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Effects of Dietary Soybean Meal in Rainbow Trout (Oncorhynchus mykiss)
III. Bioavailability of Phosphorus

Pyong Kih Kim
KORDI, Ansan P. O. Box 29, Seoul 425-600, Korea

Feeding experiment was conducted to evaluate effects of dietary soybean meal (SBM)
on the phosphorus bioavailability of rainbow trout (Oncorhynchus mykiss).

Seven diets, containing 0~70% SBM, were made based on iso-nitrogenous and iso-caloric
basis of 44% crude protein.

Apparent digestibility of phosphorus was measured 60 and 120 days after feeding. The
digestibility coefficient increased gradually as the level of SBM increased up to 46~58%,
but decreased at 58~70% SBM level. Phosphorus concentrations in feces decreased with
an increase in dietary SBM level. Patterns of post-prandial phosphorus excretion were not
similar to those of ammonia excretion, but the amount decreased with the increased SBM
level in the diets. Total excretion of phosphorus for 24 hours was 19.68 mg - kg~' body
wt. * day™' in the control group, but excreted phosphorus by the 58% and 70% SBM groups
was 63.4% and 56.1% of the control group, respectively.

Phosphorus concentration of whole body decreased with an increase in dietary SBM level
for 120 days of feeding. However, there were no significant differences in phosphorus concent-

rations of liver among the experimental groups, except for 70% SBM diet group.
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Table 1. Ingredient and proximate composition of the test diets for rainbow trout

SBM content (%) 0 10 22 34 46 58 70 CD!
Diet No. 1 2 3 4 5 6 7 8
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 1000 1000 100.0
Pollack liver oil 5.0 5.0 5.0 5.0 5.0 5.0 5.0 -
Cr;0; 1.0 1.0 1.0 1.0 1.0 1.0 1.0 -
Total phosphorus* 2.13* 2.14° 2.04° 1.81°¢ 1.70° 1.41°¢ 0.98' 2.04*

!Commercial diet for rainbow trout.

*Contain ingredients per Kg mixture. A, 800,000 IU : Ds, 160,000 IU ; E, 5,000 IU ; K, 1.0 g ; By,
2.0 g3 By, 2.0 g5 Bg, 2.0 g Bz, 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 g3 Zn, 60 g: Ca, 10 g3
I, 1 g5 Co, 50 mg: Se, 150 mg.

*The means in row with the same superscript are not significantly different each other (p»0.05).
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Table 2. Apparent digestibility (%) of phosphorus in soybean meal diet for rainbow trout

Duration Diet No.
(day) 1 2 4 5 6 7
Digestibility (% + SD)
60 355+ 1.4 36.0+0.7 39.5+1.2 439+1.2 494+ 04 53.7+0.9 454+0.3
120 33.8+0.7 34.0£1.0 40.1+2.0 42.3+1.4 50.3+0.3 46.0+1.0 43.2+0.7
Phosphorus in feces (%, dry feces)
60 7.7 6.9 6.6 53 4.1 3.9 3.6
120 7.6 7.2 6.7 5.6 4.2 3.7 3.3

*Refer to Table 1.
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Fig. 1. Excretion of total phosphorus of rainbow
trout within 12 hrs and 24 hrs after feeding of
test diets. Diet 1~8 refer to Table 1.
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Fig. 2. Post-prandial changes of serum phosphorus

of the rainbow trout fed the experimental diets.
Diet 1~8 refer to Table 1.

Table 3. Phosphorus contents (%) of the rainbow trout fed the experimental diets

Diet No.!
Pooled
1 2 3 5 6 7 8 SEM
Whole body (gutted)?
Start 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 -
60 days 0.35° 0.32° 0.232 0.36* 0.352 0.31° 0.37° 0.38 0.021
120 days 0.36° 0.30° 0.32° 0.33° 0.30° 0.31° 0.29° 0.33 0.012
Liver?
120 days 0.09° 0.09° 0.09* 0.09* 0.08* 0.09* 0.06° 0.07¢¢ 0.010
Muscle?
120 days 0.25%  0.26** 0.23° 0.25%  0.27°* 0.25% 0.23° 0.27* 0.013

'Refer to Table 1;the means in same rows with the same superscript are not significantly

different (p>0.05).
*basis on wet weight.
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Table 4. Calcium and phosphorus levels in the serum of rainbow trout during 24 hr after single feeding

of soybean diets

Component Diet No.'
Pooled
(mg/100 m¢) 1 2 3 4 5 6 7 8 SEM
Ca 10.2 - 10.7 11.5 - 11.8 114 12.5 0.83
P 28.6 28.6 28.6 27.9 28.7 27.9 26.2 28.2 3.28
*Refer to Table 1.
Table 5. Changes of serum Ca/P ratio in rainbow trout fed with the experimental diets
Time Diet No.*
(hrs) 1 2 3 4 5 6 7 8
1 0.25 0.31 0.32 0.33 0.32 0.36 0.35 0.36
3 0.29 0.35 0.38 0.39 0.34 0.46 0.34 0.37
6 0.32 0.38 0.37 0.48 0.41 0.46 0.48 0.45
9 0.38 0.35 0.37 0.43 - 0.41 0.48 0.43
12 0.41 0.41 - 0.42 0.39 - 0.48 0.51
18 0.53 0.34 - 0.48 0.38 0.42 0.48 -
24 0.43 0.46 0.42 0.60 0.51 0.48 0.44 0.59
*Refer to Table 1.
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7|z wAdge g 75 o & A 7 H FET
(70% AT+ o] FEE dx g FHem
ALE = Rk,

olAe] AT AINE 7I1F = sl R 5(1996
a)® AA AAE F83lo] tiFat FFol wE
9] o]&4e nlawd Zih= Table 69 ek
Weich

Table 60ll41e} Zo] APAR ] tfFat dafo]
F7HErE A8 Foll 283 9] A K&
(retention)2 F7ksle b, B33 (R &
A R wdile e Fle AEE
Bgck = A8 F F 9 AW 2REe A
ALz 10.3~16.4% HEE Gomes et al.
(1995) Sol Ba1dk 21.6~27.4% K.r} A Yo}
% Q9 o]&Fo] W Y zoF iyl
&H, B AgAEE FAMEelE 18 A4

O

Table 6. Retention and discharge rates of dietary total phosphorus by rainbow trout fed with soybeal

meal based diets

Soybean meal level (%)

0 10 22

34 46 58 70 CD!

P in diets (%) 2.13 2.14 2.04

FC? 1.18~145 1.28~146 127~1.51
P supplied (kg) 25.1~309 274~31.2 259~30.8
P in carcass (%) 0.35~0.36 0.30~0.32 0.32

Digestibility (%) 33.8~355 34.0~360 39.5~40.0
Retention (%) 13.9~11.7 109~10.3 124~104
Discharge (%) 86.1~88.3 89.1~89.7 87.6~89.6
Discharge (kg)® 21.6~27.3 244~280 227~276

1.81 1.70 1.41 0.98 2.04
1.30~1.66
23.5~30.0
0.33~0.36
42.3~43.9
14.1~12.0
85.9~88.0
20.2~26.4

1.24~1.58 1.34~1.68
21.1~26.9 189~23.7
0.30~0.35 0.31

49.4~50.3 46.0~53.7
14.2~13.0 164~13.1
85.8~87.0 83.6~86.9
18.1~234 15.8~20.6

147~171 1.14~144
144~168 23.3~294
0.29~0.37 0.33~0.38
43.2~454 -

20.1~22.0 14.2~129
79.9~78.0 85.8~87.1

11.5~13.1  20.0~25.6

ICommercial rainbow trout diet. Feed co-efficiency cited from Kim et al. (1996). *kg phosphorus

per 1,000 kg production in wet basis.
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F-2 70401 (Oncorhynchus mykiss) A1BQOZH thFHte] o] A3}

35 F A wiEHe 5t §o] Folds
A Fis= FgE Ho A8 7 FFFY
Q) wiEE dz2HAE 1) AEAE F
79 ZZ bl fEelglen, AMHoezE
% UE 11.5~28.0 kg (A%<] 78.0~89.1%)
wl&sto] Merican and Phillips (1985)2)
8.1~20.7 kg¥} Gomes et al. (1995)2] 72.4~78.2
%Xt Bk olzidt 9legs ¥ AgAge
QT 2% HE & FFoIx, tiFiks
Bol Argste] A3t A Y2 phytate ¥
gle] <Qlo] ol ¥ix]o] HAMHoZ Q9 wiZE
Fol YW Aoz Azt m3l, FHTole
AR FY 7HE Q $HE see Uil F 9
FFe A Fole ZAgelolAl ol wiE 4
L e 2 ez Agdgch

ol A} o] FR|AFo] Argdl HES)
Vg HFAFIA gi, tiFuhs 58% 74 AE
sledx Qle] HFoz Q3 Aeld Aol A9

= ZAez dgho] Q)

8 ¢

Atg e 2 M ohFute] o] £44E AL
317 et ExNEIE 12087 AHSshH A

it Abgoll X3E QI(P) o] AEH o1 848
Hrvstdct

AY Asge Yoz ofRg 64.5%
AS3 27 (AL 1 ) 9 4F 94 vk
10~70%7tA] 422 ¢ AR(AE 2~7
)& Azste] AHEsigon, Addge
ke azTE 2.13% 9oy, hRul deko)
HWolAw A Qle] ok Zidled 58% = 70%
ARTE 47 2T 66% U 46% ol
Ak ASE 60 YT 120 Lsol) N9 £3H8S
FAsAUY, U gio] FUMES4E L3E
< F7kted iRt ¥ S6% 2 46% AY
TollA 42 53.7% | 50.3% Z 7Ha Hgken,
2 o]49] FEAAE 238 Zassl F3)
%9 Q FFFL NEFI) 7.6~7.7% FFoI

Qon, difut o] F7MEFE I vl ol
5t &5 70% AGFNAE HETE] 50%
FENA Edck HE, AdolF 1 d(24 AP
< A9 wiA-E dmole] Ao del Axk
12 A)Zre] Fuldcl v] Wk, F efAZE
HZF7F 19.68 mg - kg™' body wt. - day 'E
M Btow, difut o] FUtEE T4
slod 58% U 70% AT 47 dzT o
63.4% 2 56.1% FFoloch

gl Hojxlel 1 e A wal 7
A3a, &3] 120 UAY 70% oiFuk W)
TFoAlAE Hold o AR F Tl F2
Hog yokAt, ohE A¥FAE diFet 3
Foll g F2HA xe)7b gl
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