33 4

Vol. 33,No. 4
2009 7 ACTA HYDROB OLOGICA SN ICA Jul., 2009
DO! :10.3724/SP. J. 0000. 2009. 40740
1, 2 1 1 1 1 1
(1. 430072; 2. 100039)
4 , 3 0( ,D1) 20% (D2) 80%
(D3) 100% (D4) 16 2.32g, 23—30
(p<0.05),
(p<0.05); , (p<0.05);
(p<
0.05), (p< 0.05);
, (p<0.05); , (p<0.05)
:963.317 4 A : 1000-3207 (2009) 04-0740-08
' 1
1.1 12 (60am x
(1.2]. 40 an x50 an, 1 120L)
, , 10L /min
[3.4] ' , 23—30 : 0.5mgl/L;
) 5mg/L; 0.05mg/L; pH 6.4;
30% —50% (5] 12 /12D, 08:00 20:00
, 1.2
( 38%) ( 18 kJ/g) ,
0( ,D1) 20% (D2) 80%
(6.1 (D3)  100% (D4) , 3
: , 1% Cr,0,
[8] [9] 1
[10] [11] 2mm
60 ,
1 2008-02-18; 1 2008-12-03
“ " (2006AA203A02)

(1981—),

, Email: lewu@ihb. ac. cn

E-mail: wangc@ihb. ac. cn



4 741
1 (% ) , 09: 00 15: 00 ,
Tab. 1 Fomulation and chemical composition of the 1h .60 :
experimental diets (% dry matter) 60
Ingredients D1 D2 D3 D4
Replacament level (%) 0 20 80 100 ,
, 1h , 60
Fidmeal 53.06 42.45 21.23 0.00
Soybean meal 0.00 14.11 42.33 70.55 '
1.4 , 50
Com starch 31.42 26.18 15.71 15.24
- 20 ,
Fish oil 3.00 3.80 550 7.20
Vitamin pramix* 0.45 0.45 0.45 0.45 ’ 3 ’
Choline chloride 011 011 011 0.11 6 ' , 3500 r/min
M ineral premix 500 500 500 5.00 15min,
Chromic oxide 1.00 1.00 1.00 1.00 1.5
Carboxymethyl cel-
omety 2.00 2.00 2.00 2.00
lulose [12] : 105
Cellulose 396 4.90 6.67 8.45 ’ : FOSS
Chemical camposition . .
P (2300 Kjeltec Analyzer Unit) :
D ry matter 95.69 95.56 95.58 96.20
i ( Soxtec systan HT6, Tecaior, Hoganas,
Crude protein 37.32 37.46 37.53 38.05
Swveden) ; 550 3h,
Crude lipid 7.17 7.00 7.09 7.9 . .
: (Philipn mi-
Ash 13.22 12.44 11.13 12.56 _ )
crobamb calorimeter, Gentry Instruments Inc., A iken,
Gross energy (kJ/g) 18.00 17.60 18.30 17.92 .
URA) Cr0O, Bolin
Lys/CP(%) 7.76  7.53 7.08 6.62 [13]
Met/CP (%) 4.55 4.09 319 228
1.6
.1 . . .
: (mg/kg ): B4, 20; B,, 20; (14] (15]
Bg, 20; By, 0. 020; 5 , 50; , 100; ) ,
16
,100 ; 011, 3226 C, 100; A, 110; bl (S0D)
D, 20; E, 50; K,10;,  ,550;2 M cCord & Fridovich !
(mg/kg ): , 500; ,4575. 0; ,12500. 0; . [18]
, 16000. 0; , 6850. 0; , 1250. 0; ..
1.7 Statistica 6. 0
, 1750. 0; ,111.0 ; , 61. 4; ,15.5; s
0.5 15, ,6385.1 (One-
Note: 1V itanin pranix (mg/kg diet) : thianin, 20; riboflavin 20; pyr- way ANOVA) ) Duncan’ s
idoxine, 20; cyanocobalamine, 0. 020; folic acid, 5; calcium pattheniate, , p<0.05
50; inositol, 100; niacin, 100; biotin, 0. 11; Starch, 3226; asorbic acid,
100; Vitanin A, 110; Vitanin D, 20; Vitanin E, 50; V itanin K, 10; Cho- 2
line chloride, 550; 2M ineral premix (mg/kg diet) : NaCl, 500; M g0, - 21
7H,0, 4575.0; NeH, FO, - 2H, O, 12500.0; KH, FO,, 16000.0; )
Ca(H,P0,), - H,0, 6850.0; FeD,, 1250.0; Cg Hyo CaDg - 5H, O, 2 '
1750.0; ZnSD, - 7H,0, 111.0;MnD, - 4H,0, 61.4; CuD, - 5H,0, ,
15.5; CoD,- 6H,0, 0.5; KI, 1. 5; Starch, 6385. 1
1.3 (p<0.05) ,
(p<0.05),D4
(p<0.05);
4 09: 00 15: 00 (p<0.05),D4
, 24h, (p<0.05);
( 2.329) :
12 , 40 16 : (p<0.05),D1
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D2 (p>0.05), D1 D2 D3 D4 (p<0.05)
2 ( + )’
Tab. 2 Effectsof sybean meal replacing dietary fismeal protein on growth and feed utilization in gibel cap (means + SE) ©
Diet D1 D2 D3 D4
BW* 2.32 +0.00 2.33+0.00 2.32 £0.00 2.32 +0.00
FBW? 54. 95 +0. 76¢ 40.66 +1.17° 29.40 +0. 16° 20. 46 +0. 412
FR® 1.98 +0.02° 2.10+0.01° 2.37 +£0.02° 2.68 £0.04°
SGR* 2.80+0.01¢ 2.53 £0.02° 2.24+0.00° 1.93 +0. 02°
FCE® 82.02 +0. 70¢ 75. 08 *0. 48° 63.83 +0.57° 52.51 +0. 86%
PRE® 36.11 0. 49° 33.14 +0.13° 27.19 0. 84° 22.70 £0.63%
ERE’ 33.91 +0. 55° 33.52 0. 44° 26.22+0.94° 21.44 0. 38°
Dx (p< 0.05) . Meansin the same row with different superscripts are significantly different
(p< 0.05); * BW (g): Initial body weight, 2 FBW (g) : Final body weight, 3 FR (% /) =100 x /
[ x ( + ) /2] Feeding rate (% BW /day) =100 x dry feed inteke / [ daysx (FBW + BW) /2]; 4 SGR (% /d) =
100 x [ In( ) - In( )]/ Yecific gowth rate (% /d) = 100 x [ In(final weight) - In(initial weight) ] /days 5 FCE (%) =
(200 x )/ Feed conversion efficiency (%) = (100 x fresh body weight gain) /dry feed intake 6 PRE (%) =
(100 x )/ Protein retention efficiency (%) = (100 x ptotein retained in fish body) / piotein intake; 7
ERE (%) = (100 x )/ Energy retention efficiency (%) = (100 x energy retained in fish body) / energy intake
2.2 2.3
3 ’ L 4 L
(p<
0.05), D1 D2 (p >0.05);
(p< 0.05),
(p <0.05), D3 D4
(p>0.05) (p< 0.05)
3 ( t )’ 2.4
Tab. 3 Apparent digestibility coefficient (ADC) of experimental
diets in gibel cap (means £ SE) © '
(p<
0.05);
Diet ADCd" ADCp’ ADCE ( 0. 05)
<0.05);
D1 69. 04 +0. 46™ 82.83 £0.48% 79.88 +£0. 51" ( p)
5
D2 70.30 +1. 29° 86.69 +1. 70° 81.51 +1.39°
2.5
D3 67.52£0.17° 89.97 0. 12° 78.13 £0.54°
6
D4 56.70 +0. 312 91. 86 +0. 57° 68.24 +0.192
, (p>
L (p<
. o . e 0.05) ; (p<
0.05) . Means in the same column with different superscripts are signifi-
cantly different (p< 0.05); * ADCd (%) =100 x 0.05),D1 D2 ,D2
[1-( Cr,04 / Cr,04 ) ] ADC of dry matter (%) = D3 D4(p<0.05);
100 x[1- ( Cr,O5 in the diet/ Cr,O; in the faeces) |; 2 (p<0.05),D2 D3
ADCp (%) =100 x[1- ( Cr,03 / Cr03 ) x D2 D1 D4:
( / ) JADC of protein (%) =100 x
[1- (Cr,0j5 in the diet/ Cr,05 in the faeces) x (crude protein in the
- ) 3 (p<0.05);
faeces / crude protein in the diet) ]; ADCe (%) =
100% [1- (  ChbO;s [  Cnhos ) x( ,D2 D4 (p<
/ ) JADC of energy (%) =100 X [1 - (Cr,Oj3 in the 0. 05)

diet/ Cr,0; in the faeces) x (energy in the faeces / energy in the diet) ]
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4 ( + )’
Tab. 4 Effectsof sybean meal replacing dietary fismeal protein on nitrogen metabolisn (means + SE) ©

Diet D1 D2 D3 D4
™H 3.83 +0. 06 3.06 £0.07° 2.55+0.04" 2.10 0. 04
AN P 3.17 +0. 04° 2.66 0. 12° 2.29+0.03° 1.93 +0.04°
mo° 0. 66 +0. 03° 0.40 +0.04° 0. 26 +0. 00 0.17 +0.01*
NFE* 1.73 +0.03" 1.59 +0. 10% 1.54 +0.04% 1.40 +0.02°
NE® 36.11 +£0. 49° 33.14 +£0.13° 27.19 +0. 84° 22.70 +0. 63?2
NL® 46.52 £0. 72 53.38 £0. 32" 68.52 +1.39° 89. 68 +2. 09"

. (p< 0.05). Means in the sane column with different superscripts are significantly dif-
ferent (p< 0.05); 1! NI (g/fish) = x Total nitrogen intake (g/fish) =dry matter intake X nitrogen con-
centration in the diet, 2 AN (g/fish) = X (%) / 100 Apparent nitrogen intake (g/fish) = total nitrogen intake
x gpparent digestibility of nitrogen (%) / 100; 3 FNO (g/fish) = x (100 - ( %)) / 100 Faecal nitrogen output
(g/fish) = wtal nitrogen intake x (100 - apparent digestibility of nitrogen (%) ) / 100; * NFE (g/fish) = -

Non-faecal nitrogen excretion (g/fish) = apparent nitrogen intake - nitrogen concentration in fish body ; ° NE (%) = /
%100 Nitrogen retention (%) = nitrogen deposited/ nitrogen fed x 100; © NL (g/kg fish production) = ( (9) -
(9))/ (kg) Nitrogen load (g/kg) = (nitrogen conaumed (g) - nitrogen retained (g) ) /weight gain (kg)
5 ( + )"

Tab. 5 Effectsof dietary soybean meal replacing fismeal on serum parameters in gibel cap (means + SE) ©

Diet D1 D2 D3 D4
Glucose (mmol/L) 2.86 +0.08° 2.79+0.35% 4.94 £0.50° 8.57 +0.61°
Triacylglycerol (mmol/L) 2.05 +0.04° 3.26 +0.41° 4.88 £0.21° 8.17 +0. 36¢
Cholegterol (mg/dl) 423.99 +21.38° 459. 08 +39. 24° 285.71+9. 122 286. 42 +8. 56%
Lyozyme ( g/L) 4.33 0. 10° 4.05 +0.07° 3.53+0.21° 3.08 £0.09%
Superoxide disnutase (U /mL) 335. 81 +4. 09% 328.80 +11. 79% 326.80 +22. 71% 440.33 +15. 79"
D (p< 0.05). Meansin the sane row with different superscripts are significantly different
(p< 0.05)
6 ( %) ( t )’

Tab. 6 The effect of dietary sybean meal replacing fismeal on body composition in gibel cap (means + SE)

Diet Dry matter (%) Crude protein (%) Crude lipid (%) Ash (%) Energy (kJ/g)
Start 22.06 0. 72 15.02 £0. 54 3.81+0.15 3.32+0.12 4.76 £0.16
D1 29.93 +0. 35™ 16.37 £0.12 8.93+0.03" 3.08£0.05° 7.33 £0.09%
D2 31.00 £0.35° 16.45 +0. 13 9.59 +£0.19° 2.85+0.03" 7.68 +0. 08"
D3 29.37 £0.55® 15.90 +0. 32 9.30 +0. 27 2.64 £0.04° 7.30 £0.19%
D4 28.28 +0. 43° 16.29 +0. 25 8.27 £0.15° 2.59 £0. 09° 7.03 £0.09°
D x (p<0.05). Meanswith different superscripts show significant difference (p <0. 05)
3 tus) 1! 8 (Ictalurus furcatus) '*
(Silurus meridionalis)
3.1 , 39%

, , 52%

[21]

, %% (Ictalurus puncta- 30%,
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EFFECT OF DIETARY REPLACEM ENT OF FISHM EAL PROTEIN BY SY BEAN
M EAL PROTEINON GROW TH PERFORVM ANCE, M ETABOL ISV AND
IMM UNITY OF GIBEL CARP (CARASSIUSAURATUS GIBEL IO)

WANG Chong"?, LEIWU', XIE ShouQi', ZHU XiaoMing, YANG Yun-Xia and HAN Dong
(1. State Key Laboratory of Freswater Ecology and B iotechnology, Institute of Hydrobiology,
Chinese Acadeny of Sciences Wuhan 430072, 2. Graduate School, Chinese Acadeny of Sciences Beijing 100039)

Abstract: A 16-weeks grovth was conducted to evaluate the effect of replacament of dietary fidmeal by ybean meal on
growth performance, feed utilization, nitrogen metabolisn and immunity in gibel cap. Four initrogenous and iscaloric
dietswere fomulated. Each dietwas fed to triplicate groups of fish with the initial weight at about 2. 32 g Soybean meal
was used to replace 0 (Control, D1), 20% (D2), 80% (D3) and 100% (D4) of dietary fidmeal protein. The fish
was reared in a sami-recirculating system. During the experiment, water temperature was 23—30 , photoperiod was
12D 12L with the light period from 08: 00 to 20: 00, dislved oxygen was above 5 mg/L, ammoniaN (NH, N plus
NH;N) was less than 0. 5 mg/L, pH was about 6. 4. Fish were fed to satiation tvice daily (9: 00 and 15: 00) . At the
beginning of the experiment, healthy fish (initial body weight about 2. 32 g) were batch weighed after 24h feed depriva
tion and randamly distributed into the 12 tanks (40 fish per tank) . The tankswere randomly assigned the four diets Fifty
fish were taken fran the remaining fish and frozen for initial fish body chemical analysis During the experiment, an excess
amount of feed was fed to fish and uneaten feed were collected after 1h in each feeding, dried at 60 and reveighed.

L eaching rate of uneaten feed in tankswas estimated by placingweighed feeds into a tank without fish for 1h and then re-
covering, drying and reveighing. The average leaching ratewas used to calibrate the anount of uneaten feed. Faeceswere
collected after uneaten feed collection at the start of the experiment and through all the experiment period after 7d. Tomin-
imize nutrient leaching in faeces, only fresh and intact faeceswere collected. Faeceswere dried at 70  for digestibility
determination. At the end of the trial, the fish were starved for 1d and batch weighed. Fish were killed by a blov on the
head and blood sampleswere oollected (24h after last feeding) from the caudal vein of six fish fran each tank at the end
of the feeding trial by using heparinized syringes Blood was centrifuged at 3500 r/min for 15 min, plasna-sgparated and
stored at- 80 . The ranaining fish in each tank were taken for final fish body composition analysis The results showed
that feeding rate (FR), ecific growth rate (SGR), feed conversion efficiency (FCE), protein retention efficiency
(PRE) and energy retention efficiency (ERE) decreased significantly (p <0.05) . Apparent digestibility coefficient of
protein (ADCp) significantly increased (p <0.05), but ADC of dry matter and energy decreased (p < 0.05) . Total ni-
trogen intake (TN1) , gpparent nitrogen intake (ANI), faecal nitrogen output (FNO), non-faecal nitrogen excretion
(NFE) and nitrogen retention (NE) significantly decreased with the increasing dietary soybean meal (p <0.05) , but ni-
trogen load (NL) significantly increased (p <0.05) . Levelsof plasna glucose, triacylglycerol and superoxide disnutase
activities increased significantly with the increasing dietary soybean meal (p <0. 05) , but plasna cholesterol concentration
and lysozyme activities decreased (p <0.05) . In conclusion, the results fram this study showved adverse effects of inclu-
sion of the ybean meal in dietson growth performance, feed utilization, nitrogen metabolisn and immunity in gibel carp.

The palatability was not negatively affected when ybean meal was included in the diets Unbalanced amino acid composi-
tion of ybean meal diets sean © be the main rea®n © influence growth performance and nitrogen load of gibel camp.

Key words Soybean meal; Fismeal; Gibel cap (Carassius auratus gibelio)



