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Utilization of Defatted Soybean Meal As a Substitute for Fish Meal
in the Diet of Juvenile Flounder (Paralichthys olivaceus)

Yoon-Sook KiM, Bong-Seok Kim*, Tae-Seok MOON*
and Sang-Min LEE

Faculty of Marine Bioscience & Technology, Kangnung National University, Kangnung 210-702, Korea
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This study was conducted to investigate the utilization of defatted soybean meal as a substitute for fish meal in the diet for juvenile
flounder (Paralichthys olivaceus). Duplicate groups of average weighing 35g were fed one of four isonitrogenous (54%) and
isocaloric (375keal/100g diet) diets containing 0%, 10%, 20% and 30% soybean meal for 45 days. Survival rates of all groups
were 100%. Weight gain of fish decreased with increasing dietary soybean meal levels, however, this value was not significantly
different between fish fed the control and 10% soybean meal diet (P>0.05). Feed efficiency and protein efficiency ratio decreased
with increasing dietary soybean meal levels, but no significant differences were found among fish fed the control, 10% and 20%
soybean meal diets (P>0.05). Daily feed and protein intake increased with increasing dietary soybean meal level. Crude protein and
moisture content of liver tended to decrease and crude lipid content tended to increase with decreasing of dietary soybean meal levels.
Plasma total cholesterol levels of fish fed the diets containing 20% and 30% soybean meal were significantly lower than that of fish
fed control diet (P<0.05). Plasma GOT level significantly increased with increasing dietary soybean meal level (P<0.05). It is
concluded that soybean meal can be used as a partial substitute for fish meal up to 10% in this dietary formulation for growth of

juvenile flounder.
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5242 27191 vk 94 AFol w23 RPN &)
gyso] A B oplg 1UE Algo] bEdte, 53 ¢
Vel dReA Aoz Hawr) mol ok o 77}
L otk AT o] F& P UREY FortEL WF
Aol vrtel 5 F2 HARE Ao 7] Wi Hd
AAg RET A 7HFo] A5sle T B FF4o] 2T
Ae 4Flg,

58 Fitelfes SA4E oY g5ojdde gy 449
Z3tn ged 23] wo} Algdr F WA Yo] AAFe
Hlgo] &t =8, S44 ofFt FeHoy 244 oFAHH
AEA dulge] o]g o) ¥A %7] YEo wlFgAR 4 o
2ol F diAdoz AL 9o} sitolg AR AEe] 1o
ol&9 sl gL Abgdle) ¢ F23 gdelth oje|g of
e o 1A G¥he FYo] & ZFolF FAY AR UY
Aol At 7Fo] Wi A F WFo] A FFo] EAAT
Aotk (McCoy, 1990; Rodriguez-Serna et al,, 1996). %o A}
g9 ASHL v 8L A AA o AIFY 10% oS
AT §loIA (Rumsey, 1994), ZF oJ £ AL o g 7
& APHY Fyto] Qe AF otk mekA AAFHQ AR A
A} FEE dAME AETY o H/ME Eole Ao F43
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o o]l E gEME oEE UAY £ e AT THol AAH
A4S Agete ol AFEo &4 Uyl o
A diddoz 7Hg o AFHL Jed, F2 F5oE A
o2 dA75o ¢t} (Dabrowski and Kozak, 1979; Jackson et al.,
1982; Robinson et al, 1985; Wilson and Poe, 1985). ol& ©&
A2 iAol v gFude @A FFG opneit 24
5 YFAE) HlEA & 23 e # ol (NRC, 1993),
7bZe] M Fgol AR He] Yo}, HZ, Wojd 2HEFH
of A Ty o] &3S Hrtste AARUIIE BE F S
Aoz BiE v glvh (Lee et al, 1991; Lee and Jeon, 1996).

A gA& FAETE ABREHL Qo A ¥ Agd
% d72 9uAn oyx 27 F (Lee et al, 2000a), WA
Gl o] &4 (Kikuchi, 1999) 2 AEFF (Lee et al, 1999,
2000b) Yelle 2 A7t g2 AFHY dFod. HAM 2
AFaAdes AAFY 94X (P olivaceus) WAL Ay Y&
o2 fFutey o848 FAIA
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Table 1. Proximate and essential amino acids composition of
dietary protein sources
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Table 2. Ingredients and nutrient contents of the experimental
diets

Protein sources

Dietary soybean levels (%)

White fish meal  Soybean meal 0 10 20 30

Proximate analysis (%) Ingredients (%)
Moisture 46 96 White fish meal' 650 59.0 530 470
Crude protein 69.6 476 Soybean meal® - 10.0 200 30.0
Crude lipid 7.6 1.8 Wheat flour 243 19.8 153 10.8
Crude ash 16.0 6.0 Squid liver oil 2227 32 37

. - 3

Essential amino acids (% in protein) Vitamin p remix 20 20 20 20
Arg 77 78 Mineral premix 3.0 30 30 30
His 17 19 Chlolromethyl cellulose 3.0 3.0 30 30
Ile 37 37 Choline salt 0.5 0.5 0.5 0.5
Leu 8.1 8.1 Nutrient content (%, dry matter)
Lys 49 41 Crude protein 54.1 538 .535 529
Met+Cys 43 26 Crude lipid 78 8.0 8.2 83
Phe+Tyr 79 8.8 Crude ash 13.6 133 129 12.7
Thr 49 44 Nitrogen-free extract’® 238 24.1 244 24.6
Try 1.6 0.6 Estimate energy (kcal/100g)® 3722 3740 3758 3776
Val 4.1 3.7 n-3HUFA’ 15 15 LS 1.6

'Produced by steam dry method, Han Chang Fish Meal Co,

AlsiAlZ Pusan, Korea.

Table 29} 0] 4% AlgE B¢olEe F Ao E off

A gmAYe QFuks ALEY 0%, 10%, 20% 2 30%4 Hb .

dto] gl FFS 4% 2 2HIAOH, @I EIOR LAWY
g, AAYLE 940 R T HUldtd AAEFE 8% AF, o
A9 LAWY n3HUFA 35S 15% 57 HEE gL
o, ZE HYAE 9 AUAIL 375keal/100g0] HEE 2AEY
thoo) f oy e g vyE AW 2 HEATFALE
(nitrogen-free extrac) S 27 4, 9 2 4 keal/gZ A4 AT (Ga-
rling and Wilson, 1976). o]} Zo] AAE 985S & EF3tY
PUAEE AZSL, BLALE 100g T & 40gS H 7MY moist
pellet 2712 483 on, —30C YFae RA3HEA A8
FFAme Ag-st At

s Y ASHE

R FARIA GG 28 A FF ABE ASE
X Mol FYFANEY FHFAATFARE $4319 45
HAEANRE guAS dged d¥gog Ay AR
oA (FFAF 35g)5 H¥ate] 300 L5 0] FRP AH# 52 47
2078 543t Zt AYPatgeir) kRO 2 4597 AFKA3
ek AgAEE Mg oA (09:00% 2F (17 00E UF
o] g Y7tA] £02 AR FAG. AF 58 7 AdEFE vt
o 29 o 742 2AsY TPFUIL, AL BUAY e
18021.44C (Fd + BZHEA), w}F L 1025000053 1A &
He AY AAAY £3A0 A A AN F 100 ppm9
MS;z, (tricaine methane sulfonate, Sigma, USA)el st AlA Z
AYszd £48 AP AAFAE 2Qsgen, AR
o] Walg 2AE) 98 4 497 7 oseg Y (urE) 792
#23lo Heparin sodium FAMY (547, 471x)e] A€ 1

*Dehulled, solvent extracted.

*Vitamin premix, contained the following diluted in cellulose (g
/kg mix): L-ascorbic acid, 92.7; a-tocopheryl acetate, 14.5; thia-
min, 2.1; riboflavin, 7.0; pyridoxine, 1.4; niacin, 27.8; Ca-D-pan-
tothenate, 9.7; myo-inositol, 139.1; D-biotin, 0.21; folic acid, 0.5;
p-amino benzoic acid, 13.9; K, 1.4; A, 0.6; Ds, 0.002; cyanoco-
balamin, 0.003.

“Mineral mix, contained the following ingredients (g/kg mix):
MgS0,°7H:0, 80; NaH,PO,.*2H.0, 370; KCl, 130; Ferric citrate,
40; ZnSO47H0, 20; Ca-lactate, 356.5; CuCl, 0.2; AICl;*6H0,
0.15; K1, 0.15; Na;Se;05; 0.01; MnSO,4*H,0, 2; CoCl2*6H,0, 1.
*Calculated by difference.

SCalculated based on 4.0 keal/g protein, 9.0 kcal/g lipid and 4.0
keal/g nitrogen-free extract (Garling and Wilson, 1976).
"Highly unsaturated fatty acids (C2>20),

88 FAZ T3 R4 AU 48 F2A 4 29 B
& AAE samplez A3 —70Co] WERBSUA HlHEe} 2
5% A5E THOW, e YIYE BAS ARZ A8,

NEEM Y SANE
AYNE 2 29 YUAEE AOAC (19009 Wil wret =

@A (NX625)& Auto Kjeldahl System (Buchi B-324/435/412,
Switzerland) & AF&3le] A AN, ZALL etherE A&
FE3g o, F8 105CY dry ovendl A 24417 B Ax F
2434} 2L 550C 3F2 A AT HUd HE F AF
sdgen 7144 FEALEL 10— (FE+ZENA+ZAT+Z
)9 Aoz At & obveite A FY ARE A
o] 6 N HCIZ 110C sand bath 21 A 2222t 5t 7A@
T ANBEYS AANITSWZ AY 2EFF b 002N
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sodium citrate dilution buffer (pH 2.2)2 A 83 At} o] A& 045
pm membrane filter2 #4F Th&, —30C WEiL AR}
FI A8 AT BF, F TR o= CysH Met2
perfomic acid2 A8AIA cysteic acid®} methionine sulfone® Z
B34, opnj=Ate] A HFL Sykam amino acid analyzer $433
(Germany)& o83t Aot EZALEL A8 A&
3,000 pmel A 1087 94 Egsted 42 8FE —70Cq 54
HEFEA 15 ojulel EAMadoH, d%E kit (HIAhE
AF8-3t4 proteine burette® 22 glucose?}t cholesterol S E A
©2 GPT (glutamate pyruvate transaminase)$ GOT (gluta-
mate oxaloacetate tranaminase) = Reitman-Frankel'] & 2 £ 43}
At

A9 FAAEE ANOVA-test® A A 3t9 Duncan’s multiple
range test (Duncan, 19552 H¥7tel {94 & SPSS (SPSS
Inc., 1997) programe AH&3e) AAFAC

20t o nE
45479 AL A AFE Table 39 EAIE A3 2on A
717 FLY AEELE BE APTAA 100% A $FFL A8
o gt Wyl $F0] #E&5E Hhde AL EYoy, U=
79 A% 10% F7Hre HAFEFL 60.7~66.0 g/fishe A&
A7 gden (P>005), WFe 20% 9 30% A7b7e &
F% (50.1~47.1 gffish)-& )27 ET F5HA 23t} (P<0.05).

Table 3. Growth performance of fish fed the experimental
diets for 45 days'

Dietary soybean levels (%)
0 10 20 30

Initial body

woight (yfish) Y8%039 354200 363%346 351167
Weight gain b " \ .
(ghish 660£220° 607190 SOIL125*  47.1665
Fe(e%fzmmcy 106.14475° 90.1£600° 810£785™ 69.6+845°
Daily fecd 2.04+0.138° 227£0044% 225+0.060 2550.020°

intake (%)3

Daily protein

intake (%)* 1.10£0.075° 12240.023* 1.20+0.032* 1.35+0.110°

Protein efficiency b ab ab a
ratio (%)5 1.96+0.088° 1.67+0.112" 1.51%£0.147*° 1.31+0.160

"Values (mean+SE of replication groups) in the same row not
sharing a common superscript are significantly different (P<
0.05).

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

3[Feed intake (dry matter) X100]/[ (initial fish weight+ final fish
weight)/2]X days fed.

*(Protein intakeX 100)/[ (initial fish weight+ final fish weight)/2]
Xdays fed.

SWeight gain/protein intake.

AREEE 1061~696% 2 S5%H FASA Alg W58 37}
FEol ¥2TF AT AFS Yoy, UF% 10%9 20%
A7 dETY FA7 (At (P>005). YYAEAR &S
204~255, YR ALH L 110~1352 dFHA7bel ma
Eolxx, 5 30% H/Tot dETFRG {F98A B4t (P
<0.05). GUIYELE 196~131 HHHNM A28 sY 2 A
ojdod, uFe 10% 9 20% H/TE E2T9 vudd {9
A7F FAt (P>0.05).

Table 4& ©fA o] G ES Y o2 o 9wy
HFE A7 646~686% L 107~120% 2 A5 ) Fg AU}
FE EEFE FUEIE AY¥E BAou, A FFL 162~
129% NN ZAse S BHd AT e 48737
of §9271 AR (P>0.05). L5 HHE 15~932 AFFTd
927 ddTh (P>0.05). vltEE 5 10%9 20% A7+
7b 279 Hmdted §9ast ey (P>0.05), 54 30%
A7bre UWFY 10% A7hTe viastd fo8A wkd (p<
0.05).

AL 9 ¥sle Table 59 A3 2™, glucose$t protein
FEE 47 121~21.7 mg/100 o, 40~57 /100 42 AFFZtol
F927F 925 (P>0.05). Cholesterol &%E 605.4~3759 mg/
1002 AFE Y dFu A7 $F0) B&5E Fadde S
Bgoy gzTs gFy 10% F7HEdde f9a7 9
(P>005). GOTE A& Y v5u A7} £50] HE4E F/He
%S HY, ATy 30% H7H70r g2 G5 10% A7)
TR %984 it (P<005). GPTE GOTS & AL
2oy, AFdd FAAQ Aole AN (P>0.05).

Fes Agd8E Agsted useel & AL Yol
kA 24 phytic acid 2 trypsin inhibitor T Eolth ¥ 4Y
AMHH Algol 5 Ayl £F0] &5 F 4Fo] AZxT o

Table 4. Chemical composition of the liver, hepatosomatic in-
dex and condition factor of flounder fed the experi-
mental diets for 45 days'

Dietary soybean levels (%)

0 10 20 30
Moisture (%) 6464005 6542065 6731200 6862180
C‘E‘%e) Protein 1074086 1164042 1174063  120+107
Cr&‘ge) lipid 1604037 1654106 1414204 1294265
Hepatosomatic ¢4, 5 934035 804095  75+126
index
Condition 11520010 121£0.0258° 1.15+0.025% 1.13+£0.005°
factor®

'Values (mean+SE of replication groups) in the same row not
sharing a common superscript are significantly different (P<
0.05).

2(Liver weight/body weight) X 100.

3 (Body weight/total length (cm)?®) X 100.
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Table 5. Hematological changes of the plasma in flounder fed
the experimental diets for 45 days'

Dietary soybean levels (%)

0 10 20 30
Total glucose
(mgiony)  DTEMS WSEIO 11225 1724365
Total protcin 424045 204075 §74025 10
(/100 0¢) 220: 0£0. 71025 453065
T°&11£0‘3f:}§’°1 6054£35850 4889+4842° 4220£788° 3759518°
GOT . . ! C
(Kamen uni? D520 935895°  458£130% 5624490
) 5 L1205 2158230 307455 319080

(Karmen unit)
'Values (mean+SE of replication groups) in the same row not
sharing a' common superscript are significantly different (p<
0.05).

?Glutamate oxaloacetate transaminase.
?Glutamate pyruvate transaminase.

fre 3}
) Futoll & Met+Cys¥ 2& Holniilo] E&7] o2
239, =3 U5 trypsin inhibitort phytic acid$h 2
oot T 4ol A3d 4 ded (NRC, 1993),
trypsin inhibitors G o] o& ¥ HAHEE extrusion
AgE AAYFY dFF9 A FAEQ g FeE AE3E 2
o] &AL MAAA F AUt (Viola et al, 1983). ¥ H & A1-&8
W Fute g2 ¢Fety 71d Aestd FEH Rolmz ol
e goggdade drE AAYAL e Bvdg, 1
B AAR oJE §d 4L Adyr g o 3] 2
%7} 28 g FE3 HEdtd 7] fFel g7 EA)
3t phytic acid®l 28 A9 o] 84 Ad (NRC, 1993) 2 U3
Yz o] Aae] ol A A= ¥,

aJgjn B d7dA Al U5y HvkeEe] #E4E 494t
24387 duAlFHEo] FIEHSNE BT ARES
g gge gasgded, oy 440 FE YAt 4E4
2o 3 7pasu A7} By gEoz gaddd YA E A
o2 7 989 FastyRzt AR gty el B T
Ae 239 Atz dud Ad 2 g43E2 dyA d5s A
Aty BE AR YAt H&d F£F0) HEE MASAY
FA 7 Ao THASANYAE nHTTH, S e Yd4a
Asbgo] wrhd A g thFu}t ko] Fr1ERE hast oA
e oA o]y @ SHoA A7 U5 Hyl F£Fo B AL
279 YXE 2EH AUAES FEA7)7] 95 AEAHZ 4
Aoz o Fold o gg Aotk Yxg Mg el n|s%
Atlantic halibut (Berge et al, 199) M= 51 A7h7e) Alg
A g0l BolAe HES By oHd WEES THNAEA,
2 A gFut Hrbo) el Aol Asss AL aohnad
o] BA¥T gFute] e JUds 458 fEog BdHy, o]

Sls]

44 - 04

el N e $718Q AF7t AgEolor & Aotk

ko) o] 84& MAAFY] AEie dFdtd $58 9%
2% 138 FAY dFde) 253 %LV FRHeR F
28 g2 989 ¢y Asde Aot 48 88, TS
Aol B7hgtel wel tFue) $EE Aot oz
o]F9 AAo] AsHH (Cowey et al, 1971; Dabrowski and
Kozak, 1979; Jackson et al., 1982), ! 7ol $Z3 Met? 22
olmlizatoln} Q& Alge] BEFdY 4L MAAIle dtx
#8353 3t (Dabrowska and Wojno, 1977; Murai et al, 1982;
Shiau et al, 1988). A% ojujiatol} Q1 AR Abgel] F
23 Furg BEadx 4% 4 A3t gide 23 Ba
2o} 9t (Andrew and Page, 1974; Lee et al, 1991; Lim and
Dominy, 1989). 283 58 9% HAriivde 7Y 43
STE 2L 988 &Y AzEle Aol ¥ A&FHOE oFd
dAS & ded, & 98 1A 988 B43] T AP
02X H7t 438 Fol REG J47F BEFo A4
AL & 93, o g2 HEE oFEE dAT + ¢

2

tlo oX

i
Aol

o B9, WFHe Met+Cys TFol Huiyoz HAxu &
229 Uy §IZRAE AEY H&d FE0E FHH ST,
2279 Yo XEE Arg U FEH 3 F ez w4
FgHEo] o], o] 9BES AP EF AIYLEZA Bz B
AHRE 48 £ 9% Aoz /YT oy Aol F 2 EZ
3 ol HE olgt e EFF A7t 7ol AAE u o

~

Lee et al, 1996; Shimeno et al, 1993), X ALE | T4t ot
9858 A8 &Y Hrlste Ao U5y @5 HstEG o
¢ EFFo® gAY £ Ye Aoz gudd £ 4384 A
g gsurst o) g vl o] 57% % TS AL
o Kikuchi (1999)% ol& tid dALgo2A 11 o448
ZA487) 95t oy 237 9 §F o YXE A
5288 A7 AlEY oBL 40%7A W& F UL 2
o #fArole] 5t o] &4 ol ¥ AT E Lee and Jeon (1996)
2 Shimeno et al. (1993)0] 29 EZI o] AR89 AR E 13%
2 0% 7tA e g gA 7hEd o2 RudgoH, Reigh
and Ellis (1992)¥ red drum (Sciaenops ocellatus) AEo|A of
2& 26%7HA dAss Ao AAAY A5 X}t o
g gA9e FA FhF FHH A old e FEE
ofnizatel H7l 5 Ag Alg ¥ $4F & U=E AS
ATE st EF At HA v & ¥ 2o g8 ¢
AX& PAEE AL § UEE doF F Aok

EAH Aol AAHA FAAT, AoF G INHHER &
3 oA o] dFute) HrlgEo] EEFE FUHEH
Adgedo] A AL 5% Fdo sle A £ A
Murai et al. (1985)9 B9} X 3e A2z oA Fo] F7IE
2 A e FUEYAT $8, 9¥d 2 I8 dFe
At

AL Mg AE AFAHE dYded FLT AR
22X 89 599422 Y (Lee et al, 1993; Murai et al,, 1982)
o]} o} &9 A3 (Park et al, 1999) 5ol wte} =fojrt ot
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GHAFEY glucose FEY Adhe 7Iok, GRAx, 237 BN
1t

te] 7152 Qg AFEET FAEA G ddo] Ak gHA
ek B AddM F il AT glucose $5EY HWIe AHFI
FYA Aol7t QAAT, 7t ZlTe AFHY FHo] Yv Y
GOTE A7 F9¢ xeolg Bk olxE 83 uf opvjey]
AgELY TRVt BolAe A2 T AETY ooz 234 &
fHo A 547 o Fo2 WEEy] o)), & AFdA 1}
Ehd PR sty ARES T ey AEE) #E5E
ALY 7lFd W QEFE FUdE AHE &+ ANy, &
Soll B PR TG 7|E0] FHHY YA YOBE AF
ggstgel A7 298 Aoz dddd

olge AxgRE B AY 2AqA o9 A gudYe
2 gFure] #A7beFo] A18Y 10% 2 Uehd AL g7t gl
F a7 & K44 ofFoln AEA B¥Ad YT 7t
S A7} w7 Moz gy, FF o) GHES B
g A7 22E Aoz wddd,

@) ot
I =

A wlgalay o tiA dddoz Ay et o] 84S
ZAEY 8o HEAE 352 YAE 4 $Zukh 20ntg Y 2
vhE £23te] iRy #Eke 0%, 10%, 20% 2 30%E 2HE
AR E 4547 AR AYEYY 2 do BE AT A 100% 9
AEEL YeUglen, 352 d27e R 10% 3773
de Aozl YA, AT 20% 9 30% F7lFe YRFEG
Fo3HA @itk (P<005). AlRASS B AER L A9 O
Fut A7sFo] B4 E fgade AL Hgey WxTe
5 10% % 20% AbFde F93% AeolE Holx gyt
(P>005). o]9} Wil 2, AYAEAHFE T e FHHEL A}
Y UFY ArkeEe] 5254 E 3 A% BEQY oA
7he] Aubg gL 7 APFT FAAT fey (P>0.05), A
29 7Y A7pEo] 445 dAY FEGFL FUHE A,

2 FH2HE vie ARy dF

ARG AT WhEEe) ¥4 FAMhE AL By o
o) ABEHE, & 49 Ag 24

A, ol dAuEdgezy g
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