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BE NI R AR ORI AR it 3 (Ctenopharyngodon idellus) £ K Mg . JH L EE & M o fg
AF . B E R A AN R B, 2B DUARBOR il AR 0O BB 41) L 25% . 50% . 75%77 100%
BBl S AR EAERAE, HAT 10 AARER, XRETR, 0~50%4RAEEHER, AHE
ZHEEET 100%%H K4 (P<0.05), MERBKAMER T ML AT, AHEAHELETRE L
FrEgE, Hd, 25%ERAFAZEKK, LEKRT 50%~100%%5 K 4(P<0.05); 25%H R 4%
BERRERST, PERHTHMAELAP<0.05), MEGRFHBERLAINAE, WEBEEOHE,
FEEEME L EA R TR A, o, 25% 5 R 45 1 e E i m, B % 8 T 2 A 72 41(P<0.05),
50% KA EEBREERE, DEGTAEA, 75%F 100%E K 4 (P<0.05), 0~50%%4: X 41 i
IEE & A E R EE T 75%F 100%%5 K 4 (P<0.05), 25%~100%%5 X 4 i1 7% & fE2 E B (TC) 4 & &
F KT X PR 41(P<0.05), FE &ALl T, AFRER 1A 2B @248 % B (AST). W&
AL HIALT)ERE R TG EANES, L4, 25%5 KR4 AST, ALT F &K, BEK
T X BE 4 100%% 1% 41 (P<0.05), 0~25%% X 41 % B4 48 1k /1 (TAC) B Z 15T 75%F 100%% (X,
41(P<0.05), A P4, AFEAEH —E(MDA)S & T &8 T 100%E X 41(P<0.05), w4, #%
F B 25%~50% E b xt E A K bEde . ARAR E . miE AT, MENDERTHTLREY
s BB IL 50%E B PR E & 4 KV A A B E B
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B TME K = FEFE M A PR 2 R, SmiE AR S H AR (Xing et al, 2004).
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R X A R B FPAE, TRGL 1000 75 hm?, JL
Hr, Q0% B IX AL HAEZR g, LAEIBEJETH . . %
B A E SR (AR A, 2009), HYERR R X
WEREPERME . WBHEANTRE, 1% 25%~
38%IMFP R IT R, AL 2013 AEFRE AT = AR
Frih 55.97 73 t, AP = 505F, 2016). 2R
M, FRE A2 95% IR Ok % 7 TR bk, R 1%
FIA R, G IE™ ETR B . RO O TRURT
JE TR & 4l 74.52%, AR IITR &N 25.24%.
BEAL, IR AR S o RRFR (20%~24%) , JE KT
THFISFFM Y 3~4 fEGRBAESE, 2013), BFFERIT, K
B HIAR BRIl B A B 0 R ot A 7 2 B (X1 SR 45
1983), XK (Rattus norvegicus) I\ NG % & JoIH it
MAEBIEFA @HIFFEEE, 2003), X389 (Gallus domesticus)
SF-¥5 H $8 R R A 3R T W S I (Nwokolo et al,
1989), I BH i $2 &5 0T 68 (Oncorhynchus mykiss) 1
REFNDRHF (45, 2017) L, ARk AT
VERDLTTRE W AR, (HIE 4 R 1k WAR R Il 7 5
1 (Ctenopharyngodon idellus) (7 B AN o

FAJERE R F M2 —, POHA RSB 1
BRI B An . WURLA D, 7 B N A K R .
UEAER , A OB A I 5 A TR SR R RN
FRIE AT T, Xof A GRDR AR ORI A S Y
WA ULARIE . P, ABFE s AR 4, T
TPk RS AN [R] EE ] B AR BRI, BT R B AR
PERE . THALBETEPE . AR/ 8B Bl i A
RERISZ I, LU A it — 20 JF AR ORI AE K ™ )
g R B 2%

1 MRIERE
1.1 SCIgE

SEE VAR B R, W AR I Sk B R
Bkl 5 FheEA(32%) & HE(20 MI/g)iakl, Hidr, o #
VRS R S NI < o o I (B D S E
25%~100% 5 1 41 540 1] 6L AR B KT I 78 I 4t 53 1)
1.4%~5.4%% 48 25%~100% 3, FaRHEC J7 F18 32 40
WL 1, BRMIFRLLRLILER 2,

Kol R, A R Z K HL(SFSP 251, B
AR W R T R RE & T A ) R i, Ho A3t 60 H i .
PR RS A AR R DR 22 1 RIS T IR-S 1940, A
STl AR BRI AN K G B B g (e T S SR IR
W, TR RUNBUR L, TR L
FTIREWS), FJa A GE & 288 KRR T REHE Y
B, TWORLRRIHL(SKI-200, 3% F PR LA FRZA

®1 SWABEFTMEFAER(% )
Tab.l Formula and nutrient composition of experimental
diets (% dry-matter basis)

2H 5| Diets

JEUBL Ingredients
0 25% 50% 75% 100%

K1 Soybean meal' 50.00 50.00 50.00 50.00 50.00
H Wheat shorts' 34.54 34.54 34.54 34.54 34.54
HH Grass meal 3.00 3.00 3.00 3.00 3.00
a-TEH a-Starch 3.00 3.00 3.00 3.00 3.00
KD IIBEAE Lecithin 0.50 0.50 0.50 0.50 0.50
3l Soy oil 540 4.00 2.70 1.40 0.00
¥ EHFFIH Rubble seed 0il ~ 0.00 1.40 2.70 4.00 5.40
T e 0.80 0.80 0.80 0.80 0.80
Ca(H,PO,),

#iA 2 C Vitamin C 0.05 0.05 0.05 0.05 0.05
FHALE NaCl 0.20 020 020 0.20 0.20
FALNEHE(40%) 0.30 0.30 0.30 0.30 0.30
Choline chloride

YA TR R 0.50 0.50 0.50 0.50 0.50
Vitamin premix2

W o TR Rk 0.50 0.50 0.50 0.50 0.50
Mineral premix’

HAMR Met 0.52 0.52 0.52 0.52 0.52
iR Lys 0.44 044 044 044 044
%R His 0.24 0.24 024 024 0.24
ik Antioxidant 0.01 0.01 0.01 0.01 0.01
B2 i Nutrient composition

FW 89.84 88.28 89.77 88.10 88.63
Dry matter (%DM)

L H 32.96 32.84 32.59 32.88 32.69

Crude protein (%DM)
HMLUIENT Crude lipid(%DM) 7.09 7.31 7.17 7.48 7.38

HMLJK4Y Crude ash (%DM)  6.05 6.00 5.93 598 5.96
M BE Gross energy(MJ/g)  20.19 19.84 19.89 19.91 19.90

1 o m R A RA R G /K5 10.65%,
FHEE T 50.38%, HHARNT 0.68%; WH: /K4 12.65%, MEM
18.28%, #AEN; 0.86%

2. HEERTURENg/kE): Va, 23 Vps, 0.03; Vg, 30; Vi, 3;
Vi, 0.02; $hERTRNE, 8; #ZIEEK, 11; EHERMLWES, 8; HiIfim
12, 50; LEWIE, 0.1; MR, 30; 1ZIRES, 32; WA, 25

1. Supplied by Kunming Tianyuan Feed Co., Ltd.: Soybean
meal: moisture 10.65%, crude protein 50.38%, crude lipid 0.68%;
Wheat shorts, moisture 12.65%, crude protein 18.28%, crude
lipid 0.86%

2. Vitamin premix (g/kg): Va, 2; Vps, 0.03; Vg, 30; Vi, 3;
Vg1, 0.02; Thiamine hydrochloride, 8; Riboflavin, 11;
Pyridoxine HCl, 8; Ascorbic acid, 50; Biotin, 0.1; Niacin acid, 30;
Pantothenic acid, 32; Inositol, 25

3. B YRR A Mineral premix(g/kg): MgSO,-7H,0, 180;
KI, 1; FeSO4H,0, 260; ZnSO,4-H,0, 180; CuSO, 5H,0, 25;
Na,Se,03, 0.01; MnSO4-H,0, 180; CoCl, 6H,0, 0.75
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Tab.2 Fatty acid composition of experimental
diets (% total fatty acids)

2 5] Diets

IiH Items

0 25% 50% 75% 100%
HERR C12:0 0.10 0.12 0.14 016 0.18
HRERR C14:0 0.19 0.19 0.19 0.19 0.18
KRR C16:0 11.77 11.02 1034 9.67 8.96
fEASER C18:0 413 544 6.63 7179 9.02
AR C20:0 0.19 022 024 026 028
MR C18:1n-9 23.02 2234 21.72 21.11 20.48
WIHAR C18:2n-6 53.97 50.84 48.00 45.21 42.28
T RREZ C18:3n-3 6.54 9.73 12.62 1545 18.43
e —MER C20:1n-9  0.10 0.12 0.14 0.16 0.18
n-3/n-6 0.12 0.19 026 034 044

F A FE ) R AR R TR B AR A 1.0 mm 1Y SRR, 40°C
THIR T 12h, B T20CUKMAEAEH,

12 ZBIHYRAFER

SCH6 FH R A s R A R R T G B A R R e
JUuh R, ST m E O R SRR R R R A B K
FEFRIH SR AT o RN MAR IR, SR KN
BRSNS F R K o SEER T, Sets R gl i F R feDR
B 2 JELLIE W SR A

SLEGFF IR IR A AT 24 h, SRS BT UGF1Y
R HE 4(5.80+0.01) g K4 M (6.41£0.11) em A% fh
600 J& , PS> T 15 5758 M4 (0.9 mx0.9 mx1.0 m),
5EFRA, B4 3 AEE, BMNE 40 BagEiTse
5o FREEFAMN 10 ), R 2 ¥(07:00,
17:00), BEAFEF LI WIMELS A, AR, K
TR HRTE 24~26C

1.3 HmisE

FIHSLIR IR, BEVLPRBCE M0 30 BE T
20CUKFEIRFA . R EE G, 258 24 h,
XA B 2 B A A T RO FR . DR R HR RE L
i 8 B A, T &FEN(1 - 10000)pREE, MK
FHVES SR AE MM, M & Tl 0, mKET
BUBER T Z 4B .04 ,4°C 4000 r/min Z5.0> 10 min,
BUSHILE . M2% FyEw, B T80 CUKA AR,
FACR NG TE VKB F AR, OGS RE T IRE . fpiE, iR
HWUE TS, 80C FIRIFE. 7oh, UG
4 Z At AT et AR R T .

1.4 SHHNE
fo AR R L AR T AR T . LK 43 e S B

AOAC W7 J7ik o AR 1R HEILIGE FE (N %6.25) 5
FLAR D7 R F &R QA4 % s MUK 7R b 550°C 1Y
Beik(16 hy; EEER A A I & L (PARR6300,
S [N E o BRDREK 43R 103 °C H R MERS 19216 h)
e 5 AARIK 73k Y O T 1 HL(FD-1C-50, bt
[ R SE AN AR AT BR 2 mDI A o )RR By R 4 1 B 43
F RS AIE L (GC-2014, H A5 H A mDIAE

M3, R AE 43 2 1 It &0 (GDH) R FH 181 AH 2
TR G E W B2 (BELISA A &)l e, W H R&D A
Al o Al R AN R A A A AR AR AR A I A2
YR F R mU R e W) TR A BT A P iR & A T
e FEAR LG 2R I . —WEAE . IR RE(LPS). &
BEE(AMS) . HI=H5(TG). BEJHHEEL(TC), =&
R BB B (HDL-C) . JRE A (BUN). KIT&HA M
AL (AST) . NAR AL LI (ALT) ., A2 W
HREM(GGT) . MR EE(ALP), — & LA (NO).
i AL A (CAT) . o AL WIEG(POD) . A bk H ki
FALPIBE(GSH-Px) . A0t H KIS IR i (GR) . SHTE b
AEJI(TAC). A ZEE(MDA) A K s 14, R g
2 [ B [E % (LDL-C)R F Friedewald %5(1972)23301 T
FATE], SRR EI A, ERFRIG— 2 S FIE . 1%
HEAL, H 0.87%r9EHE KL BT (AT L 1: 9
7413%, 4°CF 4000 r/min B0 12 min, FEARERAE L
R AR TR ST A R A4 R B 1 I 5

15 HE5%itHH

H4 R (WGR) =K -4 8 )/9) F
H 3 % 2 £0(DGC, %/d) =
100x (R P~ '7)/4a 3 KA
& & (F1, g/fish)=
KB R IR R A K252
SR A (MBW)=
[#] # (2)/10001**+[ K # ()/1000]**]/2
B R (FR, g/kg MBW/d)=
P it AP AR A /R R R
Tk R EL(FCR)=
R T H A ) (o)A AR ()
H H FURCR(PER, %)=
100> f A i 48 5 (g)/ R B 3 1 H (g)
T (SR, %)=100x24 K B 50/w) ik R AL
Ferb i B 2 B EAPR MEDR (Mean+SE)
GG T A R4 Arcsine #5460, i
£ )7 253 M1 (One-way ANOVA), 244 ] 22 53 i & it
(P<0.05), ] Duncan’s fu 3017 2 H LK . i A 4eit
IR SPSS 17.0 Bk AFEAT AL BE
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2 ERESH
21 RBCFFIE i E A K M B

FEIH LI R], 4% A P ZH BT A0S RN 95%~
100%, AS[a]Ab B i 6 R TG i 25 5 (36 3), Bl
TR AR A AR A S EL A R v, AR | B
R H B E AR TGS, Hd, 100%5 R4
RE ., HWHELAHYE R EINT 0~50%F A
(P<0.05) . Pifi 75 )k v A5 e 7 ek 2 A 52 9 L 3] 1) 2
=, AR R BRI TR LI, o, 25%
BARA R R BURAL, BEMT 50%~100%% X4l
(P<0.05); 25% R E AR KRG, BEm TH
Hi4b B 4H (P<0.05),

22 BEFHBREHNELHLEEENIID

B T R AR A i AU e B 4R s, e
Ji7n TE A AN OBE R TR R S T R, Hoh, 100%
A M 3 D o il T P T X PR AT 25% % X

4 (P<0.05), 100% AR 41738 — WG P KT X
HEZH (P<0.05)(F 4) . B kAR BRI AR L i 1)
P, A R R AT S T N M R BT E T
R ass, Horp, 50% AR 20 i T8 T 25 P i P e s
W TR | 75%H1 100%E4C2H (P<0.05), 25%
B AL 3 R R e, R T A A B
(P<0.05),

0~50% 5 20 FE 0 T [ JUk g 2 11 6 5 1 k2 s
T 75%H1 100%E1C 4 (P<0.05), 0~50%E5 120 AT g
IFE V8 3 BTG 2 SIS T 75% 1 100% 54840 (P<0.05),
Xof HE 2 R O O O P R T A AR
(P<0.05),

2.3 BERAFMER S ihxtE & i BE K F R0
25%~100% R0 2H B fr 1L 7 TC. HDL-C &4
FAR T X B (P<0.05), 50%H1 100%E A8 40 1M 7

LDL-C & W K T %R (P<0.05) (£ 5), *IRAH
M TG. LDL-C/HDL-C 5 HAh#C4 A0 kG &

®3 BRHHMEREHMNESEKERNZN

Tab.3 Effects of replacing soybean oil with rubber seed oil on growth performance of C. idellus

2[1 5] Diets

I H Items
0 25% 50% 75% 100%
KHE FW (g) 29.86+0.23% 27.25+0.61%° 27.20+0.14% 24.69+0.55% 23.56+0.66°
HEHR WGR 4.15+0.04° 3.70+0.10%® 3.70+0.04%® 3.28+0.07" 3.11£0.10°
HIE R DGC (%/d) 1.87+0.02° 1.73+0.03% 1.73£0.01% 1.60+0.03% 1.54+0.04°
Bt FI (g/fish) 36.91+1.44% 30.44+0.59% 34.77+0.47% 30.72+0.83% 28.27+0.87°
BE#% FR (g/kg MBW/d) 11.36+0.80 9.88+0.32 11.29+0.13 10.55+0.14 9.97+0.15
R RS FCR 1.54+0.07% 1.42+0.04° 1.62+0.01° 1.62+0.01° 1.59+0.01°
E R PER (%) 1.99+0.09° 2.15+0.06° 1.90+0.01°¢ 1.87+0.01° 1.93+0.01°
Bi%E % SR (%) 97.5+1.40 96.3+2.20 95.0+1.40 98.8+0.70 100.0+0.00

W [FAT EARARE R SR B 3 22 57(P<0.05), T E

Notes: Means in the same row with different upper letter indicated significant difference (P<0.05). The same as below

R4 BB M E S ik X 5 & B 8 A0 B R B H 4L B R 1 R R0
Tab.4 Effects of replacing soybean oil with rubber seed oil on intestine and hepatopancreas
digestive enzyme activities of C. idellus

FH ltems 2 %] Diets
0 25% 50% 75% 100%
i Intestine
i H B Trypsin (U/ug protein) 3.05+0.03° 3.77£0.02®°  4.02+0.15° 3.26+0.06° 2.50+0.08°
EWjHE Lipase (U/mg protein) 8.16+0.67°  12.62+1.13% 7.79+0.91% 4.61+0.20% 2.94+0.27¢
TEWEE Amylase (U/mg protein) 0.31+0.01° 0.26+0.01° 0.19+0.01° 0.19+0.01° 0.18+0.00°
W Disaccharidase (U/g protein) 8.25+0.74° 4.98+0.08" 5.08+0.22° 4.53+0.26" 3.53+0.14°
JFHEAE Hepatopancreas
i [ B Trypsin (U/ug protein) 1.38+0.01° 1.31+0.15° 1.2740.06 0.62+0.06° 0.58+0.06°
TEMHE Amylase (U/mg protein) 0.37+0.02° 0.38+0.01° 0.35+0.03° 0.49+0.01° 0.47+0.01%
T BEWE Disaccharidase (U/g protein)  24.70+0.93*  11.45+0.68"  8.21+0.49° 12.3740.17° 12.16+1.51%




S WRAGIREE: BRI S X B Ctenopharyngodon idellus) = KA RE . T AL EENG T M 300 A AL T8 45 1Y 52 i) 85

®5 BEMFHMEREHNEEMAEKFEHZM

Tab.5 Effects of replacing soybean oil with rubber seed oil on serum lipid levels of C. idellus

I H Ttems 0 25% 50% 75% 100%
H =M/ TG (mmol/L 3.06£0.10°°  2.80+0.05°  2.95+0.07*°  3.70+0.03° 3.39+£0.07%°
MIEE R TC (mmol/L) 8.42+0.20° 6.34+0.30°  6.45+0.08° 6.54+0.29° 6.61£0.51°
= % PR 1 I [E #%. HDL-C (mmol/L) 5.20+0.30° 3.30+0.14°  4.15+0.03° 3.78+0.18%  4.23+0.15
K% AR B AR E BE LDL-C (mmol/L) 2.62+0.07* 2.48+0.30°°  1.71+0.04° 2.03+0.11% 1.7140.28°
LDL-C/HDL-C 0.51+£0.04®  0.76+0.10° 0.41+0.01° 0.57£0.09®°  0.40+0.05°

F 25 5%(P>0.05),
24 BRIFHEREMMESEZEARRENZIE

it 2 Gk GBS R I AR AR T E A i L A
M2 BEAGREE LTS, Hp, 75%% R4k
MR A L TR IR RN 25% 4 4H (P<0.05).
I3 BUN it PR, o, 100% 204 3%
G T HAh AL BRAL(P<0.05) (3% 6). i 5 Fal ) Ho AR B K3
AR L AR e, RN GGT 1T 2 % LIt
5 R fas, Hd, 50%8 R4 GGT itk
T, MEETXERA . 75%F1 100%EC4H (P<0.05),
M3 GDH &S5 P LT ag#as, Hd, 50%
BRAIMNK GDH FHHHEAL, WEMTXIA . 75%
1 100% R AL(P<0.05), AL 2K ALT IGPETC
2R (P>0.05). 50% ALK AST i )1 &=
FXFHRL AN 75% 41 (P<0.05).

it 2 Tk AR R I R AR I I A R i, A
JFBEAE GGT #1 GDH 6% F R, Hf, 100%
AT EAE GGT 36 M B & K T X IR AL A 25% 51X,
ZH(P<0.05), 100%ERALF AL GDH 36 4 W & KT

XTHRAL | 25%F0 50% B304, Beoh, BEHE TR IR IR
R e B R B, B FEAE AST. ALT
RGNS LR, Hrp, 25%E 41T
AE AST. ALT {EMEAIK, W8T X5 B4R 100%EF
R4 (P<0.05).

25 BERHFHMEREMNESRSLINENZIT

Bifi 2 DRk AR ORI A AR T L i B i, A
3% TAC &M B, i, 100%2 R4l 3%
TAC 151 i 2 & T X5 BR LR 25% B804 (P<0.05). IfiL
K MDA FimZ TREEaHE, Hr, 100%2 04 i %
MDA i W K T X4 B0 A1 25% %8 10 4 (P<0.05)
(F 7)o ARALHE AN NO, GR {G T 3% 22
S (P>0.05), XM GSH-Px ThMEfRmE, BEE
T HABEACL (P<0.05), 25% R4 1ML 2¢ POD I 1
&, BFET HABECLHP<0.05), SR IMIE CAT
T B FART 50%H1 100% AR 4(P<0.05),

it 2 Dk AR BRI A T g R, AT
JIRAE MDA % i 2 TR, Hr, 100%8 A B
AE MDA & & & # T HAB P (P<0.05), 75%%F

*6 BEFHEREHANESZEARAEERAOZIE

Tab.6  Effects of replacing soybean oil with rubber seed oil on protein metabolism indices of C. idellus

2[1 5] Diets

IiH Items
0 25% 50% 75% 100%

3% Plasma

MIEH Total protein (g/L) 36.55+0.55°  42.73+0.22°  50.70+1.51*  52.56+1.73*  48.91+0.94%

JR% %A BUN (mmol/L) 2.66£0.11°  2.88£0.06*  2.77+0.18°  3.09+0.12*  2.02+0.12°

KITABRAILFE G AST (U/ml) 17.87+0.17%  22.05+0.36™ 29.28+2.70*  14.75+0.29°  26.32+1.61%

WA AL ALT (U/ml) 13.03+0.11  15.60+£1.45  14.52+0.67  14.38+0.18  13.30+0.33

HABFHH GGT (U/ml) 1.63+0.13°  4.65+0.54" 5.1240.23°  3.03+0.14° 1.63+0.13¢

KRR EH GDH (U/ml) 7.2840.90°  3.46+0.31° 1.77£0.33°  6.74+0.64°  10.27+0.14°

BEREER ALP (U/d]) 11.51£0.65°  7.46x0.13"  7.542036°  6.39£0.14°®  6.70+0.22"
HFJEE Hepatopancreas

KITEBIRB ISR M AST (U/ug protein) 34.86+2.75%  19.54+2.12°  30.85+3.52%  35.96+3.07°  41.68+0.37°

WRRAILH M ALT (U/ug protein) 24.63+£0.76°  5.54+0.45° 7.12£0.40°  7.58+£0.87°  13.45+2.48"

AR GGT (U/mg protein) 0.89+0.10°  0.52+0.08° 0.43+0.04>  0.20+0.05° 0.15+0.01°

KA A’ GDH (U/mg protein) 88.68+0.68"  71.58+5.59°  39.90+7.61°  27.35+1.70®  16.93+0.50°

B PEEBREE ALP (U/g protein) 7471+7.11°  64.97+8.11%°  49.91+2.98°  48.76+1.13°  51.70+1.45%
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Tab.7 Effects of replacing soybean oil with rubber seed oil on antioxidant capacities of C. idellus
BH Ttems 24 5| Diets
0 25% 50% 75% 100%
1fii3% Plasma
—% /LA NO (mmol/L) 0.10+0.01 0.12+0.01 0.09+0.01 0.11+0.01 0.10+0.01
TAMLERF CAT (U/ml) 3.79+0.92°  5.56+0.70®  11.52+1.33° 6.91+£1.02°  11.52+1.17°
SELYEE POD (U/ml) 33.11£0.64°  25.34+1.02° 35.56+0.77° 102.8+1.41* 108.4+1.44°
A H R E AL P GSH-Px (U/ml) 0.31+0.01°  0.22+0.00°  0.26+0.01°  0.2540.01°  0.25+0.01°
A H A R GR (U/ml) 28.94+1.86  26.22+2.85  26.72+1.15  25.7242.56  28.93+3.71
BPLEALEES TAC (U/ml) 5.68+£0.29°  5.80+0.36°  6.4240.29%°  7.28+0.07°  7.29+0.12°
P MDA (umol/L) 7.21£0.17° 7.12£0.44°  6.73£0.22%°  6.54+0.22%  5.77+0.33°
HFE Hepatopancreas
TFE LA B CAT (U/ug prot) 19.02+0.43%  21.94+0.99°® 18.97+1.41°  23.83+1.12* 26.07+0.28%
S E ALY POD (U/ug prot) 4.7440.13°  3.50+0.20°  3.92+0.18%  4.63+0.19%°  4.23+0.10°°
AWeH Mt B ALY GSH-Px (U/ug prot) 1.67+0.04°  1.68+0.02°°®  2.02+0.16° 1.87£0.05™  1.65+0.03°
A WEHE BRAEEE GR (U/mg prot) 53.25+0.74*  18.71£0.66°  22.94+0.91¢  41.41+£3.05° 32.31x1.79°
BPUEILEET] TAC (U/ug prot) 1.39+0.08°  0.79+0.10°  0.82+0.10° 1.44£0.03*  1.04+0.14™
M MDA (umol/g prot) 1.75£0.08*  1.75+0.02*  1.64+0.09° 1.60£0.09*°  1.09+0.02°

R4 TAC 51 B 255 T 25%H1 50% 51840 (P<0.05),
BEAh, Bt Ak F AR kI A S b 4R s, A
JIFIERE GSH-Px {fi #5251 FHE TR ka%y, H,
50% 4] GSH-Px 1G PEd fie i, I 35 i % REZ A
100% 04 (P<0.05).

25% AL IFIENE POD WEMERAL, (T X
HEZH N 75% AR 4H (P<0.05), Xt FEZH AT GR 767k
2 T HA A4 (P<0.05)

26 BERIFHEREMYNES&EEERNTHIZIT

AR AL BEZH B AR 4y FLAR AL LIS I
T F T2 (P>0.05)(F 8), 1N 50% 0L rofa
PR A& 1 e 25 I T H A AL BREH (P<0.05).,

3 iTie
3.1 ARECHT R AR S X A A K MR Y B
ANTIFST 45 S, B e ARk IR L R Bk 1R

S B A KPR RETEAN R, (YRR L B
50% . PR R AR K PERE . X5 S 4 4 (2016)
R T B A ARG B 18] K S X 55 & % JE £ (Oreochromis
niloticus) % i A KAERETC A K520 (B 55 45 S A ] .
JE4EAR 200 7E KB, PR BT E n-6 RIIIE
iR, n-3 RGP LM EFRAMERA AL n-6 R
HING R A . o 17 Takeuchi Z5(1991)#F58 &, Ffa
TR R R A 75 B S5 M (Cyprinus  carpio)ZSfL, 1H
B n-3 R 5 n-6 R 5006 BE R 0 53l B HUAE A
0.5~1 : 1, ABFFEHT, 0~50% 85 A4 22 ] B f 184 F R
H G H R B0 22 5, (R RGBT R 18 S0 H
BfBa I, AR H I E RBE FREE, X
5 A Q017 FF T AR 2 I AN B AT T i 4
i 18 EE R H 3 R A, B AR BRI 2
FIF 5T 45 A ], 7 HoA 5 Nwokolo 25 (1989) 17 M 8%
(A A S AT TR X K T X XSSP 3 H 14 EE G 2 R T 1Y)
WG RAF . MATE A, BEE AT
s m, FAmEE n-3 R515 n-6 RIS L

*8 BERFMEBRE MY ES&EKEMESTHIRIE(%)

Tab.8 Effects of replacing soybean oil with rubber seed oil on common body composition of C. idellus (%)

i H 2% Diets

Items 0 25% 50% 75% 100%
7K%Y Moisture 69.39+0.19 68.64+0.18 69.14+0.45 68.44+0.16 69.07+0.06
MEH Crude protein 14.40+0.18 14.79+0.23 14.10+0.15 14.79+0.12 14.91+0.09
HMUIEN Crude lipid 12.77+0.09 12.78+0.14 13.25+0.16 13.66+0.40 12.84+0.14
HLK 4 Crude ash 2.53+0.03° 2.52+0.04° 2.36+0.03° 2.6240.02° 2.57£0.01°
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EAWHE I, BT 10 2, UL XA B4 Y SR A
ASCI: P I 17 TR ) A S0 S 38 % R AN [ B 5 2 Y, Tt L
SR RE [RIAR JBORF 3 rp B 2 L5058 57 T G (R

1), ik —B T .
32 BERMFmBREHYESE LT

LR BT, AR Bk S 2 AN TR T AL i i
(Buchet et al, 2000), THALREEF IS KRS far &%
YIAH K (Prejs et al, 1997; Hofer et al, 1981), Baragi %
(1986)TEMWT 5T 25 BUIR & (Morone saxatilis) . Pedersen 55
(1987)7EMF 58 K VG P8k £ (Clupea  harengus) % fa i1k
Jig % Pk 2 A B, A SIS R IS RN R O B
Yk BOAHOCHER . AWEoErh, BEE BRIl
W4T, =l 3 g TG ) 55 B THE TR BRRY
P X G IR FILAF(2016) A [R] Lo ) S i A X At X
iR £ Jlg 1 R T R 05 PR ABL . e Ah, X REZH B i A
VE A AN BB P AY  T25%~100% 104, AR
JRE b R A ST 0 ) i T R Il RN O Bl )
P H 78 R RS O 2 B TR, B
W it 5 A5 R F 2 Al LA A 5, AR R i A
P 2 B 3 fi B iR T 1 EL R S TR R R A
AR S ATE 9% 3 BH S Ry 1 . — A i 70 B /K Ak 5 0 1R /K i
Job AR R AR I TR 1 R T AR B R 3
Z—, A EAESE AR B N R I AL . (R AE S SR T
Jreh, EHR AR KA R A AR AR, A B A A AR
A, Uk £ Jl7 T T Ak I A AR R DR R DT R
R R A Y, i . SR A R
AR FRWY, Oxk REZH A TR R A T R e T
T5%FI100% R4, MAEEHEL T, WEEOIKE
RS M ey, B R PR R TS R A IR, LRSS
A PR B PE> 2 B PR > UE B > FL B (Hofer et al,
1981).

3.3  HREATIRE A S i X B i AE K T B0 20

W52, I HE 7K T2 S i 9 i A A Qi 7K 7 7
EEAER, g 25 DEVUARE B AL . 40
Wi, i mAUARE R R, mifE 2R
FE T RS, 10V AE [ 5 2 ik ok A A Ak AR b =[] 2L
5 M5 & (Garcia-Garrido et al, 1993; Gong et al,
2011; Farrelli et al, 1986). 7B 5% 4% WoR
25%~100% 45 QL R A2 11 7 A AFL o] P 5 A 22541 7 %
PEZH, 1 BGRB9S IR
IR . B 1k s Kok FE AR AL PR o X 5 X0 R AR 4
(1983) 4% IS Af- 9 ELA FEAR TRk (Macaca mulatta) LG

O [ A AP 5 235 SR — 38 RS v S TH R 5 I R TR
&5 BB R ) 40%F11 20%(Nwokolo, 1996), 5 H A4l
YA LG, SRR & f R i = o 1T 22 NIRRT B R 1)
R R T, 0 o ot i I b RN s/ i B 5 B R I
P A I B A A 2 (% 2 FE A L 228 AR 2K 1 45
FIEEAT S (BB AR, 1994), 25%~100% 854t 2H B 2 1fi
7 HDL-C & W B T R, Ui kil A
A% HDL-C MR X 5 S L 55 (2016) b7 A i %
& 50% . 100% 573/ %1 5 & & 3B %)) il i HDL-C ()
g5 4 AR o i SCIE 40458 (2016) W 58 2 W, 1L ¥
HDL-C 7K [ i B B e 25 BE B AR I BR T, &
FIEHR L1 2 vl =1 4 4 o DA 9 J] 4 45 i 1
FEA3 A, 75 Lk L 1 P I A B B DR, IR, SRS
Hiid B HDL-C %t T R ) J5 DR AR 1T -5 A ] e 5
H YRR %, 1 LDL-C/HDL-C A Jiz o7 AH [ B i) %
BENL, RS KRR AL R A AR AR, SCIRAE R
N, RIS L 4 R, 25%~100%
R BNV LDL-C/HDL-C 5 %f B4 U0 i 35 2%
S, Uk AR RCR I X IR [0 P 336 1 2 8 TG R

34 BEMNHHBEREAMNEGZARAKEHNZME

WFFE RN, IR AR 2 S B gl 8 3R AR 4 48
B, BRI R0 S5 T (0 0V B A e R AR A K, Y
HORR 2R 8 2 A 2 B BB A &% 5 T B (Mommsen et al,
1980). 1l GGT &4 Z R IG I R , S H A
WA AR IERL, GGT 1M T = 2% B 41 i X} 2 S 7R
TR Z, e TEATREY SR (EFESE,
1998), WFZE M, £AbFRg w5 1 3¢ SR H S8 8
e T IR, RIS AT A AR T R A ]
B AR 5 I ELRE 5 ORF I AR 59 9] )
L, HAME GOT WtE R LTHE TS, H,
XS 100% 5 R4 E R AR E, UIHBEF
MAA PR RN R A A R PER, B 100%%8
REHERIAI . GDH BEABAIRE, B2
S AR PR LT AR G N e, 2 5 E A
Y14 M(José et al, 2006), WFFTLERFN, Xt IRL 4
%% GDH Gk E KT 100%204l, BBk
AR 100% Z I, A2 T3k 0T 2 R IR i) 2R 1
YA Hi, SCRhis R GGT. GDH X4 [ i
A 22 5 R AT RE O B e AT T A A R 2R R
AN TSI E), FiE—B 05 e 2 i sh W) R & 3
L8 AW I PO RN I ERC A 1 o 1= AV N 1B A RE =N
TEPERAR, 3h Pz 2045 FhE IR A R sl i /8 Dt
R F I A2 B, A4 S S0 A T M T
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(Barton et al, 1991), ARBFFLER BN, BBAFMEB
I R A AL AST . ATIBEAE AST Fl ALT #Y
WP, X5 (2017 R AT Ik R A I X T i &
f R AR P BIF T 45 AN T T A3 e B 4 1
PRI AT B2 F S0 iR 25 | SEIR BN R TR L o HLE
TR UL, AR IR 25% 52 3% B 0 7 1 B AR A
—ERME R, ML 50%~100% 5 3 X%} & H L
A A B S %) 7 TR

35 BRHHBREHWNEENIEAIIENIN

W5, Prafbdabn e T HUAREERGL, &
PSR, —RIEMARS, EEaFEAMHE K.
HeEFE C. fARE, AR, ZEIRS,
AR A AL A . A (E RS, 2014),
FoTas BN, BRI S A 3K TAC
e f 5 b T, R AL BEZ & fh NO & 0 i 3
Z 5, ULHAR A A B R T T A B R AL BE
J1, A LR SR A S DR, 3 R R LA 1)
Ji PR ] B DR 8 9 R AN RE PR AEAR DT R , 1 ELiA
REFRAEPT A AL, S mILIAPTE L AE 11 (Menoyo et al,
2005), CAT 2HMIIY FEMRP RS, #Hik H0,
SRR, PRIPHLAR S AZ i 3E 5 ; POD &l
2P IRV B o SRk it — 2D AR oA, A ITTRRAIS L FR
FHHE M (Hayes er al, 1995), WF5E45 R 0K, B
JRRF I AR B B S T A 3K CAT. POD i
J1, Hrr, 50%F1 100% 504 CAT i ) & m T
kb FEL , 75%F1 100%E 1420 POD ¥ 77 3 = T X
PR, DA R i R R G A (2t Ho0, 43 1)
YERT, BEART B RS HLAR 05, 110 MDA &85
b AN ) F B, L R RN S B R
g 5 a5 A Ak W B AR 1) 22 B (Martinez-Alvarez et al,
2002), 256 B £ ) 3% B MDA £ 2 Bt AR AT
TR LB 2T 2 N R A, 7E 100% U MDA
TR, BEMIEAH ., bt —H Ui, Bk
ORI AR R A B TR T R A PR LRE T, 7E
100% 5 A BT RO et

4 it

Zr ERTik, mAARR AR BRI AR 25%~50%
X R AR RPERE L TRDRHRI R T AR PR i
NEZKF  PLAE AL DI RE | A A AR AR Y TCAS B2
EEAR M AT 50% T i 25 B AK R £ A= K P e RN T AL T
PR B b Rr o, B fE R P AR R R IR T B AR
25%~50% 1 T, BIVRGRAT I A 5 A0 fRDR b i 3 BT
TN 1.4%~2.7%,
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Effects of Replacing Soybean Oil with Rubber Seed Oil on Growth
Performance, Digestive Enzyme Activities, and Partial Biochemical
Indices of Grass Carp (Ctenopharyngodon idellus)

TU Youhuan, ZHANG Xi, TAO Linli, YANG Xiujuan, DENG Junming®
(College of Animal Science and Technology, Yunnan Agricultural University, Kunming 650201)

Abstract This experiment was conducted to evaluate the effects of replacing soybean oil with rubber
seed oil on growth performance, digestive enzyme activities, serum lipoprotein levels, protein metabolism
indices and antioxidant capacities of grass carp (Ctenopharyngodon idellus). Five isoproteic and isolipidic
experimental diets were formulated with rubber seed oil replacing 0%, 25%, 50%, 75%, and 100% of
soybean oil (R0, R25, R50, R75, and R100), respectively. The results showed that the weight gain, daily
gain coefficient in fish fed RO and R50 diets were significantly higher than those in fish fed the R100 diet
(P < 0.05). With increasing rubber seed oil replacement level, the feed coefficient first decreased and then
increased, and the lowest value was observed in fish fed the R25 diet, which was significantly lower than
that in fish fed the R50, R75, and R100 diets (P<0.05). Conversely, protein efficiency first increased and
then decreased, and the highest value was observed in fish fed the R25 diet, which was significantly
higher than that in fish fed other diets (P<0.05). With increasing rubber seed oil replacement level,
intestinal trypsin and lipase (LPS) activity first increased and then decreased, and the highest values of
intestinal LPS activity were observed in fish fed the R25 diet, which were significantly higher than that in
fish fed other diets (P<0.05). The highest values of intestinal trypsin activity were observed in fish fed the
R50 diet, which were significantly higher than that in fish fed R0, R75, and R100 diets (P<0.05).
Hepatopancreas trypsin activity in fish fed RO and R50 diets was significantly higher than that in fish fed
R75 and R100 diets (P<0.05). The serum total cholesterol (TC) level in fish fed R25, R50, R75, and R100
diets were significantly lower than that in fish fed the RO diet (P<0.05). With increasing rubber seed oil
replacement level, hepatopancreas hepatic aspartate aminotransferase (AST) and alanine aminotransferase
(ALT) activities first increased and then decreased, and the lowest value was observed in fish fed the R25
diet, which was significantly lower than that in fish fed RO and R100 diets (P < 0.05). Further, plasma
total antioxidant (TAC) capacity in fish fed RO and R25 diets was significantly lower than that in fish fed
R75 and R100 diets (P<0.05). Conversely, plasma and hepatopancreas malondialdehyde (MDA) levels in
fish fed the RO diet were significantly higher than in fish fed the R100 diet (P<0.05). These results
indicated that replacing 25% to 50% of soybean oil with rubber seed meal had no obvious negative effects
on growth performance, feed utilization rates, serum lipoprotein levels, protein metabolism indices, or
antioxidant capacities, whereas replacing 50% of soybean oil with rubber seed oil may have depressed the
growth performance and digestive enzyme activities of grass carp.

Key words Ctenopharyngodon idellus; Rubber seed oil; Soybean oil; Growth performance; Digestive
enzyme activities; Antioxidant capacities
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