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AWFE AR M-EE R ERE (0~ 7.5~ 15~ 30 ~ 60 ~ 120 I 240 mg/kg) HYAEA SR E
(all-rac-a-tocopherol) filf} » BRERSEIGREE 8.5+ 0.5 g FNBENEGHE (Epinephelus lanceolatus) HEFE 12
T DG HEHEAER B 2 TR - DURHMEA: 38 E B HUEE HIMERAFTIRR ~ PR (respiratory burst)
SREMERTANERIG Ao 522 - RS REEUR » BRI IRIIAEA 32 E B3 (p < 0.05) 28RBS G2k
o~ IEERANARE L ZE{E (TBARS) « BEURIHEA SR E RRBERR 15 mg/kg DW fifHEZ
AR FR T S B I I BRI 1 B g A 1 R B i R RS IR » (B 5 I BR A PR i 1 R i 228 -
I RAG SR LA Broken-line #2053 4718 » AITSHIBENE GBEAIUHEE R E T3k &K 46 mg/kg DW (95%

(ERBEERT By 32.1 ~ 59.9 mg/kg DW) «

Y« EROH  HEREREK  RRRE

B 3

MeAER E LB AT E SRR (Halver,
2002) - fREVHEL SR E BTSSR SRRy 15 ~ 300
mg/kg DW (dry weight) (Watanabe et al., 1977;
Wilson et al., 1984; Hamre and Lie, 1995; Kocabas
and Gatlin, 1999; Sau et al., 2004; Lin and Shiau,
2005) » HHF K EFEE AR e B AR 8
SRR N (Schwarz et al., 1988; Shiau
and Shiau, 2001) & LI 3% K AKIHAEEDRHER kR
FIRaBREREE (Oreochromis aureus) » HfE4 2% E 55
SKEFy 15 mg/kg DW - B R KIS £ 6% » H
HEA 3R E FoKRFEZ RS2 25 mg/kg DW (Roem ef
al., 1990)- [FIEERY - Bapf R R A I &AL 15% 36K
DI 7.5% 0 M (Salmo gairdneri) WIHEAZE E 5
SKEEE 100 mg/kg DW (Watanabe et al., 1970)
%2 24 mg/kg DW (Hung ef al., 1981) - ft4AFH E K
HEMIMNEETIEL RS B FE (Buettner,
1993; Kamal-Eldin and Appelqvist, 1996; Wang and
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Quinn, 1999) » H G5/ Ryt B A8l H
Bl A o i kR SN BRI E < 1
=% (Gorman et al., 1984; Wang and Quinn, 1999);
SHAM AT DR Ho &5+ (phenolic hydrogen
atom) RREFFERYERRIIRRRREE: DA AR EN
WAL JE (Burton and Ingold, 1989) »

MeAEFR E BRETSELDIRESL » th AT I 28]
Yy seEtiRe (Bendich, 1990) - E#EAESR E i
K> SHIHIFAEI R DIRE (Blazer and Wolke,
1984; Hardie et al., 1990) » JI{EERIFHHFHEESE
E m{ig ST it S e ie R A A 1 S RE (Velhae er
al., 1991) ~ WY & GE J7 (Furones et al.,
1992) ~ f2 =78 H IMERAAEREE S (Clerton et al.,
2001) DUReARAERCHERE (Piaractus mesopotamicus)
BV BB EERETT (Belo et al., 2005) = Wu et
al. (2004) EHLERAIHEE R E Al EET T A
BE (Epinephelus coioides) HEfPEIMBR . FRETE
HRIRGESER (proliferation) » 55 - #4538 E &2
B PUTERE (Salmo salar) 75 WE A M 2 WP 0k 15
(respiratory burst) 5% (Hardie et al.,1990) ; SR
WIGE (Ictalurus punctatus) (Wise et al., 1993) ~ E5#E
i (Sparus aurata) (Ortuno et al., 2000) ~ T fid
(Clerton et al, 2001) FIBLAFGEEA (Wu et al,
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2004) SFEFAFARYEEE F IMBR 2 Wk A S MR IR 52
MR E 28 - —iRi S - (EHERE R ERTRR
MR E IRE SRR IER AMIIREcFK > =
BRAERE A AR B S SR RAR S - LI
BRIR B R AR DU M A FL IR A S5 EAR (Bai and
Lee, 1998) -

A D Ry BRI R 24 3 [ B A M
¥ R HAEYhERESZANEE A
FITEHAEE - RItLETR R R F A EAAE AR E - DL
NS EW % L - Lin and Shiau (2005) FF5E%
B EERPIEE SRR 4% K 9% B B5hE
FYE (E. malabaricus) MM E 2T
KEHI Ry 61 ~ 68 K 104 ~ 115 mg/kg  [Fl Ry
TR A (B lanceolatus) FyREHI
A HEHATEE AN A R R ry fatE
REEEA R E 275 K B e AHRE MR EH
W o [KIBG > ABHFIE LIAER 0 e 3 BT 7S A S
A4 R E RYETRIBRERENE G pnAEfa T 08 - £8
AT HAEA R E B BHEK -

RS T3 ik

— ~ SR

ARHRSEE iz B B JFORHRH R B — s ik
535387 (AOAC, 2003) 4[] Table 1 7 o Bfsh DARS
BB — Pk HEH S8R 47.1 g/100g
TS 2 B A S A~ ER BRI AR AR i
(2:1:1; wt/wt/wt) SERINHING - MIEE & &Ry 123
g/100g - gAY HEA 32 E (all-rac-a-tocopherol)
A& E By Rovimix E-50 SD (flijE : 50%, Hoffmann La
Roche and Co. Ltd) » FIIESHIE 0 (By) ~ 7.5
(E75) ~ 15 (Eis) ~ 30 (Es) ~ 60 (Ego) ~ 120 (E10) ~ 240
mg/kg (Exs) ZELHH o BPRHERUERE - #E4E3R E A
TER G YR &2 % - BERIIA 78 50 il LAY I
K B B RHEORHIE 2% 0 IAZKIE 7 REFERL
FEREIR - B DU/ NI PRSI B 6 > 5 mm YR
AREARE - ARE 2L MRS - DIE 2/ Mg 720
fBfFR 20°C -

BB R RENE  BEHE LR H SRR R

FES o B Rl K EE R B A i /K BEER BT SR
L& - SelREEAEAKE > DI EHEAES E
AyEABRETRHEIEE - BIEErUER - SN R
HERUASIT A B fR 315 B RSB R (CPaHE
HRy 8.5 £ 0.5 g) o FEMEMAGRBRMPHEI THT A 3

Table 1 Ingredient and proximate compositions of the
basal diet

Quantity
Ingredient composition (g/kg)

Casein, solvent-extracted 500.0
Corn starch 43.5
o-starch 43.5
Lipid mixture' 100.0
Vitamin mixture? 40.0
Mineral mixture? 80.0
Carboxymethyl-cellulose 30.0
Attractant* 60.0
a-cellulose 103.0

Proximate composition (g/100g dry diet)®

Crude protein 47.1£0.4

Crude lipid 12.3£0.2

Moisture 7.2+05

Ash 12.1+£0.4
'Contained cod liver oil, linseed oil and safflower oil
(2:1:1; wt/wt/wt)

*Vitamin mixture supplied the following (mg/kg dry diet):
thiamin HCI, 60; riboflavin, 200; pyridoxine HCI, 40;
nicotinic acid, 800; Ca-pantothenate, 28; inositol, 4000;
biotin, 6; folic acid, 15; p-aminobenzoic acid, 400;
choline  chloride, 8000; cyanocobalamin, 0.09;
L-ascorbic acid, 2000; menedione, 40; B-carotene, 12;
vitamin A acetate, 0.045

*Mineral mixture supplied the following (g/kg dry diet):
KCl, 5.18; MgSO,.2H,0, 6.85; NaH,PO,.2H,0, 30.805;
Ca-lactate, 19.74; Ferric citrate, 1.845; AIlCl;.6H,0,
0.009; ZnSO,.7H,0, 0.178; CuCl, 0.0055; MnSO,.4H,0,
0.04; KI, 0.0085; CoCl,.6H,0, 0.0525

*‘Attractant supplied the following (mg/kg dry diet):
L-aspartic acid, 18.6; L-threonine, 43.8; L-serine, 33.0;
L-glutamic acid, 53.4; L-valine, 36.6; L-methionine, 36.6;
L-isoleucine, 29.4; L-leucine, 55.2; L-tyrosine, 22.2;
L-phenylalanine, 29.4; L-lysine HCI, 29.4; L-histidine
HCI, 14.4; taurine, 340.2 ; L-proline, 1481.4; glycine,
901.8; L-alanine, 276.0; L-arginine, 230.4; betaine HCl,
920.4; trimethylamine HCI, 91.8; trimethylamine n-oxide
HCI, 1150.2; hypoxanthine, 48.0; inosine, 25.8;
adenosine-5-monophosphate, 40.2; L-(+)-lactic acid,
91.8 (Mackie and Mitchell, 1985)

>n=21, mean + S.E.M.
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At CE R R - R R =
i F—HEHRE 15 B BRI 290 L
HI R B IBEARR = S BRI CR R - HUk SR
Fy 600 ml/min FraH&EMITE B RO IR
B> DA ARG A 250 88 - BB ik
TE BRI RF MR HE K I R/ K TR R 7K B 7Kk it
HRASEFELER BT o A5 12 SEREE IR - AR
FEARMMEAN Rttt » 7K IR Ry 25 ~ 31°C -
Hi[E )y 30 ~33 psu °

R EELE 08:00 ~ 09:00 AR —K » £
ERATCIE PR BEIAIEE T - IR EfR
FEREF R EZ 5%  FERFHRAT — B R X
JEFRRE LR - (HDIBE R Rl Al -

=~ MUFEHCERATEE B IR fig S

FraalBEfall 04 gL BREFK LN
(benzocaine, Sigma Chem. Co.) il FFEUE °

MG L8 - (e FEEERI A B B A HESH IR
FEARHNIMIR - FRR AR S R ECEAE 4 C
TEFE T /NRR > BiEL (2800 x g) 15 434 0 HY
H R EDRIE) - Frf S ERr MR i iE
% DL45 Coki 30 Srg NG LI rhf ey
MR - BEFER 70 C R MR -

UEE MBI IR Z 8L S77E (Wu et al,
2003) » H R EIMERSEES2% Solem ef al. (1995)
[ Percoll 5 BEBRIETE » IER 37% F1 51% R
BEREST I H BRI - SRR RS
AR HT > R HN 25 pL H IMERERIFRAE S0 L 0.4%
PEaRE TP E 3 40978 0 DL Neubauer [MERE AR
A o ARSI BRI 95% -

VY ~ BRI PRI IR R 1 50 A

I IMERA AR IR T M A 27 CEREE T
HETTAIT - S AR BRI S 2 < 1074
i -

HEEIE /3T 2% Gebran et al. (1992) F1
Solem et al. (1995) Wy HTiE » FotR G BEHH B 2
R LAY RO G R B B R LAY P00
B> L 100 pL f 2 x 107 FILERARHEEY ODgy
e

IR s PR AR B RS G B 43 A ik (Pick and
Mizel, 1981; Lemaire-Gony ef al., 1995; Wu et al.,

2003) 73 HIHITE 1 LER BRI AR TG PE AT HOR]
IR R P LR R 1 o R BRI IR R i P AT
ORISR PRI 22 SRS - DL S0 L rhdsg 2 x
107 HIMERATIIRY ODgyo 7R ©

H~ IRk AT

HIMBRAAEE A= 2L MTT Ehks3 47 (Plumb
et al., 1989; Daly et al., 1995; Wu et al., 2003) » DUf|
gt (stimulation index, SI) IR °

7N~ W L ZE{E (thiobarbituric acid
reaction substance, TBARS)

H B B NS - WERFER -80 C
HE|43#7 - TBARS {HLL Uchiyama and Mihara
(1978) 1£53HT -

L~ #EH T

FrE R ~ 15178 ~ TBARS {ENIGREE TS
8 Ll mean + SEM I - BESEIEIILL SAS/PC
AL (SAS Institute, Car, NC) HYEEIEE 57
Br (one-way ANOVA) e ilBetH M2 & #E
725 LR RETR (Tukey’s test) ARUE R LR
SRR R S R B KHEFUESE p <
0.05 - [ Broken-line 3HE#F453477% (Robbins et al.,
2006) srHTHENE DR L BRPRHE A 3R B FRokE -

R

— A

e} PR EAH R R R ~ TETERIILA
HlEBE LS AR 225 (Table 2) o SRR
MEESR E fRHH (B nUikBafa s iERIEFHR
R el Bt i #H (I EREy 128.0 +
15.7%, {EFHERy 66.7 £ 6.7%) » HEREEE
(P < 0.05) ERAFEIUE—IRINMEAESR E BRHH
F o IS HEA 3R E 60 mg/kg DW (Eqo) #fH L aA8E
B 0 BR Eio FI Exs FUGRESFHE SN > HEL
REFSNRHEMABHEE - DEEGRK
Broken-line /T HTRENE AT FAEA R E FokE
k46 mg/kg DW (95%{EHEEM By 32.1 ~ 59.9
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Table 2 Weight gain, survival rate and muscle thiobarbituric acid-reactive sunstance (TBARS) of the juvenile

groupers fed diets with different vitamin E levels for 12 weeks'?

Diet’ ngght gain Survival rate TBARS .
(% initial weight) (%) (nmol malonaldehyde / g tissue)
E, 128.0 + 15.7¢ 66.7 + 6.7° 38.3 + 4.5°
E, s 163.0 + 7.9¢ 80.0 + 6.7 31.7 + 4.0
Eis 204.0 + 15.5¢ 91.1 + 10.2% 29.3 + 2.5°
Eso 233.7 + 12.1% 933 + 6.7® 20.7 + 3.1°¢
Eeo 268.0 + 7.0° 97.8 + 3.8° 18.7 + 1.5¢
Eiso 251.3 + 10.6® 956 + 7.7° 15.7 + 1.59
Eyo 248.7 + 12.7% 933 + 6.7° 14.0 + 1.7¢

'Values, means + SEM within the same column with the same superscript letter are not significantly different (p > 0.05)
’Initial weight is 8.5 + 0.5 g; n = 3 replicates of 15 fish each, initially
’E, represents the vitamin E (E), and x indicate concentrations of vitamin E (0, 7.5, 15, 30, 60, 120 and 240 mg/kg DW)

mg/kg DW) - #HEUEHEAESR E 60 mg/kg DW (Eq)
B TGRS (97.8 + 3.8%) » IE{7REH
FiElt Bo Ml Ers fiatBatie - BB H AR
RN AT 2L - SRR IAEE SR E Rk
(Eo) HUaiEEf LA TBARS fHixE (383 + 4.5
nmol MDA/g) » ELEEAVIRIIHEA: & E 7.5 mg/kg DW
Bkt (Ers) #HEABRFUULY TBARS [l fERH=%
725 (p>0.05) - {HEAZE SR HANSRIURIHE R 32
E g Rt#H%E - ELA TBARS {EBEEIRIEA 34 E IR
JEE & BT IR - AR g AR - P iR
AP RO R BUTAr SOR G r R BIHE LR E
TRZFEIR °

T BRHEAE SR E S BRI
IRk 5

FBENE £ D FUBE B IR o AR IR T 1 B 2
FHfEAE R E =22 HI—EERRI A EE
A BRI RS (Table 3) o SEHCRARIIAE
4% E 1 B fRhalEam o H MRS M
(0.987 £ 0.116) Ry il Hh i 224 (HE [
BRAIGETE MBI By s GRh A BaAH 0 e
(p > 0.05) 7252 o FEIWRIIHEAE SR Esyo mg/kg DW
Bkt Easo AHAVHIMBERIVEIGIE M i - HAR
TEIEER Eso ~ Ego Al Eino 58 =3 BH B £ 35 1 A
HEET 7= o KB B BRI T T R
Giftat725E DL Eo MR U AR (0.310 +0.020) »
M1 LA Epqo 7 Fyfersn (0.379 +0.046) -

Table 3
ODy0nm) and respiratory burst activity (ODgynm) Of

Phagocytic activity (Optical density,

head-kidney leucocytes isolated from the juvenile
grouper fed for 12 weeks on diets differing in vitamin

E level’
Diet?  Phagocytic activity Resp:arcattic\)/rizlyburst
Eo 0.987 + 0.116¢ 0.310 = 0.020
E,. 1.075 + 0.061< 0.324 + 0.017
Es 1.196 + 0.041" 0.350 = 0.070
E;o 1.362 + 0.042% 0.362 = 0.021
Eeo 1.411 £ 0.030° 0.377 £ 0.036
Eis 1.436 + 0.065° 0.355+0.014
E,j o 1.447 + 0.065° 0.379 = 0.046

'Walues are the means + SEM (n = 9) within the same
column with the same superscript letter are not
significantly different (p > 0.05)

’E, represents the vitamin E (E), and x indicate
concentrations of vitamin E (0, 7.5, 15, 30, 60, 120 and
240 mg/kg DW)

=~ FRHHEE R E SR e ek A E A

=%
a7

REME 1 D R B 1 LR 2 ' FH B 2 B

AR E S > HFEERHEESR B 20

RGN (Table 4) - FEECRARIIAELSR E By
E, @Rt APt > HAIMEREE ConA ~ PHA-P B¢
LPS IR 7 AR B BRI A B i A 3l
15 (4351 0.260 +£0.015~0.207 + 0.032 F10.313
+ 0.014) » HELFRAL B, s B SBaAH B AR 12
Fo BREA Engo BPRHEIEUER 2 H IILERHE ConA~PHA-P
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Table 4 Stimulation index depicting the proliferation stimulation with Con A (25 pg/ml), PHA-P (10 pg/ml) or LPS
(200 pg/ml) of head-kidney leucocytes isolated from the juvenile grouper fed for 12 weeks on diets differing in

vitamin E level

Stimulation index®

Diet?
Con A PHA-P LPS

E 0.260 = 0.015¢ 0.207 + 0.032¢ 0.313 £ 0.014'

E,s 0.291 = 0.010% 0.231 +0.010¢ 0.340 £ 0.011¢
E s 0.317 = 0.010« 0.249 + 0.009% 0.366 = 0.014%
E,, 0.332 +0.013% 0.286 + 0.008 0.384 + 0.013«
Eeo 0.360 + 0.004® 0.312 £ 0.017" 0.416 + 0.009¢

Eiso 0.369 + 0.013? 0.356 £ 0.016% 0.460 % 0.005°

Es0 0.387 £ 0.013? 0.372 +0.010° 0.497 + 0.016

'Values, means = SEM (n = 9), within the same column with the same superscript letter are not significantly different (p >

0.05)

’E, represents the vitamin E (E), and x indicates concentrations of vitamin E (0, 7.5, 15, 30, 60, 120 and 240 mg/kg DW)
*Stimulation index = (mean ODggo,m Of leucocyte wells with test mitogen / mean ODgy,m Of leucocyte wells without

mitogen) — 1

5% LPS RUSRATZE A FIMERG AL (53515 0.387 +
0.013~0.372 +0.010 FI 0.497 +0.016) s Ff5 3k
R > Hrh DL LPS G538 (M ER B AT AE AL 1Y

B A B R A LA EAESAH LA ConA I3 1 IMBRAY
H4AE B Ego A1 E o0 MRAAEERH (43515 0.360 + 0.004
F10.369 + 0.013) FEIfEHEETA25E (LR it oAt
FBEHE 5 DL PHA-P B IMEBRATEG A B E 1y 3
Bafa (0.356 = 0.016) [HIfEMEET2252 - (HERE =R
HoAth 3B -

BURHAIMEE SR B B2 EREIE B F IRk
REIEFHE - iR B RS R
R~ BSEEER ~ &I~ (R~ RLIMERA R R
A/ IAZEHFRIBK 2 THESFAEIR (Halver,
2002) - ARWFFEEBBIIRIIAELESR E 60 ~ 20 5%
240 mg/kg FEPRLZ BRI SRR f s 173K ]
MR 2252 - HHERIS B B BRI
{KAEESR E BRL (Brs S Ers MiaBERH) SAGRIN
#EZESR E BRE (Bofl) > BURE EPRI e
F E 30 ~ 240 mg/kg Rl tERENE B R e i
frg - RSBBLIEIEE Ty 12.3 ghkg DW HYGTRIAR
B 12 5Bt - DU ERGHEHEA R E FEK
B BURRENE A PR EIHE A 38 E TR & 46 mg/kg
DW » i fEEPEHAG B Ry 9 g/100g DW i > 35HiE

GHEHEA 3R E 55K 104 ~ 115 mg/kg DW (Lin
and Shiau, 2005)- SUREENE OB ACAHEA SR E TR
SKRARAIER AP - TBARS Bl EEE ®EAIL
R FERIFEARAS R (AU 4EARZ — (Rosmini et al,
1996) » HARFAIEE @A — LR EY) K
B 2 malonaldehyde, MDA) € Ei TBA
(Thiobarituric acid) &M 4= L2 2 B AQHIE NG
B AR - RN BB A AN
TBARS {HFEZEIRHEA 3R E IREERG IS MR -
ERIERT VA B 4HE (Lin and Shiau, 2005), g
ERHHEA 3R B IREERIN - TR KRR G
HANRIIBERAEEIREERELEGE - S
EIARIBRECRAR T ~ m2e CRANAIEE B AL
Gh WA BEBUT A 32 E fRZ 8B ZHI5EIR -
EET A BRI 1258 - BEME A PEHER N
RFTAHEA 3R E BRZERTEL -
AERERHEAR AT AR E AOIRIE - (H
FFEIMIE A4 32 E R B A S i H AR
(Ortuno et al., 2000) - #E4: 3 E 228 AN
HRIEFE (Blazer, 1992; Waagboe, 1994) - ZRif3E
RHIERRRIHEE SR E Al{eERElE o o A EE o
IMERAFRGEIEME - bh— 5 R BB 4 B fE AL
(Wu et al., 2004) - Wu et al. (2004) ZEIHEEGRIT
#EAEZRE 500 mg/kg B BT o B fZ SHE 111
BREFIRRIE MR S R N T 50 mg/kg DW A4
3 E Gkl - AT R B AR AR Eso R BB A
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SHE FIMERFFRRIE EEL Ego ~ Eioo A1 Easo 55 =35058
FHA ST 22 52 (HEEE S RN IR A
43R E RISIAHEESR E 7.5 mg/kg # - HHAFRGG
PEREEAEA SR E INIOEBIN - MESRAIHIE . 8
FHRIIAEA 3R E S8Ry 240 mg/kg - (HEGETAA
FHEA R E ZIRINERIIZE 500 mg/ke 1K - BENE
AP AR EEE HIMERE 2GS M A B R A P
—RRREE RN o AR EURETRIRNIIAEA 3R 30
mg/kg it AT (¢ T HE I o B AY B 1 I BR A R TS
M ARfEEERHRHEAE R E IINEDCPFE IR EE
e DT FE SR IMBR A IS S E R IR RE

AW B AR IR E EEEER AT
SEEF T MUBR & MR A 1 R AR 22 52 BEURTE
MEE DR EEE I MBR . PP RS A2 MR R E
SR o [AIRRAURT R L RITER (Wise et al, 1993) -
BESIEME (Ortuno ef al., 2000) ~ 4T f#4 (Clerton et al.,
2001) FIESHFABER (Wu et al., 2004) » {H Mulero
et al. (1998) FIIZEER K5 AAGH AR AR MR G i 1R,
JAHEASR E I C [RIRFIAAEIR « fEAFWRE AR
HIMER G IRy /2 (pesudopodia) i $T I £ #E
A JERPTRERIA G (phagosome) » ZRIREIAHE R
B VS g8 (lysosome) il & Mz JE BX A3 I 5 i
(phagolysosome) » ¥ fiG HRH R SE ISR ~ St T
(B k) DUk — LK gl - m] AR AR IR v
WP - ARG RN AEA R B nl{eERENE
APt FEAYSHE B M BRI AIRGS 1 - (EEREE N
IMERAIIFIARE 1 - BERHEAE R E BB RIE e
AEHIIANEEE - (H B e I A IR T
AIREERAEAE SR E MIHAMS TS LB AR ELEIE
B (Ortuno et al.,, 2000) B #EEF E RUHTAILHE
il B A PR A e o IR AR 1 T PR

MeA 3R E B s BRI D A UE R i BRkhy
4 o Con-A 1 PHA-P [ 2225 n] 355 T kAt
g4 > LPA HIFREE B KRN 4 - HEAR E
1R8N FH (Meydani ef al., 1990) FIZE, (Bendich
et al., 1986) Z WKEEHIIEAYREETIRE - Hrl{eEE
Bk T R s AT (Moriguchi et al.,
1993) o AGAEE R TR IIAEA 3 E 30 mg/kg DL
28R (Eso ~ Eeo ~ Eioo F1 Enso) > BENEGDEAYSH
B HIMERFE Con-A ~ PHA-P 1 LPS S5 G028 3755
BEA A FHE SN RN R INAE AR E &
(Eo) » RIL AR AEAE 32 E Al dEREIE A BT
Z B AT MRESAftRg 4 » PeAS R A BT A

. (Wu et al,, 2004) - fFGEEHEASR E - AlfEik
T s 2 B4z (Ndoye et al., 1989) » {H#K 22 3&
RIAERE R AR R E Iy LR IS HiRs AR
ZHEAE SR E 5228 (Furone et al., 1992) - KIf5e 253
BEME A B F T IMEBRER LPS SBLAR AR 2 [ IMER
W4 > BEETRHEER E RN immsgin -
FERHEUR > HAE 12 HEERARINELESE E 240
mg/kg  FIEERENE CEE AT IR E - BRGHE
BT AR A MER A HEAE R E IRINE R 500
mg/kg (Wu et al., 2004) » [ AT ST 45 R 2 ER TR
IIAfEA: 3% E 240 meg/kg ZBiL (Exq) @ BEMEADEARY
BEE A IMERAE Con-A ~ PHA-P F[l LPS Gy F 3%
B A A R T A B P iRm0 HHRA
g R E A R R Ao AR E
TR ER 46 mg/kg (95%(EFEERATE 32.1 ~ 59.9
mg/kg) > MURERHEA SR E ININRSNEEFRK
Freiee - e HERENE BT fr s BB (M BR Y 2R 1
}EH o

TR AIIERER - R E R -
ed: 3% E RiEle apt N a i BERIRE
& hy 12% IR - HETRHEA 3 E F5kERy 46 mg/kg
(95% {SHAEM Ry 32.1 ~ 59.9 mg/kg) - HAEERE
AT AERE N A B A B R 1 I BRAY TS 1 B b
AN EMRER R T BRI I -

=i

A FER 5K EERA B T K BRI 72 0
BREERF/IMH ~ 5k TR R R PR B
o R —OFEGH -

25 3k
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Dietary Vitamin E Requirement of Giant Grouper,
Epinephelus lanceolatus, and Its Effects on Immune Responses

Feng-Cheng Wu' and Shinn-Lih Yeh

Mariculture Research Center, Fisheries Research Institute

ABSTRACT

Juvenile giant grouper (Epinephelus lanceolatus) were fed experimental diets with one of seven levels of
vitamin E (all-rac-a-tocopherol) (0, 7.5, 15, 30, 60, 120 and 240 mg/kg diet) for 12 weeks to investigate the
dietary requirement and their effects on phagocytic, respiratory burst and leukocyte proliferative activities.
Significant differences (p < 0.05) in growth, survival rate and muscle TBARS (thiobarbituric acid-reactive
substance) were observed among the dietary treatments. Enhanced growth was observed when the diets
supplemented with vitamin E, indicating that the vitamin E was requirement for grouper. When fish fed diet with
vitamin E greater or equal to 15 mg /kg, phagocytic and proliferative activities of head-kidney leukocytes were
significantly enhanced. However, the supplemented vitamin E did not have effects on respiratory burst activity
of head-kidney leukocytes. Weight gain analyzed by broken-line model indicated that the optimum vitamin E
concentration for juvenile giant group was 46 mg/kg in diet with lower and upper 95% confidence levels on 32.1

and 59.9 mg/kg, respectively.
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