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Effects of Dietary Soybean Meal in
Rainbow Trout (Oncorhynchus mykiss) 1. Growth
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KORDI, Ansan P. O. Box 29, Ansan 425-600, Korea
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A long-term (160 days) feeding experiment was conducted to evaluate effects of dietary
soybean meal (SBM) on growth of rainbow trout (Oncorhynchus mykiss).

Fish fed diets containing up to 46% of SBM showed the same growth rates with control
during the first 60 days (p>0.05). However, growth showed a gradual decrease with the culture
period. At the end of 160-days experiment, fish fed diets with above 34% of SBM showed
a decrease in growth rate compared to the control group. Fatness of experimental fish was
reduced with an increase in dietary SBM levels and in feeding period. Hepatosomatic index
was significantly lower from fish fed the diets containing above 46% of SBM than that from
fish fed the control diet throughout the 160 days of experimental period, and fish fed diet
containing above 46% of SBM appeared to make restricted utilization of carbohydrate sources.

These results may suggest that soybean meal could be used up to 22% in trout diet
as a substitute for fish meal without unfavourable side effects.
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al., 1982 ; Murai et al., 1989 ; Yamamoto
and Akiyama, 1991 ; Pongmaneerat and
Watanabe, 1993), 219 o]-& @l s]4(Wiesman
et al., 1988 ; Satoh et al.,, 1993), ©]&Alo)
Aol ZhF A9 M7t <37 (Watanabe et al.,
1988 ; Kim and Kim, 1990), A% <A
th54ke] o] 5 (Murai et al.,, 1989) 0l 3t
AT Fol thgsiAl o) Foizinh

3, od2EF A (extrusion) 71Eo] %o At
59| Azl =USEA Bp3Ee] ojfAde] &
T4 AFE A2 uiFut 459 o]fAo]
ol MAFR(A, 1992), E3] odojs} =Hat
Zjote] Z9oll= WMAYS A diFutesz
A 4 Qlckn 48 FHH(Mohsen and Lo-
vell, 1990; %, 1991). z&p} Y54 ojFql
FAMEANAE 2 ol &Ao] ulmy do} A
£9 50% (o1%9] 70%) AE72) g5t Azt
7Fsslte 947 235 32 (Tacon et al.,
1983 ; Watanabe and Pongmaneerat, 1993),
2 AT 7i7rel < 509 HEE B AHPolx:
o] X} v] 2H;F]E AHFo] o]FoiF A
20~30% B dH7E Ao Ao glrkn
212 9lcHDabrowski et al.,, 1989 ; Oliva-
Teles et al., 1994). o|X¥ olAI7tA] FAAM%
o d4og 3 FUY o] QT4 tFet
S, G4 ya % 9l A7 ALg MR
et %ol webd Al odeisia, Bl
7I€S] AFEL AR 29 A, 493
o] &-o] Z|ths] =t M ks 20~30 g =9kl
&% MA9) AL, 602 miuke) G717 A 58
T8 A7t REeE AE dTure) S
717l ZA 353 A=A Falglch

o] B AT A A7 Aol whE o)
F4ke) o] 8AE ARy 3l 160U7F F-A
MEolE AgstaiA A A4S A3 oiFuty
AR At 5€ detelgich

A 2 9y

LAY off % A% AA
A5E FFEATLE F2ANA sHl A

2 16097 A& ARG en, Agd g3t
FRAMNEA(Oncorhynchus  mykiss) = Z4%E
AFe] AR ol A RBAA ASE Aol S
TRl AR A7A oF 1AL} D AgE
oflu] A-gslglch AHS AX= el otz (3
6 m?ol 4709 FRP $z2(18)7} 4724 ut
34 Q7 AR AlAF] 22E AYd) o)83}
%, Z4zke] FRP 420l 2709 cage (1.2X0.
6X0.5 m)E AXz] APFE TSR wiA
#5dch

2. A % A

AR AYL Z+ Agttaid 73012 (HF AF
29 g) 4 83t 265 (1~4 2P 2 Addigia,
A A7 BoluwA HA 8 URE 37
St APE Abole] FHE L] 9ste] o)A
S 1FeE YUxE 2449 Az Y
243 23(09: 009+ 16 1 00) F AW ¥w
(ad libitum) 7R FFch A A=
ol A3E 9F 7.65 1/min. EEIIHT,
A od#ze E8 - HESE o1 75
A&t aEn AR A&Eldle A2 A
o]#kx] (thermo-controller) & AXx|slo] A3l 7]
7+ B FL0] 17CE SAREE 35

FZ28 ARFT 2F v At £33
Z71(DEAL 2000, Hack Co., U.S.A)Z &
ZE4t4(dissolved oxygen, DO), ERUo}e)
A&(NH;-N), pHE 343529, 44 717
ZFollE £F447F 7.21+0.40 mg/l, NH;-N
0.11+0.02 mg/l, pH 6.56~6.70 $%&
A& Ak,

3. A% Age Az

B2 AFellA FEEHT W ojBg AR
A, diFuke f718eE g9 AES F
Ystod ALt el YhRet AnE A
3599 A WA (baker,s yeas)E 2ZHz¢
AHgagie, ol Hel ZHi(olshAIAD &
A&k
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ArS)ES A5 IHAEL AH(AOAC,
1984)0l] wte} 8- A7t Az, zhide
Kjeldahl®, =A%& Soxhletd, 3% 3}
Ho gz EAsigden, & xS bomb calo-
rimeter (Parr Inc., U.S.A)E ZAsx,
Wy 2314 AE A (trypsin inhibitor)-&
Hamerstrand et al. (1981)8] ¥riol g}
438151 ch

AY AsE AR YS9 3 AE 24
A7 Table DE 7122 3slo] o2 64.5%
ARERE AY AREE dERH(AE 1HDE Fd
X 2 FFE 13% 7R Fole U4l Bk
10%14 70% 714 SPALE 53 7579
AE AR (AR 2~7THDE AlzE] 8o
W, A 4979 A4 nzE fsle] AgHEE
DA FR|A4ol g ALZ (AL 8HDE Zo] A}

Table 1. Proximate composition (%) of the major
ingredients used in experimental diet for-

mulation
Ingredient® WFM SBM  WF BY
Moisture 82 126 129 706
Crude protein 58.1  44.8 9.7 187
Crude fat 6.0 3.5 29 3.5
Ash 224 6.4 0.5 2.6
Carbohydrate 53 328 740 4.6

*WFM (white fish meal), SBM (soybean
meal), WF (wheat flour), BY (baker’s yeast).

£310tH(Table 2). 2A e §A4 F5&
A8 F71 golek ¥4 7k AR FHololA
&3} AA] HF4te] trypsin inhibitor (T ¥
(54.4+ 3.8 mg/g)oll vl TIZ} A3F slaj=]o]
115+ 1.2 mg/g® FFolsich T4, oifd o
Futol olul:eA B4 ABE 71z sho] AY
Ag(2~74)ole 2% methionined} ly-

Table 2. Ingredient and proximate composition of the experimental diets for rainbow trout

SBM content (%) 0 10 22 34 46 58 70 CcD!
Diet No. 1 2 3 4 5 6 7 8
Ingredient
Soybean meal - 10.0 220 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) 4.78 471 4.66 4.69 4.69 4.66 4.69 440
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, D3 : 160,000 1U, E : 5,000 IU, K: 1.0 g,

B:: 2.0 g, B, 20 £, Bs . 2.0 g, B 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.
3Contain ingredients per Kg mixture. Mn : 40 g, Fe 150 g, Cu:10 g, Zn:60 g, Ca:10 g, I:1

g Co: 50 mg, Se: 150 mg.
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sine& B35k Alge Ay A=71(AEZ16
S, PRI, BREF o83 gHEslen
ofoll FF77IAE —30C9 WEe) B
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Hel ZH5E AY A FRAA. ol@A
Az 2+ A Ao YuhE-L Table 29
o] AEF AF(NE s¥)E IR 7 AY
ALRY] YUPE F £2(8.9~9.8%), iR
(43.7~44.6%)L AL viszsigdel. 28Ut 4
BAE(AR 1~7H) oA ZAHH8.0~9.1%),
9%(4.66~4.78 kcal/g), GE/P I (1052~
107.2)7F A} nlssigiAe 4% A8 47
6.5%, 4.40 kcal, 100,72 54 Agrc}l g
ek 3B AL A2} 21.2% 2 AR Bk
AE AgoME olE9 Mkl ¥EFE I

=

32

4. A% FA3 24

HH oAFE A¥ A%, 309, 609, 90, 120
% 4 160280l 4047 AN F 7 AET(2
el FE3FE FFeAct ol F 20~25
ohel 43 MS —222% wh#AA A Hat, A
o AFE A3 FAo) 4~8ulE)y el isio
T FHE 2050 AT AAY Afs
AEE A8 AS(feed co-efficiency, FC)&
AE%/55F(weight gain) o2, YLYAAE
(daily growth rate, DGR)< % $(1991)9)
Wl wet, 2Eln RAEFTFE(daily fee-
ding rate, DFR)S 4UAA8H ARASLE
T ez, i ggul(protein efficiency
ratio . PER)€ F$3%/382 dgen Zz
AHEsigich

RE ZAZ-e Statistical Analysis System
(SAS Inst. Inc. USA) ProcedureZ Xelslsd
i, 4¢g #7r4 F94 #4442 Duncun,s Mul-
tiple Range TestZ 95% 2] 5550 4] s}k,
Aol 3 A (simple regression) Et= t}
%39 (multiple regression) 238 A-8-3}3ich,

2 3

1. 4% 3%

A8 AR FANEIE F 16087 45T
ZA3= Table 33 Zrh 29 g 71ge] oz
A5 AR 12 AEG0EA A F AR
(A5 8¥) 9 FFHT= 55.7 gt A AAste] A4
LR, A8 AR FolA 5 ol 0~
46%% A 1~5SHAE 49.3~55.2 go=
AAslgod, AgATE 1.30~1.37 52
FHQ Aolrt gt 2 FA|qt di5ut ghepo]
o B FFFAE SFFH AsAlest
AR 2ol(pC0.05) & RYE Fisid

22 A5 A™(60YA) A= A7 8¥I} of
e e ¥ dzFAsRE 1)
FTFT £5%3) ABAF Ao 2o AY
Az FAAE AR 1~4 HellA 91.7~100.8
g2 2 At AF Al FFTY AkE sWY
101.0 g2 F93Q Xt 81, ARAFE
1.27~1.30 FF2& Aozt gch

AR 33 A% AH0UA) AT AR
gwWiat 1Mol FFF zhll S5 ALgAlSTT}
25 $9AHQ1 ol g vehilo] A& 1 FF7Y
dAko] Folxlch, A% A8 FdAE A8 1~3
HollA 159.3~167.4 go2 AAste] fFolH
2ol YT, ALRATE 1.28~1.30 FFoE
o) 7b Agich e i o) 34% o) A9)
Abg ol A= ool BoldE Aol §93%
xFo](p<0.05) & R YE Eslgch

42 A 2812094 NAE A5 1L 8
ek o1 93 (p<0.05) o8 Ao £k
3, A% AE 2~3MAE G5 B &
AbR 2~3WH2 1ol dlsl| FFHE ik Hof
AARE YYAAEL Foxrt gle ubd oiFut
$fol 34% ol AFolAE tiFHt Hrigke]
Hotdg Aalte] foHl Xol(pd0.05)E K
dub E3hsisic

52 A A¥Q60EAMNE Y meE
22 X3 FAAE WA= e o
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Table 3. Growth performance of rainbow trout fed diets containing graded levels of soybean meal'

Diet Av. body wt. (g) Weight FC3 DGR? DFR®

No.? Initial Final gain (g) (%) (%)
1st trial (30 day)*
1 (0 29.9° 54,8 24,9 1.30 2.002% 2.59<
2 (10) 29.5° 54,92 25.4% 1.30 2,072 2.69%¢
3 (22) 29.3* 55.2%® 25.9* 1.31 2.11% 2.76%
4 (34) 28.8° 52.2% 23.4%% 1.33 1.96% 2.61%¢
5 (46) 28.42 51.8% 23.4°% 1.37 1.992b¢ 2.73%¢
6 (58 28.0° 49.3* 21.3% 1.50 1.86° 2.80*
7 (70) 28.0° 48.5% 20.5¢ 1.55 1.83¢ 2.83°
8(CD) 28.5° 55.7° 27.2° 1.14 2.20° 2.50¢
2nd trial (30 days)*
1 (0 56.9 100.8* 43.8° 1.27 1.87* 2.37°
2 (10 56.6™ 97.50® 40.9°% 1.29 1.81° 2.33%
3 22 56.2% 96.8%° 40.7%> 1.27 1.83° 2.33%
4 (34) 54,7°0¢ 91, 72b¢ 37.0b¢d 1.30 1.72% 2.24b¢d
5 (46) §3.20b¢ 88.70<¢ 35.5¢ 1.24 1.76% 2.19¢
6 (58 50.3% 82.1¢ 31.8%* 1.34 1.66> 2.22¢
7 (70) 48.8° 78.0¢ 29.2¢ 1.47 1.54¢ 2.26%4
8 (CD) 59.0° 101.0° 42.0°° 1.31 1.76*° 2.30%°
3rd trial (30 days)*
1 (0 101.5%® 167.4° 65.9° 1.28 1.48 1.89
2 (10) 96.6* 154.3 57.7° 1.30 1.40 1.83
3 (22) 100.8*" 159.3% 58.5 1.30 1.33 1.73
4 (34) 98.4% 148.1% 49.7¢ 1.38 1.27 1.76
5 (46) 91.2% 138.9° 47.6° 1.43 1.20 1.72
6 (58) 82.7¢¢ 124.5¢ 41.8% 1.49 1.27 1.88
7 (70) 79.5¢ 116.9¢ 37.3¢ 1.62 1.20 1.95
8 (CD) 106.3° 154.6% 48.3¢ 1.59 1.19 1.90
4th trial (30 days)*
1 (0 168.5° 251.6 83.2° 1.18 1.34° 1.58¢¢
2 (10 155.82 225.5% 69.8 1.28 1.23% 1.57%
3 (22) 161.5% 234.7° 73.2° 1.32 1.24% 1.64%¢
4 (34) 148.7% 204.6 55.9¢ 1.46 1.06% 1.55¢
5 (46) 140.4° 200.4¢ 60.0% 1.44 1.19° 1.712
6 (58) 124.5% 172.2¢ 47.7f 1.54 1.08¢ 1.67%
7 (70) 115.6° 159.2° 43.6 1.65 1.02¢ 1.66*
8 (CD) 156.2° 221.40< 65.2°¢ 1.40 1.16% 1.63%¢
5th trial (40 days)®
1 (o 250.8 400.8° 150.0 1.45 1.18 1.71
2 (o 224.2 353.0° 128.8 1.46 1.15 1.68
3 (22 2327 367.0%° 134.3 1.51 1.17 1.77
4 (34) 203.9 321.5¢¢ 117.6 1.66 1.02 1.69
5 (46) 203.0 302.7¢ 99.7 1.58 0.97 1.53
6 (58) 170.8 251.9¢ 81.1 1.68 0.98 1.65
7 (700 161.0 231.2° 70.2 1.71 0.89 1.52
8 (CD) 225.2 367.8* 142.6 1.44 1.15 1.66
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Table 3. (continued)

AET - H¥Y - 2AE

Diet Av. body wt. (g) Weight FCe DGR? DFR?

No.? Initial Final gain (g) (%) (%)
Whole period (160 days) ’
1 (0 29.9 400.8 370.9 1.29¢ 1.62 2.06
2 (10) 29.5 353.0 323.5 1.31¢ 1.58 2.06
3 (22) 29.3 367.0 337.7 1,32¢¢ 1.58 2.07
4 (34) 28.8 321.5 292.7 1.40% 1.45 2.00
5 (46) 28.4 302.7 274.3 1.39% 147 2.02
6 (58) 28.0 251.9 223.9 1.49% 1.41 2.09
7 (70) 28.0 231.2 203.2 1.59° 1.31 2.10
8 (CD) 28.5 367.8 339.3 1,37« 1.53 2.04

'The means in each column with a same superscript are not significantly different (P)0.05).
*Numbers in parenthesis represent the percentage of soybean meal content used in the experimen-

tal diets.

°FC . feed coefficiency, DGR : daily growth rate, DFR : daily feeding rate.

‘Mean value of duplicate tries.
’Single attempt.

AAL A% Ae 439 At S, A
BATE AL 8WF Akg 1~3Wo] 1.44~1.51
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TG Ao)E HolHA E3heisivh

AR A% J1E FAMEY A 2
g 28.0~29.9 gold Zo] o 160Y Foll=
231.2~400.8 go2 Aasgioy, dFut <k
34% olde FFFH(AR 4~7THDE 60% olF
FE 2Tl njslo] AAeo] Flo] e
¢ =+ Uk =%, A9 A8 7 A AS}
FelaAl fxE Bk &, A 1Y A
Al A5a8e 77 1299 719% 2 AF
A2 Ag 899 1.373 74% BTk folHdez
FAXAG, AY A FollAE diFy Fdeto] 0~
22% (A8 1~39)9] A8 W E F9x-5
Holz] gigtm, ol¥rt whFute] o o] Fol
Ut AR FFTeE FEleA FoxE By
Aol =izt Uet

2. 49AAE 9P dU9EFIE

12 AHS AgellA] g gle] dYAAE
YYAETFEL 2.20% 9 2.50% 2 7HA £
A=E AL 1~3929) 2.00~2.11% 9} 2.59~2.76

%= G922 Aol7t gt 2ot diF
ol 34% o) FoE oA WA 44-8(1.83~
1.96% )3 A4 E(2.61~2.83%)% E3l3
ek 23 AR g4 49484 149
Aol |Abslo] Alg 8} 1~5do] 1.72~1.
87% 2 4 2el(p<0.05) 7+ glo] Fgkort,
AAFTFEE A7 1~391(1.81~1.87%) 3
8¥ (1.76% )0l A F2AQ Aolrt goirh 2
Ay dFa ko] o)) B FFFolAM=
frodez s AYE Hdoh olHd A
2 3, 4 2 539 A AEAARE Al4E]

o ko] Frigtoll wiel dYAAge] o
AsA o AFE Edch F, 33 A%
Aol A8 1, 2 9 3 TFFE 1.33~1.48
%2 FeH Xolrl giKien}, olBr} oiFut
o] growd Aa-gol A ZA4srt a8ln
42 A5 ARdlAe dEAdAEe] A 1~3
Hell A 1.23~1.34% 2 Zoj7} giglen, ¥Y
AARFTFEE A AYFRNA 1.55~1.71% <
Zoldich. 5242 Fe+= YL¥AAEol 0.89~1.18
% T, uifut gEke] Wolxld] wal 4
e A FLsc

oldt 7ol AR AR 60¥U7HAE WiFd ¥
o] 0~46% (A& 1~5%) 9 FFPoAe 4
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Fig. 1. Protein efficiency ratio of rainbow troumt
fed diets with the different soybean meal levels,
Diets 1~8 refer to Table 2. Same superscript on
the bars within a figure are not significantly different
(P>0.05).

A8 1~58 FF7YE FAFH AolE Holx
ekokeh. iy 3xH90Y) A AREgdle
Ag 8 FFTY Dol 8 -E(1.58) % A8
1~5¥9 21(1.58~1.95) 3= F23 Jol&
Hol7] A&l en, 53] AL8 1~31o] 1.92~
1.952 95, el o] Bold4E 182
frelZog zol7t ek ol Aol 42120
PDellA vls FElA, AE 1~3ddlAE 1.
90~2.1022 Al Xel7}b gle] Fgkon}
dlFak dhego] Fldel wel w8% Fdsle
1.73 o3& dAsA dkeh BiSo] AA A%
717kel 7+ A% Ag ol &y o] HdE
Ho g 18 FEe gk 234 F
oA X BIRARE o] W AE 2~7H ¥
TP AR 717 W 988 55 A8k
2y AE AR FFTolAE AR 71t
Fold5E ol gago] HolR
4. ¥igtE B DFFAL

Table 4= 7 A% A AR 77l uh&
FAME019) v|9E (fatness) S VERd Holch,
AAAQ) ke AT FF AR 7] &
g vUtEE YolAe FE%E Ho ¢9
A7 Avker 2 Xk &, 12 A 712
Folle Ze Tl F9380 zolrt g%l
ARk, AR 717be] molvb Al 2xF AHE 717H(60
DollA= AR 1H (U2 FF79) vuigte(19.
09)¢ A8 2~5H(FE dF 10~46%)9
27(18.90~19.15) F= FoAb7h gdlevt, At
g oW# 7HoiAE ZHt 18.509) 18318 &
g o2 YUtk (pd0.05). 3, 32(90Y) A%
71ZF Folli= AR 1~31 FF79 vlEst 19,
10~19.58%2 & AERT oo s i)
AR 421(1209) A% 717 Folle uiF
FA/R] Am 1 FFTERe] 19972 §9
Hog Fotow olFul o] g FFTol
A AuFEo g "olFh o2 AF 717be]
Eolds ZE A¥ As FF7E ngsEs)
of7H ol FAFev Ag 149 Ut
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Table 4. Fatness' of rainbow trout fed with the experimental diets

Diet Duration of the experiment (day)

No.? 30 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 (CD) 18.31° 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).

*Refer to Table 2.

Table 5. Hepato-somatic index (HSID)' of rainbow trout fed with the experimental diets

Diet Duration of the experiment (day)

No.? 30 60 90 120 160
1 (0 1.53+ 0.26° 1.52+ 0.24° 1.34+ 0.22° 1.31+0.13° 1.17+0.33°
2 (10) 1.46+ 0.21° 1.47+ 0.19° 1.36+ 0.08* 1.32+ 0.14° 1.16+ 0.09°
3 (22) 1.48+ 0.15° 1.55+ 0.05° 1.34+ 0.25° 1.30+ 0.13° 1.09+ 0.16
4 (34) 1.21+0.12° 1.38+ 0.21%*  1.10+ 0.09% 1.10+ 0.11% 1.05+ 0,12"
5 (46) 1.28+ 0.30° 1.27+ 0.25% 0.94+ 0.08° 1.05+ 0.10° 0.96+ 0.13°
6 (58) 1.22+ 0.25° 1.184 0.26° 0.95+ 0.11° 1.10+ 0.08" 0.94+ 0.22"
7 (700 1.24+ 0.24° 1.21+0.27° 0.94+ 0.10° 0.99+ 0.18° 0.85+ 0.19°
8 (CD) 1.46+ 0.16° 1.48+ 0.25% 1.15+0,17° 1.25+ 0.2 1.03+ 0.26*°

'HSI (meanz SD) : (liver weight/body weight) X100, the means in each column with a same
superscript are not significantly different (P)0.05).

Refer to Table 2.

Aol 7t E9hch

7+5% A 4~(hepato-somatic index : HSD+
Table 50l e ule} Zo] AnbA oz A3t
upet Zhaslgdeh, Aubdezd A 7 ¢
it I 0~22% (AR 1~38) 2 4F AR
(A& 8¥) 9] TFT= Wi ¥ 34% ol
FTFTF(AE 4~79) Bt oo =2 e
HkeH(p<0.05).

vl Z

1. 2% Aze 9%

ol2] 3¢t =2A4L dHE i 65~67%,
AE 6~9%, 3E 15~18% FFolzi s=d
(Tacon et al.,, 1983 Alexis et al., 1985 ;

Watanabe and Pongmaneerat, 1991), ¥
Aol ARE-3F WA o} (Table 1) WA o]
58.1%, A& 6.0%, 3¥o| 224% % A
o] A Aoz 3)8o] Bt} olEEt
ol olie) 7H8 W, 1% 9 o8 Ajzld)
w2} Hol7t g1 % Qv B AFolA A

2 83 RE) YRE dAFoE ez
YA g oo e diFelzt AR,
a8y AE €A dFuke AFE J1Fez ¢
WA 51.3%, AF 4.0% $F2Z(Table 1),
Tacon et al. (1983) ¥ Alexis et al. (1985)7}
AT iR 46.2~50.1% 9 AE 0.7~2.9%
9] @3 A9 7 FFolUrh

e, o] Fo) thiiA 9 7Tk whil A of1f 2]
H(C/P ratio), =2l E(o] 847} otu):xit
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7)), dlvA Eel 5, AR HA(5L, 47
) Tl wek ZA FetAlEd, FAMEA Y
7% 40% WNei(Satia, 1974 ; Austreng
and Refstie, 1979)elu, HA 7t&3t A
(DP)/7}43 olUA(DE)HlE 92~102 (Cho
and Kaushik, 1985 ; Cho and Woodward,
1989)2 Easka Qvh. et B A4
AR AR Alge wiFo] 43.8~44.6% 2
AN 2F FER Fhou, 7h43 i
g 7k oAtk =AbeAl kAT F9%
WA/ FA A 8](105.2~107.2)  ulFo] A7|%
R} Fol ALg9] oz ublgo] ik Yo
Aoz vepgeh A9 A5 F oA (gross
energy, GE) & 4.66~4.78 Kcal/g 5% (Table
2)22 Alexis et al. (1985)7} o83 4%
AgHos =)y BE d7AE(Cho and
Kaushik, 1990 ; Cowey, 1992 ; Pongmanee-
rat and Watanabe, 1993 : Oliva-Teles et al.,
1994)¢] Ak Ygh=ul, o]A-L AR Foll
o}i9 HlEo] Fol vk 3o Bgkar xHe]
AR HEY Hog Agch o - FoloA
AT oA o FAE AP ngR e
AEE AHEE i AS HoFd = glem(Rei-
nitz et al,, 1978 ; 1T %, 1979), vol7l &
e Y 7 Ydeong gog ANAYE =

ok A2E dges 2748 AFs B
s},

aga g H7he AR AE it
Jol 9+ trypsin inhibitor (TD2} 22 3
QLA ol A BAle] uehtrls s, 7kl
Aejeka) g g Bol WAESE =4
gl Z7kHe B9 el B9 A4l
ehdct. st AE e E-RE 23
A 22 SalE 5317 stel o 30~40%
¢ teE TP 49EE sk dci(Kim
et al.,, 1985)3 stod, TI7} 8.9 mg/g olslolmd
A7) 8] Aol ob - H¥E 2] ka(Wil-
son and Poe, 1985), AA tiF(full fat soy-
bean meal) & FA|MEo] ALZol 30%

1=

AHgstds EAI7F @lok(Oliva-Teles et al,
1994) 3 dhe}, B Aol A AR’ AHE ol Fike)
TI 32 11.47 mg/g AEIoY A2 ARE
Heted F7tE GxEE sl Wil FAM
Folo] Aalle HoE A4gS uxA WS
Aog ofAZch

2. A3 &9

o] ALg.o] iAo g dFuhg AMgslEl e
AFE 1970 Wl 2FE A o) FolA
$kal, FIFE FEo oA P QA #4,
AL#.9] extrusion Xl, £E% olu|xAl 8l A
(P)9 2% 5 difdry o84S FdHe F
Ao g gk Mio] o]Folx HrHMurai et al.,
1989).

7] AFREel i A8E olfsld F
AMEAE A58 AIHE Table 69 Felskich
A olE AFxe AT 7iTtel dIFE 70
ulgke 2 Fol A7k AAgol] whE T AR
TARE $33] g4 4 g, FAMEl g
A o] 16C H¥(Austreng et al., 1987)
dols B3l o] Hrd H4l WL g4
AFAIZ 7o) Aol dof tiFuhe) o] &AL
ulwsy)7h Eeksty, o} feo] AAghAle) weh

Fuko] ol 8ol thE 4 UrdlE(Murai et
al.,, 1989) iR 43 MAE didez 9
Eake] Akl o]gAe] & dIF JMAE A
o2 3 dFE =Evh

Fub Ak gl 9% o] 79 AT A A
B olAgtelA ool olig AF ulFute
Alste] 33 FF ALREE foHd A
Zpol7b (A, 1991), 20 g =79} FA)A
Fol8 25% 9 thFu AL E 19797 247~317
g7tA A5t E dlfet Aol mE et
figtke Ba(Alexis et al, 1985)7F 7t
st vho] ALgoll 30% 9] WHFuEhS Mrlkste] 12
F7F AR AR AR 717e]l Foldol wal
AAgo]l ZASAFRCRE %, 1993a, 1993b),
FRAMNEAE 19793 AFsid=d dFet A
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7Vgol B FFTFE 40 ol AAe] &
gH oz Zislsivhe E31(Dabrowski et al.,
1989) & AT A 2 chFuhg A7) 7H FFsha
AAo] E3EE Xk

& AFoNA ol A Ag g 929 g F7)9)
FRAMNEE <F 400 g Z7)17HA 27174 160Y)
A58 EY 6097 A= TRt 46%7HA) E
TEolE e T3 BEHA ko), AL
71Zel v ZAARAR A 27t vehds) A
FHL 1608Acl= tiFt 34% olde FF
FollA BF Aabo] ZhaxE H4do] Falsgldh
olgld Aoz HAHARY oAzt AMAF
o8 HEAI, voprt tiFut Hrigo] g
AT ool 23 wB3EYe) 43} 9l
F77 vl o] ohix|fdez HEH o
A7k AL & slew, iFut Hrlgko| g
AT A A Al wle}t Aoz Aol
Ve e Qe ¥y ¢ 4 glou uiFut
Apgel] whg A3tAEEQ Azt Yebd ¢ 9l

AFd - 98" - =AE

o8 ] AFE T4 B Hest gk

UYL 4-E(Table 3)-& FAAMF| 7} Aol
wa} Zase el Aet Table 601 AARE
g AFAEe] ATl v diAz 2 A
°o]gich

FHE, g5l 23R g A2 @
F3g0) I glo] 4£dge] dn HHH
o2 7}as) v g e AHE 2T
t}a ¢e# Qv (Watanabe and Pongmanee-
rat, 1993). 5ol S0 Y& F 35% 1} sl
gd3Ee £2 493, OdF 2 HRAER
TR leng o9 £312 A ¥l e}
AAE FRAE FE Q7] AT, el ext-
rusion wWgle] 1 HelE FoER &£32-F
Folgle AR olfofAx k(A 1992).
A doj} o] F= VAP BrstEg
FEHOZ o|8dA Eiln AFEL FE olf
22 (Cowey, 1992), HF4HE AUXA] ol
Agstd A AR 7k & 71 ek vE

Table 6. Comparison of growth responses of rainbow trout on dietary soybean meal

Form' of SBM Protein’> Size* of Exp. W. T. SBM in  DGR* Growth References
in diets  sources fish (g) day (€) diets(%) (%) response
BFM, 0.7~149 2.52~331 70.3~87.2%
+ el i .
SBMFMeOH " 7 o oo 42 15 500 119~173  of contro  Murai et al. (1989)
30.0~734 56 50 1.44~1.63 good
piSBM PFM 740~193 70 10~14 32 1.32~149 good
¢SBM PFM  300~734 56 26 1.44~1.63 good
FM, - - - Watanabe & Pongmaneerat
¢SBM KM 50~438 56 13 30~50 1.65~2.25 good (1993)
SBM FM, 52~223 42 14 30 1.98~2.88 good  Pongmaneerat & Watanabe
KM  52~431 56 14 30 1.87~2.60 good (1993)
BFM, _ _ - _ Yamamoto & Akiyama
¢SBM+MeOH BY 11~23 42 16~17 0~46 1.55~1.73 good (1991)
FM, - _ _ good up to .
cSBM KM 2~70 177 7~20 0~50 25% Dabrowski et al.
ffSBM FM  382~151 80 14 30 1.66 good Oliva-Teles et al. (1994)
¢SBM FM  29~400 160 17  0~70  118~220 g°°‘;2‘;p o present study

'cSBM +MeOH : commercial soybean meal+methanol extracted, pffSBM : puffed-full fat SBM,

ffSBM : full fat SBM,

’BFM : brown fish meal, TY : torula yeast, PFM : peruvian fish meal, KM : krill meal, BY : baker’s

yeast.
*Injtial weight~final weight.
*Daily growth rate (%).
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Kaushik and Oliva Teles (1985) % Bergot
(1979)€ o AL AEE 2ol A ALS =
oJFEY BrEES o]8Ae)l AX EF Tx
TE(ETD Sk FERE 9 =7 As
Aol Woidn dod, B dAFdae
HFEE 0% oA 70% (A48 1~TH) 74 A Fele
. "WARE 33.0%014 17.2% 742 FolA
grils 3 30.3~40.3% 7 HEE 243
AT ARFTFES AYT Aol Foxe 9
govt thFa Aol wE A AHY 24
e THEA ke Zloz vFo Yt
EPE de3Ede]l A oA E3 A
o2 Agdrt. oloh= ¥MNE ExMEelE 7}
&3 YR E FF A ¢ YE FFEo2 ARE
A7) ol dF ALRE 743} ovxA]
el do} 238 gzFH} ABHHT] F
7¥le ZAeE Bwslw 9ov(Lee and Put-
nam, 1973 ; Watanabe and Pongmaneerat,
1993) & A7l ASZTFA A5 A2 T4
71EE AR o) o 22 wi7kA A&}
Aol FA kEE FEI 49 AEE FF
7] el ARTEFF F, ABAHHT F7)
AL YehAl ekglrl

B, olFe) e AWM &3 F43
FELE olfsle] Tl §A, Trgdoly &
9] oA}, FEEAle] A, BAEe] HE 2He

FES 4 Soll Bofele T A% EA
Foll 83 A%E slug ofF9 o Ay
W AT e F8% AZ TR o
deh aglx Abg e 7has) gt e 43 203
FAIe] fAlE & d#iA Ydol(Lee and Put-
nam, 1973), HSIx= A% w} ztizsie
(Alexis et al, 1985), ALE AH o] WAL
grdtEde] 3 Hof o]fE7} £ ojFolAe
HSI7F o)X ez grbx ¢#4 Ych(Kaushik
and Oliva Teles, 1985 ; Storebakken, 1985).
£ AFolA drstE o] 84S AR $iste
2t FHEHT T AR OA HE 724 (HSD
T FAR] vl@slgdriu(Table 5), ALE 14

oo m N ML X

Az, A8 2 9 31 FFF(HFE 10%
2 22%)F ASHE 16027HA F9% gle) 1.
30~1.559) Zh& A vh, A5 o) gk
A8 9 FFTFE 2R Yot 0.94~1.282 o
Sk 3efo] W FF Tl HSIZF 5213 (p<o.
05) 22 24 A okl Wrhed) 23"
grdtEdde] olf%st o Fol 7He FE=
Ao ZAeFo] Boty] wif-olzl oI AZ)
oldel AdE Fislel HH, AR 7|7tol
soldezd difute oA Zislgeoy
FANENE A5 22% ¢4 A5E 1609
A Assivlels AAele AlE AR vl
obr-dl EAIZF §iR e, vl Se) 34% H7ksbd 0~
22% FFoll v AR oF 80.2~91.1%
AER WolAAgt 53 dgah= glch

2 o

AHR shddo gy diFuke) ol gAS 24}
317] f3te] FANEAE Y22 1609 5
A7 AstA AR g3-E Hrkslgl

AY A2 AR Z ofEE 64.5%
AHEE (AR 1) 9 AlIF 2X) ulFehe
10~70% 742 SAHe2 53 AR(AE 2~7
H)E Alzste] Agsigich Az AR iz
A ek 44% U 8~9% HAXEFR, FE oA
T2 4.66~4.78 kcal/ge] FFolgich

27] 6097+ 54 46% H7F7AIZE ol
Z7¢ vlmsle] F5%, ASuE, oI ng
Y YLALE ol KA Aol giglent,
I o]Folle AAgol sl Y A W
7o 3F 22% oY FETE uzTRYG
FolAeg Agatol YdtH(p<0.05). A, vtk
(fatness) = A4 A9} njsssto] dsut ok}
AR 717be] wolvmA AR gasilz, F
FH(HSD+ Fat & 34% o4 TFF
A FrejHez dob difute] gty o) g
Aol HolFE & + Uitk

2 AFoAE FAAEAE A71ZH16027H)
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