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Long term farm trial and evaluation of fresh fillet
palatability in olive flounder feeding the low pollution

diet containing dehulled soybean meal

Keun Tae Park

Department of Fisheries Biology, Graduate School,
Pukyong National University

ABSTRACT

Three experiments were conducted to evaluate dehulled soybean
meal(DHSBM) as a fish meal(FM) replacer and to determine the proper
inclusion level of dehulled soybean meal in olive flounder (Paralichthys

olivaceus) diets. In the first experiment, those results indicated that

dehulled soybean meal could replace up to 30% fish meal from the
growing size to commercial size of olive flounder with the
supplementation of attractant. In the second experiment, when dehulled
soybean meal was used as the dietary ingredient, it is possible to reduce
the discharge of phosphorus and nitrogen that were considered as the
pollution elements. Finally, in the third experiment, the palatability of fish

fed dehulled soybean meal could be improved it supplemented with



attractant, it is possible to improve the commercial value of cultured fish

fed with dehulled soybean meal supplemented with the proper attractant.

(1) Experiment 1. Evaluation of the effect of dehulled soybean meal as
fish meal replacer on growth of flounder through

practical experiment in fish farm

This research was conducted to evaluate the possibility of dehulled
soybean meal (DHSBM) as fish meal replacer in flounder from growing
size to commercial size (150-800g) for long term (44 weeks), the
supplementation level of DHSBM was based on the previous experiment
conducted in 2002. Four experimental diets were included: Moist pellet
(MP), Comercial diet (COMD), diet that fish meal was used as the main
protein source (DHSBMy), 30% fish meal was replaced by DHSBM
(DHSBM3p:ay). Fish meal diet and soybean meal diet were formulated to
contain 50% crude protein and 16.7 kJ g'1 energy. In fish meal diet, the
main protein source was 100% white fish meal (DHSBMjy), and in
soybean meal diet 30% fish meal was replaced by soybean meal (70%
FM + 30% DHSBM, DHSBMsjgp-an) with attractant. In order to evaluate
the digestibility of all the experimental diets, 0.5% Cr,O; was
supplemented into the experimental diets. NaOH was used to neutralize
the possible problem of L-lysine - HCl supplementation. The experimental
diets was made by C company who produce commercial fish feeds using
extruder, the feed sizes range from 7 to 11 mm, the produced
experimental diets were stored at -20°C until used.

The experimental fish averaging 120 g was obtained from D aquatic
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farm, cultured in 20 tons concrete tank using commercial diet for 2 weeks
to adjust to the experimental conditions. After the conditioning time,
experimental fish averaging 151.240.3 g (meantSD) was distributed into
rectangular concrete tank (4.5mx4.5mx0.8m) as groups of 500 fish per
tank. Fish number in each tank was adjusted according to the growth of
fish, after the mid-term weight checking, the fish number was reduced to
300 fish per tank according to the average fish weight.

The percent weight gain (WG, %), feed efficiency (FE, %), specific
growth rate (SGR), protein efficiency ratio (PER), hepatosomatic index
(HSI), condition factor (CF) and survuval (%) of fish fed the experimental
diets for 44 weeks were shown in Table 6.

There was no significant difference in WG, FE and SGR in fish fed
MP, DHSBM; and DHSBMjp-aq diet. However, the WG, FE and SGR of
fish fed MP, DHSBM;, and DHSBM;pan diet were significantly higher
than those of fish fed COMD diet (P < 0.05). PER of fish fed
DHSBM;p:aq diet was significantly higher than those of fish fed MP,
DHSBM; and COMD diets (P < 0.05), and PER of fish fed DHSBM;
diet was significanlty higher than those of fish fed MP and COMD diets

(P < 0.05). However, there was no significant difference in PER in fish
fed MP and COMD diets. No significant difference in HSI was observed
in fish fed DHSBM, DHSBM;p.a¢ and COMD diets, however HSI of fish
fed DHSBM,y, DHSBMaigian and COMD diets was significantly higher than
those of fish fed MP diet (P < 0.05).

There was no significant difference in condition factor (CF) among all

the dietary treatments. No significant ditference was observed in survival

rate of fish fed DHSBM,; DHSBM;jyax and COMD diets, however, the



survival rate of fish fed fed DHSBM, and DHSBMjpaq was significantly
higher than that of fish fed MP diet (P<0.05), and there was no
significant difference in survival rate in fish fed MP and COMD diets.
There was no significant difference in whole body proximate composition
among all the dietary treatments. The apparent digestibility coefficient of
protein was 92.0+2.6%, there was no significant difference in the apparent
digestibility coefficient of protein among fish fed MP, DHSBM, and
DHSBMjp:ae  diets. However, the apparent digestibility coefficient of
protein in fish fed MP, DHSBM,, and DHSBMjp:aq diets was significantly
higher than that of fish fed COMD diet (P < 0.05).

Therefore, based on the results we might can conclude that dehulled
soybean meal could replace up to 30% fish meal from the growing size

to commercial size of flounder with the supplementation of attractant.

(2) Experiment 2. Evaluation of water pollution

During the 11 months experimental period, water samples was taken

one time every month after 30 minutes of feeding (the time to let the

culture water change one turn) from the input and output of water flows,
and the edge of the tank in triplicate. CODwma. SS, NH4+-N, NO; -N,
NOs-N of culture water were analyzed according to the standard analysis
method to evaluate the water pollution.

The suspended solid (SS), chemical oxygen demand (COD), NH,'-N,
and NO;-N of the tank that fed with DHSBM, DHSBMj;p:an and COMD
diets were significantly lower than those of tank that fed with MP diet (P
< 0.05). And there was no significant difference in SS, COD, NH, -N,
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and NO>-N of the tank that fed with DHSBM, DHSBMjp+aq and COMD
diets. There was no difference in NO3;-N content of the culture water
among all the dietary treatments. The total phosphorus content in culture
water fed with soybean meal was significantly lower than the other
experimental groups, and the total phosphorus content in culture water fed
with the formulated diets, DHSBM, DHSBMjpia¢ and COMD diets, was
significantly lower than that of MP diet (P<0.05).

Therefore, when dehulled soybean meal was used as the dietary
ingredient, it is possible to reduce the discharge of phosphorus and

nitrogen that were considered as the pollution elements.

(3) Experiment 3. Investigation of the palatability of flesh in fish fed

soybean meal as fish meal replacer

After the feeding trial, the palatability of flesh in fish fed the 4
different experimental diets was investigated. The parameters including
order, taste, texture and overall acceptability together with the functional
parameter such as gloss were determined. The totally 50 subjects included
the people who not refuse to eat raw fish such as the undergraduate
students, graduate and professors in the Department of Aquaculture,
Department of Food Science, the members of Feeds & Foods Nutrition
Research Center at Pukyong National University, and the people who
related to the feed company were divided into triplicate groups to be
investigated. The statistical analysis of palatability investigation was
performed using SAS (Statistical Analysis System), One way ANOVA test

was used to test the difference among the different treatments, treatment
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effects were considered to be significant at P < 0.05.

The result of the palatability investigation indicated that there was no
difference in DHSBMj3p:an diet and MP diet. However, the palatability of
DHSBM3p:aq diet was higher than that of DHSBM, and COMD diets (P
< 0.05). There was no difference in palatability in fish fed MP, DHSBM;y
and COMD diets. There was no difference in order in fish fed
DHSBM;3p:an and MP diets. However, the order of fish fed DHSBMjg+an
diet was significantly higher than that of fish fed DHSBM, and COMD
diets (P < 0.05). The order of fish fed MP diet was significantly higher
than that of fish fed DHSBM;, diet (P < 0.05). However, there was no
difference in MP and COMD diets, DHSBM, and COMD diets. No
difference in color was observed in fish fed MP, DHSBM, and
DHSBMjp:ax  diets. However, the color of fish fed DHSBMjpian was
significantly higher than that of fish fed COMD diet (P < 0.05), and
there was no difference in color in fish fed MP, DHSBMy and COMD
diets. There were no difference in texture and taste among all the dietary
treatments.

These results indicated that the palatability of fish fed dehulled
soybean meal could be improved if supplemented with attractant, it is

possible to improve the commercial value of cultured fish fed with

dehulled soybean meal supplemented with the proper attractant.
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Table 1. Composition and proximate analysis of the experimental diets (%

of dry matter basis)

Diets'

Ingredients

MP DHSBM,  DHSBMbgsar COMD
White fish meal’ 61.6 43.1
Com gluten meal’ 8.1 7.5
Soybean meal’ - 26.3
Blood meal® - 15
Wheat meal’ 21.5 6.0
Corn starch’ - 55
Squid oil’ 5.0 5.8
Lecithin® 08 08 Closed
Yeast’ 1.0 1.0
Vitamin premix’ 1.0 1.0
Mineral premix’ 1.0 1.0
Attractant’ - 0.5
formulated binder meal’ 5.0
Frozen mackerel’ 95.0
Proximate analysis
Moisture 67.2 7.5 7.4 6.7
Crude protein 54.7 50.4 50.1 52.8
Crude lipid 15.9 10.7 105 10.9
Crude ash 11.9 12.7 10.7 10.9
Calcium 2.6 2.0 1.8 22
Phosphorus 3.8 1.8 14 1.9

' MP (Moist pellet), 95% frozen mackerel + 5% formulated binder meal ; WFM,
100% fish meal (WFM) ; DHSBMsp:an, 70%WFM + 30% + Attractant ;
COMD (Commercial  diet)

2 .
Jeil feed Co. Haman, Korea
3 . .
Dong vyang fisheries, Pohang, Korea

* Feeds & Foods Nutrition Research Center, Pukyong National University.
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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 68.0 50.4
Crude lipid 8.5 21
Crude ash 14.8 7.1
Arginine 3.98 3.84
Histidine 1.37 1.36
Lysine 4.88 3.22
Leucine 4.87 3.85
Isoleucine 2.68 2.50
Methionine 1.79 0.80
Phenylalanine 2.58 2.57
Threonine 248 1.96
Trypthophan 0.75 0.56
Valine 3.19 2.33

' Values of amino acid were analysed at Feeds & Foods Nutrition Research
Center, Pukyong National University.



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

experimental diets (% of dry matter basis)'

Diets’

Ingredients

MP DHSBM, DHSBMag+at COMD
Arginine 3.86 3.33 3.57 3.02
Histidine 1.19 1.25 1.32 1.37
Isoleucine 243 241 2.50 2.54
Leucine 3.87 4.90 4.82 5.49
Lysine 4.30 3.91 3.76 2.97
Met + Cys’ 3.53 2.35 2.15 1.73
Phe + Tyr’ 2.89 3.15 3.25 3.05
Threonine 2.68 217 217 1.90
Tryptophan 0.73 0.65 0.64 0.57
Valine 2.90 2.86 2.77 1.92

! Values are calculated from the ingredients used in this study

? Dispensable amino acids, but cystine spares methionine and tyrosine spares
phenylalanine

7 Refer to the table 1
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L o2 WA STz MR FA1AF A

45310 FAE (WG %), Atras (FE %), d9EE (SGR, %),
g d§ & (PER), 5 #FAs (HSD, wivte (CFet A E&(Survival, %)
Table 4o Wehldth SH&3 AFEESE, AR E UM FALR, o
FARE 9 dFERAbR TR e oAz dERbA] ko (P>0.05). shAI
FAR, of#rtg 9 diFutRTe AAETEY FosH =4 vk
th (P<0.05). G AR & oM HFAETE FAME, olEAts R 3
AbgT R FolstAl wA e (P<0.05). 3, ofRAIETE FAtES
AR RS fFoletAl =4 dEbdT (P<0.05). sARE gAbE e At
2 Atoldle Foxb7b vhA] edskoh. b Aol AlojAM o ZAME, thEHRAL
% 3 AR e oA UA ko (P>0.05). stAIRE o tALE, of
Fupbs gl Agatgate SAETRG foshl = yebstth(P<0.05).
Blnhiel] Qo= B atell A el Ahvh vEyA] t st ti(P>0.05).

AES SlolA o AtE, dFHAE 9 AR s folATt
Vel Al rtH(P>0.05). &g, olBEALR, tiFUARE AR ARG &
oJetA EA e I(P<0.05), FAET FAMNE ARl = FATE
EpubA] 23 L TH(P>0.05).
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Table 4. Effects of the experimental diets for 44weeks in olive flounder'

Diets’ Pooled
3
MP DHSBM, DHSBMs.ae COMD  SEM
WG (%)* 491° 481° 476° 457° 4.38
FE (%)’ 83.0° 82.3° 85.9° 76.0° 1.19
SGR (%)° 0.59° 0.59° 0.58" 0.57° 0.003
PER’ 1.52° 1.66" 1.75° 1.46° 0.04
HsI? 1.12° 1.38° 1.34° 1.41° 0.04
CF’ 1.16 1.17 1.19 1.18 0.006
Survival(%) 72 79 81 74 0.23

! 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.

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 : [(loge final wt. - loge initial wt.)/days] x100.
PER = Protein efficiency ratio : wet wt. gain / protein intake.

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

CF = Condition factor : (wet weight / total length3) x 100.

(
2
3
4

@ ~ > il
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MP DHSBMO DHSBM30+Att COMD
Diets

Fig. 2. Weight gain (WG, %) from fish fed 4 diets for 44 weeks. Values

are means from triplicate groups where the bar have different

superscript is significantly different (P < 0.05).

87
84
Ea’ 81
TR
78
75
MP DHSBM0O DHSBM30+Att COMD
Diets

Fig. 3. Feed efficiency (FE, %) from fish fed 4 diets for 44 weeks. Values

are means from triplicate groups where the bar have different

superscript is significantly different (P < 0.05).
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0.15
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Fig. 4. Specific growth rate (SGR, %) from fish fed 4 diets for 44 weeks.

Values are means from triplicate groups where the bar have

different superscript is significantly different (P < 0.05).

1.8

1.7
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Diets

Fig. 5. Protein efficiency ratio (PER) from fish fed 4 diets for 44 weeks.

Values are means from triplicate groups where the bar have

different superscript is significantly different (P < 0.05).
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AYARS HAT 9AY A=Al hF AFE Table 590 thehy ek
dolAlel AN S, zuwa, =AY R xIE FFe 24
75.0+1.6%, 18.9+1.0%, 3.31+09% % 3.1+02%=% JElton zZ+ Alg+4E 7H
e Felatrt hehtA ehghehP=0.05).

I+

Table 5. Whole body proximate composition of olive flounder(Paralichthys

olivaceus) fed 4 experimental diets for 44weeks' (As fed basis)

Diet’ Moisture  Crude protein Crude lipid Ash
MP 76.8 18.3 29 3.2
DHSBM, 74.9 18.8 3.5 29
DHSBMjp+an 73.5 18.4 3.5 3.2
COMD 74.6 18.7 3.3 3.1
Pooled SEM 0.47 1.03 0.26 0.07

' 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
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B. g ul dYAF

S4715E AEAfolz 7|7 gAe] @9 @ HHY 4R Wl Table
6o el At}h Hemoglobin (5.5+0.05g/100me), Total protein (4.1+0.2g/dL),
glucose (37.4+3.9mg/dL), Cholesterol(225.3+5.1mg/dL) Albumin
(1.1:0.1mg/dL) #ol AolM E ALR TSIl folA7t vehhA] ek
th hematocrit (24.6+24%)9] QoA of¥Atm, dFuhrtg 9 APAETE
FARTRG Foohd =A UEEI(P<0.05), o) BAR, tFUALR 9 4
AALETE 7hlE S9x7b UERLA 9htHP>0.05). GOT (23.3:7.41U/L)
of Aol FALRE, ol#Ats B AUAETREE FAAE YA it
(P>0.05). 3tAgt FAART= HFEURAIETRTG FodA =A JUERL
(P<0.05) of@Ats:, thFuhata 9 Adatsibole FA37F YehA] &gk
THP>0.05). GPT(17.1+58IU/L) ol UoiA FALESH oJBAIR7AE &9
A7 FEbA FRTHP>005). AT FARTE UFUAbE 2 AR
TRt felabl A UEor|(P<0.05) ol AL, tFublE @ Aeiae
FrellE o xp7b UERGA] 9k gkeh(P>0.05). triglyceride (339.8+36.4mg/dL),
of glolM ol®ALE WEEAR T 4ARTE el FeRIE et
URTHP>0.05). BhAT o FALE, YFUAE R AYARTFES FARTH
o felatAl w7 vhebskeh (P<0.05)
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Table 6. Hematological and serological characteristics of olive flounder

(Paralichthys olivaceusi) fed 4 experimental diets for 44weeks'

Diets? MP  DHSBM, DHSBMue COMD o0
SEM
PCV(%)’ 21.0° 25.4° 26.5" 25.3° 1.16
Hb(g/100me)’ 5.49 5.54 5.60 5.52 0.03
GOT(IU/LY 42.6° 35.5% 26.0° 28.9°° 3.74
GPT(IU/L)® 233 20.7%° 11.3° 13.1° 3.54
T.G(mg/dL)’ 291° 342° 347° 379° 18.1
T.P(g/dL)® 39 4.2 4.3 4.1 0.08
Glucose(mg/dL) 33.5 36.0 37.3 428 1.80
Cholesterol(mg/dL) 210 222 228 231 5.56
Albumin(mg/dL) 1.1 1.1 0.9 1.1 0.05

' Values in the same row with different superscripts are significantly
different (P<0.05).

* Refer to the table 1

* PCV = Hematocrit

* Hb (g/dl) = Hemoglobin
> GOT (IU/L) = Glutamic oxaloacetic transaminase

® GPT (IU/L) = Glutamic pyruvic transaminase

TG (mg/dL) = Triglyceride
* T.P (g/dL) = Total protein
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C. 528 74 opul

A otu Ao thst A= Table 7o) JeEhTH & FA
A gheke 85.2403% % Vel TR Aspartic  acide 9.8+.0.05%,
Threonine& 4.4+0.03%, Serine2 3.8+0.05%, Glutamic acid+ 13.6x0.13%,

> FU
Ho
B
4

Glycine 3.6+0.05%, Alanine2 5.2+0.04%, Cystine2 1.3+0.13%, Valine<
44+0.05%, Methioninee 2.8+0.06%, Isoleucine® 4.5+0.05%, Leucine&
6.8:0.09%, Tyrosine 3.5+0.06%, Phenylalanine 4.4+0.05%, Histidine
2.8+0.08%, Lysined 8.0+0.09%, Arginine2 6.0+0.13%% Z}z} Jelwgch 1
AU, 7 ARTE Aole] F FAolumA ks 7 FAkE=A Abolo]
ol 2= YA TH(P>0.05).
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Table 7. Dorsal muscle amino acid composition (mg/100 mg) of olive

flounder (Paralichthys olivaceus) fed 4 experimental diets for 44

weeks (% of dry matter basis)'

Diets®
Amino Acid
MP DHsBM,  DIHSBM  comp

Aspartic acid 9.82 9.89 9.78 9.84
Threonine 440 4.45 4.46 4.44
Serine 3.83 3.91 3.84 3.79
Glutamic acid 13.5 13.8 13.6 13.6
Glycine 3.60 3.70 3.64 3.60
Alanine 5.21 5.30 5.20 5.24
Cystine 1.25 1.30 1.28 1.30
Valine 4.40 4.50 4.45 441
Methionine 2.90 2.80 2.77 2.79
Isoleucine 4.60 4.50 454 450
Leucine 6.90 6.80 6.71 6.90
Tyrosine 3.50 3.40 3.39 3.50
Phenylalanine 442 4.40 4.39 4.49
Histidine 2.67 2.70 2.83 2.80
Lysine 8.02 8.10 8.00 8.20
Arginine 6.10 6.00 5.90 5.80
Total AA 85.1 85.6 84.8 85.2

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

superscripts are significantly different (P<0.05).
2
“ Refer to the table 1
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AN

3) &23&

4742 AFE 9] A4 ¢ Ad 2318 (APD)= Table 8o YeR Sith

9 AA wl A Asle (APD)L 920+26%C 2 el A4 duld
23tgolM FAIE, AR Z FHALETE e FYA7E HEUA
& ATHP>0.05). AT, FALE, AJEAIE B FEAlETE AUAETE
o Fo3tAl =A e (P<0.05).

Table 8. Apparent protein digestibility (APD) in growing olive

flounder(Paralichthys olivaceus) diets'

Diets” APD(%)
MP 93.9°
DHSBM, 92.6°
DHSBMigsan. 93.1°
COMD 88.2°
Pooled SEM’ 0.70

' 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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AETHE 30 F SAS STz 74 2EEE Table 99 UERAR
th. 2/EA (Suspended solid, SS), 387 itrQ % (COD), =Yoo

& (NHi-N), opaited Aa (NO-N)oll Slojxe oA, thFHAls,
AAE T SARTRD fosA @A e THP<0.05). §Hdel), of A}
g, FuAlE, AdAERFAAME 242 §FYA7E dEhgA @t
(P>0.05). A2 Ax  (NOS-Nyo dojMeE ZE AT FI371 U
EbutA] keH(P>0.05). ARG FAdEe SlojA diFHAbe AT

g AgTE mal foAsAl @Al vhehgo.n(P<0.05), ZE wiEAE A
g F, ol¥AtE, WFHALE, AAETIE SAARTES fefstA B
U ERg TH(P<0.05).

Table 9 . Suspended Solid (SS), Chemical Oxygen Demand (COD),
NH,-N, NO,-N, NO;-N and total phosphorus(P) of

experiment water at 30 minutes after feeding

Diets' Pooled

MP  DHSBM, DHSBMipas COMD SEM’

S5 11.7° 6.67° 56° 643 134
CODwn 8.24° 1.78" 1.57° 1.63° 1.85
NH,;"-N 0.08 0.05" 0.06" 0.05° 0.01
NO,-N 0.07° 0.03° 0.03° 0.03" 0.01
NO;-N 327 3.31 3.18 3.17 0.06
Total-P 0.52° 0.41° 0.34¢ 0.46"° 0.02

'Refer to the table 1.
*Pooled standard error of mean : SD//n.
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Fig. 7. Water quality after feeding of soybean diet.

Fig. 8. Water quality after feeding of Moist pellet.
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3. @ FubAs MANES AAF WARE S 9t

AE 25 F A AaE YRl AFF VY JAE o8 Vzx ¥
7V AANSgEY. 7155 Hrl 35 o2+ order), Hi(taste), ZF7H(texture)
2 23l J]E % (overall acceptability)E, T3 EA4 dHoZe A
(gloss)& ZFAeAT 713 H7b ado=2s Add diaf AFZo] fe=

o A, AFFESH AT H ohsdd, i, AU
AR REAT AR AT, AR BAAES X S0 LR 3Rog A
sttt 713 % FAME SAS(Statistical Analysis System) B4 T2 S
o] &3}l 5% FFToAA AETFY Ao]l= One-way ANOVA test® 3

ZAMAT 715 xed oA dFuAtE = FAERT S vas) EokE o)
fref27E WAl e kek(P>0.05). shAIRE iR E 7= o BARR TS AL
sol Bl felatA EA UEem(P<0.05). FALRT, oRALE T 4 Y
AbE T Atolell e folab7h UA] SRTHP>0.05). el glojrMe= thFEbAb
57 sARRTS vl Weks w fojAvh A kek(P>0.05). sHAIR

FHRALR e ol EAtE e APAtE sl festAl =A dER e
(P<0.05), FAE = ofFEAIRTRT FolatA =4 Yebe(P<0.05). 19
W sAb Rk A ERT, oJEARR TS A AERARC A E A7 #2l Akt
LAl FATHP>0.05). Mol SlojMe AR T, ARARET B HFHARRT
Atolol e Fol A7 YAl FRTH(P>0.05). SHAN tiF A E T e FEANE
FRO fodA 2A UERLI(P<005), FAET, ARAIET B FPAE
T ARl M= #eAE YAl RFSkTH(P>0.05) Ak st flejd e R
AM el 27F vEhA] 2k tH(P>0.05).
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Table 10. Evaluation of flesh quality of fish fed 4 different diet for
44 weeks.

. 1
Diets Pooled

MP  DHSBM, PHSBM  oMp  SEM?

30+At.

7] % % (overall N . , .

- 5.90 5.60 6.26 5.69 1.34
acceptability)
&F(order) 5.64 5.09° 5.86° 516 1.85
A (gloss) 598  59% 6.16" 5.60° 0.01
o} (taste) 5.66 5.45 5.94 5.75 0.20
2 7H(texture) 5.96 5.75 6.20 5.84 0.20

(&, 3% Y FAE e Do w § AuFAE YEt)
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SA7I5FE FFA7174A1(150-800g) o] Ao loiA 4453k EA
A v)Fo] gt Frte] JHEAA F7HA) ojRa el 30%71A]
7bed Ao Witk difHte] off A AdE U717 AslAM oh
of 33 WE oD golae ofulitol} Ag AFRA WE)]
2 AHAVE AFED HAXAAE Wrhekd ARe AUNAE ATELS
oln] F=3ixlo] gt} (Choi et al, 2004, Dabrowska and Wonjo, 1977; Lim
et all, 2004;Murai et al., 1982; Shiau et al., 1988; ). o]H 9] AFNAME
o171 9 A7) GHel glolA enmFuo R ojRum s 20%74, ¢
Gkl BEG Agolr Aol vlE ool g2 ArEAY HAE
QA A7 30%74A olRe R e o) Al7bs S THChoi, 2004). o] A7hE
Do R §471RE REANAAL AN Fae 2 APANE Lo
St 4AFAAE 2E A% olpwude dAFES 30%7HA St
Az A HChoi et al., 2004).

® AdolA Y4B AREE dolNE FAET, oRAR
subl g ol AR val gelsal B ek 53, o
Fe olde) Audsne vwsl ugte W 4A2VAY A A
oz AztEc. oug 1A FANII AT AT

»
o|ln] @o] o]|FA gkerw, =fe]4l, L-amino acids, betaine 2 o}vjx
H

3
A
g}

o, 41 £ >
o

1)
8

EURY

41 U

Aba AR 2| HEALS sea bream Pagrus major (Fuke et al. 1981; Shimizu et
al. 1000)3} chinook salmon (Hughes 1985)-8 3}a W W o]FdA] o]0
oAz 1 A 45E H Jdrh (Metailler et al, 1983; Mackie &
Adora, 1985; Takii et al., 1986; Bai and Gatlin, 1994; McGoogan & Gatlin,
1997). & AFAA= 2adFubd J35304e F7bes opvlite) o¥

ojelell Z1 H53F &vj7} oo VIFAHE T AlA A dFE M3e
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sjz il astge ARUClY el wude 4% Yrse 3
23 AEZ ol&Ho] o Cho et al, 1979). & AF ML e dS
g Fatoz 0%ty HAFZIAE H7H ALEH(DHSBMaoran) 2l
GuHase Byl ARAT BI%E UERE SAE olRAE % 49
AbgE oA Ztz), 93.9%, 92.6% H 88.2%F ULFERRLTEH
2} Aase wud 2388 AR, RAR, BRI AU
g vls) fosA =:A Jebdch Aats, olBARR, diFHAE TR =
FO37h WA @kt oleld AT olhel (gsE HAEATRIA,
2004) AolAl FRol YoiA olRel Tl 5ol 86%, thEute] s}
o] 82%z eI ARTE = Uit ole ¥ Agel ALEE ALz}
A" Ags AA AFHA WEZel A o]&Fo] Tl
4380l FEAY diEez Azt HET. ol A diFeke v}
2 olde RuE#H} FASHA et (Zongjia et al,2003). =,
Va4 Tl HEAOZ ol A% Ab5d ouA U Bl
Edl

e Ba7b ¢la (Watanabe and Pongmaneerat, 1993) 3,

L o

L W
-3
=

o
=
o

[0

°

ot md L

A7)+ &% ok 3oh (Rumsey et al, 1993). oy
A2l B Foll g4t He diFuhs AlRdes o
&2 of 93 ojg] AlgEo] g Eojof & Aolw, 53]
BAte] =77 iAol & Zojh ZF AAREY Asts ] FHdA
o oA e AMREY ojRewiEd HHFAA H7EA 30%71 A
A A5 Aoz AmE. B, 4E - 42 ABAE dFute @
A Astgol ZrtEo] AA @A) ALEA o] &Fo] O FUEol F7}
S =Y F dsBoR wddEt
G AFT g YA UFHARTE FAE, AR R APAETR
th folstA E=A UEebd g (P<0.05). EH olRALE T FAMRS AHALE
Gk foshA E A dhestth (P<0.05). shARE FAE L FHALR Abolel

Rl UA gt olde Ant AR vus 2 oo EeAs

0 o2 o 4 o =

e

£
&
%
N
e ol
ok
ol
oE

kv
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F7h AP AR @A gl A5 sh3el ot v o] 459
Zo) Wol AR gl folahl A Uehd Aoz Azwc

B oA S8 74 obFledt BEe 852:03%% vhehuton 7
ARTE Atolel & FAoh=A FHT FAHEmA Aol o7t
UEhtA @itk o] dnz 2 o FART, oRART, WFUART B

=
AQAET RE APl F¥3 FFAD AdE 2o YzuEn o B¢

o
>
i
2
o
&
rl

o Mo
=
L
=}
b
>,
BN
oX
=2
fr
2
o
)
52

f
povs
o

u
H,
i
i

3t o} 9] hemoglobing}2 10g/ 4 % _‘Ea}ﬂ B3 (Post,
T o] Fo thste] HAMF Q) g (Normal)e ZwE x|
)

AT Fe AFAELS 933 vk (Murai et al,
1982; Cowey et al, 1983; Wilson et al., 1984; Munkittrick and Leatheland
1983; Eaton et al., 1984; Mosconi-Bac. 1987; Babin 1987a,b; Garrido et al,,
1990). & AoA Y A3, driEadEs K475 FFA7I7HA
o] Yxlo] AL 246:24%F el o] Ays= Sim et al. (1995)¢] g X
offAle] Hi (215+3.7%)%} FAFSHAl WEFREAL, Alexis et al. (1985)9] #-3
A Holel doixe] ZARH 427 Aol (£ 5, 1995), Yo} (Bai et
al, 1996)l lojAe]l FHAgHt v gs etk B dPdA dEF
2R 2 FAVINE AEL77AA L gAeA 554:01g/ 2 e
ol2)dt FA L Sim et al. (1995)2] dx|dM 2] Hiarel fAFstS il Kikuchi
et al. (1994)o] H.argk Pxolxe] ZAHFHAE FAFSHA Yepon, &
(1995)0] M i1d JoloAe] ZHFNTE Fe e tehidT)
Zeitler et al (1984) Nandeesha (1995)% ool dutdy zAo H A3k
F0AE Aol e, FAY AZBF L AauTel J JFe went
©

H
T R3EEI, Murai et al(1985)2 A wmet =AWl &

o
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stA sbreTe (COD), gEuobyd i (NH-N),  opzg A
(NO:-N)ol gloiME ofRAlR, diFutrls, AAALEF7E SAMEF R G
o3l @A UERGTHP<0.05). HHHC], ofEAls, TR, FEAIERT
AMeE zZhzt farh EehA] gtk Fdakd A4 (NOs-N)oll lojA
TE AT FH7E dehA @tk AbgFW A UM o
Fekbag Ayt g8 APFE v fYstA @A vUERen, RE
W gALE AP &, BALE, WFEALE, AUAE T SAIRTES 79
SHAl @Al JERSTHP<0.05). ol2d Az 2 o FAIERT AR
AHEA FALAE EY 5 Ue AR AAE 53], dFHeR offs

HAg Atge A i HEFS Fo Fo2A iFe AlRdeR A
ol

o b

rr

to

, o 1S 100% AH8& F(o1EAR)
o} ol Rt A S tiFdmAR 30%Asty FHAHANAE Hrbe F(HFH
1)) Abz Aol = vEE Alkbete diFdk WUt AAA A E
Hlats] 2 Ax, giFuk H7RAES 1000ton AARA] oF 29 83 nkele) A
A7 a9 e Ao dEhytth 20049 1€ HA oj# 9 7hA2 12004
/kg, @) Fuke] 1AL 3604 /kgol THE 1] 3] K. 2004.01).

G &F9 7lgn HrldMe 7Ilsr, & 9 A" glojA gythF
uhol] AHEZAESE Fe A8 b8 BE ol Bis] folstAl A v
k. ol e A gujulFutel] HAFWAE AT WU AlRS A7
Hoz HAF oJFe VIEE Fol FAHAUGE A ReAFH, FHdGe
Mg doprk A4 AvEE dFAME A4 HHAZAAE ARgsto] o4
ojfo] AFomAe MNAE W xd F AT e

utefr, KA 7IA FFL7I A oA
H7pA Bl Aol 30% 712 AV 7EE slo g Holn ek 9 A

A Zdo A AA wlgaa AAA ke z © ARFelm wEAH ATE
Fotel olRhAlE S1g Euoierte) offw AA Huhkdel qrw s oA ok

3 poz AztEh

_32_



V.o o
Lol #2 oA dFubAst WidAee 37184 49

o] AfE {AVIREH AFA7|7HA(150-800g)9] x|l o] AlEY
th A ¢ o2 A -L]EH‘:‘ﬂ (Dehulled soybean meal, DHSBM)S& % 7}3}
=7 YA 2d 200239 ARE AFEAE B
F713H44F) A7 el e 4PE AAsAT. F 47HA
Ats (Moist pellet, MP), AF$AL& (Comercial diet, COMD), 3
2 oiv‘i‘—% 100% A& AL (o] EALE, DHSBM,), ojighazas
30%th A&t HHAZAAE  H7AE AR FHEALE,
DHSBM3:an)7h ©] 85 AT oj#Als 2 tiFuilgs 2o d & 7)&
o8 gl Ax oA Hoko]i(White fish meal, WFM)S &3]
2H(Dehulled soybean meal, DHSBM)o. 2 |3 4=Fof e} 2oy
Fe 50%, 7hEolUxE 167k gl o8 FUsA wiro] HASGeH, of
100% AbE+= 100% WFM (DHSBM,), th5¥F 30% Als% 70% FM +
30% DHSBM (DHSBMy) + &A=& ato A=At ZE AIRTE
438 AS s AR 520 A ECO)E 05%% HI7Fsislow,
L-lysine - HCl #H7}el m2& FAHESS HAse7] 93] FASlUESR
(NaOH)e.2 F3} #4H& At AdPAlae UL E Baste CAlellA
JEERTE o]&ste UE - A¥stdon AEar] A 7-1lmm=z A A
stdon, 4B sl 20T Ws BashdA AMEsE
Agole DAkl A ALS%Q) of 12059 WAE o 0% 2ANE A7
Sred 43 849 439 4 SES YAINEE FHa 230
HALS shdch AuAS &, APele i FAl 151.2403 g (mean+SD)<]
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Fags @ s0oreNe s stk
44Fze) FAE (WG, %), ARES (FE %), AEFE (SGR, %),
S A g & (PER), 75 %A4 (HSD, vlvt= (CF)9} A& (Survival, %)<
Table 69 VR 2ith.

ZASY AlREE, TR ED dolA FAIE, oAl E tFEAL
gl e oAzt dEA] FRTHP>0.05). AT FALE, oEAR B
Fepatg e APAETRY fostA w4 JEsT (P<0.05). S EE
&0 Ao dFHAIREFE FAE, ARAME 2 AHANR TR el sHA
=A Uttt (P<0.05). X3, oJBAIRETE FAIRS AYARTEY #9
A EA UEhgth (P<0.05). &R 9 AR AAAFE T Atoldle #-93t
7 UA 2 eh(P>0.05). b A gl glold o #AtE, diFHAtE B AdY
Az pzrelE St R @ithP>0.05). dA ojRAlg, tlfFdiAlR
2 AR T e FAARTRY Fo8A =A e THP<0.05). HI R
Qolre RETAN fofart VA ATHP>0.05). AE& 2olA
oA, TR B APAEdE F9A7E dEREA] @stt
(P>0.05). alA|5}, ojRALR, JFUAIEE FALRFET FoAtA =4 dE
wEal(P<0.05), FAFE T APAETF Atelols Folabt vEA] skt
(P>0.05). Hojalo] AWrAR Eajo|Me REFoM foart ez &
FTHP>0.05). 9] A4 ©ld 238 920:26%0 8 UElged HALRE,
BALE 9 iR R Ee e fofzbrt v A G keh(P>0.05). &FA|RE,
AR, oJBAlE 2 giFeETE APAERTRG §osiA EA e
T} (P<0.05).
meld, A719) Ate SATI M AFEARO] 2 717ES Aol QlofA A}
FU g dFe] gHFAA H7EA olgeEe] 30%7bA A 7 U

2
T
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B8EA (Suspended solid, SS), &2 iAQF 8 (COD), PEUobA
A (NHi-N), obadagd da (NO-Njo| olME oj&Alm, tiFubAls,
FAALE T FAARTREG FY8HAl WA UERETHP<0.05). wiel, of FA}
T, WFEAlE, AHEAREARAFANAAE 22 foab vEREA] sk
(P>0.05) Z4td HA  (NOs-N)o| dojMe e AFFAA Fox7h
EbubA] kth(P>0.05). AbSdl AT lojA diFeEd ot oE
AgFEo vl froletA wtA Jebdon, g wigdAls AP F, oE
AR, dFEALE, QAR FAME AE TR FostA BA et
(P<0.05).
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7} AAEgEY 713 % ¥t 380 2+ Horder), Bl(taste), & ZH(texture)
71 & % (overall acceptability)®, #54 5S4 FZozE Fue
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