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2w O R B A0 AR I A B S PR P T RERY M)

1 E, BRKRE?, FREE, HARE, 8 8], KEFZ, BEFR
(A EEBEFRF/IARKESMIRRE, Lif 201306;
28I R LA R A Ry A PR )| AR 483, 350308;

3B MAFAR IR By AR MARALB R A FAL, 4 487, 350308)

FE.  [HE] SR N 28 26 KB A K AR R e DI RE A I, SR A G SRR ) T & AR
ORI YE,  [Fik] BAE0, 100, 15071300 mo/kgs 8 2 M HRHI TR B AR50, TR0 530145 d7 il LR
T IS A AT 1 | I VAR B TG (LZM) 36 S SHURTE J1 (Va), s BavERERREG (AKP) 16 77, MRMEmE MR
(ACP) 771, A YE LG (SOD) 167 ANOF &, LA BN T IS, (4530 S IRAMt, wmnZEwER
4 0 2H i . 2 P v R 1 TR R AN AL KRR (P<0.05, FIH)), 4230 disf, 228 EX R A IRRFIR ILZMIE 1 550
W7, MIEAKPHE F7 | M7ENOE B SE MR 3 (P>0.05), [H A8 I 25 H2 5 i Y (1 A0 MO A Wb v | Y& LZMTE 1 S5 B 77
ACPIfi 71 J2SOD{ii 115 #iUG5545 d, H M2 B 32 A8 b 35 5 M) DB £ 0 VR 10 A M7 i L VRO ML T LZMYE g L ML
i F1 . ACPIEJ7, SODVE JJ MNO& &, Bl imai kW], HRBB R KM RTILTH (66.67% ., 62.22%7F
48.89%) B EAR T XML (84.45%), [45iE) HRIPE N300 my/kg2 8 R AEA AR m RS i E KPS | ARER St
F1 KAy, HARWIHRMRAOR A, & —Fhae 4wk i) D IR G e iRl

KR LWER; K AKMERE; ARRERIEREIIRE; S i)

Effects of dietary curcumin on growth and non-specific immunity of Pseudosciaena crocea
YU Junl, CHEN Qing-tang2, LI Song-yu3, ZHANG Jiao-nan2, HU Li-jingl, HU Kunl, YANG Xian-lel*
(1Shanghai Ocean University /National pathogen Collection centre for Aquatic Animals, Shanghai 201306, China; 2 Fujian
Tianma Science and Technology Group Co. LTD, Fuging, Fujian, 350308, China; 3Fuzhou baoshuigang Office of Fujian Entry-
Exit Inspection & Quarantine Bureau of P.R.C, Fuging, Fujian, 350308, China)

Abstract: [ Objective] The experiment was conducted to study the effects of dietary curcumin on growth and non -specific
immunity of Pseudosciaena crocea, in order to provide scientific and theoretical basis for the development and application of the
immunostimulant in Pseudosciaena crocea. [Method] The feed added with curcumin (0, 100, 150 and 300 mg/kg) was used for
breeding Pseudosciaena crocea. After feeding for 30 days and 45 days respectively, the blood was collected to detect phagocytic
activity of leucocytes in blood of large yellow croaker. Meanwhile, the serum and the skin mucus were used to detect lysozyme
(LZM) activity and antibacterial activity (Ua) . In addition, the serum was also used to detect alkaline phosphatase (AKP) , acid
phosphatase (ACP) , superoxide dismutase (SOD) activity and the content of nitric oxide (NO) . At the same time, the large
yellow croakers were challenged with Vibrio alginolyticus. [Result] Compared with the blank control group, groups of dietary cur-
cumin significantly (P<0.05, the same below) increased the survival rate and the specific growth rate. After feeding for 30 days,
the effects of dietary curcumin on LZM activity and Ua of skin mucus as well as the AKP activity and the content of NO in serum
were not significant (P>0.05, the same below) , but it significantly affected phagocytic activity of leucocytes, Ua, LZM, ACP and
SOD activility in serum. After feeding for 45 days, the effects of dietary curcumin significantly affected phagocytic activity of leuco-
cytes, LZM activility of skin mucus and serum, Ua, the content of NO, ACP and SOD activity in serum. The result of Vibrio algi-
nolyticus challenged showed that the fish fed diets with curcumin had significantly lower cumulative mortality (66.67%, 62.22%
and 48.89%, respectively) than the control group (84.85%) . [Conclusion] The results suggested that the dietary curcumin sig-
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nificantly improved the growth ,non-specific immunity and disease resistance of of Pseudosciaena crocea, especially feeding diets

curcumin with 300 mg/kg for a long time. It is a safe and efficient oral immunostimulant.

Key words: curcumin; Pseudosciaena crocea; growth; non-specific immunity; immunostimulant

035I8

[#F52 % X ) K#&fa (Pseudosciaena crocea)
B T H (Perciformes) 11 fFl (Sciaenic)
Wi AfJ@ (Larimichthys), &3k R 5 Ui A4S 5558
P EEEFAE T —, THR, MERESSS
FE . LRI R ISR, AP R 2 A
ZORME, YRR BAHE I 2RO BT AE R AR
HOR SRz 2, (B I S 245 i B 1 o
WARAVI 2451, JF B WIRE | MG SR
H)[a) 5 (Aoki, 1992; Brattgjerd et al., 1994), &
PEE R — AR R R RS R, B SR
. Zems, ERET S8R, BABAHT
R KRS (BEEFAHEEEE, 2005), BlE
A REMIEUESE, (1 S o i) e —Fh e i £
TRy I I B BRI T A RO, TEA ™ 1
HARZRNHINE (B, 2005), [HIA
Wik ] e R 2 22| (Curcuma longa L.)
TR BGRIR B—FMIr T R EZ BRI EY), &%
BRI i FEMTEERN S, BABUE
b, Pids . PURAE . PURASEINRL (M SCRFNXIHE,
2004; WLEMESE, 2013; EAGMIGKLEGIE, 2014),
JLR LR (R244E% ) 2000), HICrERsh, ik
i BT AR BN Z B R —F
RO RIRMIIRETEASINR,, TEB & . K shin
BT P S R T R (=45, 2008), 1
JPESE (2003) WFFY AR B, O E E KARARE A
i TR TS AT )5 E SRR R AR
(2007) WS RII, ZEHFAT R AR O A AP
FORER, A% (2013) A MR A M
S B — B AER]; skEESE (2014)
IR, TEAERE AR N30 mo/kg 22 8 3 W] A 4L
RSB H R kT, JHE s YA kR
Ho [RTEVIAR] 24, MK TRBERRN
IK A S AR S P SR ) Kivhin s e T 5 4

B, [ERry R DI e 4, iR
TPPEARL P S I AN ] 57) 2 22 B 30 R R B 9 AR K M
JERE VRS DI RERY S, LU R B £ S e 1
S AT AR FH R AR 4R

1 R 5A*®

1.1 XA A+

REAN A AR TR s KA 4B
{6, % % Bk @ ( Staphylococcus aurreus, % =
BYKO0113-01-01) ., K% #F i (Escherichia coli,
%5 BYK00642) . ¥ INE (Vibrio alginolyticus,
% BYK0639) 14 ph I i vE K 22 [ K AR 3 )
o i R AL

1.2 HAHRIAE

SR (2006), TRAERESE (2008), 1R/5
FE45F (2011) MUBFFESS RBOTHERHEC T, IFEsm
AN [] 9] 1 1Y) 22 B 3R e o A R A BE Y i e TR
-20 CIRAF# I, BARREC T WK1,

Tab.1 Formulation of experimental feed (%)

THLERIRE Y . FALEN 2.5 molkg, MLfLHH
0.2 mg/kg, SfL%h (1%) 48.0 mg/kg, Hifkf12.0
mg/kg, HREREL85.0 mg/kg, MifREE45.0 mg/ky, #i
R %%60.0 mg/kg, HRMREEL.L mo/kg, WEfR — 45
3.5 glkg, ZAAL#N0.1 mg/kg, WhAHI14.5 g/kg, 4E
HERIREY . 442 B1 28.0 mgkg, % 48.0
mg/kg, #i/EZB6 (FhRMLSEE) 20.0 mg/kg, 44k
#B12 0.2 mg/kg, 4k Z K3 8.0 mg/kg, JULEE0.85
o/kg, #EA=EB3 (Z ) 58.0 mg/kg, MHMZ0.2 of
kg, M219.0 mgkg, AEMERL2 mglkg, 4EEERA
30.0 mg/kg, 4EA:2D3 5.0 mg/kg, 44k XE 0.13
olkg, 4EA=ZEC 2.5 glkg, A FLMEMK0.15 g/kg,
KH116.4 glkg, Bi%Es): 50%NAREG+50% iR

Mineral premix; NaF, 2.5 mg; KI, 0.2 mg/
kg; CoCl2-6H20 (1%), 48.0 mg/kg; CuSO4 -
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Tab.1 Formulation of experimental feed (%)

JEUBl Material aE
£y Fish meal 50.00
TLHIH Soybean meal 9.00
fa17 Fish oil 3.00
.9l Bean oil 2.50
JNFZ R} Wheat meal 26.00
FERRH Yeast meal 2.80
ToHLEE TR A9 Mineral premix* 2.10
#i A= Z IR Vitamin premix? 2.10
IS Lecithin 2.10
A Attractant 0.28
B3 Mildewcide® 0.12

FH 4> Proximate composition o
HI#E M Crude protein 445
HIEN Crude lipid 115
M4y Crude ash 11.3
HIEF4E Crude fiber 17
HIEF4E Crude fiber 17

5H20, 12.0 mg/kg; FeSO4 -H20, 85.0 mg/kg;

ZnS04 -H20, 45.0 mg/kg; MnSO4 -H20, 60.0
mg/kg; MgSO4-7H20, 1.1 mg/kg; Ca (H2PO4)
2 +H20, 3.5 g/kg; NaCl, 0.1 mg/kg; Zoelite,

14.5 g/kg, Vitamin premix. thiamin, 28.0 mg/kg;
riboflavin, 48.0 mg/kg; pyridoxine HCI, 20.0 mg/
kg; vitamin B12, 0.2 mg/kg; vitamin K3, 8.0
mg/kg; inositol, 0.85 g/kg; pantothenic acid, 58.0
0. 2 g/kg; folic acid, 19.0
mg/kg; biotin, 1.2 mg/kg; retinol acetate, 30.0

mg/kg; niacin acid,

mg/kg; cholecalciferol, 5.0 mg/kg; alpha -toco-
0.13 o/kg; 2.5 g/kg;
ethoxyquin, 0.15 g/kg; wheat middling, 16.4 g/kg.

pherol, ascorbic acid,
Mildewcide:50% calcium propionic acid + 50% fu-
maric acid

1.3 458 22

Kkt deeKJe i (4.4 mx2.0 mx1.5 m)
BR8], R R R LR R 20K (7. 00AN17:
00), % RMI5HK (/K7 100%), KR B
20.5~245 °C, hJF25%0~28%0, A EIFFFIET.0
mo/LLL b B FRJE X HYL#k24 h, FRE PR
MefdnH: . JEHMIG . KRS —EL (104.19+8.86 ) YK
WA T oA, B TRHMAE (1.5 mx2.0 mx1.5
m) WIFIRIER:, 156 5 15145 d, 53tk

MK (D, D,. Dy) L2 XL (DO),
RA3ANFAT (100R2), Hrr, 25 [ x4l (Do)
Ao EE, 84 (D,. D,. Dy 4Huan
100, 15071300 mg/kgZE #i %,

1.4 SeyxdsArm 2

1.4.1 Rim S ig sl o5 5 55 30 F1
45 dHUFE, HUOFERTL diss R8eme, AT & (1
10000) JhkEEfE I, PR, MEEASPAT2H BEALPE
VeI I 0, DL IC TR 1 G 2% R 4 R K LA
ARG BFI Gy, — By AR AP, 14 H 4
M, AT AR S S — 0ok dE
i, =EWEFFEEEG, ACKFEHELR, 4
°C"F3500 r/mini.0>15 min, B EIETR

142 HAMAEWEISEN E S X E%
(2007), FPEZs4E (2012) (7 EEIHATIIAE

¥ WE A 43 Lk (Phagocytic percentage, PP) =
(1001~ 14 Hh 2 5 I i 20 i %/100) <100

MR %0 (Phagocytic index, PI) =100~ 141
JHL PRI I ) A PR £/ 100

1.4.3 MIEFIARERPTAETE S (V) S
Boman4%: (1974). Hultmark: (1980) A4 EEuEfT
W, AT,

Ua=1/ AcA
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Krf, AOCHBIERCE EE, AN570 nmihkot
A

1.4.4 175 AR SR B W T I (LZM) 35 )
DLVRERER AR T8 MY, 2 MREllis (1990) 1Y
DL AT E o DA A SO AR R G (B K
0.0013E XA —NE S35 (U/mL).,

1.4.5 MLIEIEBEIREE (AKP) FIR Ik R
(ACP) 1 7] RABEM R Akt A TIE . AKP
15 1% 100 mLIiE7E37 CF 5 mfEH 15
min/=A4:1 mgl A 144 [GERAL ;. ACPIE 1 SUH
100 mLIiE7E37 C T 5HEFAEH30 min/™4:1 mg
13k 144 FCHAA

1.4.6 175 &AL LR (SOD) i& 71 Rk
FH & W S AL iR 2 A T 5 . SODIE 1 S g
22 Tt N AR 2R H SOD 1 il 28 3k 50% i BT X L A
SOD —ME 1AL (V).

147 MIENOT . RIAAHRR A 5 W 13 1T
M7

1.5 s &R

IRIGHE 45 dRL B AT O 43l
INEFAS AT LHBENL Pk 2R 15 K v 0 B T35 9 [l A

CERRZ0.8 m, E41.0 m) i, 4R KW A g 1
T 510.3 mLEE AW (6.2x107 CFU/ML), 105k
J510 dN SBT3,

FEEZ (SR, %) = (No-N;) /Nyx100

FrE B K& (SGR, %/d) = (InW,-InW,) x
100/,

Arfr, NFING A R A~ AR W 4R FBE T (Y
KECAEEL, WoFIW G351 K8 0 A ) 4 A 2
LRIEE (g), thIREREL (d),

1.6 GLitordr

PASPSS 20.04k {41t iir A i I F A T BRI 3R
77 2531 (One-way-ANOVA), 2% 5 i iR
/N EPEX S (LSD) X484 ke[l AT
K,

2 RO

2.1 £ Fx Kk SRASGRH #h

HR20] A1, PEMEAINAT 22 8 R N THEHREA 2L
P K AISRAISGR, v, LID3AbHEL f15K
RaHE, XFRIAYSR, SGR4) 1] h 89.85% F111.34%/
d, & THABIANAEHZ (P<0.05, TIH),

[FFEEEE RN FRFRRES BE (P<

222 THBL R BN 223 R X B A ARVRR E AR ORI R R
Tab.2 Effects of dietary curcumin on survival rate and specific growth rate

for large yellow croaker fed experimental diets for 45 days

posiel FERH (%) FEEA KR (%/d)
Experimental group Survival rate Specific growth rate
DO 74.70+1.51c 0.83+0.03c
D1 81.63+0.32b 1.05+0.06b
D2 83.63+1.39b 1.03+0.05b
D3 89.85+0.53a 1.34+0.12a

0.05)

Means with different letters in the same column
indicate significant differences (P<0.05)

22 2 FEAN K F o ik G miasEEREY
A

HIEI LA, 7R AR30 d, 3B 4 1Al Y

PITL I E 25 (P>0.05, FIH)), B4 5% 5 Xt
BRI A PP J2 34N 06 4 I 35 v T X R
g, FFLID3LL PR e, 23037.23%, EH545
d, FREALAIPIFPPEARMRIAYASLALAE, ¥
X RRAL, AT UL, 2% EE 2 ARG 4 A AH I
B TRIBE P, it ) ) B85 I R 10 38 1 240 L
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Fig.1 Effect of dietary curcumin on phagocytic activity of leucocytes in blood of large yellow croaker
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Fig.2 Effect of dietary curcumin on lysozyme activity and antibacterial activity in serum of large yellow croaker
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Fig.3 Effect of dietary curcumin on lysozyme activity and antibacterial activity in skin mucus of large yellow croaker
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PIFIPP [ THiEa#,

P oA ] B[R] B2 N B A [l /NG 7 bR 22 57
B (P<0.05), FIA

The bars with different letters indicate signifi-

cant differences at the same time (P<0.05) . The

same below.
23 L EEN KB O FIZME R G E
VRO AC]

HIE 2P, 7RIS 30F145 d, 3t 4
DR A1 B4 1L LZM i 1 R TR I 0 2R B AH R Y
ARACHLEE, IR 2o v R A AR T
X R AT =

.
] oo oDl mD2 ED3

ks
th
o

|-||

AKF activity in seram
—
=

HLHAKP 354 (Wimprof)

th

I ASACTES S (Ugprod

30 45
B R (4D feeding days

24 2FF R E BRKBERLIME A F=dn
HiEh %R

HIEI3AT N, MRS 22 R TR0 dis, 4%
Aub B 2H A A0 AR R BT LZMIYG ) TG B 25 5
2545 di, £ 4 R 0 1 AR R B LZMIE
TR EETX R4, (H34- 4 H) 25 5 A W 3
KA AR TP UG JI RS2 22 R AR,

2.5 £% Fxr Kk & iE AKPF2ACPIE 71 89 %
")

IR, PR IR N 22 5 3R AT 3 i K
T AKPTE ), ERCRAR R, T I ACP
71, fEREEEE30 df A D3R 3 5 T X iE

]

15 F

ACP activity inserum
=

0 45
BAeRE (d) feeding days

P14 TEDRLHR S 22 35 30 K B A2 1005 AKPRITACPY 77 19 5%
Fig.4 Effect of dietary curcumin on AKP activity and ACP activity in serum of large yellow croaker
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Fig.5 Effect of dietary curcumin on SOD in serum of large yellow croaker Fig.6 Effect of dietary curcumin on NO in serum of large yellow croaker
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24545 dfs, 3R MACPTE 113 B 3 & Xt
M, HERRRERBOCR, MIZEREm
B, ACPIE Iy,

2.6 2% F K& & 0 iESODE /897 h

MESH LA, RS2 ER G,
BG4 L5 SODYE ) i 35 8 sy, 42 B I iy 74
HAKHEC R, EIRIRE45 divf, 2% 4bHH L [a] 75
SR K,

2.7 £ F 3t Kk & iENOA W #h

MR LI Y, TR 22 5 R 191 E30 d
J&, AACHEIMENO S BEFARE, HE
5545 dit, BEA ZEZ BB RN, M HNO
SRR ARG Hrb LID34h B (1Y 1V
NO & fff, U M1.91umol/L, &% FHAb4b
BLiiE IS

28 2 F s FEERF &R R T RN

b
©
40 F
2
0 -
I
ﬂ i L i ]
150 I

0 100 E
S R AL C o D

i B ry Curcumin
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Fig.7 Cumulative mortality of 10 days in large yellow croaker

B LE %)
comulative mortality
2

fed experimental diets for 45 days after challenge with Vibrio
alginolyticus

)

HZRTAIH, DI BRI #E10 dfs, K
() B FET-RIE &AL PR fa) P L 5 R, H
. LIDOAMFRAH ) ST HAET-#eAe i (84.45%), D3

AFRLL ) BB TR AL (48.89%), T [A] 25 5%
[TE

3itit

31 EHAEMKF & A KM T "

BADESE (2003) DAL KRR R 45
WREEERRER S AN ERMERR, KEE
% (2014) EX IR B PR MEE R, &
1108 B IR, & B UINAL 1SR SGRH
BEE TR, AR, B2
FIHES dfF, K& SRAISGR & # &
5E IS (2007) MBI EE AL, (HETAS
[F) AR SA K AE Sh i =, B E R T Y
FIHUAE , R IR HE f0 LRl R 22 36 R et
IR R — P RIT

3.2 £ F MR K R TR IR N R

IR S R, FEAREEE
RSP RG AT A SRR R (BB ORI B
FEFS, 2010), FMELHAEAE A2 ARRE Tk S R 4t
rhE A (MU, 1989), ARHFIT LI KR
FONBETENT S, BRI 22 3 R KA sh i i
PRSI, SRR, R ERER
PR R A0 I LY S T RE . HLLAES I
300 mo/kgfRSU R Bt HREA 4 m Atk A= )
LV 11240 ML ) W06 ) s ak— 20 E 9T, VS TR il
(LZM) TR A BILAAR PN 200 TR 7 240 B - 0
¥ SE TS (Mori et al., 1989; Boman et al.,
1991), RIS Iy R/ INAT B A R B e e g
FIBRES, MRk (2008) DL2Eds ZAMER 414460 d
Ja, RIS P R A L LZME 7 T R
A, HEFER ISR R AME, AFRgs R
B, a4 R B A0 199 I LZM A Uads) i 2 i %
M2, VIR MRS AL A A
S, T E AL B LZMIE 1 R s 1, L
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HESRAUARISOR 1, K OIARFIR B EA —E
FILZMIE I RIS 77, (BAUAE RS R 2 i R
45 dfF A XFTLZMIE 1A B, 1T g5 Bt
A5, DL dE— 20 98 253005 F A 1] 14 ¢
F

HILAA H R L H 2 35 A L HE ACP, AKP A fif
MK fRRA R, WIIHAG S i S0 ORE (PR LA
2k, 1999), AHFFTH, AKPIE FI7E AR
R A A A R TC B 2 2 5, {HACPTE 1k
FEH R BN RN LT, X TR
ACPZZENZZ i RN, T i iy i,
M R R RE e e J1 . eAh, #E 22
WRMERT, #5804 K5 14 1l 7% SODIE 715
STHRABAAFE 2 5, AMEZ R RN
s B, IR R R AR A AL
P Rt AR g 7 . NOTT 2 IV A
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