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WE: FEFE(VE)E& X% AKRM AR I ARG ETTEAEXEENKE
Ao ARARABVERWMENZAEREREEBETHANFSEERTHRNER, K
S 3% 1+ 0,20 .40 .80 F1 160 mg/kg % 5 4 VE K FHH A mE,KAH AB.C.D.E4,H%E
A 4 56 do A JEIEAT 6 h K (12) fhoaE 25, R X iU B (COR) %
(GLU) 4. # (LD) % i v 4 1t 46 47, 28 A b 4 1% fu B (SOD) | it & b 4 B (CAT) | & jit # ik
AN EE(GSH -Px) B4 AML#E I (T -AOC) fn i/ — B (MDA) % 41 & 1t 38 47, Y K 48
Na'/K"® - ATP B (NKA) .Ca’" - ATP B & 1 % . £ R &, % COR 4 E& & H & & ik
& A (32.74 £1.53) ng/mL, B {i 3 b 3 E(19. 06 +3. 88) ng/mL;GLU 4 & & & % 4 J& it
5 A (16.46 £0.99) mmol/L, &1 % £ 3 O (7.90 +0.34) mmol/L;LD & & & & % {&
= e E C(1.94 +0.15) mmol/L, &K A i g E 41 (1.30 £0.06) mmol/L, it 8 VE #
AT AR R S AU E B AR B Ak 7, B 47. 524 ~ 134,566 mg/kg (B ~ D)ty i Ao i H
HRB S, mE SOD CAT .GSH -Px & /j \T - AOC #1 MDA & & 5§ # "2 1A #t ## VE K -F %
Y43 .SOD B & & it 3 C (105.29 £9.07) U/mL, & 16 % it 5 A(11.23 £2.30) U/
mL;CAT £% % £ 3 O (4.09 +0.17) U/mL, & 1% % i 5 A (0.35 =0.10) U/mL;
GSH -Px £ 4 837 E (972.58 £55.35) U, B (% 4 i 5 A (47.90 +10.64) U;MDA £
16 % 3 2 D(33.48 £2.34) nmol/mL, & & 4 i & A (101.79 +7.79) nmol/mL, 4 &
7N fm 91.378 ~178.924 mg/kg (C ~E) KF VE st Hin A ik & H % 1 Fl . VE 7 ¥ 5
NKA & 71, % VE 7/ & % 91.378 mg/kg (C) B, K & & Mr 8 5t NKA % wg & /N, 1 K e
91.378 ~178.924 mg/kg (C~E) KT VE TH B Z 4 G & Ca’" —ATP M iE ., FEEH,
R R Am 91,378 ~ 134,566 mg/kg SEE M 4 A X E, T UM E DA EWHNERE D TN
WBCE T R T o
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Wi 5 AR LA SR BE ) K, N R 3R X FR BE K
RERBE R H A5 N 8, N E— SRR e
RINZ Bl 2R 4% W2 sh IR i ™
T AL AR BALBE 25 AL RN A 7 A e 2 Y A
Ak B8 R 3 AR i BT RN A BT, ) A R L s AR )
JoT B At 2 i 5 2 Gy i R AR A o
BTG PR o 5 A, R g AR i B R AR B
F2 B B Ry 5 38 Fe R 5, SR BT e R B M
45 ,Na"/K* — ATP fifi (NKA) 1 Ca’" - ATP i
o 0 R TR A

442 E(VE) /2 240 i B o 32 22 09 fg v M
AR, S 20 O S 0 S 240 i 245 A v Y i 5T I
BEPUEALN S B B B R, W 5 LR HUR ) e
YA DG, XEHE S F AR R S 1 A 9% 2R 48 1 B B AP
AR 5 VE I8 AT A5 %% 3t 9 58 0K 7 30 4 %)
% AR I E AR RE T B 7EE 24k
FRAE R P S S 2 VE 2 Ty B BR
VE Sb, fEf0 28 B S AL B 18 R G2 b iR AR AEVE 2 80
ARG, A L 5 AL (SOD) (it & Ak A i
(CAT) 4 e H Ak A AL P ( GSH - Px) J& H
EAE"

A B ST 38 o AR R AR I VE 28355 AN ] 4 A=
K VE KV M = 20 BE fa %) )5, 035 4246 bt
AR bR NS 0 F A Y RE ) ZEAIRER BE B aE R 1y A2
IGO0, B 75 0 = 800 BE B HE BT A A0 B8 0 3 S
TaRE VE 75 22 2 A 388 il AR} 27 4 4 .

U R A

1.1 ZRAGaRARNEE

2800 BE g fa il BREUAL 2013 AR AE AR AR
L8 B AR AT, R B Tt o Pk O 2 A T N
(23.6+0.3) g, KT A& IEF 1 = 8005
fafE RSB %t & kL VE BS ER i (B KA A
40 1 VE BR85S AFA VE KFE,
0(A) .35(B) .80(C) .125(D) #1170 mg/kg(E) ,
S VE A 80 & KK 11,091 (A) (47,524
(B) 91.378(C) .134.566 (D) fil 178. 924 mg/kg
(B), LA Rh 2T 4 22 0 3B 30 50, o 45 552 50 41 A et L
B FR KPR — 2, Bra kRl 4ad 60 H i, B
FEAT R 51 Ja FEASURL AL 7 B4R 2 mm (i §50kE
Tk, BT -20 C KA RAE&E . SLH R
FLEE (1 CHLBR W5 KR 43 7K 43 % 43 51 % F GB/
T6432 — 1994 . GB/T643 — 1994 . GB/T6438 -

http: // www. scxuebao. cn

1992 . GB/T6435 - 1986 #1752 . 55 % 1 o 401
R 1 2 SR AL L 1,

F1 ZBAEABAKR

Tab.1 Composition of the experimental diets %
. HIRHIL KF(FHE)
TR HA .
nutritional Level
component percent .
compositio (dry matter)
E%EE‘H 51 HEH X 54. 15
casein crude protein
K TE Ky 55 *EHE'&}]A 13, 88
corn starch crude lipid
fy ¢
faith 45 LK 5y 7 41
fish oil crude ash
E.‘
R ' 45
soybean oil
HSEgER" )
multi — vitamin®
EET YR 4
multi — mineral®
R W AT i
carboxymethy - 2
Icellulose sodium
YR |
cellulose
P p
attractant®

T2 EAUAR b ZE0 W o BRSOk 14 ]3I A4 B
M GMAR EETYRAEER, IEES. « BE%E4ER (my/
¢ IRAY) : VB1 2.5,VB2 10,VC 20,7z FR4S 25, 4% 37.5,VB6 2.5,
i 0.75, JULEE 100,VK 2,VA 1,VD 0.002 5,447 % 0.25,VB12 0.05,
INEFAERBFER] 1 g;b L5073k (me/kg kL) (LIRSS 37 670, %
M2 — S5 24 644 BRFREE 5 480, AT MREk 1 476, SALEN 42, BiMR%A 22,
WAL 6.8, SALE 7.2 BHIRHN 8. 1, AL 4 144, S (LG 2 500,
TRHA 0. 66, £F4EZ 6 499;¢ FE L (mg/100g flk}) L - RLZEPR 18,
L - J3& R 44,1 - 2258 33,L - K& R 53,1 - HiE iR 36,L - A
2 36,L - SR 29, L - A 55,1 - BE M 22,1 - AR AE R
29,L - #i& iR 29,1 - 41 &R 15,1 &g 1 456 ,L - W& 273,L -
KR 228 , 4Bz 337, TR 892, BIIZEHK 910

Notes:a vitamin mixture,b mineral mixture,c attractants were slightly
modified the grouper feed formula which reference [ 14 ]recommended. a
vtamin mixture (mg/g mixture) ;vitamin B1 2.5, vitamin B2 10, vitamin
C 20, calcium pantothenate 25, nicotinic acid 37. 5, vitamin B6 2.5, folic
acid 0. 75, inositol 100, vitamin K 2, vitamin A 1, vitamin D 0.002 5,
biotin 0. 25, vitamin B12 0. 05, All ingredients were diluted with cellulose
to 1g;b mineral mixture (mg/kg diet) ;calcium lactate 37 670 ,Na, HPO,
24 644 ,MgSO, 5 480, ferric citrate 1 476,CoCl, - 7H,0 42,MnSO;,, -
7H,0 22,KI 6.8, AICl, 7.2,CuSO, 8.1, KCl 4 144, choline chloride
2 500, sodium selenaite 0.66, cellulose 6 499; ¢ attractant ( mg/100g
diet) ;L — aspartic acid 18, L - threonine 44 ,L - serine 33,L - glutamic
acid 53,L - valine 36,L — methionine 36,L - isoleucine 29,L - leucine
55,L - tyrosine 22,L - phenylalanine 29,L - lysine 29,L - histidine 15,
L - proline 1 456,L - alanine 273 L — arginine 228, taurine 337, glycine
892 ,betain 910
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1.2 ZB/EH5EIU

SR TE W ILAR ¥ LT K 7 W5 i 77 8 6 L
AT ¥ 300 BB = B0 A B 4y £ 5y A 15 A4
HAR L0 m PRI 0.8 m (Y M4, M4 T
30 m ) [ K e b, 3R B Ol 20 B/ A
A VE K3 AN ER, IEX ST R T 1T
14 d 03 PR AR 3% 3l N 3 18] BT A TR 4 R Y 2 2
A1 JAE 8 58— ] R[] — i 55 S T A BREfR AR RE T
T 14 d J5 IV an e AT SE 5, I F O 56 d, SEE
W)X 2 B0 A B A0 2847 0 £ B W, B AR T 1 O A
FESLI AT 4 JH B K R BRAAR B Y 3. 0% R,
Jo 4 A HE 2. 0% B W, R B 2 RE T — K 0 R 2
P, AR 2 K (9:30,16:30) , S E
[11] 75 58 17K Ay W V€ S5 10 11 A 3L 1) K 9K v K ( 3k
Eo24), 24 h AW o R, KRN
(27.8+0.5) C,pH K 7.8 0.3, ;i A 4k 7 ~
8 mg/L, /K& N 50%/d,

FrH S U IF R T BE AL I 4 R A Sy ) Jh AR
an(n=4) AENFRIEAT O 21, RIS A W5 , 15
IEBEMRIEEL 24 b J5 DB AS 9946 v BEAL BT I 3 2
VEJ9ERBE 3B B AE & (n = 9) o AIRER 30 52 56 1
DEBS LT AE A vh B AT A rh i KRB 214 L, FiT B
g BAROKECE 12 $hEEH K A A B
LB 3 B8 Bt A 12 3R ER(n=9),
kg B0V DO 2 2T L A ) BB A AR R A R ) S 5 2
R BCE 24 ERTEXTR B VE 4 2 N EE AR
PLIR 4 R ITA 2 AN (no=4)  AF D 35 B i
JEOR BERE i, A5 A £ B2 JBr 38 6 4 I 8] 428 i 78 20
min 72 47, LI 55 6 h J5 FF S SR B a8 e
—5,

1.3 HEXE

M A AT B A AT &
(0. 15 mL/L) fRy I 7K v J 27 JBR I , Bl RV 7 7 45 4 1Y
UREE B HEATAE G OR B TAE . R IE 5 Ok ok fo 15
SBOREI, T T A I AR S v AT R
M, 1 mL TR T S DK CR I, BT T O
B4 CEE 12 h,4 000 r/min Z.[» 15 min, U
W, -70 CRRAER . W 80A B g o p
M 2 685 b 088 22 CfE A vk i g ) 3 F 2R
R eI B AR T K 43 5 - 70 CLRAF4%
LT Na* /K" - ATP fil Ca’* — ATP {5 5E .
1.4 mEELERUNE

JZ % (COR) 3% A RD Fish Cortisol Elisa i

Fil & B G 40 wl FE4E - HL DGS5033 A g b fY
1,450 nm b3 5E OD, A 455 il 45 14 bs v il £, 3
SEREA S B LA ng/mL, # & (GLU) >k H]
FEAREE, BUORE 0.01 mL, i #H R 3 7], 37 C KB
15 min, Z£ % /K I8 &, 505 nm P K, 1 cm 12
0.4 cm N 42 [t & ML I % % OD f{d, #{i H
mmol/L . FLER (LD ) 3R FH FL R i 0 Bl 45 7 S 1 i
Bl 2220 WL, fin AR T AR W, Je i), 2 1k Fl 5
127,530 nm, 1 cm Y48, WA K E, 4% & )
S BE{H, B mmol/L
1.5 mEMEMLIEIR. 8 Na” /K" - ATP 0
Ca’" —ATP FAHNE

LY ) A8 A ) B AR TG (SOD) (3 AL A
fil} (CAT) .45 e H Ik ik %0 Ak ¥y il ( GSH - Px) 1§
H EPUEALRES (T - AOC) DL K N % (MDA)
TR T At A W BE A T Y AR R & E
SOD 1 Jj 5% HI 2% W2 0% S AL il 12, CAT 3% Jj >k M
H,0, [ W L 83, GSH - Px {if J #l 5% 1] GSH
e BE AR RN b 895, T — AOC R A Ak s 1 Wt
i , MDA SR R AR AR B bE 22 R 4 5 O bE 872

#8 Na*/K* - ATP [if (NKA) 5 Ca’* - ATP
ity 1% 3 0 5E - ATP [ 53 fift ATP 4= i ADP F1TE AL
B, W TC ML 55 St W W ATP i 35 0 i ik, TE
BL#E D 2 R M 4H B B, ATP i 35 07 90
U/mg prot: F 2 5 4 2L (1 ATP i 1 h 53 fig
ATP =/ 1 pmol JCAL#E R . [W0, 2% S5
WEE E A AW E R RS & (L), it &
ATP Jf§ LU 1% 77 6
1.6 #iEaE

Kot LOF- 448 + drfE 22 (mean + SD) KR, 5K
JH SPSS 13.0 B Xf 2= 8041 B £ &) £ 4% T4 A 4K
AT G5 500, s T R J7 22 43 B (One-
Way ANOVA) , Jeilt 47 J7 22 FF PR 3, ANl /2 J7 2
SR B AT B AR X BT AR 4, R
Duncan [Gi#47 20 8 LL 5, 1T ¢ 6n 004G 90 6 52 38 P
JE AR, P < 0.05 S AEAE & 25 5. 1 Excel
2007 24l El % .

2 4
2.1 miEKFE (COR)KF
IR Mt B, AN 6] VE 7K S 4 R W 35 1) 2= 4L

TIBELL) L5 COR # RS AT UL I 1 P
e Pk BB R A ALILTE COR & ik Jik 75 %
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(32.74 = 1.53) ng/mL, £ B i 38 57 E 41 1 5
COR % # ¢/ (19.06 +3.88) ng/mL, COR
B ARDEL T VE TS T 5 i S R G E IR
ERBE T, A RS T IR O.D Al E 457
HEWBEE AARES T C.D.E 4 (P<
0.05), WFFHIAT O 41, LI A H YA Fr I+
f#, % VE H7EMRER I8 6 h J5 , 17 COR 5 it #f
AT, A EAM RS AAEREZES
(P<0.05),

40.0¢
- 35.0t A AB
B
£ 300r b S HRRE T
5_0 25.0F before stress
£ 200 N
gz o SRR
© 15.0F
™ after stress
#r 10.0}
g

5.0r
oL8

O A B C D E
#HHEE VE

1 EEPEXNZYLAHE
HeamiEERESEH N
AR F R R RS U ) A B 25 5 (P <0.05) , R SRR
HEEAAEREES, TR
Fig.1 The effects of low salinity on the serum
cortisol concentration of juvenile E. moara
Different letters indicate significant difference from each other

indexes (P < 0.05) ,the same as the following

2.2 mMFEHFHE(GLU)KFE

ANIE] VE 7K P 19 i B 3% = 80 3 fa. %)) £
56 d, IfiLiE GLU & & 7EAREhJIA 6 h J5 28 fb 1 Al 2
WE 2, $HEWEE A 4 GLU & & i = >
(16.46 +0.99) mmol/L, F#FH Al O & =ik N
(7.90 +0.34) mmol/L, 7 56 d A [f7KF VE %
FRER G , = 80A B %) i GLU & &2k A
B (P> 0.05) ;filkEh 8 6 h 5 ,A B A1 C 41
H GLU & W EH M (P <0.05) , =& & # i VE
WA B o BEAR, S B MR E ER
(P<0.05),1 D.E Ak AR (P> 0.05),
2.3 MmFAEB(LD)KFE

AL AN ] VE JKCF-f i 56
d fRERBEMA 6 h J5 M LD & A2k an &l 3 By
No ARERMM AT C g LD % feim b (1.94 «
0.15) mmol/L, 8 )5 E 40 & E &5k (1.30 =
0.06) mmol/L, 7EA[A VE 7K 34l k4 75 56 d
J5,C D4l LD S i3l 7 B2, C 4
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AR I FEEE e K (P < 0.05) o filkERIE 6 h )5, A
AMnys LD &8 B % EJF, M € \DE Zi0iH
BEFE TP < 0.05); 1w, A BHEERT
D.E4(P< 0.05),

20.0r
= 18.0F A*
3 16.0+ § »
£ 140t | 3 FE I Al
£ 120 b before stress
= 2100} N
Eo q | Ok R IR
I% 8.0 ] after stress
H
=

%4 FEE VE

2 REMEMNZYGARE
GeamEHERESENHN
Fig.2 The effects of low salinity on the serum

glucose concentration of juvenile E. moara

2.5
A

g 2.0

2 BC* i vy e
g Sk EEMME AT
£ 1.5F before stress
& ‘
= 1.0 eh B e 5
%’ after stress
g 05

0O A B C D E
4 EE VE

3 REPENZYLARE
HEamEINBSENTIN
Fig.3 The effects of low salinity on the serum

lactic acid concentration of juvenile E. moara

2.4 MiFBRLYELES(SOD)FES

= ECA B Y i s SOD i ) 7E 56 d AN ]
JKAF- VE R DL K 6 h AR ER B8 5 19 28 16 1% 2l an
Bl 4 s . b a AT C 4% SOD i Ji e =
F7(105.29 £9.07) U/mL, i85 A 41 & & 5 A%
H7(11.23 £2.30) U/mL, 7ER[R VE 7K 4l K
T 56 d J5 , A 4 If g SOD i Jy i B 8 % T F%,
C.DMEHMHEFEME(P<0.05),C.DFME
SHERAKR, ZFHBFERT BA,B AR ERT
A (P < 0.05), #hJEWria X B 5 W38 A i
SOD if 1 ZF AR % (P> 0.05) {k#h i 6 h
J5,C.D Fl E 4% Sy A TR B A B 3E (P
> 0.05),0 A.B 4 H 3 W5 (P < 0.05),
% VE 436 77 22 R AR 005 8 5 el
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g 140.0

2 1200p A e e SEREEMRGRT
@ 100.0 "] A before stress
&g %0 = R

2 60.0 control

g w0 eh I
% 20'8 after stress

g

E4 REBENZLAHESE
1 75 7B 4 4 2 4L Bl iE T B9 S I
AR R B 2R T 30 S A [R) 8 0 AT 201 ) A7 7 235 22 =
(P <0.05)  RIFE/NE B FOR8 [[ — 8 K71 W0 55 77
TER#H 2R (P<0.05), T
Fig.4 The effects of low salinity on the serum
SOD activity of juvenile E. moara
Different uppercase letters indicate significant difference from
each other at the same time ( P < 0.05). Different lowercase
letters indicate significant difference from each other in the same

VE group (P < 0.05) ,the same as the following

2.5 MmMFETEUSE(CAT)EN
AT VE JKF B RDR R 3% 2 S04 B 4)) 1 56
d, DLk ARER 8 6 h )5, IiL{E CAT i S22 {18 i

—~  5.0¢

2 45¢ -

5 40t = £ R e i

< 35t before stress
3.0

R AL

O 50t control

Ej 1.5¢ ‘

“@ 1.0t B EhEElMa S

:’E 0.5k after stress

#EEFE VE

BSs REpEXNZGAHESE
miELEHSBEENH I
Fig.5 The effects of low salinity on the serum

CAT activity of juvenile E. moara

I35 CAT g = {6 FRAE AT O 41: (4.09 =
0.17) U/mL, fx R € #h B W38 J5 A 41
(0.35+0.10) U/mL. AJd] VE /¥ 47 #2 56 d
Jei i CAT i J3 804 B T B, VE B 52 22 1Y
C.D.E # CAT {fi J1 N8, 1l VE K-PHARHY
ABHATHEEE, CDHATHEARE(P>
0.05) ,F%5HHj O 41 .E B A 414K Y i, HAHH.
ZIAFERF R (P < 0.05) Bk A H5h 3h)%

Jir 38 XF BR 55 3B R I CAT 35 ) 2 % A8 % (P
> 0.05), filk#h)ihia 6 h J5, 4 VE A1l CAT
WHEH B T 8% TR, Hp C.D.EBE ST
AB#H(P<0.05),
2.6 MFEAMRBKTIEALYE(GSH-Px)FESN
AR VE JK-F- iRk 5% 56 d DL R AR ER 38 6
h J5, = 80A B4 i g GSH - Px {5 J) 28 L 1%
BLUNE 6 i . SEEH, iM% GSH - Px 1% J) i i
R B RT E 41:(972.58 £55.35) U, R K{E N
WA )5 A 4. (47.90 £10.64) U, PIAJE VE 7k
SV W 7 20 7 BE A 4 0 56 d )5, VE JK 48
C.D.E A 1fi & GSH - Px {if JJ A fir g5, Hrp E
2SR (P < 0.05); VE KF8KH AB 4
MiE GSH - Px & Jy WA W35 0055, H A s
FREEL B A W3 (P < 0.05), £ 438 xf #f
S WA GSH - Px i Jy [ WA 3% 22 7 (P
> 0.05), fik#H/Mia 6 h j5, 175 GSH - Px i§ Jj
YA TR, P ABE A FRERE(P<
0.05),0ltif CCD.E4l R E® T BLAZ(P<
0.05),

after stress

~ 1200.0

& ’ N

K 1000.0f av SR A T

E}i « 800.0k before stress
& .

%5 600.0¢ ol
&) control

E 400.0}

fﬁ 200.0f RN EY =

£

44 FEE VE

E6 REMBENZYAHRELHENE
FRHEKIELWEE NN IE
Fig.6 The effects of low salinity on the serum

GSH - Px activity of juvenile E. moara

2.7 MiFZRMEAKEN(T-A0C)

2234 56 d A[EKF- VE W LL K 6 h ARER
[Bpi8 G, = SCa B g i vE T - AOC 978 b1
MUK T, RIELEME T - AOC I = {H ke
i E 4:(3.76 £0.23) U/mL, S AR AE Jy #5 JZ i
IS A 4:(0.30 £0.10) U/mL, AJa] VE /K
fmE 56 d J5,B.C.D.E 4 T - AOC # i B
TR E R A N B (P < 0.05), &
21 Jp 38 % B 5 0 3E T LTS T - AOC ¥y JC I 3 2%
(P> 0.05), K Pia 6 h J5, £ 41 1M i
T-AOCHRH I T ¥ Tk, C.D.E4HEEST
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39 &

EE

B.A4(P< 0.05),

=)

E e
5 ok L DB i
g before stress
Ry
2 = SR
E e control
5
pad] @ Eh e 5
i‘iéﬂ after stress

(6] A B C D E
YE4EFRE VE
B7 REBEXNZGAEHESE
miFEBmENENHE N
Fig.7 The effects of low salinity on the serum

T — AOC of juvenile E. moara

2.8 mMiER_E(MDA)EE

ARl VE K P ] B IR F% = 804 BT £ 4l
56 d,JFAEARER B2 R Wil 6 h, fl i MDA & i A8
FEIEBL AN 8 TR o SE5 I i MDA % & e IR {E
BT D 4 : (33.48 +2.34) nmol/mL, & = 1{H
MBS A 4H:(101.79 £7.79) nmol/mL. [fl
MDA & & 7E A [F] VE 7K ¥ kiRl g 56 d J5, VE
KR A BAHBH T BE ETH(P<0.05);
VE K8y C.E A2 (P > 0.05),
MDA ZEFRE(P < 0.05), &%4HPiaxHY
Jri8 H L7 MDA & Z R M AR EF (P >
0.05), fk#hMria 6 h J5,A B.C # D 4 I i§
MDA & B E M (P < 0.05) 1 E 43 A
BEP>0.05), gL A BAHWINKREL, 5%
HFRFEER(P<0.05),

. 1200p

O

§ 100.0 Bbﬁgggﬂd}iaﬁﬁ
S efore stress
E< 80.0

@ 8 60.0f aEb i

T p= 40.0 control

® ‘

o 200 ek SN 5
= 0 after stress

8 REMENZLARE
HENEFR_BasSHEmn
Fig.8 The effects of low salinity on the

serum MDA of juvenile E. moara

2.9 # Na'/K' -ATP & (NKA)EH
2k AN[F) VE KPR 5 56 d, DL Rk $h
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JHrE 6 h, = LA BE £ 4y £ B NKA 3% 5728 4 4 [
9 flR . A SEE O NKA J5 ) fie s {6 9 W8 § E
24 .(15.27 +1.96) U/mg prot, f K {E ~ W8 5
A #H:(5.36 £0.99) U/mg prot, A[G]ZKF VE 4
BHAE SR 56 d IG5, = 8UA BE A 4)) 61 NKA 3§ J) fifi
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Effect of dietary vitamin E on physiological and antioxidant functions in
juvenile Epinephelus moara under low salinity stress

ZHANG Chenjie] , ZHANG Yanliangl’2 , PENG Shiming1 , SHI Zhaohongl‘“ , GAO Quanxin'

(1. Key Laboratory of East China Sea & Oceanic Fishery Resources Exploitation and Utilization ,
Ministry of Agriculture ,East China Sea Fisheries Research Institute ,Chinese Academy of Fishery
Sciences ,Shanghai 200090, China ;

2. College of Fisheries and Life ,Shanghai Ocean University ,Shanghai 201306, China)

Abstract; Vitamin E (VE) plays a key role in reproduction , metabolism , antioxidant function and immunity
of fish. For the research of effects of dietary VE on tolerance of Epinephelus moara for low salinity stress,
five levels of VE supplementation were designed as 0,20,40,80 and 160 mg/kg (A,B,C,D,E in turn) in
this experiment. Juvenile E. moara were fed for 56 days, and the real supplementation of VE was tested.
Then,low salinity (12) stress experiment lasted for 6 h,different indexes of experimental fish were tested,
serum biochemical indexes: cortisol ( COR ), glucose ( GLU ), lactic acid (LD ); serum antioxidant:.
superoxide dismutase ( SOD ), catalase ( CAT ), glutathione peroxidase ( GSH - Px ) activities, total
antioxidant capacity (T - AOC) and malondialdehyde ( MDA ); as well as gill Na®/K* - ATPase
(NKA), Ca’* — ATPase activities. The results showed that serum COR concentration was increased by
supplementing VE in diet. And after low salinity stress,serum COR concentration in every groups increased.
There was no huge difference among serum GLU concentration in different groups. And after low salinity
stress , serum GLU concentration in groups A,B,C increased significantly. Serum LD concentration in groups
C,D,E increased in feeding experiment, then it increased in groups A,B and decreased in groups C,D,E
after low salinity stress. Maximum of serum COR concentration was after stress A (32.74 +£1.53) ng/mL,
minimum was before stress E(19. 06 £3.88) ng/mL; maximum of GLU concentration was after stress A
(16.46 = 0.99) mmol/L, minimum was before culture O (7.90 £ 0.34) mmol/L; maximum of LD
concentration was before stress C(1.94 0. 15) mmol/L , minimum was after stress E(1.30 £0. 06) mmol/
L. The results of serum COR,GLU, and LD suggested that supplementation of VE would enhance anti —
stress ability of E. moara,and the best range of supplementation of VE was 47. 524 — 134. 566 mg/kg (B -
D). Maximum of SOD activity was before stress C (105.29 £9.07) U/mL, minimum was after stress A
(11.23 £2.30) U/mL; maximum of CAT was before culture O (4.09 0. 17) U/mL, minimum was after
stress A (0.35 £0.10) U/mL; maximum of GSH - Px was before stress E (972. 58 £55.35) U, minimum
was after stress A (47.90 £ 10. 64 ) U; minimum of MDA was before stress D (33.48 £2.34) nmol/mL,
maximum was after stress A (101.79 +7.79) nmol/mL. The supplementation of VE were close relative to
serum SOD,CAT, and GSH - Px activities, T — AOC, MDA concentration, of which range was 91. 378 —
178.924 mg/kg (C —E) that could strengthen antioxidant function of E. moara. VE can enhance the NKA
activity. When the supplementation of VE was 91. 378 mg/kg (C),low salinity stress had little effect on
NKA activity. The range of supplementary VE which was 91. 378 —178. 924 mg/kg (C - E) , appeared to
result in the activation of the Ca’* — ATPase activity. This study suggested that diets supplemented with VE
can enhance vitality and anti — stress ability of body. In summary, analysis of biochemical, antioxidant and
ion — regulatory indicators estimated that the best range of supplementation of VE was 91. 378 — 134. 566
mg/kg (C-D).
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