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BET, NG

TE: IR EAFRNELE R E(Vy) WREFTRKE, ITPH Vet EA S I E KB 8.
WA i th Bm, LIEITT 6 4 Ve B4 3 % 4.1, 26.3. 40.7. 57.1. 116.8.
209.6 mg/kg B % f (340 keal/100 g T4 i) % & A (LR T EH 51.5%) F g (& 1488
FTEW %) N RiaAR, FA3ANTT. TRAWKIHE N (142220.01) g, F7E LI
FHMER 2K (8:00F1 16:30), A A 8. A KEREREFAMNIKEL T BRELH &
AT T2h A Il 8. LR ERE R, BR 571 mgke Vi 7B L5 & E X (WG) B #
B THE A 41 mgke Vi 7R SL 80, & D304 8% £ (CF). AR b (HSI) 0 i £ HiS Bt
(IPF) kB ZF£R. 28R KLY HEARMEH G EES VEXBLHZ ML L F#
Fo &P 209.6 mg/kg Vp fA R S AT E Ve & B8 TR R 41 mgkg Ve A B L0 & o fFE
BALAA 8 A (T-AOC).  ifn 7% 7 W B (LZM) 7% M An e Z 3 & g (IgM) & W & 5 1%,
4.1 mg/kg Vg VL E 3847 39 16 F 57.1 mg/kg Vg 4. 4 M8 72 h 5, 40.7. 57.1 ¢ 116.8
mg/kg Ve 417 7E X ¥ 8 % 5 T 4.1 mghkg Vi 4. 40.7 mgkg Vg 41k B HF E2 48 x B T
2HEE (mR) xRk BT T 41, 263 Fr 116.8 mg/kg Vi 4. UL WG #1 T-AOC % 3 #
FhE, BT ZRITEEA o E AR R AR Ve W& FRKER A 62.92 mg/kg 17 £
#8625 mg/kgla Bt EIMLERKYN, AHFARAMEEN Ve TRE R AL KA KMERE.
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P14 L D) REAS AT /b i) B SR s AT 0 E
T ZFh IR A N Vg 7 R 2 (30~200 mg/kg 1
BHE, TRk Z Ve 2 R BEY A LA 42
WHE A BN A B E R . WLAER L . O WA
LA ZE L LUK B . R0 . DA A sl et . R
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mykiss) B EARAKE19 Ve RS, DL oR: (4
PR O B S B2 5 7 A i A O, B
WIARDRE Vi B2 5 X0 SORE A o SR AL R B2 A S e
Lin %0 X} 357 B A BE 4 (Epinephelus malabaricus)
WL, B Ve KRR AT L3R i o i 20 i
B HANMPR R TG T L I SR R AR A
TGPk Gatlin % B FE R, AR Vi KT
REAE TN R REIE I 8tk . AR B, Ve AT
{K¥ A (Ctenopharyngodon idella) F1 A i (Argyro-
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somus regius) V& P (g i S AT, SR, ARk
HER Nt Vi g A AR PERE T SRR
YERT, 3XATRESE TR A R A A Vi S8 AL
Z i B A A S 20w, Wang %Y A BF
g, SR Vi #Bid 300 mg/kg B, Vi FEARNA
PR RPUAAAR, Rome B i AP . 25k
T, TR P EINE Y Ve AT DMK

B8 4 28 BE (E. fuscoguttatusQ * E. lanceol-
atus3) A5 AT BE A REA TN A7 B0 AR F 58
PER T AU B, R B A A PR A
WLPESR AYRE R, TR BROK ™ IR T B B R
RN, HE, X RIEASEHE Vi i K A
FERVARE, P, ASEHE B Vi K
A RDEHR PR e A28 B, BIFFE Vi R PR B AR SE B4R
RKAERE . Sy KT AL DI BERY R, ATITB 2E PR
Te A s BRI R P EGE 1Y Vi FokE, UBAb T8

1 M THE

1.1 LI RIARES S

ARSI ERHIC T 5 7% O A W T I IR B 443
BEIEACE FEME B0 Difaky . 39 R AR G 5
BEANEEEA, LAk EEIRIR T
T 6445 fE (340 keal/100 @) 25 & M (& T ¥
51%) SFRE W (5 T4 5 9%) 1Rk, 2l s im o,
35, 70, 105, 250, 500 mg/kg Vi ¥y A (50%), il
i GR35 vk (HPLC)!™ (IR ARt 2690 R 4E,
) WA E R Ve 53008 4.1, 263, 40.7,
57.1, 116.8. 209.6 mg/kg. TalHhAc 77 M & B A4
DR 1o WA R B FENLIR & B 5 R A
ML (F-75 BUSUBBEAFBF 250L, ) 4%, ik
HAR 3 mm AR ERE , A RIRL (G-500
wRLAL, T E) R, A RERE 25 °C BI TR A
i, BT-20 CIRA7

®1 KREREH KBS (TE)

Tab.1 Formulations and analyzed composition of experimental diets (dry-matter basis)

R4 REK P/ (mg/kg)  analyzed Vi levels

4.1 26.3 40.7 57.1 116.8 209.3
JZHl  ingredients

i ¥3/%  fishmeal (anchovy) 20 20 20 20 20 20
YA/ %  poultry by-product meal 20 20 20 20 20 20
KEHEEMA/%  soybean protein isolate 23 23 23 23 23 23
& R/Y% L-methionine 0.62 0.62 0.62 0.62 0.62 0.62
YL ZEN /% (50%, mg/kg)  vitamin E 0 35 70 105 250 500
TKFER/%  corn starch 13.08 13.08 13.08 13.08 13.08 13.08
£83H1/% (salmon) ~ Chile fish oil (Salmon) 5.03 5.03 5.03 5.03 5.03 5.03
S EYEHEZF/% (Vg free)'  vitamin mixture 1 1 1 1 1 1
BEW /%' mineral mixture 0.5 0.5 0.5 0.5 0.5 0.5
LT YERYN/%  carboxymethyl cellulose 2 2 2 2 2 2
£4EFK/%  cellulose 14.77 14.77 14.77 14.76 14.76 14.75
#it total 100 100 100 100 100 100
BRAHT(FE) analyzed composition (dry matter)

F-H/% dry matter 923 925 92.7 92.4 92.2 93.0
HBEH/%  crude protein 51.5 51.8 51.3 51.0 51.9 51.8
FHREMT/%  crude lipid 9.2 9.2 9.0 8.8 9.2 9.3
#E4: FE/(mg/kg)  vitamin E 4.1 263 40.7 57.1 116.8 209.3

E: L ZERERNZ &Y WIS H TR

Note: 1. Fore vitamin and mineral mixture, see reference!’.

12 HKEE

A2 I8 BT 5 e 2% 52 B ) 3K 1 e 4 i v B
() — AR IR A 3T o A A S 30 i R ol A s e S5
Y FRAE 13 do SE0 3 1 57 5 P 5L S R L
HCF 18 AR (¢ 130 emxFE 80 cmx & 50 cm) 2
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TR IR G, WIIRE N (14.2240.01) g,
FAFR 3ANEE, BOER 12 )RBMA, LRk
H A £ %08 2 7K (08: 00 1 16: 30), Ffid R
w, SR 8 . SC I, AEEIEHL 1k
FRpE, MARK A B 5.8~6.8 mg/L, &
AT HEHN0~02 mgL, KIEAETE 29-31 C.
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IKEREE R 33,1,
1.3 $REprBsLIE

AR SIAE R, HHE AT B i T
72 h A S, ALK AR R A AR R, R R T
WeJE N 3.5 mg/L, S ] 1) 8 D) LR AR 1Y) 3 2R
&, KEFICSRIET NG BUIE BAL

14 HEXE

ARSI IRTT, B FRMATE 10 B 5505
B AH R B AR R W IR AR AR IR 20 °C fifi 17,
HEJS S W AR CFE bR o AR A S 56 1 [a) 4 J] A 7 —
WHRE I D SRS fa A KAH O, RSB R)G,
B ALK 24 h, ST AR SE 0476 R
. SHED RS, TR R
TR R R B BORE AT MS-222 4 Rk I
BASLIR A PRENLE 2 BT 20 C 47, AT
ST, B3 R A4 e s A E R AR
K, JHIFZ90E0E0 1 mL &4 =¥ ks, 76
4°C, 3000r/min FE.C> 15 min, WHC I MG,
80 C IRFFA o Ja RENA . AR . FFIE.
IriBFREHC S, IR AR L (HSD., s R
JE Wi A& Lt (IPF). AEWBE (CF) S8 4845, fif &1 I HX
D= 1| ISR = S e 2 0 T s e A
Y, A REIREICRE B TRA
HEREA, 58 T-80 C 647, Hha LR s,
G A mAFIR oL, AR, &
W3 EM, RELEHTFEYF0. At
FEARAS TR KA sh e BEZE By Al (i
5. HNUAUCC-2021-00032 ) , SZu6id % b #4E
N DA BT I R R sh e B, I 4% IR g
AR B 2 D2 i ) R ) BEPRAT o
1.5 HKIEmRITE

HH R (WG, %) =CR¥E-WIHE)/ ik
IH x100%

TR (FCR) = BB (2) / T (g)

JFHALE (HSI, %) = FFEE (g) /43 (g) x 100%

% ZBERSHIA L (IPF,  %)=1% RIEASHT & (g) /
R (g) x100%

REWERE (CF, %) =1ATE () /[ 7&K (cm)]’x100%
1.6 HEMNESSH

FH L 5 17 9% e vk PR 3 (X (Elementar, 7
) e e m LA E A S, e Asiig
1 (ANKOMx715 H slifiglif¥, &) il 4=

R E K7 2: 2 E /) sponsored by China Society of Fisheries

WLIA LB I £ . WILIARE S ZE BEAR 125 °C it
T 3h, efrERERA T 125 C T 24 h, %
R =N G o

FH Elisa 3280771 £ 0 2 100775 975 P16 R IV B g2 1K
#H H (CUSABIO, ®INEFEAY TRARAA]D,
JFREFILIN Vg &% 5 (AMEKO, [ i BE A5 A= 1 B
A RA ) 5 EPUERRE S (SAB, ).

1.7 2 RNA WIS REF

=80 C. VA H L SR A K B A,
TRIzol i (Invitrogen, 3%[E) FZHCE RNA, $2HL
SEIUE ] 1.0% 2 PE BB WHEE I AT B st e, B/
A AR A, BINTE TS B AL AS Nano-
Drop“ND-1000(Thermo Fisher Scientific, 3% [#) it
17 I %2 . 8 3 Prime ScriptTM RT reagen Kit
with gDNA Eraser (TaKaRa, H A%) #4752 5% 5 57
cDNA 3%, BARTT 218 He 5517,

1.8 SERTZE3EEE PCR (QRT-PCR) 47

15 5 i E 3 {X RT-PCR(QuantStudio 6 Fle,
Applied Biosystem, #il3) #1471 qRT-PCR 43-#7 -
SEG N SR R AR Y 2% He S5, MRIEE k&R
WA S 28 H 3L R P 31, R Primer premier
5.0 A or, s6kl., nrf2 Fl keapl £ PCR 5|
Yt (3% 2)o TEAFUK PCR LI 45 AT, X 448
WA IR RN M, LABR A X 26 ) N TP A7 A B
— PCR 729, Ft cDNA ¥ 5t FH 5 FiAS [R) s B A5 40
GANER) FIERHE L, FFRE A XY 1
BOR . E=100""9—1, R H Livak ffi il 1) 2744
iR B RS A 2R KR

®2 ZRVCLEEEERASMFT
Tab.2 Primers used for qRT-PCR

=R P51 4 5
2% GenBank
accession no.

tor IN850959.1

S|P 51 (5'-3")

genes primer sequences (5’-3")

F: TCTCCCTGTCCAGAGGCAATAA
R: CAGTCAGCGGGTAGATCAAAGC

s6k1 XM_020085100.1 F: TCCTTCTCCGTCTGTAAACGA
R: CATGAACACCTGCTTACCAT

keapl XM_018665037.1 F: TCCACAAACCCACCAAAGTAA
R: TCCACCAACAGCGTAGAAAAG

F: TATGGAGATGGGTCCTTTGGTG
R: GCTTCTTTTCCTGCGTCTGTTG

F: CTCTGGGCAACGGAACCTCT
R: GTGCGTGACATCAAGGAGAAGC

nrf2 KU892416.1

P-actin AY510710.2

19 HRZEH O

H T B K )7 2243 B (One-Way ANOVA) X
DI 3 3% 2R 0 SR S0 00 v A5 31 1% o i BN A T
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B GE AT, I, ASBRSER T e
KA AT A LI A5 br, LUK H R (WG) i
SPTUEALRE ) (T-AOC) NiTHr i b 73 Bl 155 52 56
fa ik 4E A R E 1Bl 7R i

2 4R

2.1 HKMgE. EESFMEARFE

FRAE 8 JE G, A Vi 2K A %o 5 56 £ 34
ARG B EEW, #E 57.1 mgke Vi RS2

A EREFSTEE 4.1 mgkg Vi 1B S5
4] (P<0.05)(% 3). #4595 fa % HSI. IPF. CF
FI FCR 4 C  # 22 55 (P>0.05), LA WG HiFEA 45
br, & IRITRBA T AR I AE A SR SR T IR
o s BRI R P BcIE Ve KR 62.92 mg/kg(E 1),

22 =Z=&FMALAERSTHT

AR Ve KGR X 18 e 2 s B 4 . LA
MK 43 . AR FURRLE I 2 5 34 0 B 3 R ) (P>
0.05)(5 4)-

®3 ERMEE R E KT RERZIEE KM EERIRRF R B R0

Tab.3 Effects of dietary Vi levels on growth performance and feed utilization of hybrid grouper juveniles

TR A REKF/(mg/kg)

1HEH /%

dietary vitamin E level WG/% CE/% HSI% IPF/% FCR survival rate
4.1 328.27° 3.32 2.24 1.91 1.00 100
26.3 329.49™ 3.30 1.90 1.97 1.03 100
40.7 349.59™ 3.32 2.10 2.12 1.04 100
57.1 373.40° 3.32 2.21 1.83 1.02 100
116.8 332.69™ 3.21 1.77 2.02 1.02 100
209.6 350.94® 3.60 2.30 1.83 0.96 100
PSE 5.06 0.06 0.07 0.05 0.01 0
Regression (n= 3)
QBL
Adj.R* 0.204 Ns Ns 0.06 Ns
P-value 0.180 Ns Ns 0.76 Ns

e LA EAR R R RS 2 7 B3 (P<0.05), TFRl; PSE. E&Ar#EiR(n=3); QBL. ZIRITLREAL.
Notes: 1. Different superscript letters in the same row indicate significant differences(P<0.05), the same below; PSE. pooled standard error of treatment

means (n = 3) ; QBL. Quadratic Broken Line Model.

400 QBL P=0.180
. R=0.204
380 e parameters L=350.8 /=-0.007 6
R=62.92
N .
S 360 +
ﬁ@‘ g ° : o = °©
340 |°
320 i .
. e | X=62.92
300 - : s -
0 50 100 150 200

TERMEA R E KP/(mg/kg, T )

dietary vitamin E levels (dry matter)
1 AREEREKESELRZIEEENXR
Fig.1 Relationship of WG of hybrid grouper juveniles
with different dietary Vg levels

23 BFEERIMELEES (T-AOC) FI4ALR Vg B

JHFIE T-AOC il Vi 75 it 35 32 4 Bl Vi /K F- 5%
i (P<0.05), #%Fr 57.1 mg/kg Vi Tkl 525 41 fa T-

https://www.china-fishery.cn

AOC 5 T8 4.1 mg/kg Vi ik, %R 4.1 mg/kg
Vi FRESE 5 fa I AE Ve & B LT3R 209.6 mg/kg
Vi TR, A SER LA Ve & R Z G
WBEXEF ., UL T-AOC FiFMighs, 4RI
BRI AT A5 W AEAS SE I 25 A PR R 4% A8 B 1) e v e
& Vi KN 86.25 mg/kg(Fl 2)
24 MERZIEFR

£ S i R HE R A R RN, TR
57.1 mg/kg Vi Tk SE 56 £ 1l 375 75 R B (LZM) IR
TR 4.1 mgkg Vi TlRHSCE fa, Hi 3 S
BREE M (IgM) Wk B2 v T80 4.1 F1 209.3 mg/kg
Vi Tk, LZM il IgM iR B AR 5 e T Ja B AR Y
e (P<0.05)(FE 5).

2.5 fApMBEREE

FEFNGA 72 h )5, #5 SC I 2H A0 A7 R A5 R b
N, BB 4.1 mg/kg Vi WBHSC fa AR I TR

HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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R4 AREER EKRENELRZRLEFAAEBNFIE CRE)

Tab. 4

Effects of dietary Vi, levels on whole-body and white muscle compositions of

hybrid grouper juveniles(fresh weight base) %

R FEK T /(mg/kg)

WLPIZHER  white muscle composition

Ak whole-body composition

dietary vitamin E level Ko HUED HLRE K4y HEA A AR B

4.1 75.90 20.93 2.12 70.55 18.13 6.37

26.3 75.46 21.17 2.04 70.22 18.03 6.76

40.7 75.81 21.15 1.98 70.82 17.96 6.33

57.1 75.97 20.58 1.89 70.85 18.22 6.15

116.8 76.19 20.37 1.98 70.66 17.95 6.87

209.6 76.31 20.39 2.05 70.97 18.07 6.48

PSE 0.52 0.11 0.04 0.17 0.07 0.12
Regression (n=3)

QBL

Adj.R® 0.001 0.028 0.132 0.007 0.012 0.002
P-value 0.884 0.502 0.347 0.751 0.669 0.852
CHR AQBL P05 RFE, K GRS Ve, LA R
2075 parametrs L=62.09 V=-0.003 R=56.2 Vi T LA 20 5652 45 P SRR 4 o 5 4
22 . OB, AN TTESEE G, T LA G P S 06 B i i
=5 . B FURBLEALS. TR Vg BB Ak 4
SE4s o SHUE KRGS, TR T by R £ 1
= Coo e IRFU R R . RO R AR 2
- 0 50 100 150 200 250 ANt FRE 7 R 1) SR A 23 S B LA A

TRIEAE ZR E KP/(mg/kg, T H)
dietary vitamin E levels (dry matter)

2 EARMEE R EKFEXT R AR RN
FALBE NN
Fig. 2 Effects of dietary V levels on T-AOC of liver of
hybrid grouper juveniles

40.7. 57.1. F1116.8 mg/kg Vi TaklSLH6 11 (P<0.05)
(#l 3)0
2.6 BTHE tor. s6kl EEFML'E nr2, keapl
EHRERIL

FEFINO R, B 40.7 mg/kg Vi AR SLE 0
KB 2 FEDI A Sk B TR 4.1, 26.3 A
116.8 mg/kg Vi Tl BHSCEG i (32 6). 4 IRPT &t
RUSR AT, ARREE Vi ZKCF X8 IR sek1 ik PR Sk
keap HPRUARX Rk A7 W25 (P<0.05) (141 4).

3 e
31 AREEREZENELRIIEKIERE
FOTERLFI A R R0

Vi JE A KO T FIAERF A SRR 175 5

R E K7 2: 2 E /) sponsored by China Society of Fisheries

T AL Z 1 Vi i 23 52 e Ho A A5 75 PR 4 A 3= A
W, FEAR S, SR AR N 57.1 mg/kg
Vi B, S AR KA E TR 4.1 mg/ke
Vi TR SE g, 30 B ARDRL s 0 Y Vi
AT DAHE S IR e 24 s BE R A RE s HBER Ve KT
MIFRFEE T, R 242 WG BGE B Nk -7
AT

ABFFEH, kL Vg AKX R L3 (FCR)
T FER W, X 5 EAAE H 4w A H A 55
(Anguilla japonica)™ i iB () SC g0 45 KL AH A . H
WA TR, R Vg K22 35 52 0 iR L
RO AR FP S M R A AR — 7€ 1 Vi TSN [
N, AN S B 7 R M el s BT R
BE Vg AT DR 0 52 et 25 DS ) Ao =
AR . WG SRR A S W E SR 098 vh B AT
WFRARY, AT UL R B R X 2 A KRR 1Y
SO, 2 TARITEAE RN, ARSI AT R e
7% A BE 4y 0 1) kL T il Vg 7K 62.92 mg/kg,
X5 7E L A B A B 5 P A B 25 2R (61~68
mg/kg) AL . A /D BB —PE AN A 0 R BR A%
I8 Ve TER N R FEPUARAER, FRATERE
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x5 ARESEEEKENELEFEZIS S MFEERLE (LZM), REKXKER (IgM),
RFBE S IELEES (T-AOC) FATAEA 4L R E 2 /520

Tab. 5

Effects of dietary Vi levels on serum LZM, IgM, T-AOC of liver and liver vitamin E

concentration of hybrid grouper juveniles

TR E FEK T /(mg/kg)

#E2E ZES E/(nmol/g)  vitamin E concentration

dietary vitamin E level LZM (ng/ml)  IgM(ug/ml)  T-AOC (Urg) FENE liver WA muscle

4.1 1036.52° 127.01° 4022 269.01° 185.89

263 1142.97* 13434 51.60% 297.951% 187.78

40.7 1131.22% 130.66™ 44.83* 297.96® 187.57

57.1 1946.71° 172.97° 68.76° 297.57% 187.76

116.8 1230.89" 133.12" 60.02* 296.40° 188.37

209.6 1355.16™ 109.99° 62.08% 309.35° 190.82

PSE 96.05 5.63 3.09 4.00 1.37

Regression (n=3)

QBL

Adj R 0.03 0.174 0.404 0377 Ns

P-value 0.059 0.240 0.002 0.006 Ns
10, BT ELIK 5 RS 36 WA g

§§9m s : : %@ﬂ%%%ﬁ%mo%%%%ﬂﬁﬁﬂm%%

if:r 5 . QBL 2)2::06950337 R EAC VL BRI . ATP gl . EH NG AL,

i %D 70 %a:rggn;gers L=95.41 ¥=-0.017 2 I [) B 41001 2 1 o A i B

23 ' ARG R, Vg B Z S T A 5 BE

By . SOK1 3N K B AR, BT RS i F Vi B
© 3ot ; : : : - Z ORI BT, T R sok1 3 R AW

0 50 100 150 200 250

PR R E K (mg/kg, 1)
dietary vitamin E levels (dry matter)

3 ARMEE R EKTXEERZBEEMIEBE 720 F
RS A
Fig. 3 Effects of dietary V levels on Cu™ challenge
survival of hybrid grouper for 72 h

T BPUAALRE ST (T-AOC) 15 25 —FhiTH 4 br ok
B2 PRI 2 SRR} Vi BB 7KK

32 ARESEEZE SENERLEIERIFERR

A0

Vi 1 b 3 A oA BB A i v M R A o
LIRS AT, BRI AR R 3 A
TEJitE EC 5 (Acipenser schrendkii)™ FIHR KEF A7 14 .
(Sciaenops ocellatus)™ H, = Vg &= FHIAE
FEA RAE B TR ARSI rp AR R 1 [E
FERES R, ERAGERHD Vi K38, ILAHLE E
RIS LIHR TRAES, RUEE v K
S RS AR BENLA E H DU . A BTSN,
Ve AR SFEE LA E B TR TR 22 h T H

https://www.china-fishery.cn

FRIK, BEEWE ARG HEERNEN
B A ) 55— A ¥ ror, HAEPR A%
S BT v 1 22 38 0 R 32 BRE Vi K- 5200
—RE, s6k1 £ h 52 mTOR 42 1Y T ek A,
s6k1 W FRIRAZ tor JIFE, tor WFRIESs 11 s6k1
IR A RO B A R . LA AR
i B DR Vi PRGN e TS R, 116.8 mg/kg
Vi EPRHE LA B 7 & bl SIS R R A H
B AE i £C 3P0 FIAE 85 (Lateolabrax japonicus)™ 1)
WroEd, MRl | BTl RE s —E R Y
JRE B AR RS, T3 B P AR PR A F v
HE I K A0 R S IR R Y, RS SRR, iR
BER SIS SR Ve o] ISR E RS &, b
MR & &, REAE—EFEEE 3R A T,
33 [ARELERE SENELAZRME. A
AEEEZE ST
ABUPAE R E SRR AEE B R
IR bR, A7 92503 ITRL A 110 myke
Vi Al DL K 22 8F (Scophthalmus maximus) 4] .

HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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R6 AREEZEEKENEL LTSN AT s6kl,  tor F13k'S keapl. nrf2 EEHEXRIL SN

Tab. 6 Effects of dietary vitamin E levels on relative expression of hepatic s6k1, tor and

head kidney keapl, nrf2 of hybrid grouper juveniles

TaRLfE A FREK T /(mg/kg)

25 FIERT before Cu®* challenge

ST fE

after Cu” challenge

dietary vitamin E level

tor s6k1 nrf2 keap] nrf2 keap]
41 0.98 101 0.97 1.05 1.08° 0.99
263 124 1.10 1.19 176 1.13° 122
40.7 122 143 1.07 152 2.11° 1.63
57.1 1.08 1.50 1.01 1.81 1.57% 1.63
116.8 126 153 1.19 1.97 1.02° 1.16
209.6 1.02 1.60 123 152 1.31% 0.87
PSE 0.07 0.07 0.07 0.10 0.11 0.14
Regression (1 = 3)
QBL
Adj.R® Ns 0.561 Ns 0.385 0.150 Ns
P-value Ns 0.002 Ns 0.006 0.297 Ns
o 25 A8 5 [FAE R B LN Vi & R = B 1)
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Effects of dietary vitamin E on growth, anti-oxidation and immunity of hybrid
grouper juveniles (Epinephelus fuscoguttatus? x E. lanceolatus?)

ZHAI Haoyun, ZHANG Lu, CAIQinxiao, ZHOU Zhiyu,
YIN Haoran, GENG Lina, WU Xiaoyi

(State Key Laboratory of Marine Resource Utilization in South China Sea, Hainan Provincial Key Laboratory for
Tropical Hydrobiology and Biotechnology, Haikou 570228, China)

Abstract: An eight-week feeding trial was carried out to evaluate the influence of vitamin E (Vi) on the growth
performance, antioxidation and immunity of hybrid grouper juveniles (Epinephelus fuscoguttatus Q <E. lanceol-
atus ). Six isoenergetic (340 kcal/100 g dry matter), isoproteinic (51.5% of dry matter) and isolipidic (9% of the
dry matter) diets were formulated to contain graded levels of Vg (4.1, 26.3, 40.7, 57.1, 116.8, 209.6 mg/kg, dry
matter basis). Triplicate groups of twelve fish [initial average weight of (14.22+0.01)g] were stocked into floating
cages and offered their prescribed diet twice daily (8:00 and 16:30) to apparent satiation. After the growth experi-
ment, the remained experimental fish from each group were used for a 72 h copper challenge. Results showed that
fish fed 57.1 mg/kg Vg exhibited higher weight gain percentage (WG) than fish fed 4.1 mg/kg Vi. Whereas, condi-
tion factor (CF), hepatosomatic index (HSI) intraperitoneal fat (IPF) values remained non-significant among all
dietary groups. Whole-body and muscular compositions (moisture, protein and lipid) did not show significant dif-
ferences among all dietary groups. Fish fed 209.6 mg/kg Vi had higher hepatic Vi concentration than fish fed 4.1
mg/kg Vg. The total-antioxidant capacity (T-AOC) of liver, serum lysozyme (LZM) and immunoglobulin (IgM)
concentrations were increased with the increasing Vg levels, reaching a peak value at the 57.1 mg/kg level, and
thereafter, it started to decrease as dietary Vg level further increased. After the challenge, the survival rate of the
experimental fish fed with 40.7, 57.1 or 116.8 mg/kg Vg diet was higher than that of the experimental fish fed with
4.1 mg/kg V. The relative expression of nuclear factor E2-related factor 2 (Nrf2) in head kidney of fish fed 4.1
mg/kg Vi was lower than that of fish fed 40.7, 57.1 or 116.8 mg/kg Vg. Generally, the analysis of a quadratic
broken line model based on WG and T-AOC indicated that the optimal dietary Vg requirement of hybrid grouper
juvenile was found to be 62.92 mg/kg and 86.25 mg/kg dry matter, respectively.
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