5540 5 55 9 ]
2016 4£ 9 A

Koo

JOURNAL OF FISHERIES OF CHINA

Vol. 40, No. 9
Sep., 2016

NERHS:1000-0615(2016)09-1321-09

DOI: 10.11964/j£¢.20160310303

LRI T RS AR AS ST K, MR IR, T4
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FHEA,

4,

ZRE, I#HE, ZKEHK, & #H,
(s A B P S0 5, A A B 2% S R T SR 5, 1l

KR

REE  266003)

WE: AARARTFRFRAEERT HEEABRTBHQM K Z 6 4 & £ K. ik £ fui8
T AR M R R AR A R, AR A AL Am0. 150, 45048750 mg/kg
WA T AW, BH R4 ERFEEZRE, EEAWE KT E(8.31£0.04) gk X £ 4
B, ML KAL, FHNER, ENMERIR, XRABAKRT X, FRXERK,
FREMAI2W, ERER, G BAM Ik, 45070750 mg/kg TBHQU fm 41 K % &F 1y 3§
BR. FREKEHEFE; 450 mg/kg TBHQUA w41 5L 4o & i v s M sk BR B 78 ) 0 %
# T 150 mg/kg TBHQ fm 415 150 mg/kg TBHQU w41 5L o & 7% 71 % & v & % g & &
BB & KT xR 4 f0450 mg/kgif m 415 450 mg/kg TBHQ fin 41 & #y fu 76 ALEF & 8 8 5
Tt 4, 150mg/kg TBHQA n A& i v Sk A& & R F KT 4, EHR e
& 7l & W TBHQ#E 4% T 3 7 ' fn 7% & CAT. 75 88 75 47 (45040750 mg/kg) & Sk B & % 40 il
"W K6 77 (750 mg/kg); 4R K TBHQUYS Jm & % 750 mg/kg i, i 7§ SODJE ) B 3 1%
% xR A, 38§ 5 nd5050750 mg/kg TBHQHE % % # X+ i K E K Z
5@ EE N, WA m750 mgkg TBHQH 7 i AT K E 5 E L AW ILE D F %
Ko B ZY, A4+ TBHQH /& fn B 150 mg/kghf, *tAZEF4h & &£ KK EE A
FEEZF R, TR A 450 mgkg P b By TBHQI 2 X A 22 67 4 & 09 4 K K & Bk
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., TBHQR &M . ARM7EI AW E N, £
XF TBHQRE 75 1 S B i U3 in 7310 F fiff 1% 0t A
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A, M HERZERER, mEEF5E T TBHQ
S TLAP BT E A T X fa o i B R AR ROR AR 4
RN, TR0.02%K TBHQRY 4T & AL & L P
FO1%MVEM Y . X AP v ie, JLFE M
T BT AL 7 B ROR: 3 TBHQ>PG (% & TR
NHE)>BHT( . T 352 5L H R )>BHA (T 2458 3 15
k)5 X T st i S TBHQ>PG>BHA>
BHT™, 5N —FhEy 2 Ak, TBHQIL A 1k
RORE . I HZ 2 TPG. BHA. BHTS ™
i, IESEH T X SRR, TBHQTE & i Al R T
W ARAS T2 . kA, TBHQEA W
BIMEIER, RS T I 68 1 5,
I =6 TBHQAE S 7K 7™ sl 4 i Rk % 5] 1) ol FH 3
WA RGN, AR TBHQR KN 5 4 4>
55 [P R R o A A e

KZZWE(Scophthalmus maximus) )& I H
(Pleuronectiformes). #F %} (Bothidae), ZZ /8
(Scophthalmus), & 57 T WU A ¥ 7K P AW i 7K
2, HWEAF, WEHE, Hircsnik
EEZMFHLT A, B, B&ALTH
B TBHQ/K P Xt K22 Bpah fa & A1k . 3k
o S M 8 I i G 2H U4 R R A B 5T ARGE
AR 521 5 FE) AL 4R W TBHQTE K35 647 ) o i) 22
USR5, Oy R 3E B 42 4 (e 5 A 4 AL 3O
A
1 MEST7%

1.1 SRR Ania Rkl &

DL FE A B R, . SAESh
R UE, T i 28 5 RN 7 240 R 50.38% A1
12.52% 1 B fli 7@ R, TBHQLA4N/KSE (0. 150,
450F1750 mg/kg) s in ) FE Atk 43 51 i AL
470 45 SRR I DR, MRS S DI R4 |
D2, D3fID4, S5 HHTBHQW H Sigma/A A,
TBHQMI AR /N E M 97%. AL Ty B8 37 W43 4%
MrinZe 1R .

12 LB RIAFER

I FH S 50 76 v D TR R 2R AR AR S R
= ot 202 R I 1 (1 7R B AR ) e A VAR UK 3R B S
P EAT o SCE6 T KSR B R Y AR N TR AR
Wl —Htfmy, mEMBME NS ERM., L8 IE
KXIFUEET, ESLIAl g IR 208, B FRH1 W K &
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RAHH 55 K (2 g/hill) I (20 mL/AfIR & 25
2h, BRI A AR B2 B AR, il 2
T N S A A AR L 3 R N TR A
SCECTFUR AT, T A SR ALk 24 h, PRt
AR fE R A — B K SR PR L £ A S SE
A, FFFREVIAG TR [(8.31+0.04) g, L fh
BE AL i 224 25 B0 300 LY FR s 0, B4
30, BT AR BEALIX 4 8T8 05 stk A5 07
B SCEIHE, AR 2K,
Pk a2t T S 43 R 19 ) ) 5 A R I i 45 A SE B A 1Y)
M E . RAEHA KRG, HESLETR,
RB A KT 5 mg/L, KIEFEHITE16~25 °C,
JEZ)R28, pHEHITET~8, SLH I 12 W,

1.3 #mXE&E

FRPA LGS AT, 4 BN 45 A L FR R
B, WEAAEESR), HRRE(FCR), HH R
(WGR). 5 4 KA (SGR)ZEFE b5 . F Al Bl AL HL
il E AR REE . NBEE. FEE, i
BN EE (CF) . AR He (HSDFIE A b (VST .

HEARFEHLES 9 M, kUi, T2 mL
[T = o RO Q| R O ol a5 = O | o 11
FtL DAL AL AR 5 T 2, =R T AR E 1 hiy H
[, B4°CUKHi4h, T4°CHKMHTF3500 r/mings.Cr
10min, WM, WA, FiE#EE]-80 °C
VKA R H

B PR BN R 1, AR AL cm
LA, H0.7%4 BER K whk e,
T U JE B I R R A ) A SURE B T A
BRMAK BV ER . s, HAZ A
Hl(Leica RM2016)U) Fi-, )5 FHH.EG (A ik Ju (A,

1.4 #M7Ak

TR AR T K A . MR B HLBR DT
FUIR 53 23 59 R 1105 °CH R T A vk . ULIR E A
. RIRTHEIE 550 CRIBE LI AE .

I 2B AR 48 A% HHITACHI H 3776004 H 3
AR AT AR I . D PR AR AL . A AR A S
HBMI(ALT), KIELAMIEHLBLIAST). bk
WEFR B (ALP), SR (TP). HEM(ALB). BRKiE
FH(GLB). JR ZZ(BUN). WLEF(CRE). IfiL##
(GLU)., HJHZT R (TBILD), H=F(TG). ™%
JE & H (HDL).

PR T 3 (Micrococcus lysoleikticus, Sigma)
RIEY, 2 RENis" 5 v M 2 L % v S T o
P4 VA BEIMOK B #20.2 mg/mLI T°0.05 mol/LIY B iR
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Tab.1 Formulation and composition of the experimental diets (dry matter)

%

Wi H items

D1 D2 D3 D4

J5#} ingredients
¥ fish meal 46 46 46 46
A soybean meal 21 21 21 21
/NEERY wheat flour 21.35 21.335 21.305 21.275
3 fish oil 6 6 6 6
K IR%NE soybean lecithin 2 2 2 2
e ZTRY) vitamin premix® 1 1 1 1
)5 TR mineral premix” 1 1 1 1
Yk4: FC vitamin C 0.2 0.2 0.2 0.2

187 phagostimulant mix 1 1 1 1
SULABTR choline chloride 0.25 0.25 0.25 0.25
=44k 4 yttrium(TIT)-oxide 0.1 0.1 0.1 0.1
PIEREY calcium propionate 0.1 0.1 0.1 0.1
T HE R TBHQ 0 0.015 0.045 0.075
1t total 100 100 100 100
JXA43HT proximate analysis
FLE FR crude protein 50.39 50.38 50.38 50.37
HLIET crude lipid 12.52 12.52 12.52 12.52

VE: a. A TR (mgilg/ke diet): Wil 25 mg, 4E4EEB, 45 mg, KBRS EE 20 mg, 4E42%KB,, 0.1 mg, i %K, 10 mg, ALEE 800
mg, V2% 60 mg, MM 200 mg, M 20 mg, EVE 1.20 mg, 4EAFA32mg, 4E4ED Smg, 4EAEE 120 mg, FALIHGE 2000 mg, ik
HFYEE 14.67 g; b, B YR TR (mgilg/ke diet): FALEY 2 mg, BILAT 0.8 mg, &ALE(1%)50 mg, BRERHH 10 mg, BREREL 80 mg, WilRE: 50
mg, Wilfg4h 60 mg, BREREE 1200 mg, WERE %45 3000 mg, WA 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, ZnSO4-H,0 50 mg, MnSO,4-H,0 60 mg, MgSO,-7H,0 1200 mg, Ca(H,PO,), 3000 mg, zeolite powder 15.55 g

B ER 2% b (pH=6.2) iR &), BU1.9 mLi% 1 &K
55100 pLA 0 i 35 T8 h s ), 25 °Ca& 1
WK 530 nm, A3 510 E HAE0.5 minf Y
W SGAB RN 4.5 minff B OGAE o B4 B 2 T Il
WG T B 0.00 138 SR 1A TR TG 1 A6

FEE W35 248 L P VR 3% 176 1 FH 30 D IO 2 e
(NBT)AY BE 1 ok flir 7, BR100 pL i i & 4 19 3k
B AN, B 96fL B RAR T, 430N A 100 uL
1 mg/mL NBT(Sigma)F1100 pL 1pg/mL{ ik f 2 &2
5 (PMA, Sigma), 7£23 °C/ V60 min, SR J5 il A
HH L b R R, 15 A . 7 70% 84 Y
VSRR, ASRIET, 43 A 120 pL 2MKOH
1140 pL— H 37 L (DMSO, Sigma)iEik , A=k

WEAUIVE, fFn AR LAE 630 nm I & WOt
{H . SODFMICATR HFg mt g A SR . 2=
F 58 H SOD i 22 35 50% st Jir XiF i [ SOD 4t
FE XK —1~SODG J1 B (U)o B2 T I i B FP
Bh 43 1 pmoL I H, O, 1 1 5E U —A>CATIE 71 5L
Hi(U), IfiLHESOD. CATHIEAA K U/mL.

1.5 HEARKRG TS

FET 2 (SR, %)= 56 45 o i # R 430/ 52 36 T IRy
1 241100

IR (WGR, %)=(F R AR R+ T fa
A I £ — £ R AT) B A o i )/ AR ) 46 44 5 £ < 100

5 7 A2 K 2 (SGR, Yo/ d)=(In 1 R 2% A A4 i e —
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Infa (A 46 1A I 12 )/ LR £ < 100
T Bk F BT (FCR)=( 5 1H 1 — Bk 1H 3 )/(f IR ¢
A i+ HE T A0 R BT S — 0 ) R A 5T )
& K (F1, g/kg MBW per day)="F- ) 4 4% i1
e Ak 45 AR/ A A AR S /] M R
R (CF, g/em’)y="F-IR F i/ CE A ) 5
JFAA L (HST, %)= 100 i 5 /4 £ 44 i i
JIEAAR LU (VST,%)=100x P i 5 /4 £ 44 i
S U B AR DL Y B hR E 1R (meant SE) £ R
JIT A B H FH SPSS 16.0 B4 47 5 1 7 2240 Mt

(One-Way ANOVY), Duncan[X 2 5 b # K 5 2 5+
Mgk, 3 K- P<0.05,

2 4R

2.1 ARFRMAEFE TBHQX K& 614 <
4 BE HY 22 1

ST HRAAAR LY, R AR in450 1750 mg/kg
(I TBHQXT K ZZ 6T i3 d 3 | e AR RO 7 E
S AR B R T (P<0.05)(#62); TR il 150 mg/kg
A TBHQXT K EZ BT (144 8% S e AR KR BA ™A i

£2 ARPRMAEFETBHQM X ZE T4 K IE A M
Tab.2 Effects of dietary TBHQ level on growth performance of turbot

Rl diets

febz

index D1 D3 D4
BET%/% death rate 4.44+1.11 4.44+1.4 8.33+2.06 6.66+2.43
14 #/% WGR 390.91«11.17° 409.19+14.47° 335.05+8.01° 308.89+13.3°
e K2 /(%/d) SGR 1.86+0.02" 1.91+0.03" 1.68+0.03" 1.59:0.05
A H/(%/d) FI 1.44£0.05 1.43£0.04 1.44£0.07 1.38+0.09
kL &% FCR 0.91+0.05 0.9+0.01 0.960.06 0.950.04

T RAE AT R AR MIE NG TR EOE 7 RN 2R A R E (P>0.05), ARVNE T RRRZE R B3 (P<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

FMER N (P>0.05); 45 A0 P2H RS 6E Y SE T
DR R ORI B B R T W M 22 7 (P>0.05).
FEARFE bR s B W R, 750 mg/kg TBHQER I
20 RS2 BF 9 JDE A4 bL I 3 T IR 21 (P<0.05), 1M
5 A A B 2 (8] A R 2 5 (P>0.05), £54L
FHLZFL R B AR L 22 57 AN B 35 (P>0.05)(353)
R 5y i, ST A E, 750 mg/kg
TBHQWS I 20 fa i rp i /K 40 & & Fh i, ARG &
=3 ARFIRMAEF 2 TBHQXY
K I PR PR R AT B0 B2
Tab.3 Effects of dietary TBHQ level on

i B E R (P<0.05); 750 mg/kg TBHQ il £H 4.
PR K o3 i 1 2 R T A2 (P<0.05) ., 455
B 20 f0 AR 1 T i 25 AN 3 (P>0.05)(3R4).
2.2 AR A ET 2 TBHQXT X % 6% M0 75
FIBE BRI T
450 mg/kg TBHQUN I S 56 £4 11 175 el 14
i i 7 KR B 1 i R 35 5 T 150 mg/kg TBHQ
F 4 (ARFIRMAER 2 TBHQXY
KEFGFOR AL 43 4 AR B 220 (F 49 50)
Tab.4 Effects of dietary TBHQ level on
body composition of turbot (dry matter) o,

physical indicators of turbot % Tk diets
Fax index
AR} diets DI D2 D3 D4
¥845 index

DIl D2 D3 D4 K43 moisture 78.15£0.25" 78.66+0.23" 78.79+0.39" 79.18+0.36"
JIEW R CF 1.7240.04  1.81+0.06 1.7840.04  1.82+0.04 K4} ash 19.25+0.18"19.74+0.04" 19.32+0.05" 20.32+0.03°
FEfARLL HST 1.25+0.05  1.30£0.06 1.3120.06  1.26x0.03 JIEID5 crude lipid 8.17£0.25° 7.86+0.09" 7.81+0.14" 6.09+0.06°
AL VST 5.63£0.06°  5.91+0.06®  5.80+0.13  6.02+0.13° A% crude protein 69.33+0.21 69.56+0.17 69.25+0.15 69.30+0.32

http://www.scxuebao.cn
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VRN (P<0.05), {H 5 Hfth 41 ] G i 35 1k 24
(P>0.05); 150 mg/kg TBHQYS N 2H 52 56 £ 1L 3
B R 2 M R R T X R 2 AN 450
mg/kgs IN4HL(P<0.05), 1H5750 mg/kgHl TC i 31
% 53(P>0.05); 450 mg/kg TBHQUR L6 11 1L 15

WUEF & B 25 5 T % 2 (P<0.05), {H5 Hiftb4d
6 E M2 5 (P>0.05); 150 mg/kg TBHQYS N4
0 I3 S AR S i TN IR (P<0.05),
1B 5 HoAth 20 JC i 3 1 2% 5 (P>0.05); TBHQXY Ifil
T HABFE A5 TG 2 P (P>0.05)(3R5)

RS ARHRNAEF 2 TBHQX A 5 8 M 375 4 3B 4 (L AR A2
Tab.5 Effects of dietary TBHQ level on blood physiological and biochemical indexes of turbot

TE‘A*/]:\ m*—l' diets
index D1 D2 D3 D4

BRARBSLFHERE/(U/L) ALT 19.17+2.43 19.00+3.53 26.50+8.44 15.6742.82
RIVARA R /(U/L) AST 43.33+7.33 44.67+9.30 68.67+27.01 35.00+9.50
BRARBI LTI/ R 1A REE TR ALT/AST 0.46+0.02 0.45+0.03 0.42+0.02 0.51+0.05
Tt R ¥ /(U/L) ALP 13.17+1.01° 10.33+1.31° 14.33+1.15° 13.33+1.45%
BEA/(YL) TP 38.22+1.57" 32.38+1.37° 38.62+1.52% 34.55+1.32%

g
HEH/(g/L) ALB 6.67+0.20° 5.67+0.32° 6.63+0.16° 6.26+0.20"

g
FRE M/(g/L) GLB 31.55+1.37® 26.81£1.99° 30.03+0.73" 29.53+0.91°

g
[ [/BRE 1 ALB/ GLB 0.210.00 0.210.00 0.22+0.00 0.210.00
JR 2 %&/(mmol/L) BUN 3.74+0.40 3.68+0.28 3.62+0.51 3.90+0.32
JULET/(umol/L) CRE 32.83+0.87" 33.50+1.84" 37.50+1.38" 36.00+£0.82%
JRZE/NLEF BUN/CRE 0.11£0.02 0.11+0.01 0.13+0.01 0.11+0.01
I BE/(mmol/L) GLU 1.03+0.11 0.94+0.16 1.35+0.18 1.28+0.24
SHZE/(umol/L) TBILI 1.03£0.11 0.92+0.25 0.92+0.23 1.01+0.82
Hih =E8/(mmol/L) TG 3.86+0.71 2.55+0.46 3.25+0.28 3.01+0.11
5% J& i 8 H1 /(mmol/L) HDL 2.43+0.15" 1.86+0.16" 2.37+0.13" 2.03+0.17"

2.3 ARPRMAEFIETBHQXY K& 4T 3E4F
MR R R N A

xR AH, ok TBHQUS & 450
F1750 mg/kght, I35 CATHIE B IS 77 W T
(P<0.05), Tfi150 mg/kgH JC . % 784k ; 1L 7% SOD
% J1E TBHQIR JN i+ 49750 mg/kghht i & P& (P<
0.05); Sk "B 5 Wi 441 fitd P 1 0% % 196 1 #E TBHQUR Jin
oM 750 mg/kgf {2 3 TR (P<0.05); fEEHHF TBHQ
AN GSH-PxI 77 54 M A (. 3 (P>0.05)(#6) .
2.4 AR A EFE TBHQX X % #5418
AZE2RY: op A )

Xt g i AS RS T S R s 5
XFHRAHAR L, fRDEE S 4501750 mg/kg TBHQ
REWS B E IRATT I E 9 B K 5 HiE AR (P<

0.05), TMi150 mg/kgdl Tt B E A (GERT); B
750 mgkg TBHQH, A fAE g s &K 5 5 i BiE
() HO AR S8 I T X B4 1150 mg/kg2H (P<0.05).

3 g
3.1 TBHOQX XZEEF £ KAV

BB LRI RS . LB ATE, i
I S AR A AR, CAIESS, 1E
T o s N 3 AP AR ARR) AT DU S W i AR
K, JFRERm IR AR R LR A (gt B2
Bohne&E '8 i % K G LR E (Salmo salar)WE5T
FRWEQXT sh W B K IF A B g m, {2 21wk}
HRES N B BT E AR, AN S hl AR G A
KA R, B Z S xRy A i iy m 22,

http://www.scxuebao.cn
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Tab. 6 Effects of dietary TBHQ level on nonspecific inmune indexes of turbot

ki Tk diets
index D1 D2 D3 D4
I A AL /(U/mL) CAT 13.31+4.00° 13.49+1.30° 16.22+0.94° 17.55+0.81°
AP B G EE/(U/mL) SOD 1.80+0.07° 1.87+0.07° 1.82:0.06" 1.66+0.11°
A I H ki S/ (U/mL) GSH-Px 9.43+0.43 9.35+0.32 8.80+0.78 9.57+0.51
W H/(U/mL) LZM 1.91+0.41° 1.84+0.24° 2.70£0.15 2.58+0.24°
iiﬁjﬁiﬁiﬁﬁz sltoscem 0.20£0.03" 0.220.02° 0.22+0.01° 0.28£0.03"
7 ARFRMARFETBHQXN XEHHFERSITEMNE N
Tab.7 Effects of dietary TBHQ level on mid-intestinal morphology of turbot %
Shn Bk} diets
index DI D2 D3 D4
TIE 2% K /B 4% intestinal villi length/diameter 4.89+0.29° 4.51+0.33" 3.67+0.31° 3.59+0.38°
W2 B /B 4% muscular layer thickness/diameter 26.25+2.33 25.45+1.36 26.93+1.28 24.78+3.17
W9 B K E/ B4 microvillus length/diameter 0.50+0.02 0.51+0.03" 0.49:£0.02" 0.46+0.01°

FHAETAIE, A MR I I TBHQXS 7K 7~ 2 )
ARV R A MR, AL d, &b
PRAH R EE PR FET- 22 5 AR, SXRAM L,
Rk TBHQUS I} 4501750 mg/kght i & 0
il TORZEBELh AR, DR TBHQWR it ok
150 mg/kgh X K2 6 1 A= K A5 AR A B 52 .
Tk TBHQIS & A8 il (45011750 mg/kg) X} K 25 6
A A T RIVE AT, BERA 5 ) 1 TBHQE
AT, 2% KR 6F 7 A 17T P52 I
SR A RKEARR, R IS [F5 5 A TBHQ
XiF K 32 6 ) R R BRI & R T B E R,
Ui TBHQI AN J& 38 3 5% i K 35 BT 1) 8% 1 2% Fil 4]
BHE AL SR A KK/, TBHQXTZK 7™ 314
A KPR R AL R A R Tk — PSR
FFAAR BE AR BE AR Sl B A A AR Ak, AT L
TE— 8 T2 B I S Wi 3l ) BT 7K 32 1 L Bl A 2R R
T TEARZR S MM, &Rl ETBHQA K
22 07 4y fh0 1) A Ll S 3 P R, AR L R
JETC 2 AR A, U B R i 1 TBHQW] B 2L
P N R AR R R N (EW =RV
SRS B A T TP

3.2 TBHQX KZE=&FIN &4 IR 1k X ipiE 4 18
LEHIBI R

N R Z R W T A n, 7E—E R

http://www.scxuebao.cn

SO I R R R G, RIILE
WP A AT IE M TS . ARSI, Ak
78 N450F1750 mg/kg TBHQRE % 1 2 T 25 1l 375 2
AL ST RN TR TS T, BEWTER 450 mg/kg
DL B TBHQE XML 1 i3t , 7= A o o
MEH B 5L, DLIARCHIEBR A A 3, bre kil
HITE A T e . SXRRAAH L, ZEARINT750 mgkg
TBHQHY 3k 5 & Wit 20 Jifd I 02 45 % 1% 7 0 38 7 o
Sk B I 00 M R Y A A, PRI
S8 R AT 71 R SR AR PTR G B T iR 55 =Y,
B % 3 60 T R AT R 5 A R e i e e T B
1ML7% SODI J1 7 4R Rk 5 11750 mg/kg TBHQHT
FREAL, X ATRERE T AR A TBHQME — 2
R, X AR R T R T B, MR BB
SAALBE I AN RE B A RROS EL B

Jo 3 T AL IR R i, TR
K 8 0 b S JEL BE 1 N RE A5 B K i 1 R T A
& 3 i 68 5 R I AR i, SR A IE R B R
AR B AR, AL T, I IN750 me/kgl)
TBHQH 1 izl 1 4% B AV & B & 4, Wil
W AL T AT B, X 2 e A A R 9 Ak TR
WCRE T AR, 33X W] RE R i AL B A v £ A A
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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, MAI Kangsen, 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 dietary 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 (0,
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.
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