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Abstract: [ Purpose ] In order to investigate the effects of replacing dietary fish oil with rubber seed
oil on growth performance, body composition and biochemical indexes in Cyprinus carpio. [ Meth-
od ] Five isoproteic and isolipidic experimental diets were formulated with 0%, 25%, 50%, 75% and

100% rubber seed oil replacing graded levels of fish oil, respectively. The experiment lasted for 10
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weeks. [ Results] (1) There was no significant difference in weight gain, weight gain and daily
weight gain of 0% and 25% groups (P>0.05), but there was significantly higher than that in 50%, 75%
and 100% group (P<0.05). 75% and 100% group feed efficiency and protein efficiency were signific-
antly lower than other treatment groups (P<0.05). (2) The total cholesterol and low density lipopro-
tein cholesterol of the serum in the 0% group were significantly higher than those in the 50%, 75%
and 100% groups (P<0.05). There was no significant difference in serum triglyceride and high dens-
ity lipoprotein cholesterol in different feed treatment groups (P>0.05). (3) With the increase of the ra-
tio of rubber seed oil to fish oil in feed, the activity of alanine aminotransferase in liver increased first
and then decreased. Among them, 25% and 50% group were significantly higher than other treatment
group. (4) 100% group plasma superoxide dismutase and alkaline phosphatase activity was signific-
antly lower than that of 0% and 25% group. Similarly, plasma catalase activity in the 100% group was
significantly lower than that in the 25% and 75% groups. The liver total antioxidant capacity of 25%
and 50% group was significantly higher than that of 100% group. Liver alkaline phosphatase activity
in 75% group was significantly higher than that in 0%, 25% and 50% groups. [ Conclusions | There
were no adverse effects on the growth performance and feed utilization when the replacement level of
25%. However, when the rubber seed oil replacement is more than 50%, it can hinder the growth of C.

carpio, and endanger the health of the liver. The results also indicate that the suitable adding amount

of rubber seed oil in carp feed was 1.6%-3.2%.

Keywords: rubber seed oil; fish oil; Cyprinus carpio; feed efficiency; growth performance
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Tab. 1 Component and nutrient level of experimental diets (dry weight)
AR diets
YAIRE R 43 /% feed composition
RO R25 R50 R75 R100
ik fish meal 5.00 5.00 5.00 5.00 5.00
4 soybean meal 28.00 28.00 28.00 28.00 28.00
MK cottonseed meal 8.00 8.00 8.00 8.00 8.00
SEAT R rapeseed meal 15.00 15.00 15.00 15.00 15.00
T KFE ) comn gluten meal 8.00 8.00 8.00 8.00 8.00
%%k wheat middling 25.77 25.77 25.77 25.77 25.77
P Ffith rubber seed oil 0.00 1.60 3.20 4.80 6.40
3 fish oil 6.40 4.80 3.20 1.60 0.00
KE IR soy lecithin 0.50 0.50 0.50 0.50 0.50
R — 545 Ca(H,PO,), 1.00 1.00 1.00 1.00 1.00
44K C vitamin C 0.05 0.05 0.05 0.05 0.05
SALAET choline chloride (50%) 0.25 0.25 0.25 0.25 0.25
ZAAIEEE ethoxyquin (30%) 0.03 0.03 0.03 0.03 0.03
T iR R mineral premix 1.00 1.00 1.00 1.00 1.00
YEA KRR vitamin premix 1.00 1.00 1.00 1.00 1.00
E /KT nutrient levels
FHIi/% dry matter 89.44 89.71 89.43 90.70 90.92
HZE F1/% crude protein 38.57 38.93 38.44 38.84 38.94
FAARI/% crude lipid 9.75 9.96 9.83 9.91 9.86
KK 53 /% ash 6.70 6.56 6.57 6.59 6.54
HHET4E/% crude fibre 4.86 4.92 4.88 4.85 4.95
TR /% NFE 40.12 39.63 40.28 39.81 39.71
Jfg/(kI-g ") gross energy 19.89 19.98 19.92 19.97 19.95

E: WYRBURE (g/kg): MgSO,-7TH,0, 180; KI, 1;

FeSO, H,0, 260; ZnSO,H,0, 180; CuSO, 5H,0, 25: Na,Se,05, 0.01;

MnSO4-H,0, 180; CoCly,-6H,0, 0.75. #i/ERTEEl (wke): 4EEER A, 2; 4iE K Dy, 0.03; 44K E, 30; 445K K, 3; hmemilk, 8 #%
W, 11; HhERWEEE, 8: 4iE% By, 0.02; FUAMER, 50 MR, 1, EWFE, 0.1; MER, 30; ZER4S, 32; WIEE, 25.

Note: Mineral premix (g/kg of mixture): MgSO, 7H,0, 180; KI, 1; FeSO,4-H,0, 260; ZnSO4 H,0, 180; CuSO,4 5H,0, 25; Na,Se,0;, 0.01;
MnSO, -H,0, 180; CoCl, 6H,0, 0.75. Vitamin premix (g/kg of mixture): retinyl acetate (2 800 000 U/g), 2 g; cholecalciferol, 0.03 g; DL-a- tocopheryl
acetate, 30; menadione, 3; thiamine hydrochloride, 8; riboflavin, 11; pyridoxine hydrochloride, 8; vitamin B ,, 0.02; ascorbic acid, 50; folic acid, 1; biotin

0.1; niacin, 30; calcium D-pantothenate, 32; inositol, 25.
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Tab. 2 Effects of fish oil replacement by rubber seed oil on growth performance of C. carpio

TiH item RO R25 R50 R75 R100
/g final weight 212.42+2.67a 205.71+1.34 a 187.63+1.36 b 186.30+1.40 b 182.5243.15b
I WG 0.96+0.03 a 0.90+0.01 a 0.73+0.02 b 0.72+0.02 b 0.68+0.03 b
H 3 5 2 30/(% d ') DGC 2.14+0.05 a 2.03+0.02 a 1.71x0.03 b 1.68£0.03 b 1.62+0.06 b
BT & FI (g/kg MBW/d) 10.67+0.13 10.41+0.28 9.87+0.45 10.36+0.12 10.05+0.23
TR L% FER 0.69+0.01 a 0.68+0.03 a 0.61+0.03 ab 0.56+0.01 b 0.56+0.01 b
H AR /Y% PER 1.800.02 a 1.74%0.07 a 1.58+0.09 ab 1.44+0.02 b 1.45£0.02 b
TEIE R /% survival 93.1x1.4 94.4+2.8 94.442.8 94.4+1.4 93.1+1.4
I FATERREAN RN T RN Z R B (P<0.05); T
Note: Values in the same row with different small letter superscripts mean significant differences (P<0.05); the same as below.
R 3 BGRUME N & ihXT 8 & R 4A R RIS
Tab. 3 Effects of fish oil replacement by rubber seed oil on body composition of C. carpio W%
TiH item RO R25 R50 R75 R100
K43 moisture 75.28+0.57 76.18+0.14 75.70+0.33 75.77+0.30 75.83+0.61
HHE 9 crude protein 15.91£0.33 15.79+0.26 15.1620.17 15.80+0.36 14.96+0.13
HLARM crude lipid 5.07+£0.18 4.56+0.34 5.06+0.46 5.29+0.25 5.21+0.78
K4y ash 3.10£0.19 3.07+0.21 3.36+0.03 3.01£0.16 3.2240.15
4 BRI HBERE MRS HUEE RN
Tab. 4 Effects of fish oil replacement by rubber seed oil on digestive enzyme activities of C. carpio
TiH item RO R25 R50 R75 R100
W iER}/(U-mg™) intestinal amylase 0.34+0.02 0.270.05 0.34+0.01 0.37£0.06 0.36+0.04
JFFESME/(U g ') hepatic lipase 48.89+4.33 46.30+5.02 56.41£6.65 59.76+8.44 46.79+8.07
JIF WS F ifE/(U-mg ") hepatic amylase 0.26+0.02 ¢ 0.32+0.03 be 0.3120.02 be 0.39+0.04 ab 0.45+0.02 a
x5 BRI HE KA M & M AsK R
Tab. 5 Effects of fish oil replacement by rubber seed oil on blood lipid level activities of C. carpio
Ttem RO R25 R50 R75 R100
S I 8/ (mmol-L™") total cholesterol 7.96+0.19 a 7.29£0.10 ab 6.60£0.28 b 6.11£0.44 b 6.30£0.14 b
Hrih =& F/(mmol-L ™) triglyceride 1.76+0.26 2.41£0.53 1.68+0.15 1.77£0.31 2.3740.05
2 IR & 9 - [H 2 (HDL-C)/(mmol-L™") 3.41£0.22 3.00+£0.20 3.3240.18 3.09+0.07 2.88+0.45
102 P iR 2 11 -HH [ B (LDL-C) /(mmol-L™) 421£0.19 a 3.804£0.21 ab 2.95+0.46 b 2.66+0.40 b 2.95+0.30 b
LDL-C/HDL-C 1.25+0.12 1.29+0.15 0.91+0.20 0.86:0.12 1.07+0.27
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Tab. 6 Effects of fish oil replacement by rubber seed oil on protein metabolism in plasma and liver of C. carpio

iH item RO R25 R50 R75 R100

I plasma

BRI FE/(U-mL") GOT 1.21£0.09 1.2540.10 1.30+0.03 1.44£0.06 1.35+0.08

BHAFEZEE/(U-mL™") GPT 2.25+0.38 3.13+0.45 2.51+0.21 3.09+0.21 3.70£0.15

SV FERR/(mmol-L™) total amino acid 56.25+5.11 50.00+1.14 52.85+1.71 56.82+2.27 49.43+8.52

SR Z A /(mmol-L™) urea-N 3.48£0.37 b 3.26£0.71 b 6.67+0.26 a 6.89+0.59 a 4.56+0.56 ab

A %/(mmol-dL™") ammonia-N 22.59+2.73 17.13+1.62 23.33+1.74 30.28+4.28 23.09+3.23

P/(mmol-L™") 3.80+0.26 3.31+0.14 3.65+0.63 3.87+0.32 4.14+0.12

Ca/(mmol-L™") 2.42+0.09 2.24+0.08 2.14+0.08 2.45+0.07 2.18+0.21
FFRE liver

GOT/(U'mg™") 0.19+0.01 0.19+0.01 0.21+0.03 0.20+0.01 0.26+0.03

GPT/(U-mg™) 5.02£0.67b  13.82+1.88a 13.1240.99 a 4.1240.69 b 3.41+0.14 b

R 7 BEIFHER &R & MR AT A E L BE TRVS

Tab. 7 Effects of fish oil replacement by rubber seed oil on antioxidant capacity in plasma and liver of C. carpio

TiH item RO R25 R50 R75 R100
Il %% plasma
A AL EE/(U-dL ) SOD 0.10+£0.03 ab 0.12+0.01 a 0.110.02 ab 0.07+0.01ab  0.03+0.00 b
B Atk BB AR/(U-dL ') AKP 523%0.17a 432+0.17ab  4.88:024a 4.64£0.19a  3.63:021b
AWM EAR/(U-mL™") LDH 2.60+0.46 2.65+0.30 4.01£0.39 5.18+0.60 3.12+0.79
A AEE/(U-mL ") POD 6.97£0.91 7.59+0.14 5.97+0.80 8.13+0.56 6.91£0.73
B H I S A P /(U-pL ™) GSH-Px 0.70+0.05 0.74+0.10 0.75+0.10 0.76+0.07 0.58+0.01
A H I S A /(U-mL™) T-AOC 9.08+0.46 10.94+1.72 14.2142.29 15.28+2.04 7.79+1.19
I EALEE/(U-mL ") CAT 58.60£9.53ab  93.50+590a  65.38+8.47 ab 86.95+8.25a  23.37+5.08 b
73 % /(nmol-mL ") MDA 6.39+1.12 6.48+0.80 6.20+0.50 6.85+1.03 8.06+0.83
FFRIE liver
GSH-Px/(U-g") 0.19+0.01 0.19+0.03 0.19+0.03 0.18+0.01 0.23+0.01
T-AOC/(U-g™) 1.720.19 ab 2.77+0.58 a 2.910.69 a 1.81£0.11ab  0.69£0.10b
AKP/(U-g ") 3.29+0.42 b 3.49+0.31 b 3.42£0.48 b 6.89+0.89 a 4.68+0.53 ab
POD/(U-g ") 4.9120.20 7.02+0.85 5.56+0.28 4.94+0.80 5.16+0.67
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