and
DHSM;soiancan  diets. However, SGR of fish fed DHSM,, DHSM;,,
DHSM,;, DHSMagiaa. DHSM30.a4 and DHSMapasaq diets. There was no
significant difference in PER among fish fed DHSM,, DHSM,;, DHSM;y,
DHSMz0:4a. DHSMigiaa and DHSMigiancay diets. However, average PER
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of fish fed DHSM,, DHSMo, DHSMz, DHSMagiaa, DHSMigias and
DHSMjgiansan  diets were significantly higher than those of fish fed
DHSMioiaa and DHSMuygian-an diets (P<0.05). There was no significant
different in HSI among fish fed DHSM,, DHSM;y, DHSM:,, DHSMg.as,
DHSM3piaa and DHSMigaa+aq diets. However, average HSI of fish fed
DHSMo, DHSMyp, DHSM;p, DHSMzp:iaa, DHSM3piaa and DHSMigiaasaa
diets were significantly higher than those of fish fed DHSMsnas and
DHSMugsaacan diet (P<0.05). There was no significant different in CF
among fish fed DHSMy, DHSM,, DHSMj, DHSMagias, DHSMspias and
DHSMjo.ancan diets. However, CF of fish fed DHSM,, DHSM g, DHSM;q,
DHSMogiaa, DHSMspiaa and DHSMsgiansan diets were significantly higher
than those of fish fed DHSMug.aa and DHSMaoianiae diets. PCV of fish
fed DHSMp, DHSM;g, DHSM3y, DHSMagias, DHSMioian, DHSMugiarsaa
and DHSMagian diets were significantly higher than those of fish fed
DHSMagian+an  diet (P<0.05). Hb showed the same trend as PCV.
However, there was no significant difference the same trend as PCV.
However, there was no significant difference in survival among fish fed
all of dists (P>0.05). Whole body proximate composition are shown in

Table 19. There was no significant difference in crude protein  (CP)

among fish fed DHSM,, DHSM;, DHSMy DHSMagian DHSMipean and
DHSMjygsaaran diets. However, CP of fish fed DHSMy, DHSMq, DHSM,q,
DHSMapiaa, DHSMsoian and DHSMipianraq diets diets were significantly
higher than that of fish fed DHSMs, and DHSMugea, diet (P<0.05).
There was no significant difference in crude lipid among fish fed DHSM,,
DHSMo, DHSMz DHSMapan DHSMipasa  and DHSMigian+an  diets.
However, crude lipid of fish fed DHSM,, DHSM,,, DHSM;0 DHSMpiaa.
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DHSM;s0iaa and DHSMigiaa-an diets diets were significantly higher than
that of fish fed DHSM4 and DHSMspian diet (P<0.05). There was no
significant difference in crude ash among fish fed DHSM, DHSM,,
DHSMz, DHSMapiaa. DHSMipiaa and DHSMipiansan  diets. However,
crude lipid of fish fed DHSM,, DHSMj, DHSMy DHSMapiaa,
DHSMio:aa and DHSMioiaaean diets diets were significantly lower than
that of fish fed DHSMi and DHSMugia, diet (P<0.05). There was no

significant difference in moisture among fish fed six experimental diets.
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Table 18. Effects of the experimental diets for the first 8 weeks in

Juvenile olive flounder (Paralichthys olivaceus)'

Diets* Pooled

DHSMo DHSMy Difst © T DI DESM DHSM DHSw - seuf

WG(%)" 549.8" 546.2° 541.2° 544.7° 542.1° 543.4° 502.1° 505.8° 1.63
FE(%) 103.1* 102.7° 101.9" 102.0° 101.8" 102.0° 97.7° 974" 0.15
SGR(%)° 334" 333" 332" 333" 332" 332" 321° 322°  0.005
PER’ 2.06° 205" 2,04 204" 204 204 195" 196"  0.003
HSI® 2.00° 198" 197" 200" 197 198 191° 192° 0.0l
CF’ 1.40"  1.39° 138" 139° 138 138 131 133" 0007
pcv" 22.9° 223" 222 227% 220 220%™ 213 207 0.02
Hb'' 500" 498" 489" 4094 480" 490" 465% 436" 0.03
Survival(%) 100 992 992 992 100 100 983 992 0.23

Means of triplicate groups; Values in the same row with different superscripts are
significantly different (P<0.05).

Refer to the table 1.

¥ Pooled standard error of mean - SD/+/n.

2

8

9

WG(%) = Weight gain (%) : [(final wt. - initial wt.) / initial wt.] = 100.
FE = Feed efficiency : (wet weight gain / dry feed intake) =100.

SGR = Specific growth rate : |{log. final wt. - log. initial wt.)days] = 100,
PER =Protein efficiency ratio : wet wt. gain / protein intake.

HSI = Hepatosomatic index : (liver weight x 100/ body weight).

CF = Condition factor : (wet weight / total length®) x 100.

“PCV = Hematocrit (%).
"Hb = Hemoglobin (g/100m¢).
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Table 19. Whole body proximate composition (%) of juvenile olive
flounder (Paralichthys olivaceus) fed eight experimental diets

for the first 8 weeks'

Diet’ Moisture  Crude protein  Crude lipid Ash
DHSM, 74.6 17.5° 10.1° 3.70"
DHSM;¢ 74.5 17.5° 9.9° 3.72°
DHSMa, 74.8 17.4° 9.8° 3.73°
DHSMagian 74.4 17.5° 9.9° 3.72°
DHSM3gan 74.3 17.4° 9.8 3.72°
DHSM g an+an 74.4 17.4° 9.8° 3.71°
DHSMags an 75.8 17.0" 8.7" 4.15°
DHSMuos A+t 75.8 17.0° 8.8 4.11°
Pooled SEM 0.17 0.1 0.11 0.05

' Values are means from triplicate groups of fish where the means in each row with a
different superscript are significantly different (P<0.05).
* Refer to the table 1.

" Pooled standard error of mean : SD/\/n.

52,



575 [

550

525

WG(%)

500

475

Fig.10. Average weight gain (WG, %) from fish fed 8 diets for the first 8
weeks. Values are means from triplicate groups where the bar have

different superscript are significantly different (P <0.05).
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Fig.11. Average feed efficiency (FE, %) from fish fed 8 diets for the first §
weeks. Values are means from triplicate groups where the bar have

different superscript are significantly different (P <0.05)
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Fig.12. Average specific growth rate (SGR, %) from fish fed 8 diet for the first
8 weeks. Values are means from triplicate groups where the bar have

different superscript are significantly different (P <0.05).
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Fig.13. Average protein efficiency ratio (PER, %) from fish fed 8 diets for the
first 8 weeks. Values are means from triplicate groups where the bar

have different superscript are significantly different (P <0.05).
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Fig.14. Average hepatosomatic index (HSI, %) from fish fed 8 diets for the first
8 weeks. Values are means from triplicate groups where the bar have

different superscript are significantly different (P <0.05).

145 ¢

Fig.15. Average condition factor (CF) from fish fed 8 diets for the first 8weeks.
Values are means from triplicate groups where the bar have different

superscript are significantly different (P <0.05).

,55 _



(2) Evaluation of dehulled soybean meal as a fish meal replacer in growing

olive flounder

The second 10-week experiment are summarized in Table 20. There
was no significant difference in weight gain (WG) among fish fed
DHSM, DHSM,,, DHSMx and DHSM;g.an diets. However, WG of fish
fed DHSM, DHSM,, DHSMjy, and DHSMjpae diets were significantly
higher than those of fish fed DHSM;j, (P<0.05). While WG of fish fed
DHSMzp+an diet was highest among all the dietary treatments. There was
no significant difference in feed efficiency (FE) among fish fed DHSMq,
DHSM)o and DHSM;y diets. However, FE of fish fed DHSM,; DHSM;,
and DHSMj diets were significantly higher than those of fish fed
DHSM3, (P<0.05). While FE of fish fed DHSMag.an diet was highest
among all the dietary treatments. There was no significant difference in
specific growth rate (SGR) among fish fed DHSM; DHSM,, DHSM, and
DHSMsg4an diets. However, SGR of fish fed DHSM, DHSM;o DHSMae
and DHSM;jpian diets were significantly higher than those of fish fed
DHSM3y, (P<0.05). While SGR of fish fed DHSMaxian diet was highest
among all the dietary treatments. There was no significant difference in
protein efficiency ratio (PER) among fish fed DHSM, DHSM;, and
DHSMzo diets. However, PER of fish fed DHSM, DHSM;; and DHSMaq
diets were significantly higher than those of fish fed DHSM;j, (P<0.05)..

While PER of fish fed DHSMzg:ay diet was highest among all the dietary
treatments. There was no significant difference in hepatosomatic index
(HSD among fish fed DHSM, DHSM,, and DHSMayo diets. However, HSI
of fish fed DHSM; DHSMy and DHSM; diets were significantly higher
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than tl_mse of fish fed DHSMj (P<0.05). While HSI of fish fed
DHSMbo.an diet was highest among all the dietary treatments. There was
no significant difference in condition factor (CF) among fish fed DHSM,,
DHSM;p and DHSMy diets. However, CF of fish fed DHSM, DHSM;,,
DHSM;o and DHSMig«aq diets were significantly higher than those of fish
fed DHSM3 (P<0.05). While CF of fish fed DHSMjp:ay diet was highest
among all the dietary treatments. There was no significant difference in
survival among fish fed DHSM, DHSM;; DHSM,; DHSMay.ax and
DHSMjoian diets. Hematological and serological characteristics are shown
in Table 21. There was no significant difference in hemoglobin (Hb),
hematocrit (PCV), triglyceride (TG), glucose, GOT, GPT contents among
fish fed the six experimental diets. There was no significant difference in
total protein (TP) among fish fed DHSM,, DHSM,,,. DHSM;y, DHSMag+ax
and DHSMsg.a, diets However, TP content of fish fed DHSM,o diet was
significantly higher than that of fish fed DHSMp.as diet (P<0.05). Whole
body proximate composition are shown in Table 22. There was no
significant difference in crude protein (CP) among fish fed DHSM,,
DHSMjo, DHSM and DHSMspay diets. However, CP of fish fed
DHSM,, DHSMy, DHSM, and DHSMagiaq diets were significantly higher
than that of fish fed DHSM;, diet (P<0.05). While, CP of fish fed
DHSMz4an diet was the highest among all the dietary treatment. There
was no significant difference in crude lipid among fish fed DHSMy,
DHSMi; and DHSMy; diets. However, crude lipid of fish fed DHSM,,
DHSMio and DHSMy diets were significantly higher than that of fish fed
DHSM; diet (P<0.05). While, Crude lipid of fish fed DHSM,, DHSM,,
and DHSMy, diets were dignificantly lower than that of fish fed
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DHSMz:a0 and DHSMspiaq diets. There was no significant difference in
crude ash among fish fed DHSM,, DHSM;, and DHSMjpan diets.
However, crude ash of fish fed DHSM;, DHSM,, and DHSM:;pae diets
were significantly lower than that of fish fed DHSMj DHSMs and
DHSM3j:an diets (P<0.05). There was no significant difference in moisture
among fish fed six experimental diets. Dorsal muscle amino acid
composition during the second 12-weeks experiment are shown in Table
23. Amino acids in dorsal muscle was 85.1% - 81.7%. There was no
significant difference in amino acids in dorsal muscle among fish fed the
six experimental diets and there was no significant difference in amino

acids composition in dorsal muscle among different dietary treatment.
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Table 20. Effects of the experimental diets for the second 10 weeks in

growing olive flounder

Diets’ Pooled

DHSMo DHSM i, DHSM;zo DHSMy, DHSM DASM - sEp?
WG(%) 142.0° 141.4° 140.1° 118.6° 155.3" 144.5° 2.7
FE(%)’ 100.8°  100.0° 992"  872° 10377 101.0° 2.0
SGR(%)" 126" 126" 1.25°  L12° 134" 128" 0.02
PER’ 202 200" 198 174 207 2.02 0.04
HsP® 2.02% 210" 208 199 2200 2,15 0.07
CF’ 120 118 1165 1.04° 1260 122 0.07
Survival(%)  100°  955*  97.8° 845" 100° 978 1.4

' Means of triplicate groups; Values in the same row with different superscripts are

significantly different (P<0.05).
* Refer to the table .

’ Pooled standard error of mean : SD//n.

WG(%) = Weight gain (%) : [(final wt. - initial wt.) / initial wt.] = 100,
FE = Feed efficiency : (wet weight gain / dry feed intake) x100.

SGR = Specific growth rate : [(log. final wt. - log, initial wt.y/days] = 100.
PER =Protein efficiency ratio : wet wt. gain / protein intake.

HSI = Hepatosomatic index : (fiver weight x 100/ body weight).

CF = Condition factor : (wet weight / total length®) x 100.
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Table 21. Hematological and serological characteristics of growing olive

flounder (Paralichthys olivaceus) fed six experimental diets for

the second 10 weeks'

Diets* Hb PCV T.P TG Glucose GOT GPT
(g/100m) (%)  (g/dl) (mg/dL) (mg/dL)
DHSM, 4.5 211 2.9% 588 41 6.7 8.0
DHSM0 4.3 213 297 559 35 8.3 9.7
DHSM3 4.3 204 3.2° 559 44 9.3 9.3
DHSM;q 4.5 219 25 428 27 6.3 6.0
DHSMagsaq 4.5 212 2.6 632 34 10.7 9.7
DHSMiosac 4.3 22 2.7% 711 36 100 117
Pooled SEM’ 0.3 2.8 0.09 38 2.7 0.7 1.0

' Means of triplicate groups; Values in the same row with different superscripts are

significantly different (P<0.05).

* Refer to the table 1.

’ Pooled standard error of mean

: SD/v/n.
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Table 22. Whole body proximate composition (%) of growing olive
flounder (Paralichthys olivaceus) fed six experimental diets for

the second 10 weeks'

Diet* Moisture ~ Crude protein Crude lipid Ash
DHSM, 74.5 17.5° 10.3° 3.70°
DHSM, 74.4 17.6° 9.8 3.69°
DHSM,0 74.3 17.5° 9.7° 4.18"
DHSM30 75.4 17.0° 8.5° 4.75°
DHSMag+ax 73.8 18.2° 12.0° 3.72¢
DHSM;gan 74.0 17.5° 11.6° 3.89"
Pooled SEM’ 0.3 0.09 0.51 0.1

I T . .
Values are means from triplicate groups of fish where the means in each row with a

different superscript are significantly different (P<0.05).
* Refer to the table 1.

¥ Pooled standard error of mean - SD// n.
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Table 23. Dorsal muscle amino acid composition (mg/100 mg) of growing
olive flounder (Paralichthys olivaceus) fed 6 experimental diets

for 10 weeks (% of dry matter basis)'

Diets’

Amino Acid

DHSM, DHSMiy DHSMy DHSM; DHSM  DHSM
Aspartic acid 9.90 10.0 9.68 9.60 9.64 9.79
Threonine 4.50 4.51 4.42 4.36 4.38 4.43
Serine 3.90 3.90 3.80 3.76 3.82 3.81
Glutamic acid 13.7 13.8 13.3 13.3 13.4 13.3
Glycine 3.70 3.76 3.62 3.55 3.63 3.63
Alanine 5.30 5.40 5.24 5.13 5.17 5.17
Cystine 1.30 0.88 (.95 1.32 1.33 1.28
Valine 4.50 4.56 4.39 4.39 4.39 4.39
Methionine 2.80 2.36 2.55 2.70 2.70 2.45
Isoleucine 4.50 4.59 4.52 4,37 4.40 4.34
Leucine 6.80 6.78 6.62 6.49 6.45 6.54
Tyrosine 3.40 3.35 3.32 3.31 3.34 3.27
Phenylalanine 4.40 4.52 4.43 3.77 4.43 4.39
Histidine 2.70 2.84 2.79 2.82 2.85 2.83
Lysine 8.10 8.09 7.90 7.79 7.85 7.87
Arginine 6.00 5.84 5.97 5.75 5.60 5.70
Total AA 85.5 85.1 83.5 824 83.3 83.2

' Means of triplicated groups, values in the same row with different superscripts are

significantly different (P<0.05).
? Refer to the table 1.

* Pooled standard error of mean : SD / V.

~62 .



Table 13. Apparent dry matter digestibility (AD) and apparent protein
digestibility (APD) in growing olive flounder (Paralichthys

olivaceus) diets'

Diets’ AD(%) APD(%)
DHSM, 84.1° 92.4°
DHSM;q 82.4° 91.5°
DHSM, 80.3" 90.2°
DHSM3, 76.7° 86.3°
DHSMag: a0 85.3° 93.7*
DHSMigsar 82.7° 91.8"

Pooled SEM’ 0.75 0.70

' Means of triplicate groups; Values in the same row with different superscripts are
significantly different (P<0.05).
* Refer to the table |.

* Pooled standard error of mean : SD//n.
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Fig.16. Average weight gain (WG, %) from fish fed 6 diets for the second 10
weeks. Values are means from ftriplicate groups where the bar have

different superscript are significantly different (P <0.05).

120

FE (%)

Fig.17. Average feed efficiency (WG, %) from fish fed 6 diets for the second

10 weeks. Values are means from ftriplicate groups where the bar have

different superscript are significantly different (P <0.05).
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SGR (%)

Fig.18. Average specific growth rate (SGR, %) from fish fed 6 diets for the
second 10 weeks. Values are means from triplicate groups where the bar

have different superscript are significantly different (P <0.03).

2.5

PER

Fig.19. Average protein efficiency ratio (PER, %) from fish fed 6 diets for the
second 10 weeks. Values are means from triplicate groups where the bar

have different superscript are significantly different (P <0.05).
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HSI

Fig.20. Average hepatosomatic index (HSI, %) from fish fed 6 diets for the
second 10 weeks. Values are means from triplicate groups where the bar

have different superscript are significantly different (P <0.05).
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Fig.21. Average condition factor (CF) from fish fed 6 diets for the
second 10 weeks. Values are means from triplicate groups where the

bar have different superscript are significantly different (P <0.05).
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Fig.22. Average survival (Sur, %) from fish fed 6 diets for the second 10

weeks. Values are means from triplicate groups where the bar have

different superscript are significantly different (P <0.05).
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IV. Discussions

The dietary protein was formulated to contain 48% & 50% crude protein
based on the protein requirement of Korean rockfish and olive flounder (Kim,
Wang & Bai 2001, 2002). When compared the analyzed proximate composition
of diets and the composition of formulation, there was no significant differences.
Therefore, it is impossible that the dietary protein content or the deficiency of
one or more amino acids in the diets would affect the growth of fish in this
experiment,

Many studies have been done in soybean meal utilization in fresh water fish
such as tilapia (Wee & Shu 1989), carp (Murai, Ogata, Kosutarak & Arai 1986),
catfish (Wilson and Poe 1985) and grass carp (Dabrowski & Kozak 1979) and
blue catfish (Webster, Goodgame-Tiu & Tidwell 1995). Also there were some
researches of soybean meal utilization in marine fish. Lee, Kang & Lee (1991)
and Shimeno, Mima. Imanaga & Tomaru (1993b) reported that soybean meal
could replace up to 20% of fish meal in yellowtail. McGoogan & Gatlin (1997)
found that soybean meal could replace fish meal up to 90% in red drum, and
could replace up to 95% fish meal when supplemented with glycine and fish
soluble. Day & Gonzalez (2000) reported that soybean protein concentration
could replace up to 25% fish meal in turbot. Kikuchi (1999) found that soybean
meal could replace up to 47% of fish meal in flounder. Carter &Hauler (2000)
also described that soybean meal could replace 33% fish meal in pacific salmon.

In the present experiment, DHSM could replace up to 20% fish meal or
could replace up to 30% FM with the supplementation of deficiency amino acids
in Korean rockfish and olive flounder. Many researches have been shown that

supplement the methionine and lysine, whose contents were lower in DHSM, or
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phosphorus when DHSM was used in the diets could improve the growth of
experimental fish (Shiau er a/. 1988). The results from the present study also
proved that improved growth was observed in those groups supplemented with
limiting amino acid of Met and Lys when the same levels of DHSM was
replaced. However, it must be considered when such kind of soybean was used
as the diet ingredients. Firstly, there were several anti-nutrition elements in full
fat or dehulled soybean meal such as hemaglutinin, goitrogen and protease
inhibitor that could inhibit the activity of trypsin and chymotrypsin (Dabrowski,
Poczyczynski, Kock & Berger 1989). Secondly, 0.6% phosphorus in soybean
meal was the form of phytin that fish cannot digest, fish can only utilize
approximately 1/3 of the phosphorus that contained in soybean, thercfore,
phosphorusmust be supplemented with the increase of soybean meal used
(Lovell 1982). Thirdly, with the increase using of soybean meal in fish diets, the
balance of essential amino acid should be check and amino acid must be
supplemented in the diets (Viola er a/. 1983). Many researches have been done
to determine the requirement of amino acid supplemented in soybean meal
containing diets (Murai,Daozun & Ogata 1989); to remove the anti-nutrition
elements in full fat and dehulled soybean meal (Wee & Shu 1989); to determine
the utilization of full fat, solvent extracted and refined soybean meal
(Pongmaneerat & Watanabe 1993a); phosphorus utilization and discharge
(Satoh, Porn-Ngam, Takeuchi & Watanabe 1993); to study the utilization of
different forms of phosphorus in supplemented the deficient phosphorus in
soybean meal (Watanabe, Shuichi & Toshio 1988); etc.

WG and FE reduced significantly with the increasing of DHSM in the diets
in the present study (P < 0.05). The reason might be the difference in dietary

palatability. In order to improve the palatability, amino acids such as glycine,
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L-amino acids and betaine, etc., and some kinds of fatty acids have been tested in
sea bream Pagrus major (Tokoru & Shirakawa 1990) and chinook salmon
(Hughes 1985); and showed effective results when attractants were added
(McGoogan & Gatlin 1997). From the present study, the improved growth was
observed when suppiemented the limiting amino acids methionine and lysine to
balance the amino acid content in experimental diets.

The hemoglobin value was 9.440.5g/100ml, 10.4+1.2g/100ml in juvenile
and growing Korean rockfish, respectively. The result from this study was
higher than the result of 3.6 - 5.3 g/100m! in flounder as described by Kikuchi,
Furuta & Honda (1994). The Hb value was 4.8+0.2g/100ml, 4.4£0.3g/100ml in
juvenile and growing olive flounder, respectively. This result was similar to the
result reported by Kikuchi er a/(1994). It was reported that the hemoglobin of
healthy fish should be approximately 10g/100ml (Post 1983), though the normal
value of hemoglobin has not been proved in fish vet. However, many
researchers found that hemoglobin varied according to the deficiency of essential
nutrients, fish species, environmental conditions and growth status (Garrida,
Chapuli & Andres 1990).

In this study, there is no significant difference in whole-body approximate
composition. Zeitler, Kirchgessner & Schwarz (1984) reported that whole-body
approximate composition correlated with fish species, water temperature, weight
gain, feeding and the formulated diets. Also Murai, Akiyama & Takeuchi (1985)
reported that the content of crude protein and crude ash decreased with the
increase of crude fat content.

Apparent protein digestibility was 86.24.3.5% in juvenile Korean rockfish.
The digestibility in DHSM,, DHSM,;s, DHSM,, DHSMi,, DHSM,s,
DHSMagian, DHSMusian and DHSMeo:an was 91.3%, 89.2%, 87.4%, 86.2%.
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81.3%, 88.3%, 84.2% and 81.9%, respectively. Apparent protein digestibility
was 91.0£2.6% in growing olive flounder. The digestibility in DHSM,,
DHSM,9, DHSMz0, DHSM30, DHSMz0+au and DHSM;p,an diets was 92.43%,
91.5%, 90.2%, 86.3%, 93.7% and 91.8%, respectively.

The digestibility value in each replacement level of diets in juvenile Korean
rockfish was lower than those value reported by Lee & Jun (1996). The reason
might be that we used satiation feeding in this study or the lower culture
temperature resulted in the lower digestibility. The digestibility value in each
diet except the amino acid supplemented diets decreased with the increasing
levels of dehulled soybean meal replacement. These results were accordance
with the digestibility of fish meal 87.9% and soybean meal 79% in Korean
rockfish as described by Bai, Choi, Kim & Wang (2001). However, the
digestibility of methionine and L-lysine'HCL supplemented diets was higher
than those diets without amino acid supplementation in this study. We
considered that methionine and lysine improved protein digestibility. Also based
on the dietary digestibility we could concluded that DHSM could replace up to
20% of fish meal, and could replace up to 30% fish meal when supplemented
with amino acids in maximum growth of Korean rockfish and olive flounder.
The utilization of soybean meal varied greatly with the processing method of
soybean meal. The extrusion of soybean meal could improve digestible energy
and carbohydrate (Watanabe & Pongmaneerat 1993). However, an increase in
digestible energy from carbohydrate does not necessarily result in an increase in
growth performance (Pongmaneerat & Watanabe 1993b). It was depended on
the utilization ability of different fish species (Grisdale-Helland & Helland1997).
Plant meals also contain various anti-nutritional factors of which trypsin

inhibitors are of particular concern. However, extrusion reduces the efficacy of
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the majority of these {Watanabe et al. 1993).

In conclusion, our results indicated that DHSM could replace FM up to
20% without amino acids supplementation and 30% with amino acids (Met, Lys)
and/or attractant supplementation for the maximum growth of Korean rockfish

and olive flounder.
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