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Summary

I. Title
Utilization of lipid in soybean meal diets by rainbow trout
II. Purposes and necessities

Among the total cost of fish production, fish feed alone has been
estimated to account for about 50~60% which consisted mainly with protein
sources. Therefore, reducing prtein costs is a major objective in fish
nutrition work.

Due to the increasing costs and continuing decrease in the supply of
fish meal, efforts have been made to partially or completly replace by
alternative protein sources. Among the alternative protein sources used in
the practical fish feeds, soybean meal (SBM) has been intensively studied,
due to its protein content and amino acid profile. However, SBM has limited
in fish diets due to improper amino acid blance, presence of enzyme
inhibitor, and lack of phosphorous utilization.

Our previous studies on the use of SBM have been conducted comparing
the growth of rainbow trout. In spite of improving those factors mentioned
above, however,a long term performances and fat accumulation of whole body
were reduced inversely by getting SBM level in the diets and feeding
period,

The availability of carbohydrates for energy sources is very low in
rainbow trout, and consequently some part of dierary protein is used for

energy. Therefore, addition of 1lipid in the diet is very importance for



effective utilization of dietary protein. From this viewpoint understand of
lipid assimilation is inevitable.

The present study was designed to determine the lipid utilization of
SBM diets by bhysio—chemical analysis, and to identify the reasons for

growth depression of SBM diets.

III. Contents and scope of the study

To investigate growth rate and reasons for growth depression of SBM
diets, a long-term feeding trials focusing on following items were
conducted using the 7 diets, containing 0~70% SBM.

- to compare growth rate by dietary SBM level
- analysis on the absorption rate of lipid sources
- analysis on the production and releasing of bile acid and pigment

related to lipid metabolism

analysis on the post-prandial changes of serum components

IV. Results

- Seven diets, containing 0~70% (No. 1~7) SBM, were made based on
iso-nitrogenous and iso-caloric basis of 44% crude protein and
approximately 4,200 Kcal/kg in gross energy. The SBM used was commercially
available solvent-extracted materials.

- The fish fed up to 46% of SBM showed the same growth rates with
control during the first 60 days (p>0.05). However, at the end of 160-day
experiment, the growth decreased marKedly in fish fed the diets containing

above 34% SBM. Fatness of experimental fish was reduced with increased SBM



levels and feeding periods. The carcass fed diets containing high level of
SBM showed lower fat content than the control one.

~ To evaluate the nutritional utilization of the SBM diets, digestion
rates of lipid of SBM diets was measured for the rainbow trout. The fish
fed the diets containing above 46% SBM, showed lower apparent digestibility
for lipid than the fish fed the control diet. The carcass showed lower fat
content for the fish fed 58% and 70% SBM than the others.

- The weight of gall-bladder, and concentrations of bile acid and
pigment in the blood of fish fed SBM decreased with increased level of SBM
in the diet. The weights of gall-bladder from fish fed up to 34x SBM diets
were almost similar to that from the fish fed control diet, but those of
fish fed more than 34% SBM diets were significantly reduced, ancentrations
of serum bile acid and pigment from the 70% SBM group were lower than those
from the control,

- Diurnal patterns of serum chemical components including triglyceride
and cholesterol were observed with set time intervals after feeding. The
serum concentrations of triglyceride and cholesterol were significantly
lower in fish fed diets with high levels of soybean meal. From this
results, it can be said that chemical components in fish may be used as
indicators in evaluating the nutritional and biological availabilities of
the diets,.

- Throughout the experiment, the rainbow trout which were fed above
34% of SBM diets showed a gradual decrease in érowth rate compared to the

control group. The reason for the low growth rate at high levels of SBM



appeared not to be due to the low digestibility or metabolic ability for

the protein, but attributable to poor availability of energy sources such

as fats and carbohydrate in the SBM diets.

V. Suggestion

Results of this study indicate that rainbow trout which were fed above
34%2 of SBM diets showed a gradual decrease in growth rate because of
digestive and physical imbalances of 1lipid utilization. We strongly
recommend that SBM is not suitable as a dietary protein sources for rainbow
trout. Therefore, efforts to find out another suitable protein sources are

recommended.
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1985; Jobling 1986: Bromley 1987: Rosch 1987).

o] ¥lox S9¢i4A T el (isotope labelling)dt A HES olFolA

ox

F-Foiu B3 U FARI o] A& Aol &3, $EE IAEIAY, A
HolrMe] Z& B8 Ex ZVIHLE FPUCEZH J¢ 4TY °1&=E 4
I AEX o]Fo]x]iL it} (Walton et al. 1984).

Jela O E dRoA FeElF JAAS T2 olFe A Ankd wol #HE
E]o] $3(Witters et al. 1990; Jantrarotai et al. 1990), ¥}3}d Q& w3j=
¥3 T2E AAY WE, 53] AEdad 87 AR Uxk EF(Avella et
al. 1990), 34 x| W FHFo] W ol Fe HE F=E mopsty] AT e
= ¥z 53 322y M)A 5= A3y} 2z zabgle] oo (Salnan and
Eddy 1990), 4 &2l 43t F+E olslisted o] €53 gleii(Dabrowska
and Wojno 1977: Kaushik and Teles 1985: Wilson and Poe 1985), th5ute] o]-&

& B3] S o2 H ey 7ol =YL o]Fo3 u} gich

£ AdFE T o] 8EE AESH] #Iste] 160 A3t 24.2 g8 FA|INSO

£ o 400 g} 7|7 5 WAZ ko] AgSlEA HA tiFute Frwe v

Ll

ofsta, ciFute s A R A dAdES WI|J] st oA & 24E
Hl R3], AE ALRY 2 438, ole} IAFH €y £y 7l E AAY

aftol] BAH G FE ZFAIHA HHE A T AR o] &HE AT
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A2 % AR B Wy

AL AEL 160 43 3H=E3)

o%,
&
4
B
-
N

MdollA dAalstoict. Aol AHERH
F 2 7h40] (Oncorhynchus myKiss)= Z}9E B3 4202 MY ol AollA 23}
AHSE Aol TG ATLE ZHA e AR AR A7A] o 1 AYT AFE A}
22 o] A3 AN AY2 Z AgFoict 73 niel(BE AlF 29 9) ¥
T&3toy 2 w2 Asisch

1-2. AHS% A

g (3 6 n)oll 4 Y FRR £2(1 B)7F @AY U &8N o A
AA”l 2 ZE Aol o] 8319 (Fig. 1), Zze] FRP X0l 2 7§ cage
(1.2X0.6X0.5 m) & Ax|3tdom APFLL Fatel2 wix|stadch

1-3. AHS 9 53

ARE BHEY dFo] gl @ Y A} ©¥(09:009} 16:00) A U

ot

o] FAZH(non-restricted) = XEWHad libitum) AYEl7IR] ZE&3lgict. A}

S A|ARIY] & ZAL Table 13} o] AsleE EFHLE AAHd FFdl

Ar

R 2o, thF-Ee] AFE AR (B AERE oAb I3 Ve Y&
stodeh. ER, 7 AR ARl &A1 5A| o] B2 (thermo-controller) & A3
3t A¥E 712 5 £&0] 17CE FAFEF lolrh

221 ¢ 2 3 AR FFA1(09:008} 16:00) 0l HH3IAT, $HL 2 F 0}
T} 421574 7](DEAL 2000, Hack Co., U.S.A. )2 &&ats, odRUole] A4, pH,

AAEE, F §EAP LY 4& FFsIr)

25



E E4
A
——r—)
T E1
As_
b 8 — I
— | Al <4— QOf
Q _Aa ——p ]
QO
]
D
C Cs M
Obee | o
-] Ql Dzy ——

L C S S -

i
I — A & -
o o O

B

Fig. 1. Schematic diagram of the culture systen.

3 1. A¥o] AMH AL #XA,
A: culture tanks (1 m°): A;: FRP tank, Az net cage (1.2X0.6X0.5 m),

As: inflow pipe (100 mm), A¢: drain pipe, As: over flow.

¢ a side view of filter tank: B;:! drain pipe (50 mm), Bz: pump.

D! a side view of tank: C;, Di: inflow pipe, C2, Dz: drain pipe,
C3: net cage.

E: top view of filter tanK: E;: settling chamber with plastic filter
media, Ez: biological filter bed, E3: mechanical filter bed with gravel,

Arrows indicate direction of water flow.

nw
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Table 1. Experimental condition of feeding trials.
F 1T Y Ay 27

Parameters Condition

Culture system Semi-recirculating
filter system

Type of the tank FRP
Dimension of the net cage 1.2X0.6X0.5 m
Water volume of the culture system (m’) 10
Volume of supplimental new water

to the system ( £ /min) 7.65
Volume of the inflow water

to each tank ( £ /min) 40
Turnover rate in culture tank (times/hr) 2.3
Water source Underground water
Feeding frequency/day (times) 2
Feeding day 7/week

Ad 71 Fo £ 2L Table 28} Zgten, FA/Sol7t FPHLee 4

Zsted 2471 sl

Table 2. Water quality during the experimental period.
E 2. A8 717y 2 =34

Water parameters Values (Av. £S.D.)
Temperature (C) 17.0 +0.2
Dissolved oxygen (mg/ £ ) 7.21+0.40

NHs-N (mg/ £ ) 0.11+0.02

pH 6.56~6.70
Conductivity (us/cm) ' 208.21+18.4
Total dissolved solid (mg/ £) 67.1~ 114.8
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2. A Aw

2-1. AE AR wig 2 A=z

A AlRe AR dEEe 3RtE dE 24 AE 72E slo ARsIL
o, I uj¥u]E Table 32} Zth F thidUddd o3 fF
of Ea§7]& M A 200 mesh 0|3t V| 7o} AlLsldon, ol£L 64.5% A}

€3¢ A

=

AIRE tZF(AIE 1 )R st Exl 2 $erS 13u71R] FolHA

AL 2E TS 10204 70%7HA] FACR 571 7 F/R AY ARMAIE

Jela 4% vlALE g3 AlEl= D ALY FAJiEOlE AIR(ALE 8 H)E ¥
7 Abgstalen, o3t thFwe otuliat E4 AANE ZAE 3o i A
7¥gol F713el wet A8 A= (2~7 H)ole Y3k nethionine ¥ lysined
B33t Alg 73S Fabgalrjata ofolte Wl A ZUj(AEZ16S, FHET
fEFT, BA)Z 3ttt AR A= Al 29718 Y o] 489 7HF 2& o
T 90T ol]ideldlr}. oA WE HAE AEE A $F A2V 3 4 A
ZAA 234 veo] vid gxlo] ey F o fol FFBUI7A -30Te UF

of Hasloln, AY AlgE 30 dvict A2 whEe] ALl W, Alg

2

fd

B3 3 A AE U] glstd AR FF H Aol Bel TRE 5x A e

2

olekEo] Ho A Atgell 738t FHA|Zc

2-2. 3EF =24 4



mg2 6 N GAhS 3 QiFoll Yol 110T 2] sand batholl M 24 AJZF Fh4E3)A)12
F AUARINE HAIAIFA pH 2.28 FAL HFYSE 25 mE P Este] HPLC
(HP AminoQuant, U.S.A.)E £Astsitt. =]W4tE Bligh®} Dyer (1959)2] ulwoj
uel A E&E &3t} 1.0 N KOH-95% ethanol® 7 3}(saponification)dt &
14% BFs-methanol 3 m¢E 7}3l B§&F WzslHA] 7ldste] XA} methyl ester®

atSo] GLC (HP 5890, U.S.A.)E EAIs}gict

Table 3. Ingredient of the test diets for rainbow trout.
¥ 3. T AYE AR 24

SBM content (%) 0 10 22 34 46 58 70 cD'

Diet No. 1 2 3 4 5 6 7 8

Ingredient
Soybean meal - 10,0 22.0 34.0 46.0 58.0 70.0
(defatted) :

White fish meal 64.5 57.2 48.5 39.5 30.5 22.0 13.0
Wheat middling 33.0 30.3 26.9 23.8 21.7 17.2 14.1
Vitamin mix.? 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Mineral mix.* 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Baker ‘s yeast 0.5 0.5 0.5 0.5 0.5 0.5 0.5

L-methionine - 0.04 0.10 0.15 0.20 0.25 0.31
L-lysine - "_9;9_1_ B 9;__0}_ ”'“9.“0_5_“ 0 07 0.09 ) 0.11
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Pollack liver oil 5.0 5.0 5.0 50 5.0 5.0 5.0 -

! Commercial diet for rainbow trout.

% Contain ingredients per Kg mixture.
A: 800,000 IU, Ds3: 160,000 IU, E: 5,000 IU, K: 1.0 g, B:: 2.0 g,
By: 2.0 g, Be: 2.0 g, Biz: 2.0 mg, C: 10.0 g, niacin: 10.0 g, pantothenic
acid: 5.0 g, folic acid: 0.5 g, choline chloride: 55,0 g, biotin: 10,0
rg, inositol: 10.0 g.

® Contain ingredients per Kg mixture.
Mn: 40 g, Fe: 50 g, Cu: 10 g, Zn: 60 g, Ca: 10 g, I: 1 g, Co: 50 mg,
Se: 150 mg.
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2-2-2. E}&td zAd

(1) &

—

Bl

AR R URIGE BA ZAE 2R stol Az 7 AY Atge ot

o%

=2 Table 49} Ztlh AE AIE(AlE 8 H)

i
H

et 7 Y ALRY dRIEE
% 48(9.5~9.8%), ZuhWa(43 7~44.6%)2 72| Hlx=dtgdct. 2t o Fut

AR (AR 1~7 W)olal= =2]¥H8.0~9.0%), YEF(4.66~4.78 Kcal/g), GE/P

Table 4. Proximate composition and energy values of test diets.

E 4 UFY AY AR G E 9 olulA

Diet No.*
1 2 3 4 5 6 7 8
Proximate composition (% on dry matter)
Moisture 9.8 9.6 9.6 9.5 9.6 9.5 9.8 8.9
Crude protein 44,6 44.2 44.0 43.8 44.6 44.0 44.3 43.7
Crude fat 9.0 9.1 8.6 8.7 8.7 8.3 8.0 6.5
Crude ash 16,1 153 14.0 13.8 13.2 11.3 7.4 21.2

Gross energy
(Kcal/g) 4,78 4.71 4.66 4,69 4.69 4.66 4.69 4.40
DE**(Kcal/g) 3.64 3.66 3.64 365 3.68 3.67 3.74 3.34

GE/P ratio 107.2 106.6 105.9 107.1 105.2 1059 105.9 100.7

* Refer to Table 3.
** Digestible energy estimated: 5.0 Kcal/g protein, 9.0 Kcal/g lipid, 2.0
Kcal/g carbohydrate (Wee and Shu 1989).

W (105.2~107.2)7F AL vlxstd oy, AE AlRAAME ZHzb 6.5%, 4.40

Kcal, 100.78 cfiFu} ZFZFHc} uigitl 3ELS AF ARV 21222 7 @

93, A AlRME o 22 Mgl &5 walrh
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(2) 78 otmi=it
olZ& ISt WE AY Aol AE AR F9 olulkit 2L Table 5%
Zrh mebA iR H7b AlRolA Met W Lysol A% olmxito g g3t

A& I 22} o] ES HIIY HE AR ofulat @ W4 ofn]izite]

fn

8& B, AR 6 W 7 ®olME Meto], 8|3 AR 7 WHollME Lyso] ozt ut
7le steleu Atg el FEE Aol glalrh

Table 5. Amino acid composition ( % ) of the test diets for rainbow trout.
E 5. tjFe 4y AlRe) 14 omlwa 24

Diet No®

Amino

acid 1 2 3 4 5 6 7 8
Asp 9. .37 11.00 11.12 10.05 11.14 12.02 8.72 9.72
Glu 19.72 17.83 18.09 19.74 18.89 19.13 22.92 18.85
Ser 7.34 7.08 7.08 7.73 7.17 7.33 8.09 7.09
His 1.11 1.54 1.66 1.82 1.69 1.90 1.26 1.52
Gly 9.91 11.53 11.32 10.75 9.82 9.41 8.10 11.11
Thr 5.67 5.12 4.99 5.15 4.81 4.86 5.21 4.59
Ala 9.69 9.12 8.70 8.89 7.92 7.75 7.99 10.07
Arg 5.44 5.42 5.50 5.68 5.45 5.43 5.70 4.68
Tyr 2.50 2.22 2.10 2.36 2.17 2.13 2.54 2.28
Val 4. 42 4.75 4. 86 4.71 4.76 4.79 4.81 4.15
Met 2.46 2.29 2.05 2.18 2.23 1.79 1.86 2.08
Phe 3.86 3.56 3.62 3.93 3.79 3.95 4.37 3.60
Ile 4.22 3.73 3.92 3.76 3.97 3.98 4.02 3.11
Leu 7.79 7.82 7.85 7.24 7.81 7.97 8.74 9.26
Lys 3.67 3.76 3.60 3.47 3.82 3.60 2.88 3.26
Pro 2.84 3.23 2.55 4 58 3.95 2.81 4.64

3.54

w
3

EAA™ 38.64 37.99 38.05 .04 38.33 38.27 38.85 36.25

* Refer to Table 3.
™ EAA: essential amino acids.
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3. A @ e 3k wsle] &4 o B

= =

L &

3-1. tiFuh Atme] U FFol whE A U AL Hs

3-1-1. 2% 8 AlRS

Mo
A
oX

A olFE A AlF 30 o, 60 &, 90 ¢, 120 o 2 160 Uxo] 40 A7
AAAL F MS-2228 uhAA £33, A, A 9 AFL st g
3 3 wjojct ZF FFFY JHRe 2EE ZFEI] 218l AE F AYE ANE
FA2l2 Fohlodrt W, X Trbes thdel WHLE A4t

A E AR & (feed conversion rate: FCR, %)
= (wet weight gain/ feed intake) X 100
A LA A8 (daily growth rate: DGR, %) = [(We/ Wo)*-1] X 100

Wt ot A AR ¥ ofAF
Wo: AE Az wy ofAF
t: AHS 71ZH)

3-1-2. A E 24
AR AEE ASSH] A3} AFS 60 o W 120 f Fol ExSolE 2 T

Foll A ¢ 5~10 uiz] ¥ FELE F&st] YHE AAT UnAE &Y

0

B

¥
2 opHste] MAI71A] -80TCe| WEilel RAstodct A& dwHEE, 34
ofufiibzt APt Fo] B B AY AR 48 BN 5YstA A
gich ¥E 120 A2 2§ ARe TA=UE FAULE B okl FES A}

§3t4ich

3-2. uiFu} Alge xA 4318
3-2-1., A& AE Az 9 B(3#)9 32
A3 3L $18lA Table 32| AY AlRo]| XX EAZ 433 E(Cr0)S

Hol Agstdct. &, A & AY AEol ANABe] 1x HES T 4 T
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Fig. 2. Schematic diagram of feces collector.

B: net cage, C: plastic pannel for feces

A: FRP tank (1 m’),

collection, D: feces receiver, E: plastic mesh, F: air stone,

G: clamps.
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A
oX,

3-2-2. A3}
g £38E FFsHY] Y & FY AHIAEF £4L Furukawa and
TsuKahara (1966)2] WHol uwlgl FHR=(350 mm)E Ao} Harsiala, @z}

AP AY Al B2 43 SUstAl Melste] the Aol uiel zpztel 4%}

AlEZ2] Cra0s 59 AoFa(%)
= 100 - { 100 X X }
%2 Cr0: AteFe] BY4(x)

3-3. tiFRAtRe] BV FFol ulE €y FA, @E4t § @E A4 W
3-3-1. @ FAL W3}

A8 A5 ofFut e 9 AR J o] whE FAANEole € FAE 24}
3171 g8t AR ¥ 30, 60, 90 W 120 Yol AHF ERALol(n = 5~10)&
40 A7t AAAZch @dE A &St FAE St oM Fl iy wER
Liehgict,

3, AE AR A3 ¥ 24 ARES B FAL FAHA WEHE 2AbIg

>
of
2,
i
=
o
lo
K
=
(00}
>,
()
e
>

th 120 47 oiFe AY AERE AT R
A F oA Fe 24E L Fo FFT F sle] Yol whel xAlsigiT
3-3-2. W ©HEYN 3
golo] ©Eib(bile acid)e A2} ©EFAL &3 kit (Signa Chem. Co.,
U.S.A)E AH&3te ojefe} Z2 WHg2e2 whEolR formazon?| FHFT(530 mm)
& o] FPsoich

(EFAte] B del)
3 a-Hydroxybile acid + NAD +

3 a-HSD
3-0xo bile acids + NADH

Diaphorase
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NADH + NBT NAD + Formazan
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' Dyphyline
Total bilirubin Azobilirubin
[4- (N-carboxymethylsulfamyl)-benzene chromophores
diazonium hexafluorophosphate]

3-4. thFR} AlE Fgol wiE Ho HE wis)

2 AFE 160 47 thiFul AIRE AR BRA VSIS o AlE M3
F AL Zel ulE Py PR WsE RAH| glste] AAstgen, Al8e
2 vj= 3fsict.

3-4-1. x|¥
ALR FFOl 4 7 AR T AA FE HHS) st oA 433 A}

E7F 833 43 + UEE 48 4

()
e

HAzch AgPuitt ZAzel 4y A}
2E olA3Y w(ABY /127t HES 1 3lo] BFSL UM 0, 1, 3, 6, 9,
12, 18 W 24 Aol A Th3ol 4~10 nielZRE AYsilth F, AW ol F
& A% FzolM 283 Hohlel ulE AYIA e AR FA] o)} o
2RE o 2~4 wE FAVE AYsATh ANY Y F YRE HniEagE

mé
(hematocrit) £3-& REAMHo] FUAA JulEIEXE &Fsladn, Unx:=

A2olA 30 B2 WAIste] S 5 LAE](3,000 rpn, 10 £)dlo] AR
8 ¥ (serum)& Eo} th 2zt ¥HE A7|7kx] -80C2 WEIolM Rty
cl.
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T dFold ¥ AHEES AX(dry-type)e] HAE A (Ektachem DT I
System, Kodak Co., U.S.A.)E +}E-3le] EgjZejrzlols, ZH2HE 2 &7

Agie FPstgon, 2 YU 57 delB ool thea ek

]

EglZelAMelel=

Surfactant
Lipoproteins ~———— Triglycerides + Protein

Lipase
Triglycerides + HQ ————— Glycerol + Fatty acids

Glycerol Kinase
Glycerol + ATP L- @ -Glycerophosphate + ADP
MgCl.

L- a -Glycerophosphate oxidase
a Glycerophosphate — Dihydroxyacetone
phosphate + Hz0;

Peroxidase

H0; + Leuco dye Dye + 2H,0 (at 555 nm)

(Ze &8 E, CHOL)

Surfactant
Lipoprotein ~————————— Lipids + Proteins

Cholesterol .
Cholesterol esters + H:;0 Cholesterol + Fatty acids
Ester hydrolase

Cholesterol
Cholesterol + O,

Cholest-4-en-3-one + H:02
Oxidase

Peroxidase
H02 + Leuco dye ————— = Dye + H0 (at 555 mm)

(]2 g4t

FelA YA (free fatty acid)®] %% 2 Duncombey o] W& o] &3t fa|xut

36



E4e] THE(480 nm) S o] Farsioict
4. FA Az
BE 5%
Ad 3
stalch EAMele eI (simple

regression) 29-& Al&3laich
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k& Statistical Analysis System (SAS) Procedure® X]z|3s}eizt,

2] ZH3 L Duncun's Multiple Range Test® 95% -5-2] 4=FollA]
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LoohE AbEe) 717 TPl whE 4 W AYE Hs)

thFute] o] 84S At T8 8USE F4 otukal F x|\ (Met)
2|4l (Lys)o] Htle Fo] deix gomg, B A A¥HME o5 olnjkily
M A8 ARE FAMEAE 2153t ZFE vlastdct

1-1. 8% W AlRRE

A ARE FANEGAE F 160 U0 AMSE Z3be Table 631 Zth. 29 ¢

A Aol AgE Al 1 3

-

AP0 drholM dE AR(AR 8 H)E
FFFE 55.7 g7tAl BA MR Ssidlen, A AR FolA iR ¢
gFo] 0~46xQ] AR 1~5 HoME 49.3~55.2 go & A3l §&Fel xjols}
Qi AIRALE T3~TTx $208 zlol7} glgdch a@x|ut c)Fu} ghako]

FFoAAM F3H AREES BRI FAFHA 2ol (p<0.05)E Byt

a
Hr
rlo
ol
o4

r

2 X ALS AlR(60 dAf)ollAe FE AR FET ol Euhe wEdeR
Atg 1 W FF7Y FFYA ARRES AY ot AY AR FodMe 1 A
wjet op7AAZ AR 1~5 Mol 88.7~100.8 g2 JRste] {2l Ato|
7} Y3, AIBREE 771~80% &0 ztolrt gt

3FARE 3 2 AR AP0 dxollMe AR 8 M 1 WY FFF Lol

fr

F2H AR o] BT AU olE Holy] AlFstHA AR 1 HY 4%
o] EolAI, AY AR FoiHE AR 1~3 HollA 159.3~167.4 g2 2 A3}
o fAA zolzt QAL AIREERE T7~T8% FELE zo|7t ¢t g
L ciFul §FEfo] 34x o]l AlZolM e HIIRel Wold4F AgFol {FA
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Table 6. Growth performance of rainbow trout fed with diets containing
different levels of soybean meal.

X 6. thFu ¥l pE FAANSAY A Azt

Growth Diet No.'
e, L e
1st trial (30 days) | - -
Wt. gain® 24.9™° 25.4® 25.9° 23.4% 23.4™ 21.3* 20.5° 27.2°
FCR 77 77° 77 75° 73° 67° 65° 88
DGR® 2.00%° 2,07 2.11® 1.96™ 1.99%° 1.86° 1.83° 2.20°
2nd trial (30 days)
Wt. gain 43.8° 40.9%° 40.7° 37.0™° 35.5° 31.8*° 29.2° 42.0%
FCR 79° 78 7 1 80° 74° 68° 77
DGR 1.87° 1.81° 1.8 1.72° 1.76® 1.66™ 1.54 1.76%
3rd trial (30 days)
Wt. gain 65.9° 57.7° 58.5° 49.7° 47.6° 41.8° 37.3° 48.%
FCR 78° i & e VA (1 67° 62°  63°
DGR 1.48 1.40 1.33 1.27 1.20 1.27 1.20 1.19
4th trial (30 days)
Wt. gain 83.2° 69.8° 73.2° 55.9° 60.0° 47.7" 43.6" 652
FCR 85° 78° 76 69 69  65°  61° 71
DGR 1.3 1.23* 1.24° 1.06® 1.19° 1.08° 1.02° 1.16%
5th trial (40 days)
Wt. gain 150.0 128.8 134.3 117.6 99.7 8l1.1 70.2 142.6
FCR 69 68 66 60 63 60 59 69
DGR 1.18 1.15 1.17 1.02 097 0.98 089 1.15

Whole periods (160 days)
Wt. gain 370.9 323.5 337.7 292.7 274.3 223.9 203.2 339.3
FCR 79° 77 e e e 7™ 63 74%
DGR 1.62 1.58 1.58 1.45 1.47 1.41 1.31 1.53

Refer to Table 3, 2 average weight gain (g) per fish.
The means in each row with a same superscript are not significantly
different (P>0.05).

1

39



4 X AFS AE(120 Aol E AlE 1 HE 8 WECT) oJAS] 52 H(po. 05)
o2 HFgo] &k, AP AR 2~3 HAE FAE Rrt. & Al 2~3 WH

< 1 Hof vjs] FFHS the HAAAYN AREES A2 |5y £Eo|AUct

|
1)
A
1
=
<
1z
o
w
-~
¢
o,
>
>,
0
=
>
e
2
X
rr
ek
N
N
o
o
&2
o
2
X,
+
S
o¥,
3
Jo
1o

Hal o] (p<0.05) S BT 3ot
5 2F A% AR(160 AxholME Y w4E 2x] R SoxE lsixs
RalgA T tlA A A A3 4 29} fARlYh & ARESLS AE AR
9} AL 1~3 Wo] 66~69x2 AL u£T £Fold:, tiFu wtako] 30x o4
ol AlZolA L Hrhato] wWobd4E Ago] Fag Ao|E RolHA Ezsiairh
AN AL F1BERY RAgo] 4R HE Mo 28.0~29.9 golA
oF 160 ¥ Fof 231.2~400.8 g2 2 AR5 1L} (Fig. 3), thFut ek 34% o]
Ae] BZF(AIE 4~7 M)E 60 & o FEE tjzTol ulste] o] Eao|
Unlde o 4 Atk g, A ARelE AlmA4el ARTL0] ERY
SoxE BTt &, AR 1 WY ARTEL TE AE AR xRt §¢
Hog Fotn, AP AR FoME thFEe ko] 0~222(A1R 1~3 M)l AlR
of WTIZ SoAE Holx Qx| 1 olate] rjEut yape] Almels =

T FAAE B ZF ol Aol sUgiTh

1 A AL A¥elM AR 1 H(EE AR Y dU8RES 2.202 7Y £k
A uk, AlZ 1~3 We] 2,00~2.11%2H= Fe]Hal Aoz} gloich

Tt ot @ge] 34x o] g WolAHAl JHE(1.83~1.96%) = FES}
Atk 2 A AlS AYelM dAGFES 1 2o Aol FARSte Alg 8 Wt 1

~5 Ho] 1.72~1.87xF F2] &l A}o](p<0.05) 7} glo] Fokch. i) ciFrt
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Fig. 3. Changes of mean body weight of rainbow trout cultured with

soybean meal diets.
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ol gt Y ALEl 3, 4 Y 5 Ao AL APNME cfFR §7Fo] FUL
ol uhel YU Fgo] AASHA #Hashe ZHe BAchk &, 3 A AMS AY
oA AlE 1, 2 W 3 ¥ FFTE 1.33~1.482F FFQ o} ¢lgornt, o]
Bo} o)) stepo] wrow MAgo]l IA stk WM, 4 A ALY A ¥
A Qudaago] AR 1~3 Hojla] 1.23~1.34%% x}o}7} ¢leict 5 x1e] AL
= dY838o] 0.89~1.18% &2, tfFul o] Yol wtel YL
A pBas}ac}

o]zt Zo] A% AJZ 60 A7MAlE thFRN #Fo] 0~46%(AlE 1~5 W)Y F
FroME L8 E8Eol FHAY xlolg Holx] kxRt 60 ¢ o)At 160 U7}
8] &A7|Zt AR E 0~22%(ALR 1, 3 W) FTF FTolAt tRF (AR 1

H)eh T3 o7t Tt olgto]l AA AMS V| ¢ ALERBEL HiF

ffo

o} ghate] Wold4H EY AHS 7| 70] B4 S AN Bastlch

1-3. s
Table 72 Zt A¥ Al&E 1§ 7|2l upE FA7|E1] uv|T=(fatness,
condition factor)& UERH Zolth AAH ZF¥F2 chFy}t @3t AN 7|3
o] Lold+E nigtne YWolxle ZYS Kol oo 4R Zatet & dx3iaict

13 AL 712 Bols BE 23F0IA 4231 Holst gaxe, AL 7]

N

Zto]l Hojuto] whel 2 2} ARS 71ZH60 Y)oME AlE 1 WH(tjRT) FTFFY
HIFPE(19.09) 2t ALE 2~5 H(chFut 7 10~46x)] 171(18.90~19.15) 3=
A7t oo, AlE 6 Wizt 7 WM 77t 18,509 18.31% RJFHOoE
SEQITH(p<0.05). ¥, 3 xH90 &) AR 71T Foll= AR 1~3 ¥ FFT2 v

227l 19.10~19.58% r}E ZEHT} foFog Folrh Ig¥AITE 4 (120
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Aot A= 1 el 7 BRel 7H Fokch

Table 7. Condition factor (fatness)  of rainbow trout fed with

the soybean meal diets.
X 7. thF AR FFo ulE Bx|I)Fo]e vute w3}

%

Diet _________Duration of the experiment (day)

No. *** 3 80 90 120
1(0) 18. 80° 19.90° 19.58° 19.97°
2 (10) 18.52° 18.90% 19, 22%® 19.12°
3 (22) 18.75° 19.05° 19.10%° 19. 08"
4 (34) 18. 65 18.93% 18.99% 18. 98>
5 (46) 18.65" 19.15° 18.75% 18. 84"
6 (58) 18.35° 18.50% 18.21° 18.28°
7 (70) 17. 98" 18.31° 18. 68 18.52°
8 (cp)t 118.31° 18.75%° 18,99 19.15

Fatness: (body weight/body length®) X 1,000,

The means in each column with a same superscript are not significantly
different (p>0.05).

Numbers in parenthesis represent the percentages of soybean meal
content used in the experimental diets.

T D: Refer to Table 3.

1-4. ojAo] b E

AP Alge} AE AIR(XIE 8 H)E FEAJEolo] 235t 60 U3} 120 Yol

_

At THy ol olAle] i ES AR ZAIE Table 80 UEhjglch
RS AT AojAe] Z2, A& Hol ulste] AL F 60 o At Zo

Bo] oz FAE iyl AW RARLE EAOUHPO.05), WU} HEe

N

Yol 2 837t glglod, 120 dol AUWA $EE the wolx: whia
3 AME okt Foluhs M3tE Molth e tiFw BTl wel 42

WY 9L RS FUT Aol glgiou, NA YFelNE  AolE Mk
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Table 8. Proximate compositions (%) of rainbow trout fed with soybean

meal diets.
E 8. tiFrl ALREE ANS3E BA|7Fo] ofH L dvtEE

Diet No.” _ Moisture __ Crude protein  Crude fat Crude ash

Whole body (gutted)

Start 73.80+0. 98 18.43+0.37 1.58+0.15 1.50+0. 15

After 60 days (1st~2nd trial)
1(0) 69.45+0.59%° 17.56£0.22 4.78%0.25% 1.442%0.10
2 (10)  68.58=+0.50° 17.60£0. 25 5.21+0.51° 1.30+0.12
3 (22) 68.81%0.24° 17.43%0.18 4,92+0.41® 1.43%0.13
4 (34)  68.89+0.28° 17.32+0. 39 4.16%0.22° 1.39+0.07
5 (46)  69.32+0,34° 17.97+0.22 4.79+0.11% 1.49+0.06
6 (58) 70,050, 76 17.90%1.24 4.79+0.19% 1.36+0.06
7 (70)  70.15+0,11° 17.57+0.07 4.63+0.07™ 1.42+0.10
8 (CD)  68.82+0.51° 17.80+0.02 3.48+0.22° 1.33+0.15

After 120 days (3rd~4th trial)
1(0) 70.57+0,12° 19.91+0, 37 5.81+0. 69° 1.29+0. 04
2 (10)  71.33+%0,39™ 20.81+0. 04 6.06+0.57° 1.49+0.07
3(22)  71.42%+0.45% 20.24+0.33 5.56+0. 60% 1.28+0.03
4 (34)  70.92+0,10% 20.38=+0. 08 6.08%0.27° 1.27+0.06
5 (46)  71.75%0.40° 20.42+0.78 6.39+0. 49° 1.23+0.15
6 (58)  72.43*0.19° 19.80+0. 08 4.74+0.34% 1.32+0.10
7 (70)  71.68=£0,08° 19.52+0.23 4.76+0. 34" 1.40+0.02
8 (CD)  71.47%0,30° 20.88+0.29 4.65%0.26° 1.18+0.07

Liver

After 120 days (3rd~4th trial)
1(0)  74.86%0.62 16.24+0.24®  3.08%0.05%® 1.41%0.06
2 (10)  75.13+0.86 16.19+0.25®  3.12+0.19® 1.38=+0.05
3(22) 71.89+2.32 17.08%0.72*°  3.39+0.13° 1.34+0.15
4 (34)  75.03%0.32 16.14%0.20°  2.72+0.18™ 1.28+0.08
5 (46)  75.55+0.82 16.09+0. 36° 2.50+0. 04° 1.21+0.10
6 (58)  75.80+0.36 15.97+0.67° 1.95=+0. 32° 1.37+0.02
7 (70)  76.18%1.24 15.87+0.24°  1.75+0.17° 1.22+0.05
8 (CD)  74.85%0.78 16.72+0.17®  3.50%0.37° 1.38+0.01

Muscle

After 120 days (3rd~4th trial)
1(0) 75.59%0.36™ 20.11%0.30 2.12+0. 46° 1.39+0.15
2 (10)  75.35%1.44° 20.20+1. 44 2.04+0. 26" 1.40+0. 10
3 (22)  75.61%0.80™ 20.20+0. 34 2.19%0.15° 1.32+0.07
4 (34)  77.18%0.98° 20.18+0.55 2.02+0. 36 1.29+0.18
5 (46)  76.32%0.68% 19.89+0. 37 1.74+0. 04 1.24+0.03
6 (58)  75.93%0. 42" 19.88+0. 27 1.51%+0.21° 1.29+0.15
7 (70)  76.50%0,34% 19.43+0. 38 1.38+0.06° 1.25+0.13
8 (CD)  76.30*1,10% 19.88+1.02 2.05+0. 29° 1.28+0.16

* Refer to Table 3.
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Z, A5 60 4 @ 120 & F AR 6~8 ¥ FFFolM IR (AR 1 W)o) ¥

AqFog A& FIFo] HFhTH(p<0.05).

1-5. oA 43 ofm At 24
zt Al & FAEolo] 60 A3t 120 4 FZFE F o]5 oo ofmxat
d2 Table 92} Zt}

olFo] ZTL FAsI= olniAl Jheu HlmA gFog we AL AYP i}

A

2o} n}XJIR]|E aspartic acid, glutamic acid W alanineo] o, o]E2] ¥t
S A ofu]xAte] of 1/3& AT T HE AlRY iyt sk wpE
FAMEY oluliat 242 k] ztolzh ¢l AE AN 60 o Fof 120
d Folx AR ofmlilt 24 Hldtgom, 53] W olnjizale] XA
3= HIEE 43.5~46.8x2 H|&3olth AW AL 120 A ¥ FRole ¥

4 ofn|iAte] H|&o] 36.6~41.8x% 60 ¥ A}&E ABr} B9z, WS o

-

o

]%=4k] valine 2} isoleucineo] % .21, serine, glycine @ alanine <t7t

SRR T3 gte] ofm|:=At2 ALl wigte] ¢lolch

2. ¥ Alge] A3 43S

AR Alge FF F 60 U7} 120 Arfol HAT Ex|AFolo] AH A5
Table 103} Zicl

A 423182 60 Unjo] 84.5~92.4%% 3 tFu o] WLLE AILS
27 zastdon, 120 dolE 7 AL o WSt O} AR E 82.9~02 6xF

78] Mol glsdch
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Table 10. Apparent digestibility of 1ipid of rainbow trout fed soybean meal
diets.
¥ 10. OhF9} RS W Bl XA 43

Diet No.”
DAY 1 2 3 4 5 6 7
60 92.4+0.1 91.2+0.3 91.9+0.1 91.2+0.5 88.2+0.5 86.01+0.6 84.5+0.2
120 92.6+0.2 91.7+0.1 92.7+0.3 86.4+0.4 88.9+0.4 84.0+0.1 82.91+0.3

* Refer to Table 3.

Tt _1_‘3_7“ l:l-%.zk 1] l:'—% 4_!}_/_‘\_9,] %! §;|.

rlm

3. iR AbEe) AY] T Bl W

Age] A3t} gol RAIFNgololA tifuo] Wol TgY AIRE B AYF
AME Aol Uma ojxle] AW Pedo] Zastyrh ola A WAt YL

T332 flste] A A Adte] Tojshs WY ©E 2l Y F ©EA B

HE7E ojm g X & zAlSIelct

3-1. A% 717e] whE whd BAe] W}
7 et RS 30 9, 60 @, 90 A T 120 & F I H 40 AR
BAAZ BAsiSole] W BAL Table 113 Pt oY Yool ME Wy

FAE AlE F3 30 4o AlE 1, 2,

®

4 9 8 H(HE Al&)o] 0.29~0.33

e

Wb, oiFut fRre]l W AR 5, 6 % 7 W FFFME FH (p0.05) &

b

W 0.19~0.26 $Folglth olel® FTS A A% JIBEU A ulEs
o, B35 A5, 6 W7 N FITE AR JZo] Folgas 1 zadel 4

% =3siqct

i
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Table 11. Gall bladder weight ratio  of rainbow trout fed with

I 11,

soybean meal diets.
O RS B Bxisigole] Wy Fau)

SB% . Experimental period (day)
conten Torrmrmn s e - N AR TS e e
(& 3 66 % 120
1 (0) 0.31%£0.10% 0.30+0.08* 0.26+0.10®° 0.30+0.08>
2 (10)  0.29+0.13* 0.32+0.08® 0.27+0.10° 0.32+0.10°
3 (22) 0.33+0.08° 0.34+0.07° 0.25+0.09® 0.32+0.08"
4 (34)  0.31+0.05 0.26+0.06°° 0.25%0.09* 0.28+0.09°
5 (46)  0.26+0.05 0.22:+0.06"" 0.23+0.03° 0.20%+0.02°
6 (58)  0.21+0.02° 0.21+0.04°" 0.14+0.05* 0.14%0.02"
7 (70)  0.19%0.04° 0.17+0.05° 0.12+0.03° 0.13%+0.03°
8 (cD)® 0.33%0.08® 0.28%0. 05 0.25+0.05® 0.30+0.09°

Weight of gall bladder/body weight X100, values within column
with same superscript are not significantly different (p>0.05).
Refer to Table 3.

32, OIE ALE 43 ¥ e A AAH ust
227 A% 32
7 4%
AYAD RG] W) Faule thFY ] WolmA feHoz 7
N 2
S Aol We4E B

FFolMdE Zz} 0.12¢} 0.100]0jA A& 1 H FTF

tiFE AR E SEaL U AlZE el whE '@ FAE =

AFSto] Fig. 4o Uehfgct, ARE TF

St7loll kA (0 A7) 40 A7

A3t TH(p<0.05). &, 7} AlR 1 WHo|] 0.448 I &3, )

uirt

o] thFul ghato] 58xe} Tox(AlE 6 W 7 H) F
T-o] 27.3%2%} 22.7x0] E3}3}
- ol g4 Alg 3 Fole RE FEFTY "9
Zpsled 9 AJZH Folli= X2
F7¥517] AlAtste] 24 AL ¥
2Lt AR 5~7 W FF Y g FAe AR 1~4 ¥ FFFHEHT} BRE A7)

olA L Zko] R H o g YolrH(p<o.05).
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3-3. A F P@FAR ©E A gheke] Zalz w3

U AY ARE FAASGA FFT F Y F EE €F M4,
& & el Fil(total bilirubin) ¥aFe] ZA|F WIE zAR Azb= Fig. 59
Table 120] Utehflct. ©@FAte ZholA ZeAHEE Fe A= @3 A

208 £331g Bl wiEEedl, 2984 #gol Ast] i) ol F X

e R3A7IT QR A(Lipase) o] H8E FETL wEAE Ao 43t

317] wj&olct.
AR 1, 6 W 8 H(AE AE) TZ79 BFS 0.10~0.30 mg/100 mé $F

°o]9l3, AR M3 F 9~12 ATl HZke Uehigtl, FF77hE xjolE

ST 4

. T FHIY AR 1 3 AE AR FE7U AR 8 He] A B
Zkel Z+zt 0.20 & 0.19 mg/100 m¢ & K¢l wbA, t]fu} 58x HIbEQl AR 6

HE 0.15 mg/100 meE ytetcl,
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Fig. 4.Changes of gall bladder weight ratio [(GBW/wet body weight) X100]
in the rainbow trout tested with soybean meal diets. Diet 1~8
and superscript on the bars refer to Table 3.
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Fig. 5. Post-prandial changes of serum bile acid of rainbow trout fed

with soybean meal diets.
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Table 12. Post-prandial changes of serum total bilirubin of the rainbow
trout fed with soybean meal diet.
X 12. TR AR A3 T EF ES Aacdel e FAFE Hi

(mg/100 me)
Time Diet No.~
after
feeding 1 6 8
1 0.17+0.05 0.13%0.04 0.15+0.05
3 0.10 0.10 0.15%0.05
6 0.15%0.05 0.15%0.05 0.10
9 0.231+0.04 0.20£0.07 0.20
12 0.30%+0.12 0.18£0.04 0.25£0.05
18 0.15%+0.05 0.15%0.05 0.20
24 0.28%0.08 0.13%0.05 0.30%+0.10

* Refer to Table 3.
4. tFALE FFol wE o FE HE
4-1. 38 A|*(TRIG)
Aol A o ixQe g o] &E = TRIGH 3 F ZAIZHA MHE Fig. 6o U
o]

T 370.3~443.6 mg/100 m¢ =FL2R A]zro] o] uwiel gopx|thrt Fgtell

ehfigitt. Al 223 192.0~370.0 mg/100 of FFo|dd Zo] T

el
()
ok

1 A

upzl ekzt xjol7} 9lx]ut 9~18 A Ztrhol 496.3~714.0 mg/100 m O E &

2 ol
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~22% B7tF)o] ALE 1 W FF o] vis) 7~8% F= APoL}, tfFE &

X
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o] o] WL AFE 4~7 H(t)F 34~70% ZLTF)ollA] 18~22%) Ho] =&

o

-

3, FFE AlolE B, Ry g@¥e] Hluy H AR 1~3 ¥ 37

4
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Fof melad A 9~18 A2 FFo] nldle] Fojm ZAYT Halrh F,
AR 1~3 W& 24 A7 Fof] P & 58~65% +E27HA o, AR 4~7
ML 77~80% FE o] £x] Qoith. o7 ciFut o] 2 Alwe FFT
7} TRIGE oUix|fle g 2 L3} AU SEdtes J128 AL
4-2. ZAH E(CHOL)
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mg/100 mee] FFo|Y Zlol FF 1 AT FHE FF3to] 231.0~314.3 mg/100
me?] F=Folgitizt At wold 6 A|ZhE A Tl 480.8 mg/100 me7hA] ot
A AAE o]lFgA, o] F ZAdle 24 A|Z Folli= 200~360 mg/100 me| FFE
< A3 g stolrt

24 A HFee] AA BFYPE chR7ol uiste] AR 2 W 3 W FFFolM 4~

E

6% AE MY, A}E 4 L 5 HS 12~15% HAD, AlE 6 ¥ 7 H FFFE

¢

3% AEL Mol FFF o] T xo|(p<0.05)E HYrh AR 1~3 W IF

FojME AA 4Zo] 357.6~432.8 mg/100 meQlt] H|Slo] ALE 4~7 WHolA

fr

>

231.0~288.3 mg/100 me o]ojA FFFZroll FHT Ko xHp<0.05)E HAE <
olarh. olNE "ol F Ay 28 AYL FFTol wel FARAY xolE HY
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4-3. fre] A|YAHNEFA)

NEFA (Table 13)&= AlE F3F Fol thl 2.6~4.0 meq/ £ 2] +&& FA513A|
gh, ZF ¥ 6~9 A7t Fo 3.3~3.8 meg/ LT AL FFE o]FoUA A 18
A7t Foj 3.2~4.0 meq/ £ &2 wolHr}

et ajge] ZFEZ AolE 24, AR 1 H FF7ol vjsl A= 3, 5 4
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Fig. 6. Post-prandial changes of serum triglyceride of the rainbow trout
fed with soybean meal diets, Diet 1~8 and superscript on the
bars refer to Table 3.
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Table 13. Post-prandial changes of free fatty acid (NEFA, mEq/ £)

content in serum of rainbow trout.

X 13, tiFe AIR 3 F 8F FelAYAHNEFA) ] A H el ¥

Time Diet No.”

after

feeding 1 3 5 7
3 3.43+0.30 3.36+0.52 3.50+0.55 3.41 +0.43
6 3.75+0.45 3.60+£0.20 3.29+0.35 3.57+0.70
9 3.83+0.11 3.29+0.43 3.59+0.69 3.37+0.,57
12 3.65+0.68 3.20 2.71+0.94 2.60+0,46
i8 3.97%x0,07 3.25+0.20 3.17+0.94 3.44 £0.60

* Refer to Table 3.
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LoohEu ALRe) 71 el B 4R W AL W
1-1. 8% &=zt
ool MRS WMudOR thFHE AgSE L ATE 1970 Yol 2RE g

StAl ol FolA a1, thFEe] o] E wolde HYLR dIE FFo ¥

srodoF Qlxle] 7ZtA, AlR Q| extrusion AHg|, HZ3F olm|i4t W Q(P)e RHZE
& B3l W2 o] ol FolA gtout, J|EL AT A AR HEol ME

tet 22 1A v|2sty)s ot} (Murai et al. 1986; Murai et al. 1989).

ZHE 0] fﬂ ke o] &sle] Ex|/jEolE A3 ZAI}E Table 149

2
@
[
4

Belsteict siAlRt ol dAFole H7HA AHY FEo| ded, A, 47 7
Ztol thR-2 70 o niwte g glol B ZE 7| Algo] wE tiFut AR

S 3E0] wtefshr] olgdx, E#l, BRSO HF £ 16T ¥
Yol = E3}3l(Austreng et al. 1987) o] Kt} ™M G2 $20x AMAIZ
Zloll &) o} thFute] o84S Hr} wlasly] Zisie, x|, o Fe
A7)l utet cfFute] o] 8ol tlE £ ol:ul(Murai et al. 1989) TtiRE A3
HNAE thde 2 st 449 F o] 8ge] 2 uF HAAE e ¢ d1E
72l dck.

ChEu AbRol olg olFe) A7 A% FIAE mE, ojazidA ooj: ol

ra

F iR eR ciAste] 33 F3F Abgslelx fAFHA ZF Aolrt gl
W (F 1991), 20 g 3712 BANEAE 25% o] viFH ALRE 197 A7 247~
317 g7tA Agsiglent olFRt Fute] wE dEzhe ¢lolth(Alexis et al,
1985)= HEI7t Qlevt shd, Wol Algol 30z9 tifulg Hlsle] 12 F3t 4}
FIGETEY ALS 7)Zte] goldel wet dFEo] ZASIALGRE % 1993,

1903b), BAASOIE 197 U ASTHALY hFEY FEI} BE FIFE 40
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A o]Fo] o] FoH oy Z+ASITHDabrowski et al. 1989)% RIa% 9]
of, th5u& 77 ZJTchd B3 Aozt Uelds e oAls) 23 9ltt

£ ATl hEu AW ARE o 20 g 3715 160 U FU AE Lo 7}

¢

N

r~[o

b oF 400 g AZI7EA] ZIIZ AT ZAzh, 60 dzkAlE tiFo] sexix] =
P ol a}E FAES BHER oot I o]F A& s)Zto] AojA
=5 UFY el A3 Foll drto] LiElL} 160 Usfole thFet 34x o]4te]

TETONA B Boll ddo] Fstsct.

2 Ao UUZHE(Table 6)& FAIANEoI7t ZZHel wlz} Zashes A
Fol TSI, Table 140 AAF AL HFgH}IE filgoy
Austreng et al. (1987)7} A|AJZt 40~100 g 37198} 2.3~3.5%x Hr} thA AAS
o] ygkrt,

E, tiFtels £%EA] A AR westEe] Z§E o] 9o 43}g0]

Wi AHoR 7i43t ouyx e WEe FAE XUtz g3A o

¥

& F2 29F, UUHF L MRS 7Y JOBE oo £3g AY o

=)
B
of wizl HFE& YL $= Q7] wfFe), ol extrusion u}gle] 1

2
AL
1!
ol
o
K
X
>
i
1}
o
M
L
fir3
rr
>
H
H1

o]FojA|L QItH A 1992a). 28X

-~

Bh dola} offt oUAIYLE RI4IEL H8H OB o]&3x] Rela AL
T2 o] &SI EZ (Cowey 1992), ThF2HS tlo g ALgshd 4R Ae 714 &
47} glth H]& Kaushik and Oliva Teles (1985)%} Bergot (1979):= a HE A}
5 Hold B FEE AU oFET B3R o|84o] AA, ¥F =Y
SE(EZA) 7L Al Hol FEZAE @ w722 AR di o] HolArin
stglont, & dFddAe FFTol uwhet Kol xlost alaixlnt, oiFut gk

7ol whE Za B glAch

!

58



"(%) ol Ymousd Ajre(

JYSlom [eulj~IySiom [enIu]

‘[esw duoq

PUE jBSW NN ‘ISBOA S Joyeq :Ag ‘[edwr [y M ‘[eowr ysy ueianiad :NJd ‘ISBOA B[N0} ;A ‘[BOW Usy umolq A9 .

«

NES ' N JNES-A NS ') IYy-papnd i NES-VA-d ‘PIIOBNXS [OUBYIOW + [BSWI UBSGAOS [BIDIOWIWOD :HOPWN + NES-D .

-

Apmys juosoxd 9577 03 dn poo3 02°Z~81'T  0L~0 U 091 00F~62 Wd NES-O
(V661) °Ie 19 SARL-BAIQ poo3 99°1 0g 8 161~2 '8¢ WA WNEGS-dd
(6861) '[e 30 Pismoiqeq 953Gz 03 dn pood - 0S~0  0Z~L LI 0L~z WM ‘W4 WS-
(1661) BWEAD[Y 79 OjoweurEy poo3 EL1~CST  9p~0  LI~9T ¥ €2~11  Ad ‘Wdg HOPW+NES-O
poo3 09°2~18'1 o€ VI 98 LEh~2S
(€661) 9qeUEIRM 7P JRIOSUEWSUO] poo3 88°7~86'1 0¢ vI o 2v €7e~2S WM Wd WES-0
(€661) ¥es00UBWIBUO] 7P SqEUBIEA poo3 S2T~S9°T  0S~0¢ €1 95  8'EW~0'S WM ‘Wd NES-O
poo3 €9 T~¥7'1 9z 9 7'€L~0°0¢ Nad WNAS-H
poo3 67 1~28°T z€ 0L  €61~0"7L
(€861) °le 30 uoOBRY poo3 €9 T~P7°1 05  PI~0L 95  ¥'€L~0°0E Wdd ~ WES-Vd-d
[0RU0d Jo gL T~/] T 8'81~6'8
(6861) °[e 1 rempy %2°18~S0L  1£'€~2577 0s ST 2r  6WI~L0 AL ‘Wdd HOPW+NES-D
asuodsau (%) (%) sweip (Q,) 4ep (8) ysy $392IN0S S}oIp Ul
SeouUaIRRY yImoI9) 90 urNgs LM cdxg jo oms  ulold  NGS Jo uLiog

TR ek && FEY fekla REle Blotltlxd 1T &

Teaw uesqAos £J1e1sTp UO INOIL MoquTel JO sasuodsal yimoab yo uosTaeduo) ‘§T STYel

59



1-2. AEE 9l

thERh AR AP AT oAl QuidE 24e e a1z

e
flo
ru
il

(Storebakken and Austreng 1987: Oliva-Teles et al. 1994)¢] ZAz}e} & x}o] 7}
et

au AR F ol F

53
o
o%
+J

FolZleR A3t ofxle] A gafzte] Ao
RolME, 3028 thFebe Hrlstel 12 3 Yol AlSsiduy b 289

24 ggol tiRFHT} Ry o uolArk= EIGRH % 1993a,1993b),

-

of Aof Ao wigkg A3t ciFutg HI/RIAS o AU Ay FHE Zas
Qrths Hil(Murai et al. 1984a), FAA$olE 25x tiFul Al2E 197 g3t
B71 AHSsiolniy ol F ol wlet oA F x| Wo] tia ZasiYcis A
ZHAlexis et al. 1985: Oliva-Teles et al. 1994) So] Ql: uim, N2
 olFd 3L QltiMurai et al. 1989)= 7 AzpEo] A2 AMIEA KR

I 9ol thFu} AIRE ste] A Mo] Zaste o B Eux

AUAQA 2Pe] o] g0l ol

23
N
=3
o
L
i)
_—
2
-
23
s
=
o
«Q

;5.
(o]

1]

-+

o

=
=
(e}
P
<

a3y 7 A AR APPA 24 Aol7 ¢lalrle] SR Alutate] Mulz
O 2 o] &E AL AZ WAL =Tl o At

3, 120 U of T 70x ALRE el ZFFolA methionine?] ZAu|J} T}

T TFTY olAEe] v} Hriyoez ulokyl 2 AR AlZ 9] nethionine?)

deleg xge] ofmicat 2o ojdlol 2 Hiodg

AEE 4 ootk 2y o FEFY oAdME AR 1 W 2E 79

ojAle} u]adte] methionine?] ZAJul= FEZ Xo]& LehRR] ¢}o} ofmial

2= QIR 8% Fols AW oz AgH)

60



2.t Atme] AE £3&

AR Fea oAUl &3 FeEE FHE SsiMe w4 2 £A ZA
Lo, oy BAZE FZEFAINE WA(TFU), KERX, Guelph thd 44,
233 A% P U 4 SHAFL B Tol U (S ¥ 1988), & AF

L olfe] AEHAE Hasdsla, Z olF
E e "ol 83t & FAY £ de BAE AAHLE A5}
AHgstgon, £A BA4 g 2 AN2E sto Ro2RE JYEY §&& Hay
staich,

chEb gafe]l W Aty FF A AF £5Lo] thE FFel vlste
A3 yokedl, olZd=® Fasts AAY Ao 43fo] Fodts ©FAl T

2 WaFe] A £3} Jlee] A "o A=

AARH, olF FFTY oA EMolA AH Pl w2 Zo] ol & st

i)
6}
>,
=
n
i}
N
b
lo,
2]
I

3. thFR Atz 71T FFol wE @ A,

Ar
x
N
or
2
i)
2
X

T ¥R $o] whd(gall bladder)®] ©EI HF Ma

o7t A 3E 2= ol gh(Avery et al, 1992; Sanz et al. 1993), th¥u} A&

fr

of WE REe) Bul @ wis wE dael @ Wl BME Ag nad
B}zl gl A% oltt.

o] A MBOZ= tiEAL sodium, potassium, bilirubin, biliverdin
TLE T©FANE AU {3 B (EHAY of3ho] Qo 4¥E FIsiz, 3
73"“*1 Y= lipaseE g3t AlFIH, A|Witolut, ZF S, HlElR! A, D
ot 7t=® e F4& 5 7

3} HH)E wE2AH(bile acid)?] oF 95%=

ar
o
q

rlr

o,

BN ThA] F4Eo] olgHrt. Zela © Hai(bilirubin)s FA A



of whet ciefgt Azkg Wiyl wjEo] oFal o U} Zldo] &5l o] FEej
feeding historyl} gut contentZ 3u}lelst=u] 203 xREE o] &%l t}(Talbot
and Higgins 1982).

%ol ofd ATEERE e wol e ARE EAslEolE A7 A1

St A Y2 ol gol ol Yt Ao Uridslol, AA tiEwe] xA
o a3fo] of"l PG mxex] dopry] 9lsted Wbzl o Bu) Ee] o
dgol el zals] Rolth 4, o FY AR Agsts B0 o]Be wy

FATE oAFA st AE zAlslgTh 120 U7 AASshEA ZARE wlEe
theel R 34x8] FFF7IAE 0.25~0.3¢ MG oL}, olET} tjEu}t hako)
WS AIRS] FFFoME 0.12~0.26 20T §H(p<0.05) 2.2 o} fj T

HOEFOl WS AR FFToIN ©E Aol JAEHI gdee o 4 gdrt

E, 2t o F AIRE FEIL F F 24 A 5 AAHQ gy Zam|e)
WEE ZAHFig. 4) ZASIEUEU, 40 A7 AT HAIAZ o]F )Ty} 22%
THTI7IA W@ FBHI7E 0.35~0.440]91 01}, T olatol M= 0.10~0. 248 &
1F(p<0.05) 22 uiglth. 1 o]F AR E MsW wy Zems Awigow
A3 steste] 6~9 AlZE Fol Azt Testd, o] Al Fot wEo] Ao
E BHIE 2102 o4AACh I o)F A& 3 H7o] FolSo] 24 A7t Fojl A}
E A A 0~60x FE FE7 HEsIG oL, thFut ekl wre ilgE
7 =93, gHeEE® Adch o|gfzte] tfFute] Atz

%
Foll 34x o] URH AR FITE Wy Aaatzl Bulzl A we A

& HAY + gddeh oY A iqRdolol A AR 43 F e B
b AR FF 1A Tl FURNL, 6 A7 Fo HHGS Rolw, u AP T

o #x9] Zfol =Wtz B 1% Talbot and Higgins (1982)2] Aets 7ok
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=3
AEBAY Al 48 B3], oiFwe] thadg dd 85 FdH2HE ¥@Y
&yl gabo] cisia EFFoAME @A AdLrH(Imaizumi and Sugano
2}

1993, Fig. 8), ol® 7|z & =lexlo] FshdE obF x| ok

(Imaizumi and Sugano 1993)

NN
N

Milk albumin

Animal
protein

Whole egg

Fish meal

N
<

Wheat gluten
Alfalfa Plant protein

aN

s\

-]
Soybean _

0 50 100 150 200 250 300
Serum cholesterol (mg/100 ml)

Fig. 8. Effect of dietary proteins on plasma cholesterol concentration

in rabbits.

a3 8. 7|8 g% Zd2HE xR0 iy AR SNEdY €%

thE el 74 ojulicate] ZlQidtthe A, 43 F4H peptidert oA
FyreEe PP Aette 4, FHA de LEAH1~5 KDa) peptidert
2% ©EaAzt Agste] AR wiEHcks 4 5 o 7Mdol deu, &

A 7 FEY AL UF ol 4y ofnlinate] Wol FolA &¥p7 <t



Y &ALl peptide= 7%t 244 (hydrophobicity)& UER)ZE, oFximjadel b
S BotAl Aol AR wiEEH, olE sl @EAte] 7 &%to] W
E T THEZE NN ¥F ZeAHERRE @EANS ulEA BEo
7] ool 85 =7} Z4grin delA erh(Inaizumi and Sugano 1993).

2 dFolM e A A 71§ EE AR A3 F A B3t whet ot
ol W Alge] FFtolN el A A3 Hogu, ¥F gEa o
A4 (bilirubin)2] ¢Fo] gl om(Fig. 5, Table 12), ¥ % ZdAHE Yuix
A3 H=(Fig. 7) & d8Y ZAEL S8 & ul, 2359 74 &30 &
A7t AEE dEFY 5 doden, ol At A A 43} L F47) Ao s w

< 222 Algdch

4. T AR FFol wE ¥ 42 u
AES] AHolu ol {e dU MEE mAsh] 2siE FE oA By &
7h & oAlFe] FUh niRtE Sog shysialxnt, HI Poue] AAH QR

ZA}

tel @& Zeluv Atgd] A mpolstele A7} o] Fojxjz gl

ol

M3 5

th ol S8l ol Fe U eHA BE Bl o Fe J¢ ot Hal A

fijo

& Tefsteles A7t AlEE 3 k. wetd BExjAifoio] oyt ciFut Alge)
BETH o] &4 E B7IBk] sl i shUR AR 33 F BAzgo] €9
&Y ZAH M3tE zA8 Y

Abg W ot ko] BAIGlel AR AH3 F Exgold Y F HE W
3} & BE9(Fig. 9), oUx|dogr} AMEnt 4Eo2 223 7% 3l
A BE FoMEe AR TF F 12 AT o] Hol cHoLY] FH o] ulelxtod, TRIG
£ 9~18 A|ZtriollA AHo] Ubelyl:, NEFAYE TRIGS} CHOLS] FHAo] &¥st:=

Atoldl 6~9 At} 18 A|Zh Fofl UERGM, Aol ouAYos FE FA A}
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<& vehadch
Wole] ¢, A AYL F7h= 4~8 A|7ho] peakol] EWstE oz oA gl
A(RE & 1993a), & Aol EAAGoEr}l wiE Ao 7 vlelytor}, o]yt

ol 2443t WAy ol f Alolold Si 431BY 43} &Rl sdue 7}
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Fig. 9. Post-prandial changes of serum component of rainbow trout
tested (triglyceride and cholesterol: mg/100mé: bars
indicate £S.D.).

Z™ 9. it AR FFel whE BRG] o FEe) Wl
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ofl
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2 BTl BAYel AR FF F 6 A1 18 Aol Urhin, Uz 3

O

o] ¢to] ZlKrt} 1.1~1.8 v} A3, FF Y F£&of vziNE & 2~3 U &
ottt GLUY &3 P42 Wilson et al. (1985)2] 2 A|Z+ & 24 A]7},  Kaushik
and Oliva Teles (1985)2] 3 AlZt W 12~15 A|7tzt= A gt} o83t %}
ole oUAY &, AR wredtEdel mE 43zl 43t £Xo 7T Re
= F5Y 4 Utk

T AuollA oluxid ez 71 glo] o] &= Zlo] A A, ¥F Fol:

—
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S8 A HTRIG), Felx|WAHNEFA), Zel|Ae]Z(CHOL), <)A]# (phospholipid,
PL)8} 4 F/7E Eof qlrh o] FollA TRIGY NEFAE thRE oux|gdoez Al
¥|51, CHOLZ} PLE MEute] 7474 Folm, T]&o] CHOLS oA w@Estog
vizlo} x| Me] a3tel F4E Frim 3tn

£ 3ta gtk "ol Fol Eol dol Aol Eo] & W o] TRIGO| R

2, FAJ$ol= TRIGE

H
¥
i
it}
r)-
02
lo
I
N
—-4
o
=2
X
e
o
>,
N
I:J
x
ke
D
o

lipase® H3lA]ZICHEEIL 1973, 1978: ¥ 1981: HF& & 1983). 7l4E3) 4t
B2 €543 uld(nicelle) & o] Fo] F2 FETE T Ay AntRol A
HHZE FaAste] FaEd, 3 duAdZodde ol AWites TRIGY A3
(phospholipid, PL)& A3}/ = stod (8RS EERT 1979), ¥ A w9l ZHA
EAofA] ZAUEA| ¢ (very low density lipoprotein, VLDL) -§-A}482] ¢Ix}7}
HHEo]A (Sire et al. 1981) Y¥-E gpda}l ZZAE E3slo] AX wlos Huy)
AA QUAE A E st EHEYAZ YEA|7)7]1E 13, ALB 94 bz}
Agate] BERAE wEo ¢ A FoE WEAIIE STHEIL-HE
1983).

g Ex|7)4ole lipoproteing FE ZH&oA] 3+ 31w (Rogie and Skinner
1981), EZ utEe] & AYirE EEHY T tiAEd ZEAE A
(glycerophosphate) 2} ¥F-gA|# TRIGS} PLE ¥Adste] £Fsl7| = 3tcHHolub et
al. 1975). Jg|il &3 ¥ Fo| &I lipoprotein lipoprotein lipase?]
HEoT JtelEn, olm] BAY NEFAE ZF ZHo]| F4E o] THA] esterd}
¥|o] A ZAErH(SKkinner et al. 1980: Skinner and Youssef 1982 Black et al.
1983). E% Foll £YT CHOLY tiFE2 vhedgdolsl, oF 40x FEE A E 3
2] CHOLo| A#ol F+9 2ldioltt SAEE 313 CHLS oA ©@&F4ate

218 ol ]33}t tlgol esteraseol &|dte] JlgEs|Eo] S2jdlo

1)
K
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olZlo] & A M Zoll F4H Flof TlA| esterd} Fof gzl A3 s)2oj3a
£ (chylomicron) 2] HEelE ¥ Fo FEHHCTE CHOLS Ao BRE XZoA] A

|2 RE Zroli} oAl F3] Fhulsi, ZtelM= HAY] of 70x F=E Pt

HE A TFT7 &2 &0 EUsta, 1 olF Zax AN uFe o)
A2 AR FFF7F RIGE oux|doez I &3t S St ZLe=
o] A} ol AL CHOL W &2 x| WAHNEFA) M = FA}stE ).

¥3t Z YA ES Z-9, Dabrowska and Wojno (1977)= Fx|7l&ololAl 26%
o} thFRt AlRRE 70 47t ARSRY A3} 232~308 mg/100 m¢ ELE TFEbo
oj3t xpol7t Qe Ze® Bt Q& ¥bH, Alexis et al. (1985)+= 25% &
] ER ALEE 197 47 #A7] AFRSPA 263 mg/100 me £F O t]Z o] B3
oF 20x Bx= utopAE R Qlol AV AL Z-9 olefgt F3Hgo] e}

ge o 4 otk =Y,

B % (1993a) 30x9] tfFulg IR A2 ¥

o)

ol 12 F AS3Pd ¥F [fe|AWAHNEFA)©] 0.48 nEg/ £ B thRF2] 0.66

nEq/ 2ol ulsle] SOl OE o] WeS Hustm glo], £ A7l ghurh w|

N

T ST F¥2 HlR3PATh 0|72 thFY HIIFel W AlRoAME A A

ol & =7t A AL glo] AHE FEI] AUAHULE HEsA| Rt 9l
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