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PRUTHS BRI AR Sl T8 T AL B PE A SR AL e
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100, 200, 400. 800 mg/kg F i ZE M 6 LI iRk},
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1.3 A&

1.31 #bl& RIS, A EE L
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2 ml — VR TG TR VR G e R AT R e kL
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Tab.1

Formulation and nutrient composition of test diets (Air-dry basis)(%)

JERLBL Ingredients

1A BL4H Dietary group

T1 T2 T3 T4 T5 T6

ff %) Fish meal 29 29 29 29 29 29
1 Soybean meal 20 20 20 20 20 20
4 Flour 13 13 13 13 13 13
4K Peanut meal 8 8 8 8 8 8
321 Canola meal 13 13 13 13 13 13
%k B Bran 8.50 8.45 8.40 8.30 8.10 7.70
il Soybean oil 2.5 2.5 2.5 2.5 2.5 2.5
g ¥} Premix"” 4 4 4 4 4 4
R IR CMC 2 2 2 2 2 2
FH#E Curcumin 0 0.05 0.10 0.20 0.40 0.80
4t Total 100 100 100 100 100 100
H 4 B Proximate composition

ML [ Crude protein 38.67 38.67 38.65 38.64 38.61 38.56

FLAE S Crude lipid 6.28 6.28 6.28 6.28 6.27 6.26

14 BE General energy (MJ/kg)? 11.95 11.95 11.95 11.94 11.93 11.91

MK 43 Crude ash 10.15 10.18 10.12 10.16 10.09 10.13

7K 43 Moisture 6.33 6.42 6.29 6.37 6.85 6.62

1) UK A& T et R ft .

Fe 150 mg, Zn30 mg, Mn 13 mg, Cu3 mg, Co0.1 mg, 10.6 mg, Se0.15mg, %’}

& C 100 mg, 4% B1 3 mg, 4i4: K B2 10 mg, 4L %K B6 12 mg, iZ /R4S 30 mg, MR 30 mg, A=K 0.1mg, R 2 mg,
44 % B12 0.01 mg, JLEE mg, JHBK 1000 mg, 4E4EFE A 2000 1U, 4i4E% D3 1000 U, 4E2EEK E 60 mg, 4% K 6 mg

2) BARE NI R AE=(A AR 1% 5.64+ MG T x9.44+ M x4.11)/100x4.184

1) Premix provided the following per kg of diet: Fe 150 mg; Zn 30 mg; Mn 13 mg; Cu3 mg; Co 0.1 mg; I 0.6 mg; Se
0.15 mg; V¢ 100 mg; Vg; 3 mg; Vi, 10 mg; Vg 12 mg; Calcium pantothenate 30 mg; Nicotinic acid 30 mg; Biotin 0.1mg; Folic
acid 2 mg; Vg, 0.01 mg; Inosito 1400 mg; Choline 1000 mg; V 2000 IU; Vp; 1000 IU; Vg 60 mg; Vg 6 mg

2) Total energy can always be equal to (total proteinx5.64+total fatx9.44+total sugarx4.11)/100x4.184
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L KL mils . R, R B4, NEIER
ANLE B — Tk AT, T A S B
AWML, WEEMT BN EMNE . HiE. E
AP FRIRRLLE 1 4 A TS A BER K, HAH
ZUIMA 19 BeABE K, a8 YQ-3
EE) BB 5 EoR @7 S U B i e s s b A L 4 B
Eppendorf 3% 5.0 HLTF 4°C | 3000 r/min 5.0 15 min,
PRI 75 0 B R R
132 A KIgAResm e

4 H R (WGR, %)=100x(W—Wp)/Wy;

FiE A K #(SGR, %/d)=(InW—-InW)x100/t;

Tk 2B (FCR)=I o/ (Wi~ W)

B 1 R (PER, %)=(W—W,)/(14xPq);

FET (SR, %)=N,x100/N,

A, W I Wy 43551 Ay i 118 2 R 44 B R ) 0 1R
(2); t NELHRE g MREENTER); N, N
A3 591 S S 6 A ) R 3 ) £ R BB Py R DR R
M,
1.3.3 AfLIgAragm & 8 SE AL B A (SOD)
AL E I (CAT), W E(MDA) ., &M H It &k
VIl (GSH-PX) . At HIK(GSH) . —E /LA (NO). 15
FEBEETE bR , R AT M @ A ) TR B R BT BT 1Y)
TR AT E
1.3.4  BHE AR SN T F ik Z: B8 i [ b L
R, e RN RS i, kAR KA 105°C
A IR AL T (GB/T5009.3-2010) I 1 , K& (A
T KI5 (GB/T24318-2009)1 7 , HELAE 15 FH 2% [ 4l
$275(GB/T5009.6-2010) & , K73 H 550°C ik
B (GB/T5009.4-2010) I 5E o

1.4 #HIFEAIE

SR P S (AR R (Mean+SE)R IR, Hds
SrHrRH SPSS 17.0 b ity HLIN 32 5 22 73BT (One-

way ANOVALEE, DL P<0.05 2R 0%,
2 #R

21 ERRVNEFEEKERNZIT

BB AR R K2 8 Z B mE, 60d 5, W2
SEG AR E AR, TP ER | RE KR A
TR R RN F R (EE 2). WNE 2 WA
W, MR E SRR, M EREIET R T
ey As bt Hordh, T4 2048 8 R I 2 e T 0 I
(P<0.05), HAH 42z m 22504 8 3% (P>0.05); $¢E
HR R EIET R G FRERAR LIS, 90 R a5
T R AL(P<0.05); Tk R AR I T RS THE
A A e, T3, T4 4LiRRE R B KT X 4
(P<0.05); fAIGFRIETHRIG TN IES, %
SIS A 1 2 TR B4 (P<0.05); AR 1 RRCR 2 9
SeTtE e TR AR LS, Hob, T4 dEAECE
5%F H41AH b 8 3 THE (P<0.05), HAsdlz bt
FEEF(P>0.05). ZFAEKIEMR, 200 mg/kg ZH R K
(BF 4 4] I 35 4R e A KR R

22 EHRVMEFTEHUEE NN

WO TR 1 o>t > E > 5 . i
T3 4. T4 d. TS 405 Wil TE f 3w X il
(P<0.05), K& ZHZBRMERN TS, NS 2
P FIHE PR T5 45 IR S 1 W2
X BRAL(P<0.05); #5328 dl, s ls g 5
Sof R 2H A TG ik 25 22 5(P>0.05); T5. T6 20 & g i il
i 2 X B4 (P<0.05)

UL YE Ry IS 1 o > JE >R > . T4 4
T T B0 F7 W 25 5 T % IR 2H (P<0.05), Bl 251
RIRME TS, JERBERE  2BE LTHE N
oo RIS P . S R E TR RS 15 % B4 A
G i 2 25 5 (P>0.05)

R2 ZEZWEPEEKBIFHZI

Tab.2 Effects of dietary curcumin at different levels on the growth performance of P. fulvidraco

2H 51 Groups HMER WGR (%) FrEMK A SGR (%/d) MAERE FCR  HFiH* SR (%)  HE A PER (%)
Tl 131.05+13.28° 1.39+0.09¢ 1.93+0.05° 81.67+1.44° 1.4340.15°
T2 135.84+13.16™ 1.54+0.06° 1.70+0.02%" 85.83+1.44° 1.49+0.14%
T3 142.82+13.21% 1.73+0.03° 1.61£0.03" 86.67+1.44° 1.56£0.14%
T4 163.18+5.00° 1.84+0.02° 1.47+0.05° 88.33+1.44° 1.79+0.05°
T5 144.96+27.37% 1.66+0.00° 1.70+0.33%° 93.33+1.44° 1.59+0.30%
T6 135.54+4.82% 1.52+0.03¢ 1.87+0.17% 86.67+1.44° 1.51£0.08%

T W EE EAR TR 2 Z (A A 7 35 22 5+ (P<0.05), Tl

Note: Within a column, values labeled with different superscripts were significantly different (P<0.05), the same as below
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T TR (A BRE 1o8 E>R > > e . T2 4
B P g B TS O 0 R T R A(P<0.05) . 45
SCISLH AT | 5 W AN R S S B A E TG
FE5(P>0.05)(3 3).

23 EEZENEFESAR/RELENNZIT

231 EEEsEM e LM SOD E HW%h
AR P SOD i 1 o >8> 1 1 ik > AL k> v
B> B> 1L (R 4). SXTIRAIM L, T6 4LAFBE
TS HME . T4 435/ SOD % i W& =Tt
(P<0.05), T4 ZH#E . TS 4i1Mpi. A4LIMiE R SOD & 7
55X B4 A LE W 2 55 (P<0.05)
232 EEHEAEH &L ME MDA A S W %h
HHMIRN MDA F i 0 R E <t <3k B <rp B
<L 3 <M AR <N (2 5). T4 AATFENEARY MDA & & i
FART X BB ZH(P<0.05); TS5, T6 4k 1) MDA & &
P F AR T X PR L (P<0.05); SZG ALK 1Y) MDA
T LT IR (P<0.05); HiA 4 414502 1

MDA & 5%F B 40 A H TG 8 25 22 57(P>0.05) (3% 5)
233 EFHFANEHME LML CAT & H 0 %h
WK A HLT CAT 15 77 9 T B > i > fifg >
MLE>H B>k B >AE . T6 LATIEAE . TS 41T
CAT 1% J7 538 8 T BR41(P<0.05); HiA4HZ11% CAT
16 55 %) B ZH A Bb TG I 35 22 53 (P>0.05) (3% 6).
234 HHEFNHHE LML GSH-PX & N e %ok
AR K Y4 2H 20 GSH-PX T 11 03k B> T e e >
L& > B >R > BE> A . 5% B AT B, T4 dLAT
JIE . T5 HIEAES T5 5 rY GSH-PX I ) b 427t
(P<0.05); #4175 1 GSH-PX 1% 1134 i 3 8 T-%F R
2 (P<0.05), HEIIE TG TREMER, ZHEXT
B L . 6. A9 GSH-PX 1 )1 JC i 3 5
(P>0.05)(% 7).
235 E2HENEHM LML GSH A FH T
WA N &S GSH & M s> >k 5>
JHF f P >8> P B > LR 4% 4H BT BB 11 GSHL 35 44
=T R4 (P<0.05), HE UG ETHE TR $

R3 ZEZMNEHEHEUBEINZMW

Tab.3 Effects of dietary curcumin at different levels on the digestive enzyme activities of P. fulvidraco (U/g prot)

RE| , FZWEZ WML Curcumin groups
ZH 41 Tissue
Items T1 T2 T3 T4 T5 T6
BENiEE AT Foregut  52.55+4.89°  99.30+1.87°°  109.08+£10.73® 121.57+53.83" 115.97+6.61°  75.28+29.41%°
LPS  iifi Midgut ~ 50.23+4.29°  38.79+£9.12°  45.01+13.38"  68.41£26.86"  60.01+18.84"  58.56+5.27
J5W% Hindgut  28.87+4.30° 42.26+10.57%  42.514£9.54%®°  39.98+6.56°®  59.25+14.95*  41.33+18.43%
B Stomach  36.02+6.42° 45.86+9.71° 28.98+3.34° 30.76+8.14° 46.89+24.19*  51.50+15.11%
NG HI% Foregut 1.32+0.59° 2.73£1.35% 3.25+2.07%° 3.54+0.77° 2.69+0.51% 2.67+0.08%
AMS il Midgut  13.07+£1.42°  13.0744.69°  11.03+0.93° 9.9541.20°  12.4942.19*  12.6840.99
J& i Hindgut 2.29+1.57% 2.22+1.59° 2.3542.08% 2.05+0.58? 3.27+0.71% 3.01+£1.32%
B Stomach  0.78+0.22° 0.38+0.17° 0.50+0.06* 0.71+0.13% 0.63+0.32% 0.42+0.22%
EHM B Foregut  67.82+8.76°  62.56+£3.55°  61.59+4.12°  64.51£16.95* 64.70+7.59"°  69.70+3.68"
TRY  rhijl Midgut — 64.96+13.28%  54.65+5.64°  57.77£6.36™  72.55+4.11°  63.47+12.75®  65.03+5.59%
J5 W% Hindgut  63.60+9.89° 54.72+47.98*  57.31£12.49*°  48.10+11.68* 57.18+12.00°  68.34+11.05°
M Stomach 109.58+5.64°  112.50£1.66°  107.83+4.13*  106.34+4.99*  100.00£3.97*°  122.75+3.41°
T4 ZEZEWEHELEL SOD FHEM
Tab.4 Effects of dietary curcumin at different levels on the SOD activities of P. fulvidraco
1) N
EE ]| AP JIELAE Spleen , ' % % % il Gill Jidi Brain 17 Serum
Groups Hepatopancreas (U/mg prot) Middle kidney  Head kidney (U/mg prot) (U/mg prot) (U/ml)
P (U/mg prot) ep (U/mg prot) (U/mgprot) ep Ep
T1  249.64+99.58" 193.65£39.11°  178.02+£19.36° 141.74+29.88° 307.32+38.12° 311.074£99.87°  56.71+7.96"
T2  247.82+7.64° 177.70£20.03°  182.85+15.70°® 112.59+8.84%°° 312.50+20.62° 433.59+£123.67° 75.26%5.66
T3 209.394+33.67° 210.00+41.50°  190.10+3.71° 92.10+15.37° 390.62+36.78" 280.94+49.26°  70.55+7.54%
T4  161.63+32.09° 170.57+21.40°  180.38+43.89%° 170.29+6.07°  399.34+68.83" 372.83+£96.17*®  79.90+6.94*
T5  230.80+24.42" 485.74+£272.52° 252.86+7.88° 98.37+25.48 384.68+33.97% 423.70£49.47°  74.17+13.01°
T6  373.81+92.48% 396.55+127.70°° 168.05+40.37°®  62.88+6.40°  382.25+25.88* 375.13£93.12°®  67.29+6.95%
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T6 A . T5 2HHh W . T4 ZH68 . T5 2H i 3% () GSH
B R T R (P<0.05); 28RN sk
B . ik GSH & &G i 3 52 (P>0.05) (3% 8).
236 E£HEMNRMELMLBNO L ENHW

R AR N A2 2 NO Bt A LT >H B> i > fig>
JHF IR > G >3k B o A S g bR . SR i, A
NO 7 it 5 %] M4 AH b JC 1 35 25 5 (P>0.05); TS5 ZA)iF
JBEAE . T4 4LARAERT T4 4110375 /9 NO 5 1 3 i Tt
HE 2 (P<0.05)(3% 9),

3 iTie
31 EEEWNEFHEEKMLENZM
AHFSE &I, FE R AR 7] 7K S 1 25 2 22 7

MR, MRS AR R R | R R R A
R AR RE R B AR A R RCR Y — 1)
8o Hip, 400 mg/kg 2 2 KX B0 A1 R AN
JE 36 13 ) 2 ROR B AR, T 200 mg/kg 25 75 28 K4}
B E R R K R AR RO IR R R
BROR Bt . RIE L AF Q010 A B, LR R
i RS SR AT AT R . HM R R
PRSI A7 R (P<0.05), R mEK, X5
AW LE AL, FEEQ010)RIE, HKKIEFE
TR 400 mg/kg B2 R, W 3 JH, KX
BB 5 19 AE KM RE R I B35 (P<0.05), X 5 AHFIY 4%
IR o AH IR 3 i AR Y 22 B R AN i AR 5T
=, XA BESE TR S R R B . XK= sh
(IBIFSE B, e ALk s N 25 35 25 0T DURR s K = sh 4

®5 ZHEZEMWEYE MDA FEMFM
Tab.5 Effects of dietary curcumin at different levels on the MDA activities of P. fulvidraco

JHF I T

Skt

2H 57 J9HE Spleen . _ _ i Gill Ji%i Brain 1% Serum
Groups Hepatopancreas (nmol/mg prot) Middle kidney - Head kidney (nmol/mg prot) (nmol/mg prot) (nmol/ml)
(nmol/mg prot) (nmol/mg prot) (nmol/mg prot)
T1 0.53+0.27% 8.08+2.78° 4.25+0.54* 4.19+0.34* 0.95+0.69% 13.04+4.14° 4.68+0.62°
T2 0.49+£0.11% 7.43+1.31° 5.50+2.19* 6.15+1.40° 1.13+0.97° 7.47+4.37° 7.05+2.76%
T3 0.42+0.12° 8.85+2.32° 4.86+0.57° 4.32+0.23% 1.28+0.89° 8.83+3.17° 15.58+10.86%
T4 0.27+0.17° 10.01+1.41° 5.31+0.71% 3.914£2.11% 0.89+0.61% 5.81+1.90° 15.32+1.24%
T5 0.34+0.15" 23.80+13.67* 4.06+0.19* 2.99+1.21° 0.82+0.45% 6.67+2.16° 8.27+0.33%
T6 1.12+0.77° 9.98+5.95° 5.99+2.24% 2.77+0.38° 0.62+0.23% 8.80+4.10° 5.77+1.89°
*6 ZEHEZEWEHE CAT EIMEIE
Tab.6  Effects of dietary curcumin at different levels on the CAT activities of P. fulvidraco
N 113 N
e q Hj—ﬁﬁﬂ[t JELIE Spleen M'ddrlh f'd q ?k%d g Gill fisi Brain 1.7 Serum
Groups cpatopancreas (U/mg prot) 1adie kidney cad dney (U/mg prot) (U/mg prot) (U/ml)
(U/mg prot) (U/mg prot) (U/mg prot)
Tl  241.18+114.49°  7.18+0.50° 21.1042.46° 12.7542.73*  134.07+18.51* 215.96+53.70*°  42.53+1.65"
T2  246.35+37.40° 7.07£2.23° 19.63+3.07* 10.49+1.93%°  123.84+6.50° 215.98+32.35*  46.84+0.89"
T3  227.27+73.77° 7.05+3.04° 17.18+0.78% 10.96+3.24%°  107.33+13.46 183.11£19.89*  45.42+0.90°
T4  190.46+10.01° 6.12+£2.29° 18.29+3.66% 9.91+£2.46"°  103.48+22.15% 188.27+67.34*  45.27+1.94°
T5  250.69+37.99°  22.85+15.74*  23.9646.88" 6.68+4.28%  88.23+12.12° 177.08+24.68*  42.77+0.18"
T6  404.62+59.30*°  16.86+9.66*°  20.73+2.11% 4.71+0.59° 86.52+11.51° 199.68+54.15°  43.74+5.39°
R7 EZEEZWEHE GSH-PX FHRIEMN
Tab.7 Effects of dietary curcumin at different levels on the GSH-PX activities of P. fulvidraco
1) N
2H 57 - PR JHE Spleen M'ddElP fd H fk%; i Gill fi¥ Brain M3 Serum
Groups cpatopancreas (umol/g prot) radie kidney cac xianey (umol/g prot)  (umol/g prot) (umol/ml)
(nmol/g prot) (umol/g prot)  (umol/g prot)
Tl  177.78+17.82° 24.78+2.18° 52.65+0.71° 516.78+52.48°  10.82+2.75% 2.63+0.40°  137.14+55.07°
T2  127.32437.05° 24.26+11.02°  57.90+24.41°  384.41+48.12°  12.39+2.05® 3.37+2.78%"%  215.38+5.49°
T3  136.67£35.19° 31.33+10.20°  47.07£15.04°  244.66+£96.92°  16.27+4.10® 6.31£2.33%  214.51+42.96°
T4  238.50+£18.13* 37.08+3.91°  60.65£10.66° 391.45+£72.87°  19.36+5.14° 2.51+1.02°  251.43+35.61°
T5  194.75+20.88° 62.50£20.26°  71.34+£25.00°  555.59+27.00°  10.07+2.77% 4.51+3.35°  251.54+37.20°
T6  184.08+94.82° 45.99+24.66*° 61.74+11.60°  488.70+55.28° 6.57+0.76° 11.33+£9.67°  260.22+45.40°
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Tab.8 Effects of dietary curcumin at different levels on the GSH content of P. fulvidraco

#x8 EHZXMNEHE GSH FENEM

JHF IRAtE

ot

St

2H #E Spl i Gill i Brai i s
Giﬁjs Hepatopancreas (ﬂ*jzl / P :Itl) Middle kidney = Head kidney ( mgl / ' rot) 1&01 / ralfot) ( {;017;111;1
p (nmol/g prot) K EPp (pmol/g prot)  (pmol/g prot) K gp K Ep K
T1 36.44+14.83¢  2.88+0.98" 13.294£9.14°  39.89+31.26°  20.12+16.77°  44.56+33.29° 524.38+89.00°
T2 72.09+9.54°  3.11x1.38° 17.31£1.90°  31.87+25.51*  15.05+20.39°  35.10+£25.62° 607.17+113.53¢
T3 74.63+14.24°  4.58+2.66" 16.24+11.96"  43.45427.71*°  47.52+412.43*  22.3249.58*  572.62+167.78°
T4 80.88+5.88%  5.70+4.41%®°  28.06+9.70°°  35.95+£20.40°  40.45+£23.02°  50.19+13.91* 782.76+427.12°
T5  118.66£22.97° 5.05+2.47° 35.33£6.55%  37.76£15.12*  15.62£12.77°  46.95+1.01°  938.03+194.57°
T6  104.32+£8.03*  9.85+3.77° 27.8745.25%  26.25+14.10° 21.62+19.73°  55.32+£7.75°  801.87+288.77"
*9 ZHEZWEHE NO F=MEM
Tab.9 Effects of dietary curcumin at different levels on the NO content of P. fulvidraco
[} NN
el IR JLIIE Spleen ' % x % 8 Gill Jixi Brain M.% Serum
Groups liepatopancreas 0 ooy Head kidney - Head kidney -\ oo oo (umol/g prot)  (umol/ml)
P (umol/g prot) K Ep (umol/g prot)  (umol/g prot) K Ep K EP K
Tl 0.29+0.13° 0.21+0.02° 2.20+1.04% 0.18+0.17° 0.54+0.35° 1.15+1.16* 3.03+1.63°
T2 0.37+0.13° 0.19+0.05° 0.83+0.62%° 0.37+0.28° 0.40+0.27° 0.53+0.22° 5.93+2.27%
T3 0.47+0.25° 0.34+0.14° 2.10+1.68% 0.45+0.27% 0.37+0.26* 0.79+0.57% 6.3242.08°
T4 0.47+0.10° 1.17+1.21° 1.35+0.37%° 0.25+0.14° 0.21+0.02° 0.38+0.09* 5.41+£1.79%
T5 0.70+0.22% 0.59+0.13° 0.14+0.28* 0.24+0.27° 0.12+0.09" 0.87+0.70% 2.77+2.11°
T6 0.51+0.22° 0.45+0.26° 1.20+1.28% 0.12+0.06° 0.39+0.32° 0.48+0.52% 3.47+1.51°

AR PERE . W R PESE (2003) 7E £ W R IR A& FLfl
(Ctenopharyngodon idellus)fRIFFEH, 43 51l 78 # £ 3k
RiGRDRH R R INZE R R, SCIRRTE A 30 d, 25K,
TERAA AR PRI 0.02% . 0.04%H1 0.06%HY % X
AL DL A3 B8 AR X AR KRR 14.67% . 16.22% Fll
22.93%, [FIE, TPEHR B EAR 13.29% . 9.79%F1
18.88%, #MH2H KX A4 K HA WM HEE
FH, AT SRR R M RRCR,, X SR 4,
R—8, FHE TR A H R A A B S A
Fo ORI A K PERE . AT 44 (2015)iF 58 R I,
PR LW E AR 45 d )5, K SR FIl SGR &t
FRE . RPN 300 mg/kg W EREASURE K
wap KRR, BRI, & —Fhis
e R DR IR . s AR (2013) I SR 4 SR R
AL FERN R RN 200 mg/kg 5 R GBS D R
e AR R R E AR (P< 0.05), FRARARLRE 2 50(P<0.05),
ARG BN S AR I 5 BT, 8 TR AT X
ESIN VB ENEINES: &y ¢ ke S hlnp SRS s
E AN EAR T HE— ST

32 EEFRXMEFEHENLENNZIE

(RN R AN k- AR IRL SO K= L7
Jo BT A S W, X A ) A K TR R e PR AR
(R, 2011)0, 5 R RE KB LA B 3 i i 25
F 5 R e Sk 2 1 R N 38 R 55 /N T 5 5 s I il /i
WAL N K M N R . H IS s YE Ry I RE A5 K TE
Wi BH IS A R 22 200 | A A 45 B il fa 2RI
) R (2E KOt 4, 2015), EEARFFEEM, Ak T
INZETEE AT DUt S T AR A TS T . sk B %
(2014)7E % 3 fa(Oreochromis spp) iy LAt ik} o 43 in
LWHE, KRV AEMPHA BT E L ER
i, SR T 2 AR A ARG ), A R AE—
FERRIE RN T 229 KA I AE 0 38 15 1L B S T
FIPLEE . BB PESE(2003) 5T £ M, Mo i fa falp)
FLEBIRINE R 0.02%—0.06%H], AJ LItk G5 b
0 1A 18 5 GRS R Y S J1(P<0.01), 5 RiR#FSY
ZERAL, ABFFT PRI 200-400 mg/kg 25 & Al LA
A R i A i RN AT AR TS T, D ARk

1) Wu X. Effects of four kinds of Chinese herbal polysaccharides on the growth performance, body composition, part of
physiological and biochemical indicator of yellow catfish (Pelteobagrus fulvidraco). Master’'s Thesis of Tianjin Agricultural
University, 2011, 39-40 [S2J5€. DU b RE245 2250 38 0 AR 1 AR 070 B o0 A 3 A AR AR AR I s . R AR 2 Be A - 53 2E

AR, 2011, 39-40]
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LWES TP EAZATIREEEA, 2 KN
MR E AL . A LRI R SR NGRS p-
XU /g P A R i 2, (22 s R LA R P
AL 3 P (Ramassamy, 2006), 2285 & 0] 1@ 4 1755 S &k
il B2 A SRR 5 R A2 ARG 4L, W SOD . CAT. GSH
&, B ZFBERY . R Y . B E A RS
e %Y SN 1T SV B = K AN Ak = R A A IR € 1Y Fi] LUK (3
FH(ZER 5, 2009), F5itE(2014) FH 22 8 Z Ui 20 iR 8t
rh P B ¢ % ) 411 (Oreochromis niloticusxO. aureus),
SRR, R RS I 22 R e A AR & P AR ALK
) SOD F1 CAT i /1, 800 mg/kg 7 & X} T il SOD
FICAT I J1 02 = 7 F I 35 (P<0.05) . 5k 2 45(2014)
R RIBNE| D HEA a5 R BR, %
T A R P AR BT R AL RE 1 (P<0.05), d¥m
LW R LW B A AR . LR R I 45 20 2
MDA F& LA 0.02%/KFHHRAE, WE KT HAL L5
ZH(P<0.05), AWFIELE R BN, W R R
ML i, MKN& A4 SOD., CAT i 1 ¥4,
H A AN S AR e = U i 8l SOD., CAT
FIW TR . MRS, R, FFREEE . AN
LBE R MDA &l i E PR, R W R E L IAR
B A1 A0 R N BT S B A SRR R A B, R T
WP A RS . HAET, RWC TR EXE M
0 28 2T S ARl T 1 I S ARG, AR5 Rk IR G £ 4
PUE AT IS TR, HAE IR N 22 5 R 1A RHE 2L
R R, RPZERAES RS erh oA R A7
(1) T 22 Wi S B g FH 255 (] o

GSH-PX W[/t 84k, AI#E CAT & i/biy
HAUPRE CAT W Bk HoO,, M B 1E WL 32 4k
#5117 (Kohen et al, 2002). GSH A& H 1784 GSH-PX
LR R H,0, Flad ARSI, JHBR A ik i 6
fi(Chen et al, 2009), AfF5EH, WWINASEIKF-Z5
RN A0 0] DA S 2 R R A TR L B L il
A GSH-PX % 1Al GSH % (P<0.05).

iINOS 245 RE SV () L[, iNOS fiEfk L-
K & W2 A48 NO(Murakami, 2009), NO 7E4= 3 |3
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The Effects of Curcumin on the Growth, Digestion and Antioxidant
Ability of Yellow Catfish (Pelteobagrus fulvidraco)

ZHANG Tengxian'’, CHEN Qian'*, ZHANG Baolong®, LIN Chengli', ZHU Guoxia',
FANG Zhenzhen', BAI Dongqing'”

(1. Tianjin Key Laboratory of Aqua-Ecology and Aquaculture, College of Fisheries, Tianjin Agricultural University,
Tianjin  300384; 2. Tianjin Chenhui Modern Technology Limited Company, Tianjin  301800)

Abstract

A feeding trial was conducted to investigate the effects of dietary curcumin at different

levels on the growth performance, digestive enzyme activities and antioxidant ability of yellow catfish
(Pelteabagrus fulvidraco). Juvenile yellow catfish with an initial body weight of (13.17+0.68) g were fed
with 6 different experimental diets containing curcumin at the concentration of 0 (control), 50, 100, 200,
400, and 800 mg/kg (namely T1, T2, T3, T4, T5 and T6 respectively) for 60 days. There were 3 replicates
per group of 40 yellow catfish. The results were described as follows. The specific growth rate (SGR) and
the survival rate (SR) of fish fed in the control group were significantly lower than those of all treatment
groups (P<0.05), and the feed conversion ratio (FCR) was higher in T3 and T4 than the control group
(P<0.05). The lipase activity in the foregut of fish from T3, T4 and TS5 was significantly higher than the
control group (P<0.05). The amylase activity in the foregut of fish from T4 was significantly higher than
the control group (P<0.05). The level of superoxide dismutase (SOD) was higher in the hepatopancreas of
fish from T6, in the brain of fish from T5 and in the head kidney of fish from T4 (P<0.05). A significantly
lower content of malondialdehyde (MDA) was observed in the brain of fish from all treatment groups
(P<0.05). In TS and T6, there was a significant increase in the catalase (CAT) activity in the spleen and
hepatopancreas (P<0.05). The glutathione peroxidase (GSH-PX) activity was enhanced (P<0.05) in the
fish from T4, in the spleen of fish from T5 and in the mid-kidney of fish from T35, furthermore, it was also
higher in the serum of fish from all treatment groups compared to the control group (P<0.05). The GSH
activity in the hepatopancreas of fish from all treatment groups was higher than that in the control group
(P<0.05). A significantly higher level of nitric oxide was found in the hepatopancreas of fish from T5 and
in the spleen and serum of fish from T4, compared to all other treatment groups (P<0.05). The results
indicated that 200 mg/kg curcumin supplemented into the diets could effectively boost the growth
performance, and enhance the intestinal digestive enzyme activities and the antioxidant ability of juvenile

yellow catfish.
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