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LB Srk
L1 HREReH &

DASZRA ORI B D 2 B IR P R
HAT RN 31% MU N 4. 5% 19 LR R

*1

TEBLEERE 4B 0.0.01% 0.02% .0.04%
0.08% M2, L il A 5 AN R B R & it i
GRAERRIARL, R OB SR AL 1, T
RHEEH IR 60 H i, 780 1R 515, 4 1R R
BCEAE A 1.2 mm 5K, TG i, I 25 3%
FET -20 CERMT M ARSI BT k2 0
B i AR A R AR, & 90% .

M ARE T IEFAM( % KT RER-)

Tab.1 Formulation and proximate composition of the experimental diets ( % air-dry basis)

TEHEZ NN The additive amount of palmatine

J5B} Ingredients

0 0.01% 0.02% 0.04% 0.08%
ffif} Fish meal 8.00 8.00 8.00 8.00 8.00
FEFH Rapeseed meal 14.00 14.00 14.00 14.00 14.00
51 Soybean meal 21.00 21.00 21.00 21.00 21.00
14 Flour 31.88 31.87 31.86 31.84 31.80
/INFZ %k Wheat middlings 20.00 20.00 20.00 20.00 20.00
=il Soya-bean oil 1.40 1.40 1.40 1.40 1.40
KT IRWENE Soya-bean lecithin 0.50 0.50 0.50 0.50 0.50
SRR, Choline chloride 0.30 0.30 0.30 0.30 0.30
A3 NaCl 0.20 0.20 0.20 0.20 0.20
Wilg — 245 Ca(H,PO,), 1.20 1.20 1.20 1.20 1.20
WY R R Mineral premix® 1.00 1.00 1.00 1.00 1.00
#iA4=2% C Vitamin C 0.02 0.02 0.02 0.02 0.02
Ak ZHE R Vitamin premix” 0.50 0.50 0.50 0.50 0.50
P E X palmatine 0.00 0.01 0.02 0.04 0.08
E R4, Proximate composition
F471 /% Dry matter /( DM, g/kg diet) 89.65 86.07 91.12 92.45 92.26
HH#H Crude protein /(g/kg DM) 31.33 31.07 31.13 30.91 30.92
FLIEHT Crude lipid /(g/kg DM) 4.22 4.58 4.59 4.59 4.22
HUIK Sy Ash /(g/kg DM) 6.90 6.67 7.05 7.16 7.13
. fE Energy /(M]J/kg) 18.85 18.03 18.82 18.935 18.86

T R IE R (mg/kg) , MgSO, + 7H,0,900 mg; KI,5 mg; FeSO, + H,0,1 300 mg; ZnS04 + H,0,900 mg; CuSO, - 5H,0,125 mg;
Na,Se, 05,0. 05 mg; MnSO, + H,0,900 mg; CoCl, - 6H,0,3.75 mg; "4 R HUIRK (mg/ke) , 44 A,10 mg; 4EE 3 D, ,0. 15 mg; 4
A3 E,150 mg; 4EA K K, 15 mg; hEREINE 40 mg; BB ,55 mg; SRERMEISAE 40 mg; 4EAE K B12,0. 1 mg; HLINMER,250 mg; MR,
5 mg; AE,0.5 mg; MER, 150 mg; (ZERES,160 mg; MLEE,125 mg,

Notes: * Mineral premix (mg/kg), MgSO, - 7H,0,900 mg; KI,5 mg; FeSO, - H,0,1300 mg; ZnSO, - H,0,900 mg; CuSO, - 5H,0,125
mg; Na,Se,0;,0.05 mg; MnSO, - H,0,900 mg; CoCl, - 6H,0,3.75 mg; " Vitamin premix (mg/kg). retinyl acetate (2 800 000 IU/g), 10

mg; cholecalciferol, 0. 15 mg; DL-a- tocopheryl acetate, 150 mg; menadione, 15 mg; thiamine hydrochloride, 40 mg; riboflavin, 55 mg;

pyridoxine hydrochloride, 40 mg; vitamin By, , 0.1 mg; ascorbic acid, 250 mg; folic acid, 5 mg; biotin 0.5 mg; niacin, 150 mg; calcium D-

pantothenate, 160 mg; inositol, 125 mg.

1.2 fE5xERE

TR 1 2 B A K 5 S B 2 HoR 2
ek = SR S g a b AT o I R P SR 4N
K IREE I S A IR Al S It 39 244 AT
B 7 iR — L f, s AR O 0. 50 g0 1ESK
I, U a5 X R A DR, BT 9% 2 J DL
WEFRIEIR ST, IR IAR ATAS B 24 he BEHER/D

o) MERRTCH R P R gt BEHL Y S 4,
H3ANEL,GANEE 40 B, Ll T
15 NS KIEEL (1.2 m x0.5 m x0.6 m) H1,
KA 3 ¥ (7:00,12:00,18:00) , EIFE . FrH
L ERI L S = 7 ) PR L K (B2 N W 8
S L/min, F5 58 ] (6] A (6] W7 52 46, B ARG IR, 9
USRI >5 mg/L,pH Oy 7.4 ~ 7.8 Ak
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814 B SR = SRy N = 1 30 &

HREA#T 0.5 mg/L, K} (29 £1)C, 37
B SR 12 A
1.3 ##mRE

FRIAIRZE AR 24 h J5 , PRt fg> L
RGBT I s AR B, TR AR A KRR
WAk, FRELREALER 6 B2 A, RIS R bk B,
IMEEE 4 COKFAERE 4 h, B0 55 (4 000 r/min
10 min) BV, - 80 C A7 & H 5 B R 1ML 5 1Y
AR i A, B TEINE R 258 107 J5 2 T4 B4
H, -80 CHRAT.

TERB G TAE & _EH S mEX R i 5 () % 9
HEAT T T . T2 JE 0.0 I8 E B I8 i R
KA 2, K S T A U A SR 5 mL HBSS
(X10) ISk o, W B I A4 T 100 wm J& k1]
18, DR TAE O AR I . B2 mL B
GBI 2R AT 34% /51% 1 Percoll 73 B IR AY B
B, 4 CF,4 000 r/min 5.0 10 min, 0% H
34% /51 % W AZILAL B 3K B B W 4 M 5% 7 2 55
1 ANEOE T, A 2 mL HBSS 784 #ht,4 000 ©/
min B0 10 min, HJGHIA 2 mL RPMI-1640 5%
Frbk, e b8 B 125 A0 Jis 2, I FH 4% 77 8 B A
Mk 107 cell/mL, H 0. 19% 5 o 46 I 335 41
ML AYECH | DRI AR TS 312 95% LU |
1.4 ST E

R AU S AR LR R R 43 43 A 2 IR
AOAC i Hirpr K43 g 1T 105 °C b H ik
FHLAR 5T 1 I s >R B TG L1 (JK9830),
T E R B R A AR R A BR 2 1)) M 5 5 4R
RIS FH 2R ER AR B ( A Tl gk R ¥ 500 ) 005
FELK 53 B0 72 2 550 CKybeid (16 h, 47U HLFH
SX-410,Jb st Mk G B BEIF AL A A R A R ) o &
AE AR I R JFH 4203 5 R {3 (ZDHW -6, 185 BE 1 4
AL A PR w)) PE

L3 I 38 0 0 A= A de bR 4R T e
AR A ) AR S i A 7 i &, i B
YL BAEATERAE o 0L AR, 1 BT it ( LZM )
KA ek i E A S (CAT) SR A ] Wik,
A e H o AL 2 ( GSH-Px) L2 St fb /1 (T-
AOC) 2R I b 3k, TP s R ity ( AKP ) SR Y AT AL
JERE T AMA C4 SR AT S bk, 8 A B
LT (SOD ) & il WST-1 ¥, N ¥ (MDA ) &
TBA ¥,

S EL WA AR NS I g 2
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SECOMBES %5 (5% , 5 W4 R % A8 42 3%
FHIE 5 d AW i (NBT) O RE 1 R it o HS0 wlL
1l A 1) K Y W 0 B T, T3] 96 L g AR
B, 88 J5 43 B A 50wl 1 mg/mL NBT[ & 1
g/ mL Fh I P 55% (PMA |, Sigma ) |, £ 25 “C )
N 40 ming #R 5 I TG K HY LS 1k S O [
FUEAANE, P 70% T REA P 2 0, A SRBE
FE 4 A 60 pL 2 mol/L KOH F1 70 pL
DMSO, 2k i (3 UL3E, 76 630 nm T A5 OB (E
(LI KOH/DMSO %) o E W4 A W i 71
FRPEZLAS I, B 100 WL Sk B 0 200 i A2 i fn 2]
96 fLREEFR AR T, FALIA 100 L 0. 01% Hrdk21
VAW, SONE 3 S PBS e 3 Uk, FEIAAN
2L 200 pL, iR ERE 1 h J5, K0 547 nm
WG REAE (ZERK IR .

% GenBank rf ZF JE £ [ 41 i /v R 1B
(interleukin 18, IL-1B8) FIJRE IR HE A 1 o (tumor
necrosis factor o, TNF-o) BJF7 4, %5191, %
AR H B -WLBhE A (B-actin) M NS N, &
11 B-actin 514, A 5I¥4 LA TAY T %
ety A BRA B G 1L, 51 WP F W3 2, ] TaKaRa
28 FlAGR G AR BT IE RNA i 58 b2 66 BT
RS e A4 B L 1. 0% B0 g W R KRS T 5 4%
P, HRPE Fermentas 2> 5] ReverAid™ First Strand
cDNA Synthesis Kit j837] &5 150 45 X7 $2 B RNA 3
TR sk o FLARBRAEITS : UREAS 5 RNA 55 pg,
Oligo(dT)18 Primer 1 wL,fill RNase Free dH,0 &
12 L AR .65 C RIRE S min BCH B Tk 1
VH, SR MK A 5 x Reaction Buffer 4 L,
Ribo lock™ RNase Inhibitor 1 pL, dNTP Mixture 2
pL, RevertAid™ M-MpLV Reverse Transciptase 1
wlo RA)E, F PCR {¢H1:42 °C ,60 min;70 C,5
min JEFT SN, SN 45 R 5 4R 13 cDNA R R 5
Ei PCR #, %t EH PCR ] SYBR Green
I §#% & 226 ¥k, PCR B AA 2 (20 pl) : £ 45
SYBR Premix Ex Taq'™ 10 pL, F FiFg ¥4 1
pwL,cDNA 1 pL,Rnase/Dnase-free water 7 wL, 2¢
St i PCR W A2 JFUE 095 °C HiAE 4 2 min;
94 °CAsPE 30 5,60 CiE k35 5,72 °C HEAH1 40 5,40
A G395 C 15 5,65 C 155,95 C 15 s, FH
HIXF mRNA 7K 245 Al
L5 #HESZRITHN

AR RRE AR AR R R A
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Rye =100 x ( W, = W,)/W, (1)
Ry =100 x (InW, —=InW,)/d (2)
RFC=Wd/(Wi'_Wi> (3)

itq:' :R\x/cjf]iE% ) % ,RS(jy¢%ﬁi¢ﬁ$, /4 ;ch

R R EG W, I 45 R R R TR, g5 W,
IS I AR R, g5 Wy N BER T RRL R,

g;d HFEHREL, A,

K FH SPSS 17. 0 3R X i 64 7 2. R 3Ry 22
M (ANOVA) , M AbH4 Z [a] 2 R B % (P <
0.05) B, A Duncan [CKz 3017 2 5 Ho AL, i 5
IR DSFME + brifiiid (Means + SEM) 3R

x2 515

Tab.2 Primer sequences

HARFEEA Target genes

J#%1 Sequence

I-18

TNF-«

B-actin

F:5'-GGACCACCTCAGTTCACCAG-3’
R:5'-GTCTCAGCGATGGGTGTAGG-3’
F.5'-CGAACTCCAGTTCTGCACCT-3’
R:5'-CACCTTCCCCTCATGACGAC-3’
F:5"-TGATGGTGTGACCCACACAG-3’
R:5'-ATGTCACGCACGATTTCCCT-3’

2 4k

2.1 BRERNEEFEEEREERHIZIT
N 3 7R, BB R AN RIS K SF X 45 41 2

R3 ERENTRFMKFNEETERERER

AEHAR R R R E A R A R R A
TR FNZESF (P >0.05) . HEE R BEBER T
TR R4 o, 35 5 2 AR R AR i 2 B 5 i
THIE S

TR

Tab.3 Effects of different addition levels of palmatine on growth indexes of GIFT

RN The additive amount of palmatine

i H Items

X HEZL 0 0.01% 0.02% 0.04% 0.08%
VIR T Initial mass/g 0.50 £0.00 0.50 £0.00 0.50 £0.00 0.50 £0.00 0.50 £0.00
AT Final mass/g 58.32 +£0.86 62.37 £5.39 61.50 £3.06 58.69 £4.45 64.98 £4.50
H4 TR Weight gain rate/% 11 664.10 £172.20 12 474.70 £1 079.60 12 300.20 £612.50 11 737.60 £892.70 12 996.30 +901. 60
B 4 K Specific growth rate/ (% /d) 6.26 £0.02 6.34 +£0.11 6.32 £0.07 6.26 £0. 10 6.39 £0.10
Tk 22 %4 Feed conversion ratio 1.46 £0. 13 1.48 £0.14 1.52 £0.12 1.49 £0.07 1.43 £0.12
JiG % Servival rate/% 65.00 + 02 71.25 £6.25% 48.33 +7.12P 83.75 +8.75% 60.00 +7.502

TE R PR N I « bR, FAT EARAR R &SRR 257 835 (P <0.05)

Notes: The data in the table are average ( * standard error) ,the difference of superscripts in the same row is significant (P <0.05).

2.2 HEERXNEFEFIFEMFRRLENNZIN

H1ZR 4 n] 0 el o S 0 S R RO B A A
HPUAALRE A 5 R (P <0.05) 50. 04% 4
SOD {235 e T HAB A 4 (P <0.05) 5 AKP | T-
AOC {5 PEBE B R R UK P 1) T i 22 s, 7

0. 08% £ 15 #| 5t K fEL; GSH-Px Hil CAT {fi#h R %
P e #A (HAE 0. 08% 413K B e K AH ; MDA F7
BRI LT 12 0. 02% 4 N f i
fH.

F4 HBEREARFMAENEETFEMFRRNLES PRI
Tab.4 Effects of different dietary palmatine levels on antioxidant capacity in serum of GIFT
WX Ui The additive amount of palmatine

i H Ttems

X HEZH O 0.01% 0.02% 0.04% 0.08%
ALY LG SOD/ (U/mL) 16.61 0. 19¢ 18.97 +0. 14° 17.97 +0.63*  21.82 +0.75" 18.18 +0. 69"
B PEREREE AKP/ (U/dL) 7.01 £0.55¢ 7.87 +0.28" 9.17 +1.01*  10.02 +0.37° 10.89 +0.34°
A H RIS E ALY GSH-Px/ (U/uL) 409.83 +10.65" 387.54 +15.36° 438.03 +12.14%" 412.45 +2.85"  451.69 +5.21°
MPUESL S T-AOC/ (U/mlL) 3.82 +0.55° 4.84 +£0.37" 5.91 +0.25% 6.61 +0.36° 7.11 £0.29*
AL ARG CAT/ (U/mL) 2.53 £0.11% 2.62 +0.60™ 2.39 +0.52% 1.63 +0.19" 3.28 +0.62°
% MDA/ (nmol/mL) 18.42 £1.24° 16.86 £1.45%  12.52 £1.02° 15.28 +0.56"  15.85 +1.93"

T R PR P ME = ARER, FAT EAR AR R H KR 2253 B35 (P <0.05)

Notes: The data in the table are average ( + standard error) ,the difference of superscripts in the same row is significant (P <0.05).
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2.3 EBREMHFETIEGFRSLENNZMm

SRR SRRy SOEZE il
MEp AR 1A B35 (P <0.05) 5 &0 41
SOD , AKP F1 CAT %5 VE I 2 & F X R4 (P <
0.05) ,S0D FI CAT 7£ 0. 08% 4l f i Z 5 5 (P <

RS EHERARFMAKENEEFEERERELHE

0.05) ,AKP 7E 0. 04% 2 . % fic i (P < 0.05) 5
0.08 2 GSH-Px i P .3 15 T 0f N2 B At g 2
Z1(P <0.05) ; T-AOC B 2 s K- 19 T 85
TR AE 0. 04% Ak, 2w T IRl
(P <0.05) ; %1502 MDA & &8 X F X R4l

EA

Tab.5 Effects of different dietary palmatine levels on antioxidant capacity in liver of GIFT

HREZ N The additive amount of palmatine

TiH Items

Xif B4 0 0.01% 0.02% 0.04% 0.08%
4 ALY I AL i SOD/ (U/mg prot) 13.89 +0. 86° 23.58 £0.27"  24.47+0.31"  25.62+0.48°  25.78 +0.46"
BB ARG AKP/ (U/g prot) 43.17 £1.15° 55.53+1.93"  60.74 +3.90" 88.62+1.27"  84.65 +2.05"
AEH T E A GSH-Px/ (U/ug prot) 406.72 £10.66"  438.87 £12.33" 418.88 £7.08"  441.39 +10.56" 488.54 +17.98"
M4k ) T-AOC/ (U/mg prot) 1.50 £0. 16" 2.30 £0.47% 2.98 £0.12° 3.07 0. 44° 3.04 £0.45°
it 48 AL ST CAT/ (U/mg prot) 68.95 +4.99¢ 81.43+0.18"  82.04 +1.70" 87.57 +3.46™  96.20 +0.93"
9 % MDA/ (nmol/mg prot) 5.42+0.71° 4.86 +0.25" 3.52 +0.35" 4.28 +0.32% 3.75 +0.36"

T R AR = ARifER, AT EAR A RE R R 25 B35 (P <0.05)

Notes: The data in the table are average ( + standard error) ,the difference of superscripts in the same row is significant (P <0.05).

2.4 HEENEFEFEEIFHFERENME
UNZE 6 FroR akE b s i B R BE S S 3T
&P AR AR R VRS BERETT 5 A5 I IR 4 LZM  4h
R C4 K28 T %) IR 5 2 R A K F X 82
AR A8k B G A0 VP OB e AT S R (P >

0.05) ,{H G 245 25 0. 04% 2] i s 41 0 75 W 1%
(P <0.05) ;#5050 41 IL-18 1 TNF -o FEPH 3k
Y T AR, IL-18 Feik f1E 0. 04% 2H It 5
(P<0.05),TNF -a F2ik g 1E 0. 02% 21 15 3] fix

") o

R6 HEEBEEFARFMAEXNEEFFEFEHREREENNIZM

Tab. 6 Effects of different dietary palmatine levels on nonspecific immune capacity

and immune related genes expression of GIFT

W REZ N The additive amount of palmatine

iH Items

X} HEZH O 0.01% 0.02% 0.04% 0.08%
1MLy Serum
WHINE LZM/ (U/mL) 9.15 +0.10" 9.7 £0.27% 11.34 +1.06° 11.25+0.31° 10.81 £0.26%
#M& C4 Complenment C4 0.071 £0.009>  0.075 +0.004"  0.080 +0.002% 0.083 +0.002  0.096 +0.001°
3L BRI Head-kidney macrophage
FEWEIGPE Rhagoeytic activity 0.323+£0.001"  0.293 +0.004>  0.301 £0.001"  0.408 +0.003*  0.188 +0.001°
NI 4 % Respiratory burst 2.044 £0.064  2.091 £0.034 1.951 £0.014  2.055 £0.054 1.966 =0. 029
H: A Gene
HAIfEN%-18 IL-18 1.00 £0.01°¢ 3.08 +£0.08" 1.54 £0.24¢ 6.88 +0.30° 1.07 +0.18¢
Ji R IRBE I F o TNF-a 1.00 +0.02° 1.30 +0.07¢ 6.67 +0.41° 5.69 +0.42% 4.50 +1.00"

T R PR F M = AR R, R T RAR AR H FOR 25+ B35 (P <0.05)

Notes: The data in the table are average ( + standard error) ,the difference of superscripts in the same row is significant (P <0.05).
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FELD A= W 2 AL ) A A 25 2 R RO B
A =Y, A s 2 AR (H H AT R &
B ST OV A W A 3 R AR
JINBET 5V I R 1y s AR e, i
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HARAERAE
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)02, T S e b A R P A IR, 0 2 H 3 P 2%
T AR R T AR 5 AR Sk e R AR AT
VDA TG HMA C4 | C4 S 0y FAE RS A
SRRE I RAR T B E AR T
AR B0 v, Bl R 2N 0 B, LZM 3 M 2 B
AT RRAR A S AMA C4 B RtpE s R R
TSI AT F T, 0. 04% 20 3k 5 15 W5 4 Jif 75 W
TGP 2R T R, SRS RS N v e R R
W AR ML YE LZM 36 S maMA G4 i 42
5 Sk A A ot A O AR AR R R o
3e2 W BFEAE , & PLAE i 52 w5 0 30 10 1 T
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R BRI R A e v e B R R R S S
. MR SGAYGRIG X G AS R, (H AL 45 S 2%
BH, B R A RE AT DL o B8 o 5 & 2 3F fa B 4
PR A T P, DT 4t vo LA e S P fe e fig

ARFEH,0. 04% L FL A IL-1B ik & 53
1o X REA 0. 02% HHE R TNF-on 3235 1t i 25 5
T HRAHL, 2 B ARDERL o R 03 17 8 20T LA
IHEHET & P AR R AN IR T ) ko IR
FERE S S RE . /N E T IR 46 R F W R R
UNINE EERE S B B R A B S B R IDE L IR
SR PR R N I Rk, ERW B
SEIH BN — B N 2 h R RE S
&5 WAk Hsp70 [ TNF-a 1 IL-18 LR 1E 4141
Pk, SARMGR A R

PUATEIE R RS T 7 4 — w1 B il A,
IHKEE A Pt A AL R ook 4k 3 B i1 31 3
AP, 24 A el A S sk (RN T BREE )
fiK, KiE A B AEHL BE D EHSECE A
514200 T A ) B A L S g
THRE T B, AT 52 S 3% RS RE. HAT, A2
I ST 5 R I, s 1) R R 2 5 AR AR N i S
TREDIREAR T AH2C, T W12 AL AP AL R4
008 REWE B, o A% SR F--«B
(NF-kB)fF 5 BRI R 2 M REMEERR,
S H H 25 (ROS) Fil NF-kB 22 i i 15 o 58 2 48 Al
LAk R G5: —J7 i, ROS & fb NF-kB, i 5 IL-
1B TNF-o SEH LR 3R 3K, 500 S0 R G585 75—

JITH, S R GEH NF-«B R0 L 798 5 ROS
BUR B EL R G, K= syt e ™ 45 ¢
221, 80D, CAT H1 GSH-Px & 1 5 IL-1B. TNF-«
S TR IR R IEAC

YA R G 32 2 b A AL 2R e A g
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G FE PR, RE G i LA T A AL RE
Ty PNETEREE 0k 4T 0 1 W 5 S BLAE DR R R
TR 25 K R i 3 5 SOD 3% 1, 3 K MDA
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Ji 2y RS T h 2 R] R R A L
THAFIE T SOD (LZM [ CAT i, Ailsir, #%5
RIGZH I3 SOD ,AKP  T-AOC ¥4 T X R4, %%
I T IE SOD  AKP (T-AOC , CAT ) .3 = T
XA S R R A N —E M ek, MDA
Y29 A A T T8 ok Az 2 S8 A OV Y 7 )
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VNI T 28 AR 0 A A R MR AR LTI I
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Effects of dietary palmatine on growth performance, antioxidant capacity
and non-specific immunity of GIFT strain of Nile tilapia ( Oreochromis
niloticus )

CHEN Peiyun, REN Xiaoxiao, BI Baoliang
(College of Animal Science and Teachnology, Yunnan Agricultural University, Kunming 650201, Yunnan,China)

Abstract; The effects of dietary palmatine on the growth performance, antioxidant capacity and non-specific
immunity of GIFT Strain of Nile tilapia ( Oreochromis niloticus ) were investicated. A basal diet was
supplemented with increasing palmatine to formulate five diets containing 0, 0.01% ,0.02% ,0. 04% and
0.08% of palmatine. Juveniles GIFT with initial mass of 0. 50 g were fed experimental diets for 12 weeks.
The results showed as follows :there was no significant difference in final mass, weight gain rate, specific
growth rate and feed conversion ratio among all the groups (P >0.05). With the increase of palmatine, the
serum activity of AKP and T-AOC showed an increasing trend, and reached the highest value in 0. 08%
group. The SOD activity in 0.04% group was significantly higher than that in other groups (P <0.05), and
the activity of MDA in palmatine groups was lower than that in the control group. The liver activities of SOD,
AKP and CAT were significantly higher in palmatine group than those of the control group(P <0.05). The
activity of T-AOC showed an upward trend with increasing of palmatine concentration, and there was no
significant difference among the palmatine groups(P >0.05). The liver activity of GSH-Px was significantly
higher in 0.08% palmatine group (P <0.05), the activity of MDA in palmatine groups was lower than that
in the control group. The increase in activities of LZM and C4 in serum and expression levels of IL-18,TNF-
o in liver, were observed in tilapia fed the diets supplemented with palmatine. The phagocytic activity of
macrophages was significantly higher in 0. 04% palmatine group (P <0.05). Under the present experimental
conditions, the addition of 0. 04% to 0. 08% of palmatine can maintain good growth performance and
effectively improve antioxidant capacity and non-specific immunity of GIFT.

Key words: palmatine; tilapia; growth performance; antioxidant capacity; non-specific immunity
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