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(L4 41) i S it ) 100 fml okl 56 il ) ek 24 B S
BRI ILER 1, 23 50 1a) Rk 357 1) e 0k 1) e} fs
i dUaas
1.3 AFEE

Bk 86 0 7 32 B 3, 7T AR S A R
BAERARZENIER M AL E IR 1, 857
() HE M L1 20 48 8}, SR 5 # il 9 i 1 i A7 o0 4%
W, FREH K R 2k Bl AR AR T g Y B R K,
BRERFM 2 K, 5 H 09.00 F115.00 %W, H
MR B AR AR R ) 2% ~ 4% , IR PGB
AR ARG OLiE R, IR IR, [ ARG,
IR EE N 25~30 °C,pH H 7.40 ~ 7.80 , 1A fit &
W >5.0 mg/L, B AW E <0.3 mg/L, WA ik ik
JE<0.1 mg/L, KWL 50 1Y 1% 3l A Btk
O, I8 ERICSRIE T IR AR . 2 I HE TS s oK, 46
IKEZH 20% , RN 60 d,
1.4 HEXE

FEF RIS 25 RS, AR DL 24 h JFRAE, &
AN FRIE AR ) 2 A R B FR B, SR 5 43 B
SRAEZ AL RS MG . AT REHLIE L 6
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PEIE IR I, B 48 4F 1) 10% 2H 21 2 R A
4 CF 3 000 r/min &.0> 10 min, B F3#E# ,-80 C
HAT . BEAR o5 BEALE B 3 2 56, e I
MFFHL, F 105 CHET 24 E 2, W0E LA &
B GE, BMEREILIR S Btk Ha

JH 22 A 300 10 Pk s B B e AT R A R L, IR
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Table 1 Composition and nutrient levels of

the basal diet ( air-dry basis) %
i H Items £ & Content
J5 Bl Ingredients
£ 4 Fish meal 4.0
=M1 Soybean meal 23.5
SEHFHI Vegetable meal 25.0
M ¥R Cottonseed meal 10.0
KB Rice bran 11.0
/NZ %k Wheat bran 20.0
Bk — &S %5 Ca(H,PO,), 2.0
SALIBAK Choline chloride 0.5
.M Soybean meal 3.0
A ZHUR AL Vitamin premix” 0.5
Y R R AL Mineral premix” 0.5
A1t Total 100.0
77K Nutrient levels
JK4T Moisture 8.50
HEF B CP 30.29
MR EE 6.98
KUK 43 Ash 7.25

Vo R HUR RN B T e i R L The vitamin premix
provided the following per kg of the diet: VA 8 000 IU, VD,
1 500 IU, VE 100 mg, VK, 5 mg, VB, 10 mg, VB, 15 mg,
VB, 15 mg, VB, 0.02 mg, E ¥ & biotin 0.2 mg, & folic
acid 4 mg,D—{Z R D-pantothenic acid 40 mg, #HFR nicotinic
acid 80 mg, VC 140 mg, JLE inositol 120 mg,

D) T U R R 55 T 58 4 8 It The mineral premix
provided the following per kg of the diet; Cu (as copper sul-
fate) 8 mg,Fe (as ferrous sulfate) 100 mg,Mn ( as manga-
nese sulfate) 50 mg,Zn (as zinc sulfate) 80 mg,I (as potas-
sium jodide) 0.3 mg, Se (as sodium selenite) 0.1 mg, Co

(as cobalt chloride) 0.3 mg,

1.5 MEEIRR A ZE
1.5.1 ARG E

U ARH A E R (WGR) FEd KR
(SGR) f#t R (FCR) G % (SR)

B R (%)= 100X ( L ARRE-
VIR E) /WA A
B A KR (%/d)=100%(In L ARKE-
In WA IR ) /1A 37 KA
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Tkl 280 (FCR) = A 45 M/ i 0 o

AL R (%) = 100x 4K R/ VIH R
1.5.2 WL BUE 5 8057 & i i

WL B TR & S % AOAC(1995) 7
AT e, Ho Ko E SR AT 105 CH T
PRVE DN A2 R B 1 BT o R R P I R0 7 |, f
I i e 2R FH 2% PG R BB I 5, ML AR 43 % >R
550 C Hyfadr i ko be i il 2
1.5.3 I ¥ B B A 4 4 10

SR FHAE b AR R 78 i R 3R] A R 2\ 2R 7 1Y
AFRY 3 790 0 7 1 ¥ H 9k =& (TG) . TC ,LDL-C
R % B i 4 P IH[E B (HDL-C) & &, 5 J7 12
Z B & (U
1.5.4  JFBRIEGT A AL TR A5 10

SRR 5 A ) TR AR T T A 7 R R
7 G i 5 1B 0 R SR Ak W B Ak g ( SOD) |t 4ELfk
2B (CAT) TE AN % (MDA) & 2, & J7 i
Z B & B

1.6 HESiITS55H

IS B >R -2 {E £ A5 E 22 (mean+SD) 3%
R o BUPEALE R SPSS 17.0 B AFUEAT , R A BA N &
J5 2243 M7 ( one-way ANOVA) £ 56 i 2 P K, 24
J7 2253 B i 7R Ab R A5 R 22 7 1 25 ), SR ] Duncan
[REZ E LB Hrdl ) 22 55 W &%, Ll P<0.05
R 2 R AR

2 H#RESW
2.1 HEYSEXNTIEEEKERENZN

4 S e AL A R MR RE A R R L3R 2,
L2 L3 Fl L4 H B AR IR 18R FRE A KR
KR R L1 4, Horf L2 i L3 AR
OMHER AR ES L 4N LR RE
K (P<0.05), L2 L3 1 L4 20 i ik R B0 &
T L1 41 ( P<0.05) , [AlIF L2 2H (45 6 2 5008 5
FRT L3 Ml L4 44 (P<0.05) ,

x2 HEYEENFIEEERKEENZI
Table 2 Effects of phytosterol on growth performance of tilapia

i H ZH 5 Groups
Items L1 L2 L3 L4
WIRIAE IBW/ (g/)8) 39.37+1.74 39.57+1.42 39.02+1.15 39.35+1.18

KAKNKTE FBW/ (g/1R)
1% WGR/ %

132.96+5.56"
237.72+3.41"

FE K SGR/(%/d) 2.03+0.11°
)kt &% FCR 1.13+0.08°
%2R SR/ % 95.56+2.31

135.95£3.51%
245.49+5.97"

138.39+4.18°
254.66+8.74°

145.79+5.39°¢
268.44+2.62°

2.17+0.18° 2.11+0.09° 2.07+0.05"
1.01£0.05° 1.07+0.09° 1.08+0.08°
97.78+1.33 97.78+1.33 96.67+1.89

FEATER B AR A R R B F R R R Z RA B (P>0.05) , AF/NE FRRREF B #E(P<0.05) , FEMH,

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). The same as below.

22 HEYSEBEMTEEIAENEFRRSSEN
=AU
A 55 X 25 A L IR R B 3R A
M LR 3, BR L2 L3 A1 L4 4109 LR R K 53 &
HEFESHT L1 4 (P<0.05) 4, WL K4 LG b7
MM EARSTESAZRHER AR EH (P>
0.05) .
2.3 EYEEEXT F I & I iE S R A SR AR A BN
FE £ Xt & A i v I 5 AR 15 S A %) 52
W4, 5 L1 AME, L2 L3 fl L4 417 TC,

TG #l LDL-C & & ¥ 5 FE FF (P<0.05), I
HDL-C & 45 2 Z 1] 22 5 A i 3 (P>0.05)
2.4 HEYEEXTIEARFRER|EERNZME
HE ) 55 WX 5 A o B U 0 Ak 38 A 1) 52 )
W35, 5 L1404, L2 F1 L3 2109 g SOD
TR AR B (P<0.05) , L4 A BT R (P>
0.05), 5 L1 4AH, L2 1 L3 4 IFENE CAT
TG PEA T4 e, LA dUNAT T BEAIR (0 22 S Y0 B 3
(P>0.05), 5 L1 4140, L2 A1 L3 4 A9 JHF J6k Ak
MDA &4 it T, L4 A fF T+ (H2E R
NEZE(P>0.05)
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R3 EVEHENFFEEINAEAERESSENTM

Table 3 Effects of phytosterol on muscle common nutritional component contents of tilapia %
=] 205 Groups
Items L1 L2 L3 L4
7K 43 Moisture 68.46+1.78 68.74+0.38 68.09+1.21 68.61+1.22
HLEENF EE 8.93+0.63 9.11+0.73 9.05+0.43 9.01+0.64
ML CP 15.37+0.39 15.98+0.40 15.80+0.69 15.55+0.73
LK 4 Ash 4.15+0.28° 4.82+0.33° 4.78+0.46" 4.94+0.38°
*x4 EYSHEXTIEE DFRERREIEREZNE
Table 4 Effects of phytosterol on serum lipid metabolism indicators of tilapia mmol/L
s 25 Groups
Items L1 L2 L3 L4
SR E R TC 3.08+0.21° 2.64%0.14° 2.86+0.14° 2.75+0.08"
Him =M TG 1.65+0.12* 1.32+0.09° 1.34+0.09° 1.49+0.11°
{05 i Big 25 4 IR [ B LDL-C 1.15+0.08" 0.93+0.07° 0.99+0.05" 0.98+0.10°
15 %% % JIR 2 /1 JH [ B HDL-C 2.63+0.08 2.57+0.11 2.55+0.09 2.67+0.08
*x5 HEYHEXFTIEEFRERSAIERNZMN
Table 5 Effects of phytosterol on hepatopancreas antioxidant indicators of tilapia
WiH 15 Groups
Items L1 L2 L3 L4
ALY AL SOD/ (U/mg) 212.10+13.51" 255.86+8.66° 240.33+10.18" 204.19+11.18°
S E LA B CAT/(U/mg) 11.88+0.68 12.10+1.20 12.03%0.36 11.82+0.84
N . MDA/ (nmol/mg) 2.38+0.12 2.30+0.31 2.33+0.28 2.40+0.23

RIS
30 EYSENMTEaEKEEMIIAEAES
B 5 & EMEm

TR 5 Pt DX G BB 48 A1 F Bl ) 2E K L 3 R R
AL MCEFH S DAL, TR E &k
Bz R SR AT AR AR A A AR R S
W I R SR A S I e A A A G AR K i
FREARHT R L, 3 R AR R A G Y B L
KB, AR T R W, A F RS AR
TSR 55 15 AT S iR R T A A S TE,
AR R R R, AImai RS ik
HEABIFFE 45 2R — B, 2 B4 AN [R] o o 9 4 400 14
P A A ) 7 B M A 0F 2 3 40 00 AR K B A ) et
FE, YRR IEAE Y RE T AR AE A — R DL A iR
BRATHES A K . 551 Fh iR A5 SR A (55 1 T 3
AR UE S iR N B A ORI A K, A

£ W AE s R N 5 RETE 7K HR B 143 7 IE A4 B o+
G54, TR BURE Py 55 B A OB A% B 1V 2 6 A T X
P A B (R 1E 3h W 8 A L T e
552 ik A R A S BEEL A O EAE A, fe g A
WK S IFRETRE, RO A R R R A KT,
MR S LA R & A A S BN oy
160 mg/kg WA S Ak M 19 A K BRI T &
20 F1 40 mg/kg 4, X & B3 v B8 o (4 AEL 4§55
B S s S A, A AR 45 R WoR
T Ak e 8 TIAS TR) K - 0 A 40 55 BRSO %0 IR LA
MLy S B A W35 5, X LI /K 43 KL G 105 KL
EAREGEEA AR EZ W,
3.2 #EWEEX TS mFERAEHEROEME
K Il RAF 78 ¥ 2 B, Al 4 55 B 2 A AR 58 119
ef L [ P D, EC A PR 8 = 5 0 o) A e
{14 R 3 T A, 334 o L ] 1 3 1 B 5 R HE T A
IR e — B ANV T K I I, B B4 i
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THER 5 B FLALTE sERCIR S AT, SR J5 A BE 4
S0 LR S, T R A 5 TR R G e R AR AL, T LA
FE A% 15 I i 2 5 4 ORI A TR 8, A i ik 20 i
B A W R S BT TG 25 0 1 At =
TR T N TG 59 W Ik 5 iRy . HE
Yy §55 T B 410 1 G 07 TS 1 0D B R TG K
fige 1A AT LR W R A BRI PR RITA i R
PEIURA 5 3 5 0 ek ) DT 38 B AR TG &
R

FESCAESE O AR R AR /DS BURDAR AR R i 4 £
Tt | k% BLAE ) (55 et 6B 4% 98 A1 /= 1 i /)N BRU P IE TC
TG 5, i HA 2 IE % /N UK P, gl
WFFE W, 76 30 Ja i (9 7™ B0 fDRR rb 78 A 4 £
fist ] i 2 B A BE XY 1ML ¥ b TG, TC M1 LDL-C &
i, PEAREE b TR R IR IS [ K 1 A ) S
fi b4 (i % 9 a0 1fL 3 th TG, TC M1 LDL-C & 7t %
%, oA 5 BE R N R 20 me/kg A4 A RR
BT W& S 40 F1 160 mg/kg MY 2H . (B4 %}
HR AR B 55 B X % R 41 1 7 HDL-C & &%
PR R E R C AR v R A R RS N2
S P IR 7K SF T E R A R AR s
W, rE A AR AE  (FAE 4 S I AR 8 A Sk ML
P HB [ B , B TC F1 LDL-C B9 & &,
HASR M HDL-C s BRI vEgE AR & x4
Froh ML (el Bl A T 208 S, (RIS, R4 55 1)
6 JIEL [ B4R FH /0 T LDL-C A9 4804k, IR AIR 28 1k 4
L7 L PN B P i, T R ARG T A M A i R P
S8 A ML,
3.3 EMEENTIEAFEERSAIERNEIN

JFBEE TF SOD | CAT i 7 & MDA 5 & J Bt
TFIERE B B R AL BE F7 ., 56 16 45 0T (g R
B, 76 A A B e R 0 80 mg/kg AR W S I
Jrh SOD I M 35 FH i, MDA & 2 it 4 4 5 B
TR TR m RS, PR B s s R
WS, AW S Bt 2 A i AR B A 3k
FLA B BT DR AR T, B 5 H 0 £ v B A 3 m
2 Bl [ H R R R G K, L BR e ) EAE T4k
AR E, ARR P, HY S ERINE R 20,
40 mg/kg2H % E i JgE i SOD Al CAT ¥ 1 1
fext BRAL A B4R o, X 50 AR T 4 SR AR AL 5 7
655 B s i 8 160 mg/kg B4, % AIF A T
It SOD Fll CAT i 1 2 1 8 % 2 B AR, P b 4
AR ) 655 B0 0 A 5 B SR AR AR A7 76 45 77 G

FTEUS I3 LA, BT A i 0 75 M R 05 15 31 48
T, AH R sk 34 BBl A A £ 2 0 ] e A Ak e
MM, TE MDA 9 55 5 Al M HLA Y B
Jo i S A A R B ) 42 s ke i 4 4 A 403 403 AR B
AT AR S BN i o 160 me/kg AP HE
£ BEE MDA 5 £ J2 fie = 19, B 55 b — 1> i 4
AN T bR AR S BT REA AN RAEH .

4 & B

TEARIE PR 0 3 R A A 655 T DA
A BRI Y IR 5T 7 i, [m) B X6 i 38 2 A £ i
JRAEST AL BE I A — & I BRAE . TEAR B &%
PR FEN LRSS DB R I 20 mg/kg B AR ) HS
it % A £ A 3R A5 e AR K Pk i

SEH
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Effects of Phytosterol on Growth Performance, Serum Lipid Metabolism
Indicators and Hepatopancreas Antioxidant Indicators of
Tilapia ( Oreochromis niloticus )

LI Zhihua' HUANG Zhiyi' PAN Zhongchao' SUN Fenggang' ZHAO Huihong®*
(1. Guangdong Weilai Biotechnology Co., Ltd., Guangzhou 511400, China; 2. College of Oceanography, South
China Agricultural University, Guangzhou 510000, China)

Abstract: This experiment was conducted to study the effects of phytosterol on growth performance, serum
lipid metabolism indicators and hepatopancreas antioxidant indicators of tilapia ( Oreochromis niloticus) . Three
hundred and sixty genetically improved farmed tilapia with an average body weight of (39.25+1.56) g were
randomly allotted to four groups with three replicates of each 30 individuals and fed basal diet supplemented
with O (LI group, as control group) , 20 (L2 group), 40 (L3 group), and 160 mg/kg (L4 group) phytos-
terol for 60 days, respectively. The results showed as follows: 1) compared with the L1 group, the weight
gain rate ( WGR) and specific growth rate (SGR) of tilapia in the L2 and L3 groups were significantly elevat-
ed (P<0.05), and the feed conversion rate ( FCR) in the L2, L3 and L4 groups was significantly decreased
(P<0.05), the best effects were found in the L2 group. 2) Diet supplemented different levels of phytosterol
significantly decreased the muscle ash content of tilapia ( P<0.05) , but had no significant difference in muscle
moisture, crude protein and crude fat contents ( P>0.05). 3) Compared with the L1 group, the serum total
cholesterol (TC) , triglycerides (TG) and low-density lipoprotein cholesterol (LDLC) contents of tilapia in
the L2, L3 and L4 groups were significantly decreased ( P<0.05). 4) The hepatopancreas superoxide dis-
mutase (SOD) activity in the L2 and L3 groups was higher significantly than that in the L1 and L4 groups
(P<0.05), while the hepatopancreas catalase activity and malondialdehyde content in the L2 and L3 groups
had no significant differences compared with the L1 and L4 groups (P>0.05). In conclusion, phytosterol is
added in a proper amount in the diet can enhance the growth, decrease serum lipid contents, and has a certain
positive effect on improving the hepatopancreas antioxidant ability of tilapia. Under the present experimental
conditions, when adding 20 mg/kg phytosterol into the artificial compound feed, tilapia has the best growth
performance. [ Chinese Journal of Animal Nutrition, 2019, 31(12) :5866-5872 ]

Key words: phytosterol; tilapia ( Oreochromis niloticus) ; growth performance; lipid metabolism; antioxidant
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