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(CF g/em’) = / ) x100;
* (VSI %) =( /
(HSI %) =( / ) x100.
1 ( )
Table 1 Composition and nutrient levels of experimental diets ( asfed basis) %

Protein level /%

Items 25 30 35 40 45
Ingredients
Fish meal 5.00 5.00 5.00 5.00 5.00
Casein 4.00 8.70 13.40 18.20 22.90
Gelatin 1.00 2.20 3.40 4.50 5.70
Corn starch 35.80 29.90 24.00 18.10 12.20
Fish oil 4.50 4.50 4.50 4.50 4.50
Soybean oil 4.50 4.50 4.50 4.50 4.50
Soybean meal 11.00 11.00 11.00 11.00 11.00
Cottonseed meal 15.00 15.00 15.00 15.00 15.00
Rapeseed meal 15.00 15.00 15.00 15.00 15.00
Vitamin premix" 1.00 1.00 1.00 1.00 1.00
Mineral premix” 1.00 1.00 1.00 1.00 1.00
Choline chloride 0.50 0.50 0.50 0.50 0.50
C Vitamin C sodium phosphate 0.20 0.20 0.20 0.20 0.20
Ca( H,PO,), 1.50 1.50 1.50 1.50 1.50
Total 100. 00 100. 00 100. 00 100. 00 100. 00
Nutrient levels”
DM 88.30 86.70 87.20 88.00 92.50
cp 24.83 29.78 34.94 39.95 44.52
EE 9.71 9.28 9.16 9.68 9.77
Ash 6.29 6.44 6.76 7.08 7.69
b Contained the following per kg of diets: thiamine 20 mg riboflavin 20 mg pyridox—
ine 10 mg nicotinic acid 100 mg calcium pantothenate 50 mg biotin 1 mg folic acid 5 mg
inositol 500 mg VE 50 mg VA 2 mg VB, 0.02 mg VK, 10 mg VD, 0.05 mg.
2 Contained the following per kg of diets: ZnSO, * 7H,0 525.5 mg MnSO, * H,0 49.2 mg KI5.23 mg

FeSO, * 7H,0 238.8 mg MgSO, * 7H,0 4.62 g CuSO, * 5H,0 11.8 mg CoCl, * 6H,0 0.2 mg Na,SeO, 0. 66 mg KCI
600 mg NaCl 107.1 mgo

3
) M easured values.
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( ELISA) (P>0.05) o
Assay ( N N N
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40% 45% (P <0.05)
2 . 25%  30% (P>0.05) .
2
Table 2 Effects of dietary protein level on growth performance of juvenile Nile tilapia Oreochromis nilosicus
Protein level /%
Items 25 30 35 40 45
IBW /g 4.77 £0.01 4.76 +£0.01 4.76 £0.01 4.76 £0.01 4.78 +£0.01
FBW /g 33.3+1.4 35.1x2.4 35.7+2.7 36.1+0.8 36.3+1.4
WGR/% 597.2 £30.6 638.5 +51.0 650.2 £55.4 657.8 +15.3 659.7 £27.5
Fl/(g/ ) 47.3+1.4 47.5+1.4 48.6 +4.7 47.5+1.4 48.4 +£2.5
PER/% 2.26 +0.10° 2.08 0. 14" 1.81 £0.06° 1.60 +0.08* 1.41 £0.11°
PDR/% 25.2 0.5 26.0+2.6° 22.5+1.6" 19.5 +0.8° 17.3 £1.2°
SGR/( % /d) 2.80 +£0.07 2.85+0.10 2.88 £0.10 2.89 £0.01 2.90 £0.05
FCR 1.54 £0.04 1.40 £0.10 1.38 £0.05 1.38 £0.07 1.47 £0.11
SR/% 91.7+10.4 93.3+7.6 95.0+8.7 93.3+7.6 91.7+7.6
CF/( g/cm?) 3.43 £0.65 3.33+£0.20 3.37£0.14 3.38 £0.19 3.47 £0.28
HSI/% 2.45 +0.58 2.51 £0.67 2.34 +£0.61 2.56 £0.65 2.54+0.75
VSI/% 11.2+£0.7 11.3+£1.3 11.3+1.1 11.5+0.5 11.2+1.1
(P>0.05) (P <0.05)
(P<0.01) . .

In the same row values with no letter or the same letter superscripts mean no significant difference ( P >0.05) while with
different small letter superscripts mean significant difference ( P <0.05) and with different capital letter superscripts mean signifi—

cant difference ( P <0.01) . The same as below.

2.2 25% (P<
0.05) (P>0.05) .
3 2.3
(P <0.05)

0.05) . (P <0.05)
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(P>0.05) . 0.05) .
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3 ( )

Tabe 3  Effects of dietary protein level on body composition of juvenile Nile tilapia Oreochromis niloticus ( wet weight basis)

Protein level /%

ltems 25 30 35 40 45
M oisture 70.8 2.1 71.8+0.7 71.5 1.4 72.6+0.3 71.8 0.6
cp 15.5+0.5 15.9 0.8 15.7 0.6 15.6 0.5 16.0 0.4
EE 9.87 +1.66" 7.37 0. 12° 8.11 +1.65° 7.42 +0.59" 7.49 +0. 49"
Ash 3.56 +0.27 3.64 +0.40 3.79 +0.33 3.48 +0.18 3.78 0. 10
4

Table 4  Effects of dietary protein level on hematological indexes of juvenile Nile tilapia Oreochromis niloticus

Protein level /%

Ttems 25 30 35 40 45
Whole blood
WBC/(10°/L) 293.4+7.5 276.1+71.7 297.9 +30.3 284.7 +33.9 314.8 +45.0
RBC/(10"/L) 2.41 £0.07 2.36 £0.21 2.54 £0.08 2.54 +0.31 2.54+0.10
Hb/( g/L) 66.3 +9.9" 79.7 +9.3* 79.0+8.7" 83.0 £5.6" 81.0+8.0"
HCT/% 31.2+2.5 33.2+2.9 34.7£1.8 34.1+1.9 34.2 3.1
Serum
CREA /( pmol/L) 2.88+0.70 2.79 +0.20 2.59 +1.54 2.65+1.13 2.99 +0.36
TP/( g/L) 32.2+5.4 32.5%2.0 35.2%3.4 35.7%2.7 34.2+1.9
ALB/(g/L) 11.9£1.2 12.9 £0.5 12.8 £0.6 13.5£1.0 13.7 £0.5
GLB/( g/L) 20.3+2.8 20.9+3.3 21.9+2.3 21.8+1.6 21.0+1.7
AKP/( U/L) 41.0 £3.4 42.3£2.5 39.0 4.2 38.8 5.9 41.3 £6.0
TG /( mmol/L) 1.36 £0.20 1.13 £0.06 1.16 £0.30 1.38 £0.21 1.25£0.19
CH/( mmol/L) 4.33 £0.81 4.42 +1.07 4.28 £0.69 4.02 £0.62 3.99 +0.44
2.4 45% (P<0.05); 35%
(P<0.05)
5
N 30%
(P<0.05), 45% (P<
45% 0.05) (P>0.05) .
25% (P <0.05)
30% 35%  40% (P> (P >0.05)
0.05) .
45%

25% 35% 30% o
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5

Table 5 Effects of dietary protein level on hepatic non-specific immune indexes of juvenile Nile tilapia Oreochromis niloticus

Protein level /%

ltems 25 30 35 40 45
LZM /( U/mL) 43.6 £2.17" 62.5£2.76" 61.0+7.49"  66.3+14.35"  67.8 +8.76"
SOD/(U/mL) 60.9 +7.65 66.5+17.15 66.3 +7.93 54.5+3.79 53.9 +2.24
CAT/( U/mL) 9.02 +0. 83" 10.6 +1.69™ 15.4 +1.33° 10.0 £1.35" 10.7 £2.26"
MDA /( nmol/mL) 1.62 0. 16" 1.48 £0. 14" 1.61 +0.49° 1.65+0.41° 2.30 +0.09"
3
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Effects of Dietary Protein Level on Growth Performance Body Composition
Hematological Indexes and Hepatic Non-Specific Immune Indexes of
Juvenile Nile Tilapia Oreochromis niloticus

YANG Hong'? XU Qiqun® YUE Yirong' ZHU Jinglin' XIAO Wei' LI Dayu' ZOU Zhiying'
(1. Key Laboratory of Freshwater Fisheries and Germplasm Resources Utilization Ministry of Agriculture
Freshwater Fisheries Research Center Chinese Academy of Fishery Sciences Wuxi 214081 China;

2. Wuxi Fisheries College Nanjing Agricultural University Wuxi 214081 China)

Abstract: This study was conducted to determine the effects of dietary protein level on growth performance
body composition hematological indexes and hepatic non-specific immune indexes of juvenile Nile tilapia
Oreochromis niloticus. Fish meal soybean meal cottonseed meal rapeseed meal casein and gelatin were
used as protein sources to formulate five isoenergetic experimental diets ( 9% of fat level) at various protein
levels (25% 30% 35% 40% and 45%) . A total of 300 juvenile Nile tilapia with an average body weight
of (4.70 £0.01) g were randomly assigned to 5 groups with 3 replicates per group and 20 fish per replicate.
The experiment lasted for 10 weeks. The results showed that final body weight weight gain rate ( WGR)
specific growth rate ( SGR) feed conversion ration ( FCR)  survival rate ( SR) condition factor ( CF) hep-
atosomatic index ( HSI)  viscerosomatic index ( VSI) were not significantly affected by dietary protein level
(P >0.05). With the increase of dietary protein level protein efficiency ratio ( PER) was significantly de-
creased ( P <0.05) and protein deposition rate was firstly increased and then decreased. Moisture crude pro-
tein and ash contents in whole body were not significantly affected by dietary protein level ( P >0.05) but e-
ther extract content in whole body was significantly affected by dietary protein level ( P <0.05) . The ether ex—
tract content in whole body of fish fed the 25% protein diet was significantly higher than that of fish fed other
diets ( P <0.05) . White blood cell ( WBC) count red blood cell ( RBC) count and haematocrit ( HCT) in
whole blood were not significantly affected by dietary protein level ( P >0.05) but haemoglobin ( Hb) in
whole blood was significantly affected by dietary protein level ( P <0.05) . The haemoglobin in whole blood
of fish fed the 40% protein diet was significantly higher than that of fish fed the 25% protein diet ( P <0.05) .
Serum creatinine total protein albumin globulin triglycerides and cholesterol levels and alkaline phosphatase
( AKP) activity were not significantly affected by dietary protein level ( P >0.05) . Hepatic lysozyme ( LZM)
activity of fish fed the 25% protein diet was the lowest and significantly lower than that of fish fed other diets
(P <0.05). Hepatic superoxide dismutase ( SOD) activity of fish was not significantly affected by dietary
protein level ( P >0.05) . With the increase of dietary protein level hepatic catalase ( CAT) activity was first—
ly increased and then decreased and the lowest value was found in the group with the diet containing 25% pro—
tein  which was significantly lower than that in other groups ( P <0.05) . Hepatic malondialdehyde ( MDA)
content of fish fed the 45% protein diet was significantly higher than that of fish fed other diets ( P <0.05) .
The results indicate that 25% dietary protein level can meet the requirement of growth for juvenile Nile tilapia
in the condition of 9% dietary fat level and properly increasing dietary protein level can improve the hepatic
non-specific immune function to some extent. Chinese Journal of Animal Nutrition 2012 24(12):2384-
2392

Key words: juvenile Nile tilapia; protein level; growth performance; body composition; hematological inde—

xes; non-specific immune indexes
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