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Tab.1 Formulation and proximate analysis of the experimental diets %

Tk} 223 K KF dietary curcumin level

TiH items

0 0.02 0.04 0.06
¥} ingredient
21 88" red fish meal' 29 29 29 29
iK' wheat gluten meal' 15 15 15 15
fi% % ' casein' 8 8 8 8
/Ny wheat meal' 8.72 8.70 8.68 8.66
S H1' soybean meal' 18 18 18 18
A7 fish oil 6 6 6 6
5. soybean oil 6 6 6 6
15 phospholipid 2 2 2 2
Z 1" mineral premix’ 2 2 2 2
Z4E vitamin premix’ 2 2 2 2
SALRGE(99%) choline chloride 0.13 0.13 0.13 0.13
T2 — %145 monocalcium phosphate 1 1 1 1
NS calcium propionic acid 0.1 0.1 0.1 0.1
P& phagostimulant* 0.5 0.5 0.5 0.5
LB ethoxyquin 0.05 0.05 0.05 0.05
E 2 curcumin’ 0 0.02 0.04 0.06
BN sodium alginate 1.5 1.5 1.5 1.5
S total 100 100 100 100
B IR (THR) nutrition level (DM)
FHLEE R crude protein 50.66 50.66 50.66 50.65
HLAEWI crude lipid 17.36 17.36 17.36 17.36

e Lok MHEE 69.7%, HHEENT 8.67%: D Mikr: MEAN 81.79%, HIAGNT 0.94%: BEE M. HIEER 87.77%, MU 1.26%; /I
W MEAR 17.2%, BN 2.45%; S8 HEAR 53.65%, BN 2.17%. 2. £5 (mg or g/kg diet): NaF 2 mg; KI0.8 mg; CoCl, 6H,0
(1%) 50 mg; CuSO,4-5H,0 10 mg; FeSO4-H,O 80 mg; ZnSO,4 -H,0 50 mg; MnSO,4-H,O 60 mg; MgSO,-7H,0 1200 mg; Ca(H,PO,),-H,0 3000
mg; WA 15.55 g.3. £ 4E(mg or g/kg diet): 4EAERERGFRRE 120 mg; 4EA3C 2000 mg; A#)% 1.20 mg; 4E4:3D3 5 mg; LB 800 mg;
12 200 mg; "R 20 mg; ZTEHK 45 mg; ZERAS 60 mg; EAEFEBI 25 mg; AEERAMIRN 32 mg: 4HEFBI120.1 mg. 4. FHEF: HERBRM
R, 5. £ AL>98%

Notes: 1. fish meal: crude protein 69.7% dry matter, crude lipid 8.67% dry matter; wheat gluten meal: crude protein 81.79% dry matter, crude lipid
0.94% dry matter; casein: crude protein 87.77% dry matter,crude lipid 1.26% dry matter; wheat meal: crude protein 17.2% dry matter,crude lipid 2.45%
dry matter; soybean meal: crude protein 53.65% dry matter, crude lipid 2.17% dry matter. 2. mineral premix (mg or g/kg diet): NaF 2 mg; KI 0.8 mg;
CoCl,-6H,0 (1%) 50 mg; CuSO,- SH,0 10 mg; FeSO,-H,0 80 mg; ZnSO,-H,0 50 mg; MnSO,-H,0 60 mg; MgSO,-7H,0 1200 mg; Ca(H,PO,), H,0
3000 mg; zoelite 15.55 g. 3. vitamin premix (mg or g/kg diet): alpha-tocopherol 120 mg; ascorbic acid 2000 mg; biotin 1.20 mg; cholecalciferol 5 mg;
inositol 800 mg; niacin acid 200 mg; folic acid 20 mg; riboflavin 45 mg; calcium pantothenate 60 mg; thiamin 25 mg; retinol acetate 32 mg; vitamin B12
0.1 mg. 4. attractant: glycine and betaine. 5. curcumin: purity>98%

ical AB,Sweden), A5 M7 B9 >k FH & [CHh#2 15
(SoxtecTM 8000,FOSS Analytical AB,Sweden),
3 it B S E 3K

I A5 R AL PR R K 43 B o I RN UL IR AR
FrE I E kS IR AR AP
A A BE 6 ) 7 L7 48 E Ak Ak

i Y L 25 ¥ VR T 1R BILRT K 32 6 Ji JE R JUL A
HEAT TR, W AR AR TR SR TR R

fitf (SOD)Mf I . o A L AW (CAT)EFIG . N %
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Fig HE e mt o i R & (gt R R AR ) TR E Y
Bt , )R U B B O R AE
1.4 HEFEMG T

8 A K & (specific growth rate, SGR, %/d)=
(In W—In Wy)x100/z

T B} 34 %K (feed efficiency rate, FER)= (W~
Wo) Wy

A% 2R (survival rate, SR, %)=N,/Nyx100

JiF 4 L (hepatosomatic index, HSI, %)= W}/ W,x
100

JUE A Lt (viscerosomatic index, VSI, %)=W,/
W,%100
K, W, W i FRR LR . WA R 5
i, NSRRI, wEORRE BB R E, N,
Ny SRR SEB S5 AT . R AR i fa B4, wiFkoR
RIS E, w R R aaikRE, Wk
73 AR P T AT 1

S RO SR I SPSS 17,0804 347 88 340 #r
BT B Ty 2243 M1 (One-Way ANOVA),
235 3 3 K E B (P<0.05), 1R H Turkey £ 56
AT 2 E R, R TR B R OR Y
{H +45 #E 1% (mean+SE) .

2 4

2.1 AERPRMERRENAZTHNERTE
R, ERKAMAFERES

T e v S Jn 22 B 3R 0 R 32 B 4 A 1) TS R
WA WE, A A G R TE9T% L
(P>0.05)(#2); SXFREAIAH Lhds, RR s in 22
WRE, KRZELMaNSGR, FIRA W& E
(P>0.05); TRRHPIRMER R )G, KEHL MM
HSIA g m, M0y meEs Al
(P>0.05). e} i 8 fin 22 ¥ X FEHSTRI VST 5
M 22 5 AN I 3 (P>0.05)

®2 ANPAIMERRENRENNEEK. FEREEETHEE

Tab.2 Effects of dietary curcumin level on growth, survival and selected body parameters of S. maximus

Jebi TR KK F/% dietary curcumin level

index 0 0.04 0.06
e 4K 3R /(%/d) SGR 2.70+0.05 2.69+0.06 2.500.07 2.71£0.05
VIR /g IBW 5.13+0.01 5.110.02 5.13+0.01 5.11£0.04
LR T /g FBW 41.48+1.56 41.58+1.43 40.33+1.46 41.67+1.32
1735 28/% SR 97.14+0.65 98.10+0.95 97.14+0.65 99.05+0.95
B & /(g/d) FI 1.32+0.01 1.32+0.02 1.35+0.02 1.27+0.02
JFAA L /% HSI 1.11£0.04 1.49+0.08 1.32+0.10 1.30+0.07
HEAA /% VST 5.76+0.08 5.73+0.19 5.89+0.18 5.79+0.09

W R RATEER S AR R R 2 R B3 (P<0.05),  RAT IR G RAE T R #OR T0 B3 2 7 (P>0.05), T

Notes: Values with different superscripts in the same row are significantly different (P<0.05). Values without superscript in the same row are not

significantly different (P>0.05), the same below

22 ERFRMEBRNKREGYE KD
FapA

Tkt S I 22 W R N AR OK S R
S (P>0.05)(K3); MEHh IR INZE#RE S, fak
JEWI G REEMENENEEE, L, 0.04%H
0.06%% 5 Z IS INZH f) f0 A B 7 o 35 I T 5
HEZHLF10.02%24 (P<0.05), AR amE KT,
AR P mA TR, H410.04%%5 4l i
AR T HoAth 48 A B 2H (P<0.05) . JFFIEAg 17 2 &
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LHRWMBEBRME LIHEE, Hf, 0.06%
N TIZEL 1 R R O i S T HRH (P<0.05),
JL PRI R 105 7 £ Bl 2 Rk v 22 B 3R S n 4 A9 14 o
SR ERMAEE, i, 0.04%F10.06%7 N4l
25 TN B ZH F10.02%4H (P<0.05)(33).

2.3 ARPRMERZIXNAEZGHEMFN
SUEFENNT N

DRl RS N 2 2K R R R 4 il
5 SODTE /1, Hod10.06%2 5 £ 4 i SODTH
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Tab.3 Effects of dietary curcumin level on proximate composition of

whole body, liver and muscle in S. maximus (wet weight)

%

TRl E KT dietary curcumin level

iz

index 0 0.02 0.04 0.06
444 whole body
7K} moisture 77.08+0.23 77.60+0.41 78.39+0.54 77.77+0.25
HE R crude protein 14.65+0.03" 14.44+0.11° 13.62+0.09° 14.40+0.06°
HLUIEWT crude lipid 4.65+0.03° 4.53+0.02° 3.88+0.04° 4.16£0.05
HAEHT & & tissue lipid content
FERE liver 11.62+0.31° 14.27£0.36™ 13.57+0.33* 15.09+0.34°
WL muscle 0.91£0.01° 0.94:+0.02° 1.15+0.03° 1.35+0.04°

71 5 T H AL (P<0.05) (B 1), 10, 0.02%7F!
0.04%ZH 18] £ A . FEE AR R Z W Z U
B LT, MECATIE HEHB Z 5 AR FE

44

SOD 3 71/(U/mL)
SOD activity
2 W b S R ey
[oze] el [} —_ 8} w

w
-

N W A N 3

MDA 4 &/(nmol/mL)
MDA content

a

u

b b
b
1 1 1 J
0 002 004 006
TALRE 2T NN/ %

dietary curcumin level

ab a
= Bl b
==
c
—
1 1 1
0 0.02 0.04 0.06

TR BRI %

dietary curcumin level

CAT #% J1/(U/mL)
CAT activity

GSH i 73/(mg/L)
GSH activity

Lo S R VS B - e

—_— =
[ S

(= S e

T

(P>0.05), fHETRINZHE)G, MIEMDAT &
SRR RS, Hr0.06%40 FE2H B E AL T HAh
2 4(P<0.05); R b in 25 9 2 2 R AIK i v

0

0.02 0.04

0.06

TR} P 2 BRI/ %

dietary curcumin level

a
-
b b b
- —t— = ’%
1 1 |
0 0.02 0.04 0.06

T 2B RIS %

dietary curcumin level

1 ERPRMERENAESYE MBI A LB

FBEAN A RO 2 5 2 2 (P<0.05)

Fig.1 Effects of dietary curcumin level on antioxidant activity of plasma in juvenile S. maximus

The different letters mean significawt difference (P<0.05)
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GSHIE 1, Z W R B MMA B F K T X R4
(P<0.05), HEBHRRBMAZHZR AR E
(P>0.05).

3 vHie

TEASBETE ARk e S o 22 B 3K 0 K 32 Y
4y 0 A7 15 A AR KRR B, T
0.04%22 B 32 VN N 2H K 22 61 40y £0 i 16 12 = A T
5o Lawhavinit% P WS R BL, TEWI G 1A BT &
0.25 gl JLYNIE XU (Litopenaeus vannamei) 5 4}
NN 22 B U X A O R ) ) A R
WA W EZ, X 5AMREEREAR -, 1M
Y R B AR U Y B A B 15 g/kghh, R G
X R Ry B OB R R E . 7E R M
(Ctenopharyngodon idella)"® . FLYHEXTHRN . B
Je & Ak ff.(Oreochromis niloticus3xO.aureus Q)" F
FEWTIE B (Labeo rohita)™ W5 HH IR R, 1A
Bham 2 m R BA R H AR 55 R
FWAEM . ANFEWERE AR S5 E, & 6
25 1 IR R A] BE 5 S0 fa R A RA% L RS A
BEFRF B . BRAR . FRIE IR (WK
A)FABRKRIILR,

FEABEFE Y, R s AR R £ R
(0.02%) % i 1 &y f B AR LE T 8 0 26 v )
(0.04%F10.06%) Y 22 5 2 W 58 1% i HF K L T
K5 I HLBl 2 fa) ek o 22 3 3R A9 35 £n 1A B 1D %
T AR, X3 WY ARk e S A e R R Y 22
R RN & & AFRE R 5X
AN F B S8 I 45 SR 2 0L, X L ) it 22
2R 8 D s D A0 B rb s D U0 R AR B 1 R
Az X T RE 5 32 B AR AR A4 I A A O OC
I 14 bt B T 240 Bf Y 250 DA S e m b, R B
0050 B oy A 4 B A o Ak, AT R AIR T Ak Y
R D5 f B0 R R s s A ) E R T
RS2 6T &) £0 i JOE UL IR rf OB 0 s e, Al
SR EZEZFEURN R AC, KW
I3 A1 OO0 B Y S R R T AR AL A T —
AR .

SOD. CAT. 4Bt H ki %Ak Wi (GPx) %5
SR AL RGN A . MR R
B, BREEARVEISN, ZiRAEH S PiEILAE
iR EEEM ., FEALE T, Wk
TN EE R I S R KSR BEL) £ 1L 3 SODIE 1, {H
B DR 2 RIS IR A, I MDA &
MGSHE 7 % F %, SODEMUAPL AL R G it
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15 Bl A 2 B — Fh e B EE O B AL B ;. CATI
A DL3E 5 v B O AR iR R st AR S, AT
KAEHPU AL E A . MDA IS T E 4k
;P e AR = g, B B A R K AT LA ] 2
SR ML G T E ALK, fE— e R A
J2 W A0 M 6 B8 40 1 L, TR L B R Ak S T R A
AR S B EEAR G, ARG REN, W
BRI 22 T A% Uk K 25 6T 4 £ 1R i A
EREE, WM KEMG b Eibae S, X5
5% 2 X PL AN 1 Sk R 0 B8 JE %0 3 Ao i F 93 &%

— A S R ) o v R, 2R
BRI A Wty HEER TR S W l, (K
R NI A=k iU =R (7)) AN Y ¥
WP RALTE R, FR, REREEEER
PESTE BV 40 M O B s AR S M, R SR PTIR
(4 7= A A B Ik B 200 G 1 3 4, (R B i ) 1
LW EWEAG MR ERDST, ZE KBRS
R 7y, HE R AT BE 2 i AR i (Cu) ATk
(Fe)& FAFTEmR, Zi RWEnT LMAE R A t 3L bR
LR JEFA, OA] DIAE S DNAS 5 0 5 22
HE B 5Fe. MnMICuE F454, LIS %8
R PUAALRE I A E B SETE BRRLN P, AR S
55 () GSHIE 71 T R ] B8 2 R b AS 5] 5 328 48 Bk %o
Tk b B s AN TR S B0 ™, SOD . CATUA I
GSHP 1% 11 SHUARAR Bt A A s v X R %), 2%
W2 T AL 25 R AE ARl SR AT R A
A, XML EAE BB PR A B %L, M
I 400 41 B ok SR A B R, i — 25 4 s AL 1 BT
FALRE T, BRI, F R LR R I A
EVER, HZFWHEMEE, fEERNOEH
TEHUE AL AR S Ak 22 TR AH B G AR+,

4 25

(EEE RN IE S E PPN 3 SRR RTINS N
FIE AR BOC B2 52, B 33 10.06% 9 2%
E e ATE RN S AR (RGE =N VI

Bt RS AR LA 2k 5 2%
ARSI, EA. 8GR, BT R AR
B FIL T BAES R BT B,
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Effects of dietary curcumin on growth performance, body composition and
serum antioxidant enzyme activity in juvenile turbot (Scophthalmus maximus)

WANG Yahui, WANG Yuyu, MAI Kangsen, XU Wei, ZHANG Yanjiao,
ZHOU Huihui, GONG Ye, Al Qinghui’

(Key Laboratory of Aquaculture Nutrition and Feed, Ministry of Agriculture, Key Laboratory of Mariculture, Ministry of Education,
Ocean University of China, Qingdao 266003, China)

Abstract: A 77-d feeding trial was conducted to evaluate the effects of dietary curcumin on growth performance,
body composition and serum antioxidant enzyme activity in junvenile turbot (Scophthalmus maximus) [initial body
weight (5.12+0.04) g]. Four isonitrogenous and isoenergetic practical diets (50.66% protein, 17.36% lipid) were
formulated to contain graded levels (0, 0.02%, 0.04% and 0.06% dry weight) of curcumin. Each diet was randomly
assigned to triplicate groups of 35 fish and the fish were fed twice daily to apparent satiation. The results showed
that survival rate (SR), specific growth rate (SGR), feed intake (FI), hepatosomatic index (HSI) and viserosomatic
index (VSI) were not significantly affected by the dietary curcumin levels. There were no significant differences
observed in whole body moisture content among all treatments. Lipid content in whole body significantly
decreased , while lipid content in liver and muscle significantly increased with increasing dietary curcumin levels.
Fish fed diet with 0.04% curcumin showed lower protein content in whole body than other groups. The activity of
serum SOD increased with increasing dietary curcumin levels, and fish fed diet with 0.06% curcumin had
significantly higher value than the control group. The activity of serum CAT was opposite to the trend of serum
SOD activity, and the group fed diet with 0.06% curcumin had higher value than the control group. The serum
MDA content and GSH content were significantly decreased with increasing dietary curcumin levels. In
conclusion, the results from the present study indicated that 0.06% dietary curcumin improved the serum anti-

oxidation ability of juvenile turbot, but did not affect the growth of fish.
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