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Effects of Different Antioxidants Supplementation on the Growth
Performance, Lipoprotein Levels and Antioxidant Function of
Rainbow Trout (Oncorhynchus mykiss) Fed Fish Oil-based Diets

WANG Hengzhi, ZHANG Xi, TAO Linli, YANG Xiujuan, BI Baoliang, DENG Junming

(College of Animal Science and Technology, Yunnan Agricultural University, Kunming 650201, China)

Abstract: [ Purpose] To study the effects of ethoxyquin (EQ) and lycopene (LCP) supplementa-
tion on the growth performance, lipoprotein levels and antioxidant function of rainbow trout (Onco-
rhynchus mykiss) fed fish oil-based diets, in order to screen the suitable antioxidants for rainbow trout

diets. [ Method] Three isoproteic and isolipidic diets were formulated to contain 0, 0.02% eth-

ks H . 2017-09-05 B H . 2018-03-14 2% RS E] : 2018-07-26
SLETWH. ERARBIFESTE (31460693, 31760761) ; AN IR T AT E (2018FA018) 5 @ ERG
HIRAFEEMITE (TA2016A00)
EF RN FHEE (1993—) , B, IWRBURA, EEmE5e, NSRS T 55
E-mail: wanghengzhi2016@]163.com
**[W{FE#H Corresponding authors: HEfER (1977—) , B, mmTEAA, Wi+, @IEE, ETRNFARAEHZWR. E-
mail: 1448151770@qq.com; XFEH (1977—) , B, AFTHEA, 181, #%, FEASK ST ST
E-mail: djunming@163.com

A2 H B . http://dx.doi.org/10.12101/j.issn.1004-390X(n). 201709013


http://dz.doi.org/10.12101/j.issn.1004-390X(n). 201709013
mailto:wanghengzhi2016@163.com
mailto:1448151770@qq.com
mailto:djunming@163.com
http://dx.doi.org/10.12101/j.issn.1004-390X(n). 201709013

656 Py I )y N = 22

oxyquin and 0.02% lycopene, respectively. Two hundred and seventy rainbow trout with average
body weight of (29.4+0.1) g were randomly divided into 3 groups (with 3 replicates of 30 fish
each). [ Result] (1) Supplementation with EQ and LCP had no significant influence on the feed in-
take and daily gain coefficient of rainbow trout (P>0.05), FI and DGC in fish fed LCP diet were signi-
ficantly higher than those in fish fed EQ diet. Supplementation with EQ and LCP significantly im-
proved feed coefficient rate and protein efficiency ratio (P<0.05). There was no significant difference
the two indexes between the two groups. (2) Supplementation with EQ and LCP had no significant ef-
fect on pepsin, intestinal and hepatic trypsin, hepatic amylase activities (P>0.05). Supplementation
with EQ and LCP had negative effects on the intestinal amylase activity. Supplementation with LCP
significantly increased the activity of intestinal disaccharidase (P<0.05). (3) Supplementation with
LCP significantly reduced the serum total cholesterol, low density lipoprotein cholesterol, LDL-
C/HDL-C and hepatic total fat content (P<0.05). (4) Supplementation with EQ and LCP significantly
improved the plasma peroxidase and glutathione peroxidase activity (P<0.05). Compared with the EQ
supplementation, the activity of plasma, liver glutathione reductase (GR) and hepatic lysozyme were
significantly improved by LCP supplementation (P<0.05). [ Conclusion ] It is concluded that the an-
tioxidant capacity of rainbow trout is improved by ethoxyquin and lycopene supplementation. But ly-
copene as antioxidant was more conducive to improve its growth performance and antioxidant capacity.

Keywords: rainbow trout (Oncorhynchus mykiss); ethoxyquin; lycopene; growth performance; anti-
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Tab. 1 Formulation and proximate composition of

basal diets (dry weight) %
JF 4} ingredient 17T R
4} fish meal 20.00
GAI soybean meal 20.00
KEIKRAEH H soy protein 15.00
concentrate
SEFFHA rapeseed meal 6.00
F¥FHI cottonseed meal 10.00
FEIEHFFA=9F rubber seed cake 5.00
%k wheat bran 4.67
1 3 fish oil 15.00
K5 YR HE phospholipid 0.50
TR — &4 Ca(H,PO,), 0.80
#EA2 3 C vitamin C 0.03
5\@6}?&5@ (50%) choline 020
chloride (50%)
LA FEE K ethoxyquin —
F LI E lycopene _
AE4 Z PR AL vitamin mixture” 1.00
W45 B KL mineral mixture” 1.00
IR nutrient composition
THI5 dry matter 88.76
FLE A crude protein 41.05
HUIEW crude lipid 16.24
HLIK S5 ash 8.65
S HE/(MJ-kg ") gross energy 21.20

W DR TR (gkg): MgSO,7H,0, 180; KI, 1; FeSO,H,0,
260; ZnSO4*H,0, 180; CuSO4*5H,0, 25; Na,Se,0;, 0.01;
MnSO,+H,0, 180; CoCl,*6H,0, 0.75. 2) 4 E iRk (g/ke): %
A, 2; HEED; 003 4AEFKE, 30 fEAERK, 3 HR
Wifk, 8: t#ZimFE, 11; FHRMMEE, 8; 4E42% Byy, 0.02; HUAIML
B2, 50; MR, 1; MR, 0.1 JHER, 30, ZERES, 32; ALEE, 25.
Note:1) Mineral premix (g/kg): MgSO,+7H,0, 180; KI, 1; FeSO4°H,0,
260; ZnSO,4°H,0, 180; CuSO4*5H,0, 25; Na,Se,0;, 0.01; MnSO,4°H,0,
180; CoCl,*6H,0, 0.75. 2) Vitamin premix (g/kg): vitamin A, 2; vitamin
D3, 0.03; vitamin E, 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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VRN 3 R fh, fEE R e R I L S E L
TRAEEBEAS T, T80 C T1-1F.
1.4 SrHrikor ik

R RN R E AL 43 43 T 34 2 I AOAC Tl
FE o KA E TR HLAE 4E 105 C FHLRH TR ;
A & I Sk 4 A g ol e /A
(JK9830, ¥ mi #f 2% Bl 2= A AR A FR A w])
FE 5 FHRE I SR 2 IRHR 0L (DA A i R i
Fy MR 5 KA A AR B (SX-410, b
AR PR BRA RS 50 °C Kk (16 h)o

M. FFWE . BA3E B A AL Fe bR 2R F R at
BAEY TR IR &l e . BE A, W5
fitp . —WERG . LIRS (POD). A H kit 4
LI (GSH-Px). GBisEfbEE)) (TAC), Ak
AW (AST). BHINEANE (ALT), 5. B, S
HR . BEARAGE; REAM. JAhR
fiti (CAT). Mt H BRiA JE G (GRKR 48
P m AR R AR EE (HDL-C), fR% AR
I AR S (LDL-C) SR RGBSR H [
(TC) >R FHAEALEE: s H Il =R (TG) RH H A
P, i B ME 1A B (FC). SR I . A 1A B
(LZM). Bl PR (ALP), JRZ 4% (BUN), —
AALA (NO). TN (MDA) 2545 Hyi i 348
1.5 IFHE 5SS

IR T (MBW) 2[@@ kD)7 +
CR T ke |12

FE R (g/kg/d) = B AFEACUAE/
(ELACTR



658 Py I )y N = 22

9533 %

*i(g)—’?ﬂi(g);

e

R o = AL g
spRs - Lo,
Y

TR0 45 R 3 3RIR R A5 fE DR (means+
SE). R R I 225381 (ANOVA), HA-FiL

Z e o 22 5% (P<0.05) B, A Duncan’s i
Wil T ZE BT . A S TR A SPSS
17.0 BAFHA 7508 o

2 ER50H

2.1 AKbERE

B2 2 A HL . iyl 3 A GRDRE SRR D EQL
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Tab. 2 Effect of lycopene and ethoxyquin supplementation on the growth performance of rainbow trout

FaFx index KR4 group of CK LA FEERZ group of ethoxyquin F LA group of lycopene
YIHE/g IBW 29.33+0.04 29.40+0.03 29.48+0.07
K /g FBW 124.30+0.63 ab 120.13+2.39 a 131.05+1.57 b
W R/(gkeg'-d") FI 14.26+0.07 b 12.82+0.39 a 13.69+0.22 ab
H 3 5 2 40/(%-d ™) DGC 2.93+0.01 ab 2.84+0.05 a 3.06£0.03 b
Tkl 2% FCR 1.23+0.01 b 1.16+0.01 a 1.14£0.01 a
A BB/ % PER 1.94£0.01 a 2.05+0.02 b 2.09+0.02 b

e FATER R RN FRERORE R B (P<0.05); R

Note: Values in the same row with different small letter superscripts mean significant differences (P<0.05); the same as follow.

2.2 JHALERIEPE

M e 3 Al gl Itat sk PN EQ. LCP
WEEREAR T A VE M RS, X B E AN, MiE
I AP 8 2 1 A 3 A Tl % 1 T S S R
I LCP B FRAK T il —WimES I 590 EQ
FHLG, WSHN LCP Pt 1 w1k
2.3 REAKF

M2 4 T A. A EQ. LCP XML& TG,

HDL-C. 5 K&MFEFALA Y TG, TC &t
R S5 EQAMI L, ¥SN LCP B3 REAIK T 1L
i TC. LDL-C. LDL-C/HDL-C FlAT I i B G 5
T, AT PR
2.4 KA A FAH

F# S Al BN EQ. LCP X IfiL 3% i 26
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Tab. 3 Effect of lycopene and ethoxyquin supplementation on the digestive enzyme activities in rainbow trout

FEFF index X BEZH group of CK ZSAFEERZH group of ethoxyquin AL 24 group of lycopene

B stomach

B & /(U mg™') pepsin 4.43+0.41 4.25+0.39 4.87+0.51
W& intestine

[ FfE/(U-mg ") trypsin 0.58+0.02 0.59+0.12 0.5120.05

JERHF/(U-mg ") amylase 1.06£0.11 b 0.48+0.04 a 0.38+0.01 a

ZFEME/(U-mg™) disaccharidase 8.07+0.53 b 5.31+1.13 ab 3.424+0.83 a
HFHE liver

JEE TR FIRE/(U-pg ™) trypsin 2.18+0.40 1.87£0.22 1.67£0.19

VR EE/(U-mg™") amylase 0.23+0.03 0.19+0.02 0.21+0.04

T FERE/(U-mg ™) disaccharidase 1.74£0.26 a 1.84+0.18 a 3.70+0.09 b
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=4 &HPHRMEQ. LCP XHTHEAEE M=K FEHIS

Tab. 4 Effect of lycopene and ethoxyquin supplementation on the content of lipoprotein in rainbow trout

FEt5 index XA group of CK - ZVAIEMEMRATL group of ethoxyquin AL 24 group of lycopene
L7 serum
S BHFE E/(mmol-L ™) TC 7.93+0.86 b 7.85+0.81 b 4.92+0.27 a
H i = 8/(mmol- L") TG 3.19+0.61 3.28+0.32 3.37+0.04
7o 2 P I e 1 B[] B /(mmol-L ™) HDL-C 2.28+0.20 2.39+0.02 2.3240.11
IR B2 i 2 A JIEL [ 8%/(mmol- L™) LDL-C 5.01£0.77 b 4.80+0.75 b 1.93+0.17 a
LDL-C/HDL-C 2.20+0.06 b 2.01£0.07 b 0.83+0.06 a
45/(mmol-L™") Ca 2.82+0.08 3.10+0.21 3.16+0.20
#/(mmol-L™") P 4.85+0.17 a 4.90+0.09 a 5.69+0.29 b
HFHE liver
Sl /(mg-g™) total fat 63.60+1.05 b 58.20+5.04 b 40.78+3.41 a
Hih =H8/(mgg ) TG 5.49+0.34 5.38+0.37 4.87+0.58
JIH [ %/(mg-g ") cholesterol 1.79+0.26 1.79+0.11 2.03+0.29
LA muscle
S g7 /(mg-g ™) total fat 63.08+3.72 51.67+5.04 55.57+5.03
Hih=H88/(mg-g") TG 1.14+0.09 0.92:+0.11 0.93+0.07
JIE[E ®E/(mg-g ') cholesterol 0.28+0.04 0.36+0.05 0.24+0.02

&5 &BTARM EQ. LCP XTSI 3 F 1B B 5 e Ara0 200

Tab. 5 Effect of lycopene and ethoxyquin supplementation on the protein metabolism in rainbow trout

1845 index XTHEAL group of CK ZAAZEMEMKZH group of ethoxyquin FE ML Z A group of lycopene
M E/N(g L) protein 23.24+1.19 26.85+2.83 29.38+5.33
AR/ (mmol-L™) total amino acid 20.99+2.47 ab 23.46+2.23 b 12.14+1.48 a
%/ (umol-L™") ammonia nitrogen 3.28+0.07 3.01+0.17 3.03+0.03
JRE R/ (mmol-L") BUN 5.76+0.22 5.24+0.46 5.36+0.21
BHEFEE/(U-LT) AST 4.50+0.64 3.91£0.99 3.23£0.37
B M/(U-L) ALT 33.46+4.24 35.29+5.81 32.66+1.79
2.5 PUEILIIRE PEs BN LCP B F St 7 GR &M S

M2 6 n[ . WINEQ. LCP ¥4 m i M EQAHLL, ¥/m LCP & F & T AL LZM,
J% POD. GSH-Px i 1, XFIfi3f LZM. AKP., I3 GR{EME, FEK T MK MDA &5t
LDH. CAT. NO. SOD. TAC X Jif i POD, 2.6 JWLAZH K
CAT. TAC. GOT. GPT. LDH i M TG i & 5 H 7 Al PN BQ. LCP i i i JJL A /K
Ml ; VSN EQ W4 7R AKP. GSH-Px i 43, MEF . HABI AR 535 5 JC 52520

F 6 GBI EQ. LCP i8S (ListrAIs T

Tab. 6 Effect of lycopene and ethoxyquin supplementation antioxidant on the indexes of rainbow trout

FEFR index R group of CK ZAFEMEMRA group of ethoxyquin  FF AL 24 group of lycopene
%% Plasma
R/ (mg- L) LZM 1.2440.17 1.27+0.18 1.69+0.17
A E/(U-mL ™) POD 9.56+0.67 a 13.33£1.18 b 12.89£1.15 b
AL REIRAG/(U-dL ) AKP 20.05+0.93 19.07+0.85 18.43+2.30
FUBR i #M/(U-mL ") LDH 0.49+0.01 0.48+0.01 0.470.01
A ER/(U-mL™") CAT 12.17£2.33 15.39£2.38 13.88+1.40

— SR A (umol L) NO 57.78+5.42 68.57+3.30 57.1445.71
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F6 (8D
FaFx index YTERAH group of CK ZAAIEMEMRZ group of ethoxyquin & i£L 24 group of lycopene
A B L EB/(U-mL™") SOD 69.62+2.76 71.78+1.51 73.7342.13
MPUEALAE1/(U-mL™) TAC 4.40+0.63 4.44+0.84 4.81+0.23
A —E&/(mmol-mL™") MDA 72.26£9.02 b 80.00+9.85 b 39.94+7.05 a
2 IR S A YE/(U-mL ") GSH-Px 0.04+0.00 a 0.15+0.01 ¢ 0.12+0.01 b
A5 e H KL S5 R /(U-mL™) GR 0.05+0.01 a 0.07+0.01 a 0.13£0.02 b
HFHE liver
A EE/(U-mg ™) POD 4.7140.61 4.28+0.10 5.17+0.69
A ER/(Umg ™) CAT 7.79+0.45 9.06+0.61 9.86+0.92
BPEAARES1/(U-mg ") TAC 0.410.01 0.40+0.02 0.49+0.05
BEEHEER/(U-g ') AST 11.71£0.54 11.800.30 12.89+1.29
B HEEER/(U-g"') ALT 7.03+0.30 8.02+1.08 9.20+1.41
TP BERR /(U ¢ ') AKP 5.76+0.50 a 25.32+1.54b 9.75+0.54 a
FLER A H/(U-¢ ") LDH 12.08+1.38 13.33£1.25 9.19+1.03
W/ (mg g ") LZM 0.16+0.02 a 0.19+0.03 a 0.74+£0.12 b
B WEH R S A ¥BE/(U-g ) GSH-Px 12.55+2.13 a 22.58+2.23 b 13.57+1.33 a
A H IS JEREA(U-g ') GR 30.97+2.77 a 42.26+6.98 ab 63.04+7.34 b
=7 &APHRMEQ. LCP XTHIEHAN PIZA R A SN
Tab. 7 Effect of lycopene and ethoxyquin supplementation on the muscle composition of rainbow trout %
LA ZH 5% muscle composition Xt HEZH group of CK LA group of ethoxyquin T 24 group of lycopene
/K43 moisture 65.35%1.73 67.39+0.81 66.34=1.09
HLE A crude protein 17.11£0.30 17.00+0.14 17.640.45
YLARH crude lipid 13.95+1.52 12.83+1.07 13.47+0.51
K4y ash 2.04+0.09 2.08+0.05 2.0120.09
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