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A feeding experiment for 160 days was conducted to evaluate effects of dietary soybean
meal (SBM) on the apparent digestibility, ammonia excretion and body composition of
rainbow trout (Oncorhynchus mykiss). Seven diets containing 0~70% SBM were formulated
based on iso-nitrogenous and iso-caloric basis of 44% crude protein and approximately
4,200 Kcal/kg of gross energy.

To evaluate the nutritional utilization of the SBM diets at the end of 60 and 120-day rearing
with test diets, digestion rates of protein and lipid of SBM diets were measured. Fish fed
the diets containing above 46% SBM showed higher apparent digesti bility for protein, but
lower for lipid than did fish fed the control diet in both trials. Protein and fat contents in
the carcass were similar for all experimental fish, except for fish fed 58% and 70% SBM
which showed lower fat content than the others, but composition of fatty acid and amine acids
were not affected by dietary SBM levels.

Gill and urinary post-prandial ammonta (NH;-N) excretions were measured at 12 and 24 hours
after single feeding of the experimental diets. Excretions of NH,-N measured after 24 hours were
almost 2 times higher than those measured after 12 hours. Total excretion for the 24 hours by
fish fed 70% SBM was 15% higher than that of fish fed the control diet.

Results of present study may suggest that the rainbow trout which were fed above 34%
or 46% of SBM diet showed a decrease gradually in lipid bioavailability compared to the
control group.
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Table 1. Ingredient and proximate composition of the experimental diets for rainbow trout

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
White fish meal 64.5 57.2 48.5 39.5 30.5 22.0 13.0
‘Wheat flour 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 - 0.01 0.03 0.05 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 5.0 5.0 5.0 5.0 -
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 15.3 14.0 13.8 13.2 11.3 7.4 21.2
Carbohydrates 30.3 314 334 33.7 33.5 36.4 40.3 28.6
Gross energy (kcal/g)  4.78 4.71 4.66 4.69 4.69 4.66 4.69 4.40
GE/P ratio 107.2 106.6 105.9 107.1 105.2 105.9 105.9 100.7

!Commercial diet for rainbow trout.

*Contain ingredients per Kg mixture. A : 800,000 IU, D;: 160,000 IU, E : 5,000 IU, K: 1.0 g,
B;:2.0 g, B;:2.0 g, Bs:2.0 g, Bi;: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 mg, inositol : 10.0 g.

*Contain ingredients per Kg mixture. Mn : 40 g, Fe: 50 g, Cu : 10 g Zn:60g Cai10g,1:1

g, Co 50 mg, Se: 150 mg.
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Table 2. Amino acids composition (area %) of the test diets

Amino Diet No

acid 1 2 3 4 5 6 7 8
Asp 9.37 1.00 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 9.82 941 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 10.17
Arg 5.44 5.42 5.50 5.68 5.45 543 5.70 4.68
Tyr 2.50 2.22 2.10 2.36 2.17 2.13 2.54 2.28
Val 442 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 7.81 197 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 3.54 2.55 4.58 3.95 2.81 4.64
YEAA  38.64 37.99 38.05 37.94 38.33 39.27 38.85 36.25

Table 3. Fatty acids composition (area %) of total lipid in the test diets
. Diet No

Fatty acid 1 2 3 4 5 6 7 8
14:0 5.6 7.4 54 6.1 6.2 4.6 53 3.6
15:0 0.4 0.5 0.4 0.5 0.4 0.6 0.4 0.3
16:.0 19.5 17.6 17.4 17.6 18.2 17.6 17.3 20.7
18:0 3.3 4.7 3.2 4.7 2.3 4.9 3.3 3.9
> Saturated 28.8 30.2 26.4 28.9 27.1 27.7 26.3 28.5
16 . 107 7.3 7.0 8.2 8.3 9.4 8.7 6.8 59
18 . 109 18.9 20.1 18.9 20.8 16.1 18.8 20.3 18.8
18 ! 107 5.9 5.5 4.6 5.0 5.3 4.5 4.8 5.1
22 1 loll 8.3 5.7 4.1 85.1 4.4 34 3.5 29
22 109 2.0 1.8 34 1.3 1.0 0.7 0.5 1.0
> Monoenoic 424 40.1 39.2 40.5 36.2 36.1 359 33.7
18 : 206 9.7 10.8 12.5 11,9 13.4 13.2 15.0 18.5
18 : 303 2.9 35 54 3.9 4.2 3.7 34 1.6
18 : 403 2.1 1.5 1.6 2.0 2.7 2.3 1.9 0.9
20 : 406 0.5 04 0.2 0.2 0.5 0.6 0.5 0.8
20 : Sw3 8.8 10.6 12.0 10.6 11.2 12.2 10.5 7.5
22 5w3 0.8 0.5 0.3 0.6 0.8 0.9 0.7 8.1
22 . 603 4.0 24 24 1.4 3.9 3.3 5.8 0.4
> Polyenoic 28.8 29.7 344 30.6 36.7 36.2 37.8 37.8
§m3 acid 18.6 18.5 19.7 18.5 22.8 224 22.3 18.5
w6 acid 10.2 11.2 14.7 12.1 13.9 13.8 15.5 19.3
C16 acid 26.8 24.6 25.6 25.9 27.6 26.3 24.1 26.6
C18 acid 42.8 46.1 46.2 48.3 44.0 47.4 48.7 48.8
C20 acid 9.3 11.0 12.2 10.8 11.7 12.8 11.0 8.3
C22 acid 15.1 104 10.2 8.4 10.1 8.3 10.5 12.4
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Fig. 1. Schematic diagram of feces collector.

A D FRP tank (1 m*), B : net cage, C : plastic pan-
nel for feces collection, D : feces receiver, E : plas-
tic mesh, F : air stone, G : clamps.
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Table 4. Apparent digestibility of protein and lipid for the seven different experimental diets in rainbow

trout

Diet no, 1 2 3 4 5 6 7
Protein digestibility (mean*SD)

60 day  91.5+02 91.8+0.1 92.0£0.5 93.2+0.3 93.6+0.1 92.9%0.5 94.2+0.5

120 day 88.6+0.3 89.3+0.3 89.7+0.2 89.3+0.3 91.3%x0.3  89.6+0.7 92.2+0.4
Lipid digestibility (mean+SD)

60 day 92.4+0.1 91.2+0.3 91.9%f0.1 91.2+0.5 88.2+0.5 86.010.6 84.5+0.2

120 day  92.6+0.2 91.7+0.1 92.7+0.3 86.4+0.4 88.9+0.4 84.0+0.1  82.9+0.3
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Table 5. Proximate composition (%) of rainbow trout fed the experimetnal diets

Diet No. Moisture Crude protein Crude fat Crude ash
Whole body (gutted)
Start 73.80%0.98 18.4310.37 1.58+0.15 1.50+0.15
After 60 days
1 (0o 69.45+0.59 17.56+0.22 4,78%0.25% 1.44%0.10
2 (10) 68.58%0.50° 17.60+0.25 5.2110.51° 1.30+0.12
3 (22) 68.8110.24° 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) 69.3210.34° 17.97+0.22 4,79%£0.11%® 1.49+0.06
6 (58) 70.05+0.76° 17.90+1.24 4,79+0.19% 1.360.06
7 (70) 70.15+0.112 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
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° 1.2310.15
6 (58) 72.43+0.19* 19.800.08 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 4,6510.26° 1.18+0.07
Liver, after 120 days
1 (0o 74.8610.62 16.241+0.24* 3.08£0.05* 1.4110.06
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£0.722 3.39+0.132 1.3440.15
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 15.8740.24° 1.75+0.17¢ 1.2240.05
8 (CD) 74.85+0.78 16.72+0.17* 3.50%0.37° 1.38+0.01
Muscle, after 120 days
1 (o 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 1.7410.04% 1.24%0.03
6 (58) 75.93+0.42% 19.88+0.26 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

H(p0.05), olsh e FRL 1204 A5Y .
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Table
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Table 6. Amino acids composition (area %) of rainbow trout fed the experimental diets

Amino After 60 dats After 120 dyas
acid Start Diet No. Diet No. —
(%) 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
Asp 124 11.7 11.8 11.1 11.5 11.3 11.5 12.0 12.1 10.9 10.8 8.9 13.1 12.6 11.2 11.4 126
Glu 154 14.3 14.2 14.1 14.8 13.5 140 9.6 14.6 13.8 144 16.3 14.4 17.1 14.9 15.0 15.5
Ser 54 53 53 50 51 55 55 57 58 69 69 67 63 62 68 73 13
His 21 20 20 19 22 21 19 22 21 16 16 16 20 19 16 16 1.8
Gly 78 93 88 75 78 79 75 7.7 7.7 11.1 10.1 83 85 85 9.5 10.8 9.5
Thr 53 51 51 51 49 52 59 62 55 50 52 55 48 47 55 50 5.1
Ala 104 10.7 10.5 10.3 10.7 10.3 9.8 10.3 10.6 13.2 12.6 11.2 11.4 11.0 11.7 12.5 12.3
Arg 52 53 52 51 53 52 50 54 52 57 60 55 50 46 59 59 55
Tyr 1.8 1.8 19 20 16 22 21 23 20 22 23 26 22 21 24 23 22
Val 63 62 62 62 62 55 56 53 56 37 42 44 3.6 34 47 3.7 37
Met 27 20 26 29 24 25 28 31 26 26 22 31 18 19 1.7 13 1.0
Phe 837 36 3.5 35 3.6 35 34 3.6 3.7 32 34 36 33 32 35 33 34
Ile 52 49 49 50 50 43 42 42 45 25 30 32 25 25 34 25 25
Leu 60 84 85 85 89 83 82 86 87 76 81 89 80 7.8 86 82 84
Lys 71 60 61 7.0 67 75 70 82 59 57 59 60 78 74 62 6.1 5.8
Pro 34 34 32 48 31 52 53 56 34 42 833 42 52 52 24 30 3.3

Table 7. Fatty acids composition (area %) of total lipid in the rainbow trout (whole body without

viscera) fed the experimental diets

Fatty acid (%) Start

After 60 days

Diet No.
1 2 3 4 5 6 7 8
14:0 3.6 3.6 3.8 29 3.3 3.2 2.9 2.7 2.4
15:0 0.6 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
16:0 31.1 23.2 239 23.1 23.2 23.7 21.1 22.0 23.5
18:0 7.6 2.5 4.9 5.2 4.7 5.2 5.0 4.6 5.3
Saturated 42.9 29.6 329 31.5 31.5 324 29.3 29.6 31.5
16 . 107 8.4 10.9 11.2 8.9 9.7 8.8 7.1 7.8 9.0
18 109 28.5 30.0 29.1 27.8 26.7 27.3 25.0 23.6 28.2
18 . 107 5.2 4.2 4.3 4.5 3.7 39 4.2 3.6 34
22 . 1lwll 2.0 35 34 3.1 3.2 3.2 341 2.7 0.6
22 . 109 tr 0.9 0.9 0.8 0.8 0.8 0.8 0.7 0.4
Monoenoic 44.1 49.5 48.9 45.1 44.1 44.0 40.2 38.4 41.6
18 : 2w6 6.5 49 3.2 55 6.5 6.8 9.9 10.1 8.5
18 303 0.6 14 1.2 1.3 1.6 1.5 2.0 2.0 0.6
18 . 403 tr 0.6 1.0 0.6 0.7 1.5 0.7 0.6 0.2
20 : 406 0.5 0.4 04 0.5 0.5 0.5 0.6 0.6 1.0
20 5w3 1.0 29 2.5 31 3.3 2.6 3.2 31 2.0
22 1 503 0.7 1.0 0.8 1.0 81.0 0.8 1.1 1.0 0.7
22 1 603 3.8 9.8 9.3 114 10.8 9.9 13.1 144 14.0
Polyenoic 13.1 21.0 18.4 23.4 244 23.6 30.6 31.8 27.0
®3 acid 6.1 15.7 14.8 17.4 174 16.3 20.1 21.1 17.5
6 acid 7.0 5.3 3.6 6.0 7.0 7.3 10.5 10.7 9.5
C16 acid 39.5 34.1 35.1 32.0 329 32.5 28.2 29.8 325
C18 acid 48.4 43.6 43.7 449 439 46.2 46.8 44.5 46.2
C20 acid 1.5 3.3 29 3.6 3.8 3.1 3.8 3.7 3.0
C22 acid 6.5 15.2 144 16.3 15.8 14.7 18.1 18.8 15.7
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A 60%e]l Bz F Aojdlel AR o
At 24 Table 73 )l Ado)] AR&3
FAMEANANE  palmitic acid (16 : 0)&F
oleic acid (18:1w9)7} 72+ <F 30% =,
ANPARQl 2Au)= B ixolil> L84 Ze] oAt
oIt o152 7 ¥ ALEE 60UT AR
Follz Fujedal ea@lste] i HolxrE
SRAATE o3 AF] HA) 2pate] ok Hulol} g
gom, Tiso g AL B EIA
> Fajqite] wolglm, diFut dake] WolAs
F B2xol4te] ulge At wbHdl el
4tol £tk 03 AGA w6 ADAY vEL
2E A oA 0.87914 AH ¥ 1.84~2.962
AZovt, dFat o] W A8 FFTY
TF I vEL dsgith gigoll whE 2bae]
FEE 5 o] w2 AY Age) FFY
YFF Cl6 AL 7 92, C205 C22
A Eolkow, C18 A4 Zol7} ¢l
Ak

4. =YoH(NH,-N) =jA4

12097 oSt A2 g ARS3E EAMNEol
Euo}l wAZEE Table 83 Zch Az 4y
Fo| wiAdgke Ak 12X7HHLh Fub 124]7}o]
of 2vl WX, 24 A7k ko) wj AR 406.6~
519.6 mg - kg™' - day '24 A3 A5 W o
T dipe] B E wlARE Frlels HS
Bgod, 4% AaT(HE SWE Ech

x

1. 4%
Fub Agg AV AR ARE 2, 20
g 3719 FAlEolE 25% 9 dlFy AEE
19797 247~317 g 7HA AS3lglol s Juat
gietr shel(Alexis et al, 1985). &9k
FAMEAE 19797 AR5t At o)
FS FTETT 409 o|Fo 4o FoHoz
ZH&(Dabrowski et al., 1989)3}3L, Wo ALl
30% ©] 5 ksl 1257 AMjstd AR
71Zke] Eoldol] wial AA-go] FAGREF %,
1993a, 1993b) 3l 5 t5uhe A7)7F FF+hd
Aol 3 + Jde =3k
2 dAFollA dFe gz oF 29 go FA
MEolE 16097 AH3AtiY 6097HA= ol
Futol 46%7HA) E¥=olE Aol E3E B
257 o, 160%Adl= it 34% o
Ao FFEToNA BE Aol TriaEE d4le)
FelEgich olEd A4 4 A1 uiF el
X338 trypsin inhibitor (TD$F 72 3+
UL wgol] A Ao} HAge] vehd ¢
YATHKim et al., 1985), TI7} 8.9 mg/g
ofstopd Xpdlnl|7]9] Aol ol ofgds F3)
%3 (Wilson and Poe, 1985), AA t¥(full
fat soybean meal) & F-A|MNEo] AF 30%
AE Agslol s FA7F givk(Oliva-Teles et al.,
1994)3 ¥k B A7) AHE oifubel TI 3

Table 8. Ammonia (NH;-N) excretion by rainbow trout within 12 hr and 24 hr after feeding of the

experimental for 120 days

Time after Diet No.

feeding (hr) 1 2 4 5 6 7 8
12 hr

NH;-N loading' 11.0 10.8 11.4 11.5 10.6 10.9 12.1 12.8
24 hr

NH;-N loading! 229 22.7 23.6 234 24.5 24.8 26.8 30.5
Total NH;-N

loading? 406.0 402.0 420.0 418.8 421.2 428.4 466.8 519.6

'NH;-N mg - Kg™' wet body weight - hr™'. >NH;-N mg - Kg~' wet body weight - day .
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297 -

FL 1147 mg/g EQT AR AlRA) HE9)
do] 7zl ng Aol gl e A
2.8 Agdch, au ExAEeie] HE 43S
A% Az uAelE 92~102 FE(Cho
and Woodward, 1989)%ldl], £ <79 Ad
AZE 105~107 BAEE ok ¥9t3, Yo}
7t Hrbgo] g AdTE disubd £¢H
g3l £33 9 F571 ek Aol of
UAHeZ ALH Fo] @7HA] VY 5 AHHA
5, 1996).

2. A8 F A 21 238

AR e o 43 F4ee =4
HE oot wa Aueld 23Sz wha
et WAEQ B $A% 2ARE ol
MmOl FNAE HIHem ¥E
FHY ¢ 9 ANE AT Yt ek AR
del zole AA2E FAFANG AR
¥, 1988)olvt A B FAZ9 27)7t S o
A3, AU W %o oAFERE T F
A8 Xehe 5 olFel ol £ dFelA=
oFe LEMAE Hidta, E oljE WA
Holl Bo] 583te] £& £AY 7 e AXE
AAH 2 Aol Ageigleh. WL Yol
Be A2t RG0S YA7 Adel 4 R
U $7b Yol &3kl FA AL B TFsAel
.22 (Watanabe and Pongmaneerat, 19
93) $7 AL 24702 ek

ol¥AIst] FA FAMFoi i &3}
2 M 604 12094 25 ol Frol
B2rE dzTel uiztel A ZAY 23]
oz Tk B Eed, ol AL izl
ujgh et o] B2 AEE FHE 7Y
A HEBNA 784 A nlgo] ¥ w3,
A HEEe 3 425 o 3" AH S
ek, aaHolAY FHHQ A& Bt
of Aol &dhge] FAFGY wEeld o
AR(F, 1995). oleld A FAMEAAA
olf-¢ uiFHeE A diAslAH(Watanabe

AET - ¥ - 2AE

and Pongmaneerat, 1993), 2f 40% 7} ol
A (Oliva-Teles et al., 1994) AEE Helw
&3hgo] 2k 87~92% 1} Hof o] F4 9] Akg o
vlal] gl 43hgo] FAY 238 S5l
the Adets YR

FAMNE e Tt Aget fAR J1E
Aol A FRRE o9 60%7HA HAlEIGS
A% dlviAle] 4382 89.5%A 81.2% +
F02 7Zt4(Yamamoto and Akiyama, 1991)
stx, A W 2y dFehe Ase] o
30% T Mttt E of Bukg i Ege g
3 Uz 7R} o) 43kgo] 74 (Pongma-
neerat and Watanabe, 1993 ; Oliva-Teles et
al, 1994)%l= zZeg Hustx Qo] ulFut
AEE woldl ©E wE ALY L3
Ueg & 4 gleh

olsfzre] B AFOAE i Aze A2
a3hgol WY L3I WE BFe ¥
Yol BEFE WA YolxlE A, tEuto]
ol ¥8 AR FRTIA TH AW &
Hago] F& Aoz o} kel dFUE A7
FFY A% AR 23 % F5ol Bl QY
Aoz &gk ole wFubl EAIT i
S &stgol WolAE AT AAL 5 9
o}, A &3tol Hofele W o FFEAtol
5 il 3 Aee WEElz, o A
95 3L Al E ol A 43kgo] Hold
F e Aoz 2#A (A, 1995).

W ABE AVIZE ST olAe] YNyR
24 Ao R AR 2 P Uk

o Aubdo

- A8 E FTHEY olRY A T2 30% 9
S Arksled 1257 Wolg AS3itiy
Zhet L9 XA o] iR FHel FoFoz
dobslvhs BXGRY %, 1993a, 1993b), ol
Xjo] Agol vighkE A3 s A/HAEE
o AW A FFo| FAsgrke i (Murai
et al., 1984), EXMEolE 25% 9 hHFEat 4
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B2 19797 AS3idoiy disut skl o)
ojx F AHeo] ki Zasigirhe Rii(Alexis
et al.,, 1985 ; Oliva-Teles et al., 1994)7} AU+=
HhHoll Murai $(1989)2 A zA)o)| opy-2 #
7} glcks AR s B nE sha glo] diFat
AR sled AR Fo] Fashe Aol BalAE
A ek aeu B Ao Ae e kol
W3 A 717ke] ZojAwA AolA|, & 9
e AR FegFo) Faste ZHgE HoxA
e ol§Ao] WHojAG & 4 Ugict

4, o2 9] A ol ZA A E AF 2
ofuliedt AL A whdsslen, ulFdt 70%
AgE HQl FFTFol A methionined] ZAu|7}t
TET oA Sl vlsl AulHoz Yot
A% AL8.9] methionine?] ZAM7} vk
7] HEQ] Zsbeh oyt oE FFTFE
Z272] oAt u|iEste] methionined ZA
H7b e ApolE UEehiA] ekgtoen Aubd
o2 ohmigto g Qg A4 Ao Ny A

o2 HekE i

%

2

e
X2 rlo

3. $EYKHNH:-N) w4

AE9 AT AL ofFfst wiMsle A9
¢ Felell 2 FgE F9, A8 FFE AY
olf9 dEUo} wjAdFE ZAsH A A5
A o] & Y F, o] A= A%t
e dquyzdege olf FFE HHHo
B3 4 Qe #8871 2 4+ Yok(Kaushik and
Oliva-Teles, 1985 ; Jayaram and Beamish,
1992). &, Z&ol(Salvelinus namaycush)=
7 20% 9] ALSE AFSE wo A o
s F4 aAdZe gy, e AR
SEANAE Abs o Tl o] 50% ¥ Wiz}
40% Mt Ao wiAdEgo] g AE Fo
AR o)A gl Hrl= o3y ol&AS
vheeA] dhoh= 23 (Jayaram and Beamish,
1992)7F AU, FxFNolollA]l FAE thAle)
HEZ ol 7HE U= Yol 2J3F ghal A ot

¥ 7H(protein sparing effects) wjF-oll(Kaushik

and Oliva-Teles, 1985) ¢t®ujole] wiAlFo)
goleva 3.

E dFolde 72+ 3379 19 2 YoHNH:-
N) wjAlgFo] 402~467 mg:- kg '-day' &
=24, Jayaram¥ Beamish (1992)7} 750}
(Salvelinus namaycush)ol#] =& 40% <}
AR 10% A AEE 4KS wi drol m A
340.9 mg - kg ! - day 'Ev} @gkedl, o]AH-e
£ ATl A A3 AR F oflU R 7o) Yty
uiiel] o] SRR AAZEUY] wFY
Relt}, el ghE oo} wi4d 732 Kaushik
and Oliva-Teles (1985)2] 7 ZAziel npxt
AAZE 19 F T 124729 ejdge] o &
e, o] AL HEshule}l Zo] 9] MEE E3
57t AdRog 307 wifell kEYote)
WA A71E o]¢t vlEo] H3olR] AHolgl oA
A},

A, 8~ 1297 AAA 7 FRAMEol= viA =
% A4 7Vl °F 74% 7F U ol Felo| k=
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oldel A+ ArE Fivte] nFsiw, ulFut
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8 o
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AFtEA AR 3 602 B 12090 o)t
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