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A, M HARZERK K, RS9 5 T TBHQ
S JURp B S AR X 3 A BT B AR RCR , IR gT 4
RER, BIN0.02%H TBHQM 4t A AL & 5 JLF
F0.1%M VEM Y . X AP ie, JLF&E A
Bk S AR TR AT RUR LA O TBHQ>PG(IR & 1R
PNTiE)>BHT( . T 555 2 1P 2 )>BHA( T 1 5 B
R X T 3h ¥k iE 8 TBHQ>PG>BHA>
BHT!", 1Fh—fh 2hr A b5, TBHQHL L
BeEE . M B2 TPG, BHA, BHTS ™
o, ISR i TX Sek . TBHQZE R & MR BT
W ARG T8 Z AR . tesh, TBHQE A M
WHMEER, RS I EGE T ResR,
3 X TBHQAE Sy 7K 7 3l 4 el Rk 35 51 Ay 4 T
BAH RGN, B TBHQR Rl 5 & 4
P [ R A AR

KEZZBE(Scophthalmus maximus) &8I H
(Pleuronectiformes) . #F#}(Bothidae). 2 #F /&
(Scophthalmus), 2 J&. 7 F B 0¥ 7K PE AT V7K
2, HREAE, s, Bt kiomk
EEZENFRMAEFaI, BT, B%A LT
BITBHQ/K - X Kzt 4h fa A= K . i A4k, dE
o SV B I M T A 44 R B W B 9 RGE
RSB S FE WA R TBHQAE e 35 6 4m) k) v fi 22
SEUSIBR R, SRR 62 4 (g e 57 48 $2 (1L 30
R
1 #MEETTE
1.1 S AiARSl&

DR S E AR, il SIhiEN
IR, T ] #5040 3R 50.38% 11
12.52%8 Bt i 8, TBHQLA 447K (0. 150
450F1750 mg/kg)ifs in 2L ARk, 4 B HE il AL
AF0 A SRR A RRE, RIS A DICH R4
D2. D3fID4. 346 7 FITBHQW H Sigma/A F ,
TBHQM bR/R [ F197%. WRBIEC 77 M8 7 B 43 43
Mrima 1
12 IWEHYRAFER

FREH LB A D VR R R SR
2% [t Z0 2 B I H (1L 7R B B8 e A IR K 3R S5
W AT o 5250 BT OS2 61 2 Y 48 A T4k iy
Al — bt g, HRMBME M HEME. LRE
XHF AT, ERBAR PR, GRS
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KA 2 (2 /i) B W (20 mL/AR)IE & 250
2h, B FEWIE) R 2R B AR, 25
WA N S A PR A T SR A
LEIFAAT, A LKL AYUR24 h, Bhik
WS e RS — B R R A AR N SR
i, JFFREVIRIATE[(8.31£0.04) g, i fl
LAY BE 2244 25 FH J300 LI FRFE R, 4
30 FTA AR HRENLIX T gk it 15 47
BRI SR BIE, BRMmERER, 8
R 1 S P R 1 ek O A TR i S A A S A Y
R . RATEHRKRS, HESZRA, W
PREE R AR TS mg/L, KIEEFIFE16~25°C,
E# 028, pHIEHIAET~8, L5 HHIh12 W,

1.3 HHAXE&E

TSR A WG, A W & A FR E R T
B, TEFIERESR). HBRHBFECR)., HEXR
(WGR). ¥iEA K& (SGR)S 15 5. 4\ FEHLEL
sEalEdRK, KEE. NIEE. FEE, it
BB (CF). AR E (HST)FI I A b (VST)o

EHRREALE S0, RBEKBUL, FF2mL
BOEY, B R E A, Bk g
L DR AL AR P4 T Y, =R R B E 1 hfE HEE
[E, F4°CUkAH4h, T4°CE&MTF3500 /mings L
10 min, WCERIMWE, WA, FEALHEFEE-80 °C
KEEH IR S

BAL PR FARRENLBGE M, BREAINZA] cm
LEHHE RS, FH0.7%4 F K sk G
A P B E B, [ SE B SURE B 2T R
BRPK . B, B, GME, HA40 K
Hl(Leica RM2016)H] -, )5 FAHEQ ke fh

14 #®MAE

TR AR K Ay . MR E . MLBR I
MUK 4343 3 R 105 °CH B T . ULRER
B REMIZERMS50 ol bkl E .,

I 2E Ak $5 4% FHHITACHI H 37 76004 A 3
A BT AR I . I E R ARG . B AR
HHM(ALT). KIAE ML BEFAST). Bl
WA EF(ALP). B EEMH(TP). HEM(ALB). BRE
H(GLB). REZ(BUN). WLEF(CRE). Ifi ¥
(GLU). B HZrZ (TBILD. Hih =B5(TG). &%
JE£ R H (HDL),

LU T 83 (Micrococcus lysoleikticus, Sigma)
RIEY, 2 MEWs" Jr 2 2 I v 1 B T .
WA BE IR BR T #20.2 mg/mL Y% T°0.05 mol/L Y B AR
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Tab.1 Formulation and composition of the experimental diets (dry matter) %
Tkl diets
T B items

D1 D2 D3 D4
J5& ingredients
B4 fish meal 46 46 46 46
T4 soybean meal 21 21 21 21
/N wheat flour 21.35 21.335 21.305 21.275
#17H fish oil 6 6 6 6
KEIBEE soybean lecithin 2 2 2 2
#EE ZTIRYY vitamin premix® 1 1 1 1
B R4 mineral premix” 1 1 1 1
#4422 C vitamin C 0.2 0.2 0.2 0.2
B A& phagostimulant mix 1 1 1 1
SLPERS choline chloride 0.25 0.25 0.25 0.25
=& =4 yttrium(I1T)-oxide 0.1 0.1 0.1 0.1
R4S calcium propionate 0.1 0.1 0.1 0.1
T EEEE TBHQ 0 0.015 0.045 0.075
BT total 100 100 100 100
JR4T4rHT proxim ate analysis
H 5 AR crude protein 50.39 5038 50.38 50.37
HHAEWT crude lipid 12.52 12.52 12.52 12.52

VE: a GEAERTUIRY(megElg/ke diet): FREE 25 mg, #EEEB, 45 mg, THEEMEEE 20 mg, 4E4EB;, 0.1 mg, #E4EEK; 10 mg, ALEE 800
mg, 28 60 mg, MHEE 200 mg, ME 20mg, EWEK 1.20 mg, HEERA32mg, 4ERD Smg, HERE 120 mg, FALEHE 2000 mg, &
FFYEFE 14.67 g5 b, TR TR (mgHg/ke diet): FALEN 2 mg, BUILER 0.8 mg, EALEN(19%)50 mg, BREEH 10 mg, FiER%k 80 mg, FiEEE: 50
mg, FRER4E 60 mg, FREREE 1200 mg, AR S04 3000 mg, AR 15.55¢

Notes: a. vitamin premix (mg or g/kg diet): thiamin 25 mg, vitamin B, 45 mg,pyridoxine hydrochloride 20 mg, vitamin B;, 0.1 mg, vitamin K3 10 mg,
inositol 800 mg, pantothenic acid 60 mg, niacin acid 200 mg, folic acid 20 mg, biotin 1.20 mg, vitamin A 32 mg, vitamin D 5 mg, vitamin E 120 mg,
choline chloride 2000 mg, avicel 14.67 g. b. mineral premix (mg or g/kg diet): NaF 2 mg, KI 0.8 mg, CoCl,-6H,0 (1%) 50 mg, CuSO,-5H,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,), 3000 mg, zeolite powder 15.55 g

BHER 22 v (pH=6.2) IR 5], 1.9 mLiZ BB
55100 pLAF I i 3 T8 R BRI S, 25 °CA& M
T BEE 530 nm, 43 50 E HAE0.5 minf ()
WA Fl4.5 minff (IROCIE . B BB 2 g
W SEAE T RE0.00 17 3L Ry 143 B Bt 136 ) B
0 200 G 1 P R A 2 0% 9 A R DU R M
(NBT)BE S ok fig 17, EL100 pLiEat il & 47 1y 3k
B AR, B 96FLERARA R, Al A 100 pL
1 mg/mL NBT(Sigma)F1100 uL 1pg/mL{# iz fs A &
T (PMA, Sigma), fE23 °CJZJ% 60 min, RJ5 A
FEEZ bk RO, (852 B VA . 15 70%) H
k2R, AT, 43510 A120 pL 2MKOH
F1140 uL — 1 HE A (DMSO, Sigma)i& ik, 2E

WEUHE, fJo MR IE630 nm T I & T
{. SODFICATR I rg st if ki, A2
T+ 5287 I H SODIN 1 3K 50% 0} AIF X )37 ) SOD &
TE SR —A~SODI J1 B (U). B2 T I 5 15 80
Bl A% 1 pmoL FTH,O0, /7 & 1 o — A~ CATIE J1 B
i (U). I3 SOD. CATHIEAf HU/MmL,

15 HELXESITTH

7100 (SR, %) =3 5 45 s 8 R 3/ 30 T I
1 B ><100

B 8 F(WGR, %)= (fa R AR R i s +E T
A I i — AR By 1A o )/ AR B R B R < 100

58 A2 K F(SGR, Yo/d)=(Infh 14 28 R A i B —
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It R A] Iy A J5R )/ DS SR B0 100 (One-Way ANOVY), Duncan(& £ i K65 2% B
R RBECR=(a A E e (kg  MBENE, BEMKTFP<0.05.
R R T T A R e — AR B A T )

2 R
B R (FI, g/kg MBW per day)="F-1J 4 5
TR AT AR I A R AV R 2.1 ARFRINA EFETBHQX A &8 4 K
ML (CF, glomt)=THR R R/CP0R Ky MEAERIRIN
JHF 1 e (H ST %)= 100> AT IF 2 /4 i (4 i i EXTRRAALL, TR TR 45071750 me/kg
JIEE ¢ b (VST %) =100 P4 JIF 80 /4 i 1R Ji o FITBHQX] K22 6T (3 8K | R B K ™4

S KO UL S B 4E 15 (meantSE)FE A1, BRI HRIE I (P<0.05)FE2); T B AN150 mg/kg
BT #5095 FHSPSS 16.0 BAF AT A 7 20080 HTBHQXM IEGEEFAIS R KR re A KR A R B

®2 FEARPRMAERETBHQM X ZE6F4E KM LM SN
Tab. 2 Effects of dietary TBHQ level on growth performance of turbot

ek TR diets

index D1 D2 D3 D4
BBT /% death rate 4.44+1.11 4.44+1.4 8.33+2.06 6.66+2.43
34 5 /% WGR 390.91£11.17* 409.19+14.47° 335.05£8.01° 308.89+13.3"
e K /(%/d) SGR 1.86+0.02* 1.91+0.03 1.68+0.03° 1.59+0.05"
B 2 /(%/d) FI 1.44+0.05 1.43+0.04 1.44+0.07 1.38+0.09
Tkl &% FCR 0.91+0.05 0.9+0.01 0.96+0.06 0.95+0.04

T BHEPEATREERANEFRELTFHERZRN REP0.05), REANGFHIRERDEP<0.05). TH
Notes: In the same row, values with same small letter superscripts or no letter superscripts mean no significant differences (P>0.05), different small letter
superscripts mean significant differences (P<0.05). The same below

EVEL W (P>0.05); AALFRA R MILT: =P E K @P<0.05); 750 mg/kg TBHQH I4H

R R R B R B E 2 F(>0.05), Wb gy K oy B B 2 | T HA A (P<0.05), &5
WSR2 B B, 750 mg/kg TBHQUAR N WAMMRE AR & 2R A BEP>0.05)FH.

A JCEENT IR H B T R (P<0.05), Wi 22 ARFIRINAE 2 TBHQX A EF M 7%

LA TR 2 AT e R o0.05), fen  EIEREMNIERREOTNG

FHZH 05 B AR L 22 5 B 3 (P>0.05)(3K3). 450 mg/kg TBHQUS Il £H 5 56 £ 1M 775 Wk 1
R AY T, SRR, 750 mg/kg  PREGE I FIEREE H & & 22 & T 150 mg/kg TBHQ

D 4] A AN A B =N B A
TBHQﬁéj}Drﬁ@,fZI:EPE/J7J(ﬁ [=] iﬂlﬁj s ﬁzﬁﬂﬂﬁ)j [=] %E 4 'fﬂﬂ'qqlfﬁﬂﬂzzﬁlﬁ'J%TBHQiq

. - ZE= 4T A A=
%3 (RN R A& TBHOR AEFERAARBE DT HE)
P33 AL = == A Tab. 4 Effects of dietary TBHQ level on
Tab.3 Effects of dietary TBHQ level on body composition of turbot (dry matter) %
physical indicators of turbot % AR diets
FEFF index
AR diets D1 D2 D3 D4
FEFF index
D1 D2 D3 D4 7K 43 moisture 78.15+0.25 78.66+0.23" 78.79+0.39" 79.18+0.36"
BEHE P CF 1.72£0.04  1.81:0.06  1.78:0.04  1.82+0.04 R4 ash 19.25£0.18" 19.74+0.04° 19.32+0.05" 20.32+0.03°
FFRELHST  1.25£0.05  1.30+0.06 131£0.06  1.26+0.03 FEHI crude lipid 8.17+0.25" 7.86+0.09" 7.81+0.14* 6.09+0.06"
JEREL VST 5.63:0.06°  5.91+0.06®  5.80+£0.13*  6.02£0.13" B EJF crude protein 69.33+0.21 69.56+0.17 69.25+0.15 69.30+0.32
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W 4H (P<0.05), {H 5 H iy 40 5] T @ & 1 2 &
(P>0.05); 150 mg/kg TBHQS il 4 52 46 4 1fiL 75 A
B 2 T AR R & & 12 K T % B2 A4 50
mg/kgifs MZH (P<0.05), {H-5750 mg/kg] To i % P
#Z5(P>0.05); 450 mg/kg TBHQVS Il 41 £ 1) Il 1

WUEF5 & 8 25 T % B 4H.(P<0.05), 35 HAth4l
To e #F P K(P>0.05); 150 mg/kg TBHQIA N4
IS B A S E B EIT X A4 (P<0.05),
85 HoAth 21 T 8 35 4 2 5 (P>0.05); TBHQXT Il
T8 HAth 5 b I 183 PE R (P>0.05)(F 5)

RS AR SN REF 2 TBHQXM X 2 8 1M1 75 4 18 4 {15 Fr R 5200
Tab. S Effects of dietary TBHQ level on blood physiological and biochemical indexes of turbot

}—ETE_\‘ ﬁﬂq diets

index D1 D2 D3 D4
BEBREEHBH/(UL) ALT 19.17+2.43 19.00+3.53 26.50+8.44 15.67+2.82
KINEEBREHERIE/(U/L) AST 43.33+7.33 44.67+9.30 68.67+27.01 35.00+9.50
BEBRAEEVH/RILERE LB ALT/AST 0.46+0.02 0.45+0.03 0.42+0.02 0.51+0.05
B EE BE/(U/L) ALP 13.17£1.01* 10.33+1.31° 14.33+1.15° 13.33+1.45%
HEAN(g/L) TP 38.22+1.57 32.38+1.37° 38.62+1.52% 34.55+1.32%
H&EHA/(g/L) ALB 6.67+0.20° 5.67+0.32° 6.63+0.16 6.26+0.20™
BRE A/(g/L) GLB 31.55£1.37* 26.81+1.99 30.03+0.73° 29.53+0.91°
HE&E A/EEHALB/ GLB 0.2120.00 0.210.00 0.22+0.00 0.21+0.00
RE A/ (mmol/L) BUN 3.74+0.40 3.68+0.28 3.62+0.51 3.90+0.32
MEF/(umol/L) CRE 32.83+0.87 33.50+1.84% 37.50+1.38" 36.00+0.82%
JREZER/NEF BUN/CRE 0.110.02 0.1120.01 0.13+0.01 0.11+0.01
I HE/(mmol/L) GLU 1.03+0.11 0.94+0.16 1.35+0.18 1.28+0.24
B AEA 2 /(umol/L) TBILL 1.03+0.11 0.92+0.25 0.92+0.23 1.01+0.82
H it =E5/(mmol/L) TG 3.86+0.71 2.55+0.46 3.25+0.28 3.010.11
75 % % a8 A/(mmol/L) HDL 2.43+0.15 1.86+0.16" 2.37+0.13 2.030.17®

2.3 ARARINAER 2 TBHQX K% ST 4F
S RER N

EXT M, ks TBHQES il & 450
F1750 mg/kght, 1% CATHIAH IS 11 BT
(P<0.05), 1fi 150 mg/kgH JC g & A5 1k ; 1175 SOD
1% 11 7E TBHQIR I & 750 mg/kgh i & F&1K (P<
0.05); 3k 5 & Wk 4 fif P W 42 % % ) 7E TBHQIR il
24750 mg/kgh] B & T+ 5 (P<0.05); Bk TBHQ
IS & X% GSH-Px{ 1 52 W A Ji 3 (P>0.05)(3K6)
24 ARARINAER 2 TBHQX X% 815418
AL RF2 N

X mE ST RS E R R 5
xR AR EG, iR RS I 450F1750 mg/kg TBHQ
Rets i E PP I mE B R E S hE B T Ee<

0.05), 1M 150 mg/kgl Jo B E A (ET); B
750 mgkg TBHOQHT, Hil7/i Efdah B K E S hiE HE
() oA 2 3 IR T BB 4R 150 mg/kg#H (P<0.05).

3 e
3.1 TBHQ¥ KZE&F4 KHIZNY

WA RS . SRS A A R, tH
WFT A KA AR, CAPRIESE, 75
el ek v S I3 A B AU R TT L AR HE 3 i AR
K, IFREE MR . RHE LR A s =2,
Bohne&5 P13 i3 XF K 7YV f: (Salmo salar) V3T,
FIFEQXS sh 4y A K I A B B s, [H 2]
R & BT, MU R iR p A
KA TR, BEEaX a4 fimpygm =2,

http://www.scxuebao.cn



1326

Ko % AR

40 %

Ro6 ARFHRMAREF ETBHON X ZE 8T IE 4T = 1% % % K M2
Tab. 6 Effects of dietary TBHQ level on nonspecific immune indexes of turbot

}—ETE_\‘ ﬁﬂq diets
index D1 D2 D3 D4
T ELEE/(U/mL) CAT 13.31+4.00° 13.49+1.30° 16.22+0.94° 17.55+0.81°
HBE A LB/ (U/mL) SOD 1.80+0.07 1.87£0.07° 1.82+0.06° 1.66+0.11°
BB E B A B (U/mL) GSH-Px 9.43+0.43 9.35+0.32 8.80+0.78 9.57+0.51
W HE/(U/mL) LZM 1.91+0.41° 1.84+0.24° 2.70+0.15° 2.58+0.24°
e é I | >, 5
BIRAMIIFRRK/(OD/10°cell) 0.20£0.03" 0.22£0.02° 0.22£0.01° 0.28:0.03
phagocyte respiratory burst
#£7 ANFRMNAEFETBHQM AEZEFH BB ERSITEMNEMN
Tab.7 Effects of dietary TBHQ level on mid-intestinal morphology of turbot %
}—ETE_\‘ ﬁﬂq diets
index DI D2 D3 D4
FHIE S EKE/EH intestinal villi length/diameter 4.89+0.29° 4.51£0.33" 3.67+0.31° 3.59+0.38"
N2 EE/H % muscular layer thickness/diameter 26.25+2.33 25.45+1.36 26.93+1.28 24.78+3.17
ML EK E/E Z microvillus length/diameter 0.50+0.02° 0.51+0.03" 0.49+0.02° 0.46+0.01°

FNHATHIE, A X I TBHQX 7K 7~ 314
ARMENHREERARE, ALK, K54
PSR SP AL T R 2Z AN R . 55X A M L,
8 op TBHQW Hl & F450F1750 mg/kght & 2 )
BT KRR, R R TBHQER & N
150 mg/kgh Xt K Z2 6 (1 1 K PG hR i A B3 F2
Tk rh TBHQqH & 43 M1 (450F1750 mg/kg) %] K25 i
PR AE THHIVE A, B8] R &= A TBHQR
B MR, 4 X0 R 3R 617 A 6 T S
SRR AR, fA R R ISR & A TBHQ
Xif K 25 F 1 4 Rk 2R ORI AR B R 3N T e S R
158 B TBHQI 7N 2 13 5% 1 K32 6 14 15 B S 1 1)
H gk g A K KOF B, TBHQX 7K™ 31
A KM RR 2 AL I A R T — 2 AR
JEFPR EL « JOE £ B R0 IE 35 1 S A AR, RTRA
HE— E R b B B BT R AZ Y B AR B R
Jlo HEAZEHMLRFBA, &5 ETBHQA K
2 WY 4y £ (0 A bE S8 SE T AR L RIAE O
EIBEMN A, U] TR TBHQW B F:3¢
22 B AT A B R AL 0 2 B AU K, (H EA
AR B A R T — o
3.2 TBHQx AZEEF M &% IR (b Mg+ 1E

gl )
LR B N T ey, fE—ERE
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RO BRI B R, R ALK
HAPABF M T R . AR, Wk
R AM450F1750 mg/kg TBHQARE % B 3 F i M i
AL SN VA T B NG T, BB D450 mg/kg
VLB & M TBHQE M AL 1k B, 7= A it &
A B HAE, PLECHERE A B, JiE s
HE A BT R . SXTIRAMEL, 7ESIN750 mgkg
TBHQH 3k 5 5 Wik 410 fifa 070 £ & 76 1 B3 T+ .
Sk B I 00 M A TR B R VAR, R
3 R 70 R R LR G BE ) AR ES Y, b
B 3% 1 B T T AT e S A A R b 3 Rk e AT AR
1ML 3% SODI 3 #E 4R Ak H1 335 11 750 mg/kg TBHQHT 5
FEAG, X ATRER T A AR TBHQUE — 4
WK, MERASAHREER TR, SLERKHT
SEALRE T AN BEBE A SRS B 2 g

f 8 2 2 AR I B =B T, HE
K 2 B R B N BE S B K I 1 1 2 AR
P 33 i o8 R B B I AR, 2 Bl R B R
B EBEAFT, ARLEP, BIN750 mg/kg
TBHQH H W HE s E MM ER ZE4H, Bl
W T BT B, K 4 S B0 R AR Y 9 Ak
W BE ) REAIR, 33X T BE J2& 1 Al i b B A4 P A R A
KK TR — A EEJRA
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3.3 TBHQHIZZ=MIEM

Tl Aok By 2 4 P 2 T I A IR BEAE R A Ak
., FHTAMHERSET, HIrEsmEMAE
A E YR S LR A BCT 7 A A A
AIAGI RS BHPE, AR AZ
Beshy R EERFABEGREE ., T HER
B & M TBHQX B pL IR 2 & & e T F,
IR T &I % A PR . B AT, X FTBHQM &
B2V G AR AR AR KA, T 6 T TBHQXS
K 7= Bl I 2 A M VA 1 5 e Y BE 9 LT R A8
Ho REHMAFRLEERN . 83 MAXTBHQ
P A Y SR 0 W, SRR B W 0T
AR HEr ok s R, TBHQAE Sh# ik A L
O-Bi R EL . O-7 2 WH I 2 F1 K 43 % ) TBHQAY JE
SR A HE A P

T ek v s i SR AR B 32 E A S R i
BHE AR BT 7= A 1 A ) TN 3R A B S e
HATA s LR, IR sy r=4 R
RS2 kg RN, A ) 3 S B R A 2
—FhE AT A, F, XTHEFEE RN E
(A TF 5% U s Ry B AR 9 A4 AR R, A A 5T )
VIR Z2 64t Ry SCB A kL, X TBHQUEAT T 12)H
I 52 PS5 . g5 Bon, R a5
1 TBHQ(4508 750 mg/kg)fE i Xif K22 2 K 7=
A AR AE R, T — S i AR R e
F R AN A AL B b BE & TBHQES 57 & (138 K
WA FT R, HE2FEBPHRMIS0 mg/kgh
TBHQX & (A4 4 . 25 1 A B4 4 48 4
A S M G B R A I i TE A USSR 2 T B
S5 A 0

LEERTIR, EARLEANT, 7ERZEHM
BRI T 150 mg/kgt TBHQ, Aox¥fkss
B 1y B A TR AR AR bR v B R S A L AR B O A
AT L TBHQAE S K32 S i Ak 45 o5 4 P A v
B B — o A LS XK R R
HAEEME.

Bt P B KRR T S A S 4
B S LI E oK AT A E S L F AR
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Effects of dietary tert-butylhydroquinone on growth performance,
blood biochemical parameter, non-specific immunity and
intestinal tissue structure of turbot (Scophthalmus maximus)

QI Hua, LIZebang, LIFengyu, WANG Yuyu, MAIKangsen, XU Wei, Al Qinghui”

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

Abstract: A feeding trial was conducted to evaluate the effects of dictary tert-butylhydroquinone (TBHQ) on
growth performance, blood biochemical parameter, non-specific immunity and intestinal tissue structure of turbot
(Scophthalmus maximus). Four isonitrogenous and isoenergetic diets were formulated to contain graded levels (O,
150, 450 and 750 mg/kg) of TBHQ. Fish[initial average weight (8.31+0.04) g] were randomly allocated to 24
tanks, and each tank was stocked with 30 fish. Fish were fed twice daily to apparent satiation for 12 weeks. The
results indicated that fish fed the diets containing 450 and 750 mg/kg TBHQ had significantly lower weight gain
ratio and specific growth rate than that of fish fed the basal diet (the control group). Fish fed the diet containing
450 mg/kg TBHQ had significantly higher activity of serum alkaline phosphatase than that of fish fed the diet
containing 150 mg/kg TBHQ. Fish fed the diet containing 150 mg/kg TBHQ had significantly lower albumin and
high density lipoprotein content than that of fish fed the basal diet and the diet containing 450 mg/kg TBHQ); fish
fed the diet containing 450 mg/kg TBHQ had significantly higher serum creatinine content than that of fish fed the
basal diet; fish fed the diet containing 150 mg/kg TBHQ had significantly lower serum total protein content than
that of fish fed the basal diet. Fish fed the diets containing 450 and 750 mg/kg TBHQ had significantly higher
activity of serum CAT, lysozyme activity, and fish fed the diet containing 750 mg/kg TBHQ had significantly
higher respiratory burst activity of renal phagocytes. Fish fed the diet containing 750 mg/kg TBHQ had
significantly lower serum SOD activity. Fish fed the diets containing 450 and 750 mg/kg TBHQ had significantly
lower ratio of intestinal villus length to bowel diameter than that of fish fed the basal diet, and fish fed diet
containing 750 mg/kg TBHQ had significantly lower ratio of microvillus length to bowel diameter than that of fish
fed the basal diet. In conclusion, the results of the present study indicated that 150 mg/kgTBHQ in diets of juvenile
turbot had no significant effects on weight gain, physiological or biochemical indexes, while fish fed diet with
more TBHQ (>450mg/kg) had negative effects on the growth and physiological status.

Key words: Scophthalmus maximus; tert-butylhydroquinone; growth; blood biochemical parameter; non-specific
immunity; intestinal tissue structure
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