re L) E 1 B PR R AN T R AN K EE B gl AR KRS L B R R A R K HESTAR
I BEI

BH HEE T EEA R E R

(P B R 2K 22 e s AR R S8 Fr SR S sk %, 7 5 266003)

B AR B AR T s A R A TR I T R KGR R AR KRR, B SRR
T3 BT RS A T RE B SN, PR 2R R v /K = DDk ep e 2 1 Jo 35 A A8 B A3 ) )
APk, DL SOHL IR A HOR . A6 HIRI IR I RE Sy B R U, f

PRI AN ST U B A AR VR, /N ZER REIR, BCH 5 MR AR RE RIS kL. Hoh, B
& 60% AR I EERE AR PHPE X BRZL (FM 41D, DAE AW E A RIS R ERARH 50%
ok R B AR Y B PE X BEZH (CON 2D, RAZE B ARG R 43 30 0.15% (D1 4D .

0.30% (D2 4H) 1 0.60% (D3 4 TEAMIIEE IR . F Bk Sl ko 5 e i
VIGa R E Y (13.00£0.01) g RZEEFL) 58 d, RIGTEE NIRRT, BFHR50 1
RBHER 3 ANEE, BNEE 30 B, SOREKY: D BEE TR R8 i, K367
ghta g A R AR KR AR R BT s 5 K%y, ok FML D1 R D2 4
W R, FRRENEEKREE ST CONA (P<0.05) , MAHERERLRLELES
(P>0.05) ; Fx D2 AEARLEE FMATLEZEZR (P>0.05) 4b, HAbLS AR A ) B35
& FM 4 (P<0.05) ; #Fd 4Ky MHEAFAHENL SELEEER (P>0.05 . 2)
DI AFYFREMHNELZE R T CON 4 (P<0.05) , 5 FM ALREESR (P>0.05) ;

Dl HEAREMMEAEEE ST CON. D2 fil D3 4H (P<0.05) , 5 FM A LR EER
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(P>0.05) ; D2 A D3 HZ [T AE AR ME LR Z R AR (P>0.05) . 3) D2
HIFESTTABE S (T-AOC) A E A LERE (CAT) W1 R#E T CONA (P<0.05) ,
JFRE % (MDA) S EFE|KT CON 4 (P<0.05) . ML, EARRKEZGT, &
YR RAGDR RN 0.15% 0 T BRANRE 05 B2 i R3S 4 f 1 AR KR RR B FRV IR LT
WA REBU R TIRE, ST T IR 2 MR35 BT 40 1 1) AR R R

JePEIE . TERAN, REEMELhm, AR MRE, BUWIHALE, PrEfLEE
RS S963 bR IR A L E R

H T A0k BRI H a e sk, S8R o R A B 1 R S A ok B 1 o A e
[ ek} £ 20 A AE R K 72 FR L AT HRRSE R SR (K SR &1 SR, K= B bk b e 2
5 RS L BIAE AR A7 A 5 B BR 1, 8 AL AT A ) B B st B A o & S BURBE M
HAEKMR TR, BERmD . WRBREDY, RS 5 A SRR R KRB EA
g TS, PR AR Z 2 MRS SRV, AF AR RA T A A
WAL BR KA & B b FR 8 72,

KEMFFRY], ARG A IR 2 3 IR P sk = 1 DBt/ 7 5 A W0 P
T HERF AR IER AR EREE, AR, EEWE AR I 5 g/kg TR
Fil S 35 SR AT 00 1 A KR R SRR SR T, 7 e B R R o 2 o S e
ROV RE AR R SE ORI AR K, B R SN DA% IR T AR e K P PR P R K BT [

=

b, s x D e PR E IR 5 A RIE T AT RE A2 i K G o R AR B R R g AR

TREN H AT EAE N B BT Z RIS IR AR P N, AR A e AR B
GIETHRE T O/ O KESEHME, &—F+oBaEhigtemms .z~ 5
FURIL, T RN AR e R s AR K, U ROy T R LA YRR I R L B 4N IE
HOARAEL (e N AR sh et R, T RIS T LA MR NLIR SEAR RE R, AR
REPINIREE /1. KT R AP E BB RSk 5 RN T R KA K IERE . THALRE
TR G 3 Ty e S R M LA K E 75 B2 e A A B 5 (R R P 5 0 R LARGE - DAL, AR LK



EEBPR OB O B, 8 1A R A R A R AR JE TR RS IS [T R TR
By, BRI HO RSB L AR K ERE . TR ARIRAR . E IR R AL SR AP T BE AR,
FUTR R AN T IR B BE 75 B R A B B s ARy LB U AR, T IR AN AE K 7 Bl
Yo FrbE I 2 G A TSR SR A 4T

1 MRS T

L1 BBt 5k e

PAEORE . M. TR R . B0k JEA KRN I BE Ay 28 (SRR, A T R
FIRSLORBERE A RRWIUR, Nk AR, BO) 5 AR S S e n IR ik, DRkl kL
W EE B EMRBE R AR . Horh, BUE 60% k) A BE AL AR BHAE X HRZE (FM
M, DEEHWEATRIEEIERAE T 50% 808 1 B AR B XTI (CON 41)
PAAE B AR BRI 0.15% (D141 0.30% (D2 41) #10.60% (D3 41) TER#H (I
H R R AR AR AR, A 8080 & #>98.5%) Mtk NRI AL . 4> BRI DL-&
SRR AR R A 25 2E TRk v b 2 ol 5 OB R A A B FMZELK/KST, (RIS 7R Bpkk b
0.1% =54 =40 (Y203 1EilllsE & SRR IH R KR s RHEURI 2k i Ja 1L 60
Hf, i REGERY KIER GG, MNSBIm SRR RS, BRIk
PRHBBRIR ST, 28 F-26 SUMEAT 5 2% il RO 1 B SURL R . FRIRLZE 45 CHUAE TR 12 h 5 B
T-20 CUKAE P ARAE o IR TDRHA R RCE 7K WA 1.

1 SRR LR BT T (T )

Table 1 Composition and nutrient levels of experimental diets (DM basis)

1%
2173 Groups
I H Items FM CON D1 D2 D3
J5 K} Ingredients
8 Fish meal 60.00 30.00 30.00 30.00 30.00
/N2 ¥ Wheat flour 26.20 12.76 12.76 12.71 12.36




¥ Soybean meal

FKRE A Corn gluten meal

Atk Vital gluten

164 H] Peanut meal

MELPY % B) Beer yeast

TH&%N Sodium butyrate

M- Coconut oil

3l Fish oil

YA Z PR A} Vitamin premix”

W45 TR Mineral premix®
477 Composite attranct®

-1l Taurine

PR Sodium alginate

DL-BA M DL-Met

oS

iR Lys

K 5RMEHE Soybean lecithin
SUALHHER Choline chloride
2 — 445 Ca(H,POy),

T B2 1§ Phytase

A AL Y05

R4S Calcium propionate
A FEE R Ethoxyquin
—/KBRER Bk FeSO4 H,0
—KERIR ZnSO4-H,0

# it Total

& 327K F Nutrient levels”

FH & H R Crude protein

2.50

2.30

2.00

2.00

1.00

1.00

2.50

0.25

0.10

0.10

0.05

100.00

51.68

20.56

10.00

4.30

4.00

2.50

3.00

2.00

2.00

1.00

1.00

1.00

1.00

0.25

0.95

2.50

0.25

0.40

0.20

0.10

0.10

0.05

0.05

0.03

100.00

52.70

20.56

10.00

4.30

4.00

2.50

0.15

2.85

2.00

2.00

1.00

1.00

1.00

1.00

0.25

0.95

2.50

0.25

0.40

0.20

0.10

0.10

0.05

0.05

0.03

100.00

52.07

20.56

10.00

4.30

4.00

2.50

0.30

2.75

2.00

2.00

1.00

1.00

1.00

1.00

0.25

0.95

2.50

0.25

0.40

0.20

0.10

0.10

0.05

0.05

0.03

100.00

51.27

20.56

10.00

4.30

4.00

2.50

0.60

2.80

2.00

2.00

1.00

1.00

1.00

1.00

0.25

0.95

2.50

0.25

0.40

0.20

0.10

0.10

0.05

0.05

0.03

100.00

51.11




FHAEMT Crude lipid 10.23 10.55 10.61 11.41 11.33

&L BE Gross energy/(MJ/kg) 20.18 20.62 20.58 20.62 20.65

D45 T 33 4k Z TR KNS 4 Contained the following per kg of vitamin premix:VA (500 000
1U/g) 32 mg, VB, (98%) 25 mg,VB, (80%) 45 mg,VBg (99%) 20 mg, VB, (1%) 10 mg,VD;
(500 000 1U/g) 5 mg, VE (50%) 240 mg, VK (51%) 10 mg, 7ZFR%S calcium pantothenate
(98%) 60 mg, AR nicotinic acid (99%) 200 mg, MR folic acid (98%) 20 mg, A=#JZ biotin
(2%) 60 mg, WLEL inositol (98%) 800 mg, #E‘EZ C W&l VC phosphate (35%) 2 000 mg,

T i 1 4 2 microcrystalline cellulose 16 473 mg.

DRETH MR IR K & A Contained the following per kg of mineral premix :
MgSO4-7H,O (15%) 1 200 mg, CuSO4 5H,0 (25%) 10 mg, FeSO4H,O (30%) 80 mg,
ZnS04-H,0 (34.5%) 50 mg, MnSO4 H,0 (31.8%) 45 mg, CoCl,-6H,0 (1%) 50 mg, Na,SeO;

(1%) 20 mg, fHPER%S calcium iodate (1%) 60 mg, 414} zeolite powder 8 485 mg.

DG 47 B 740 % composite attractant composition: FISEHR lycine: . FHJE- TR FR g =2

DMPT: HZ B glycine: WZ IR alanine: S-BFRJLT inosine 5-phosphate=4:2:2:1:1.
D F KT A P2MME . Nutrient levels were all measured values.
1.2 e H AN IR B 26

B0 IR ZE B4 0 LR 6 T SN FR 0, FRIRIGTE & AL F K= o PR w3
17, IERRI AR R SE ST A e TR R G 8 97 2 IRk, SHTIR1 MR g b Pk DA 7 2
5o YIS ARG B BUR /N — 35 JJRERR I RS B4t [H)E (13.00£0.01) g]BENL DN 5
4, I EL, BAER 30 B M. W50 LE G AR IR T IREM (200 L) .
BARRI R B | 41300 f0 . FRPRIGTE = N IK RGIEAT, FR5H ARGk %
Bl ygiterh, ZVDUESRBIFREM A, WHEAFF B FEMIE, 2 HITEF K 07:00 F
19:00 HEAT R B HL0E, SRS HEATRRIE IS Geit, IR 8K PURIE KR .

1.3 FEACRE



FURI A ARG, YUk 24h, HTEH (1:10000) FREE AR5 AETFRE ., THE
FERRRENLI 5 R ORAET-20 CUKFT LA BT AR AL AR MAEA H BEALEL 4 R fh, EATAR
BRK, MR AE. ATREIFARE, DATFEATRLE. AEARLE, HOTFAE & T 808 sl
R, BOREER)E B T-80 CUKM P fRfF. UL EFEmEE 2 BAETR—&0EN, fH2%E,
AL 6 AMFES . BEIBENLIN 4 Rt , ESRE)E 4 h B ERVE O S R A

el

T

1.4 FEE M5k

1.4.1 ‘EKMHREfERR

FERHECRE . RIS TR, AR IS FE R & B S I AOAC (1995) k. H
L, FER KR R S A 105 CHU T REE RS, HEORSEXHEE
[REZEA (TM-8400, Ffidft FOSS A w]) Mllsg; FARW & &K H &R K (SOXTEC-

8000, ¥ FOSS Aw]) WlwE; LAeHAMIMEN (Parrl1281, FE[E Parr A7) MWE .

142 EFRUIERMH AR

PLESINTE DR 0.1%Y,03 AFRZRF, K e A0 H B A 25 B8 R S 6 i X
(VIATA-MPX-ICP, ZI[E VARIAN A &) MR A ZE e & &, 118 B R

JRAIER F R IR T AR

143 JFFREDUSEAL R AR I 2

HERPR L — o T (AR VR IO AT 4L, J% B R (@) « AR (mL) =1:9 BN 9
FEARR 0.9% M A ER K, DK ZRAF T2, il 8 K 10% A SI M, 4 CL 3000
r/min B0 10 min, BSOS AN [F 48 47 10 22 5R AR B 3R /KRR AN [ R B JEA T 52
PR 5 1 5 SR P 2 T e R, U (0 A SR PR An L S BT RR ) (total
antioxidant capacity, T-AOC) , A EE (catalase, CAT) - HAELEF (superoxide
dismutase,SOD) 14 LA % (malonyldialdehyde, MDA) i, DL LIRFR¥RARI &

FRAE) TR TEHT A 7 Rl il

1.5 HHEASR



Fre A K% (SGR,%/d) =100x (In & AR E-In YIHUGARE) /FR5E K EL
WHE AR (WGR,%) =100x (A RMEE-YIMAE) /HIIHARH

T (FL%/d) =100x<E% &1kl 5/ (WG E+ZORIEE) /2]/7%5H KA
TR R (FE) =fo ik &/ ik &,

EE (CF,%) =100xfkE (g) MK (em) s

FFAAEL (HSTL,%) =100 AT A 5 /44 & ;

WEAEL (VSL%) =P JIE 4] # /& E < 100;

TR EMHEFE (%) =100x[1- (AR Y,05 & &8/28 @ d Y0, F 8D 1

HARRMHAER (%) =100x[1- GEEFHE RS BT HEAREE) x (W

B Y, 05 S &E/ZEEF Y05 58D 1o
1.6 s a3 5 Ge it o b

¥ K H SPSS 17.0 AT Gt S Ab B, FEiEAT BN K 7 Z 00T (one-way
ANOVA) , M |a 27 B EN, R Tukey’s EHHTZ EILE, P<0.05 NZEREZE. R

Bofs P EEAR HE 1R (meantSE) FIR.
2 g R
2.1 EHEYE AR IS F RSP T EREN X K35 640 1 A2 KV BE I 52 )

N 2 fn, ELKAE, WERMEE4EKE I, D45 CONAMtLEETHE
(P<0.05) , M5 FMALEEER (P>0.05) ; EFERSETE, DI. D2AEEST
CON 4 (P<0.05) , M5 FMALEEZER (P>0.05) , DI HM D2 4H2 TG 5w #H%E R

(P>0.05) ; fEHEXRH, SHARBTLEEESR (P>0.05) .

R 2 Y E B RS IS R AT T RRANGS RS2 0 4t A K P RE ) R



Table 2 Effects of adding different levels of sodium butyrate in high plant protein diets on growth

performance of juvenile turbot

415 F4e A KRR E mER PEERRVES FrPEARKE  HmEx

Groups IBW/g FBW/g WGR/% FE SGR/% FI/ (%/d)
FM 13.01+0.01 79.39+0.34° 510.42+2.39% 1.31+0.01* 3.12+0.01° 1.89+0.01
CON 12.99+0.01 63.4240.60° 388.07+4.69° 1.22+0.02° 2.73+0.02° 1.8740.02
D1 13.02+0.01 79.87+2.58" 513.27+19.13*  1.34+0.01* 3.13+0.05% 1.85+0.01
D2 13.00+0.02 72.69+2.54° 459.11+19.15°  1.30+0.01* 2.97+0.06" 1.85+0.02
D3 12.99+0.01 63.5542.18° 389.11£16.96°  1.21+0.02° 2.7340.06" 1.88+0.01

7] B 5048 )8 b T BE sl [R) 2 BE R R 22 AN L35 (P>0.05), ANFEREROR 2 57 i 3
(P<0.05). R,

In the same column, values with no letter or the same letter superscripts mean no significant
difference (P>0.05), while with different small letter superscripts mean significant difference

(P<0.05). The same as below.

2.2 YA AR SIS AT T BRAWG KZ2 6F 4t FE AR 8 b 1 R

Wk 3 Frow, 76 EAEY)E A B AR IR I0AS R 2K BT BR AN X K35 B 40 i AE i 2
FHARELITE B (P>0.05) 5 B D2 HAEARLL S FM AR & Z R (P>0.05) 4, HAit

FHM AR LI B KT FM 4 (P<0.05) &

R 3 Y E AR SIS R ACE T RRANG RS2 6 4l i FE AR F b 1) 21

Table 3 Effects of adding different levels of sodium butyrate in high plant protein diets on
physical indicators of juvenile

turbot %

JIE it 2 JHR kA L
2H 3 Groups
CF HSI VSI




FM 4.84+0.09 1.04+0.06 4.91+0.04*

CON 4.61+0.07 0.96+0.03 4.57+0.06"
D1 4.88+0.08 0.99+0.03 4.56+0.06"
D2 4.88+0.07 0.92+0.03 4.69+0.08"
D3 4.80+0.05 1.00+0.02 4.41£0.04°

2.3 YA ET RS INAS R AT T RRANAS RS2 67 & #1442 R ) 52

R A PR, EAEDE AR AN AT T BR BT KSR BE gt At oK g . M

AR &=L EEZEZM (P>0.05) .

R4 kY E AR SIS R ACT T BRSO ZE B 4 i AR 2 R S

Table 4 Effects of adding different levels of sodium butyrate in high plant protein diets on

body composition of juvenile turbot %

K5y itk 4= A AR 7
2H 5 Groups

Moisture Crude protein Crude lipid
FM 77.64+0.64 15.44+0.17 3.35+0.12
CON 78.29+0.27 15.07+0.34 3.27+0.12
D1 77.22+0.20 15.78+0.17 3.74+0.10
D2 77.97+0.49 15.55+0.13 3.22+0.21
D3 77.60+0.23 15.73+0.15 3.31+0.11

2.4 YA B R A INAS R AT T RRANAS K2 6T ) #1008 IR i R AL AL 2= 1 R

Wk s fas, THBRIER F R RSB T RN IN K T3 0 S 30 S Tt e s
fREE, D1 AL TP F 8 A B R 2535 L CON 415 6.93%M1 6.64%, 725\
# (P<0.05 , %k (D1. D2, D34 MTFYWRERHUES FIM A EFARE
(P>0.05) , FlBHZ B TYRRIHEMFRIEEZE 2R (P>0.05) ; DI HMEARE
M AL 3R 52 T AR IR R CON 41 (P<0.05) , 15 FM A ZRAEE (P>0.05) .

RS Y E A RS IS R T T BRI K22 B 4 08 TR AU AL R (5
9



Table5 Effects of adding different levels of sodium butyrate in high plant protein diets on nutrient

apparent digestibility coefficients (ADC) of juvenile turbot 1%
T R 1 = EAREM MR
2H 35 Groups
ADC of dry matter ADC of protein
FM 55.08+1.73° 79.89+1 .44
CON 46.37+0.18° 71.89+0.46°
D1 53.30+0.73° 78.53+0.26
D2 50.311.56™ 75.40+0.26°
D3 50.76+1.50% 73.23+0.45%

2.5 YA BT RE R ESIIAS R AT T RRANS K2 67 &l fh JFFRE BT AU AL SR Bn R 52

i 6 iz, JHEUE SOD & PEBE T BRAN S IN/K P (6 0 5 2 T v J5 AR e %%, B D2
Higrm, 5 FMAERARE (P>0.05) , BFET D34 (P<0.05) , HXT CONAA
FrTl e EZE R AR E (P>0.05) 5 BEIE T-AOC B T BRAN RN TR 38 hn S BLZHT T (6
%, HEREHZMLEREES (P>0.05 , HFRBAEEST CONYL (P<0.05) ,
5 FM A% F AR (P>0.05); CON AT MDA & & s, @3 & T FM. D2, D34
(P<0.05) , 5DIHESFAEE (P>0.05) ; FFIE CAT I ERE T R IN/K T3 n &
AT mJa BERAESS, DI A D2 AR % & CONM D3 4H (P<0.05) , 5 FMAZERA

5# (P>0.05) , DI M D2HZ AR EER (P>0.05) .

R 6 T A AR RIS IS R KT TR B X K22 4 i BT DT 4R 1 A R R T

Table 6 Effects of adding different levels of sodium butyrate in high plant protein diets on

antioxidant indices in liver of juvenile turbot

15 A AL 0 A T MPEARE ) (g3 ARG

Groups SOD/(U/mg prot) T-AOC/(U/mg prot) MDA/(nmol/mg CAT/(U/mg prot)
prot)

FM 63.92+1.66° 3.19+0.18? 0.48+0.05" 76.94+2.15%

10



CON 57.13+1.99" 1.36+0.06° 0.89+0.07° 67.32+2.76°

D1 57.46+1.08% 2.09+0.21° 0.660.07% 82.48+1.35
D2 59.13+1.34% 2.5240.15% 0.39+0.04° 86.10+2.78°
D3 52.19+0.87° 2.51+0.19% 0.4120.02° 55.30+2.53°
33 @

3.1 PR FUS DR SIS R KT T BR B K SE B 4y £ AR AP BE PR 52

TN AR SR RE e B E AR, HERERNESRa T ZER. TRk
Bl %5 0.05% T BRAA I AR AE 53 SU AL K R I AR K e B, IR m il i BRSO, te
RN 0.08% T BRI AT A5 I T I B R AR KR, M R B Tl
EEARGRO T2, BIEREIN 0.15% 0 T BRANRE i & 38 m RS 0P 4) i H 4 . Liu
sl B, 7RI 1 000 5% 2 000 mg/kg T RGN A TR 5 HE 523 B A PR R AR KR
WA B FT R IR B 0.2% )T BRAM X i £01 ¥ 3G AR ARG i AR K IR W e, Ha
A A SR R A, ISRt G e HLAES . AEE SRR, UE A&
E s B AR R 50% 1) 0k J5 2 Fe i RS gl i AR vk e, B E ARtk R
Mg A KRG AR, AINT RPN G vl f m REE ) i (3G B 3 TR AR MR e AR K,
Hrp L 0.15% A INH A K Re de i, Z4RAARE . M E AR SEAH] 7 FM ALK, JRE 2
— 7, WSINT RN A T ORZE R L N E SR BT AR SO0, AN RN &
TR P RE

FEARFIFUH, A& 0T R 7O R L  AE, XATRE R TR TR
A T ORZE B IR, FRR T IE R E IR R AR R AEARHIE T T RN T
Bt KBSt [ $ A R, XS SRRSO 4 SR, B T R
AR R IE TR, HX R0 1 AR AR KA F A R B SR B e R S, i
38 I v DR R A FH SRR SR BN

3.2 A AEER SRR IR INAS R KT T R AN K 5 2y i AR 2L RS 5

11



AWEFR, GURFRASINTT BRANA 2 oK oy ME E B IR 2K 23
SR EARISERR SR, BN T BRI =T R E I AR £ B0 5 T AR el £
PR B FURCHR DT & 8. ARIRE R IR, GRS [FZKSF T RRAA AT X R 3 67
gt gtk oy ME A BRA AR & & AR, 5L ERT A R L. HEPTTR
TR REZEEMP et EARTE, WREBGE T RMEERA N & EA

(EA N SRR [, AL A A B 2 L, (H BRI AL A At — SR AT

3.3 AR AR TR RS IS R KT RR BN K22 B 4 08 TR AW AL R 5

TERANATE SRR AR A — R, Guilloteau 2V 7R B T BRANT /N I
RIS AR AT RIS T BR B BE % RIS FE 28 2R ORI 2t B i o b B =5 it 11 AR
TERAN LA B R AL S WA TG B, A BRI E 3 0s R 50%2%, S R LA 7
T3 B A 5 B0 S () OB T 2, BT 988 15 A T A B s b, T R B A (2 0
YA 2 s B O S B T O G DA [ o G P R, AT R HEE LA R DTRUA
BRI, {H Ribeiro S FIAWI Y0 K BT TR, T BRA IHE F: R R
WHRIFFEA TR F RN AF ORI, GREY) & B 5SRO 22 B )y £
T AN 5 R A AR R 2 B, TN — 2 BT RN A 3 Pt 1 OREE B &l £ 4
TRl A BRI R AR AT AL R, e BL 0.15% IR AL R R i if» BEE T BREATNTINIK
PRSI, AR T AN B R R AR AT TR . TR D ] A 4R e K S B A
XL E IRV TS AL RE T BIE R dE— 2B B T

WEFLRI, A RIS A 1 7 VA 2 06 TR B £ SR 18 TR ot R AL 5 7 2F B 22 (K S
7 FR SO S 00 45 ) T 0 R0 2B (1 B R WL A 3R AR T ™, R R e 3
FAE S IRANARMAHIERL, REE, SECEFTRMIFER AR AL, MRS 3§ 5 3 Ak
IR KRR, IX RTS8 TR o R A 3 vy (K B AL 2, (HIX 2
it 35 0 1) J7 iR AP e S A B DS,y T A U USRS R I B R 3, DR 43 1
TR E A EZRIE A RMWIK . tesh, & IR AR K R B R i T T
AR, ABER A A BF SRR R, Xt 3018 IR R R w1

3.4 EE A BRSNS R KT TR B K22 B 4 £ BT R DT 4R A D RE R R
12



T ERAE I Y WU S R SR T RE SRR SRR TE B B B R RE Sy, Sekb 4 SR A
A5, MRS B AN TN B R B T R . SOD RETE B A B B T 1 R 3, {74740
2Bl T-AOC [5R5S 5 AR BEAAE B DI R, 120 A i R AR AN B AR 2 M R
R, W EIBT LA MDA &8 w2 S e T AL 52 1 el B Tk i 7 SR
CAT fe it EE, WEHUAE BFEEE . AR RY, T RRMNAE S I S oA i
SOD J& A1 T-AOCPY: TEARZHE (LPS) FEBRACIE S, T Wb Ak 52 35 H v A XS IfL 375 A
SOD. CATifit, B IME AT MDA 5, Mk 77100, SRl AT E L)
fe, HESEHTR IR DRI RN 0.1%00) T BRA e 68 2 AT AT T-AOC I CAT 3 143 3l 2
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Effects of Adding Different Levels of Sodium Butyrate in High Plant Protein Diets on Growth
Performance, Nutrient Apparent Digestibility Coefficients and Liver Antioxidant Function of

Juvenile Turbot (Scophthalmus maximus L.)
WEI Chaoqing ZHOU Huihui WANG Xuan MAI Kangsen XU Wei HE Gen'

(Key Laboratory of Aquaculture Nutrition and Feeds, Fisheries College, Ocean University of

China, Qingdao 266003, China)

Abstract: In this study, a feeding trial was conducted to evaluate the effects of adding different
levels of sodium butyrate in high plant protein diets on growth performance, nutrient apparent
digestibility coefficients and liver antioxidant function of juvenile turbot (Scophthalmus maximus
L.), and to explore the feasible method for oversubstitution of fish meal by plant protein. Using
fish meal, soybean meal, corn gluten meal, vital gluten, peanut meal and beer yeast as protein
sources, fish oil, coconut oil and soybean lecithin as lipid sources, and wheat meal as carbohydrate
source, five isonitrogen and isocaloric experimental diets were formulated. Among them, the basal
diet formulated with 60% fish meal was set as the positive control group (FM group), the
substituted diet which used mixed plant protein sources to replace 50% fish meal was set as the

negative control group (CON group), and the other three diets which were supplemented with 0.15%

PR
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(D1 group), 0.30% (D2 group) and 0.60% (D3 group) sodium butyrate into the substituted diet,
respectively, were set as the experimental groups. Each diet was assigned to three replicates of 30
juvenile turbot with an initial body weight of (13.00+0.01) g for 58 days in an indoor aquaculture
system. The results showed as follows: 1) with the increase of sodium butyrate supplemental level,
the weight gain rate (WGR), specific growth rate (SGR) and feed efficiency (FE) were increased
firstly and decreased subsequently. The WGR, SGR and FE in FM, D1 and D2 groups were
significantly higher than that in CON group (P<0.05), while no significant difference in feed
intake (FI) was observed among groups (P>0.05). For the viscerosomatic index (VSI), compared
with FM group, the D2 group had no significant difference, but the other group were significantly
decreased (P<0.05). No significant differences in whole fish moisture, crude protein and crude
lipid contents were observed among groups (P>0.05). 2) The apparent digestibility coefficient of
dry matter in D1 group was significantly higher than that in CON group (P<0.05), while it showed
no significant difference between the D1 and FM groups (P>0.05). For the apparent digestibility
coefficient of protein, D1 group was significantly higher than that in CON, D2 and D3 groups
(P<0.05), but no significant differences were showed between the D1 and FM groups (P>0.05).
No significant difference in the apparent digestibility coefficients of dry matter and protein were
observed between the D2 and D3 groups (P>0.05). 3) Compared with the CON group, liver total
antioxidant capacity (T-AOC) and catalase (CAT) activity in D2 group were significantly
increased (P<0.05), but the liver malondialdehyde (MDA) content was significantly decreased
(P<0.05). In conclusion, under this experimental condition, adding 0.15% sodium butyrate in the
high plant protein diets can improve the growth performance, nutrient apparent digestibility
coefficients and liver antioxidant function of juvenile turbot, but excessive adding sodium butyrate

will decrease the growth performance of juvenile turbot.

Key words: sodium butyrate; juvenile turbot; growth performance; apparent digestibility;

antioxidant ability
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