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REMARAMEEFATENEREBANBHEE K,

HCEREM . MENEEME X EmRNARIZA R
ZZEx, wWHE, BT, wERE, RFHw, AaF, & X
(R P2 B KA SR S, TR T 524088)

BE: I RARERARANEEF RIS R A E a4 & 4 K. H gk,
LA E R EmRNAK 3k AT W %o, LI LT20 R 404 4 E X (7.00£0.02) g # 3
REEHE G ERTFRAER, P HNLE, EMLEINEEL, RITINEF AR E
4 (B E E35%), MK AN B A& R A E15%). #RA B A m b l0(E % & 8 Xt B
). O(f% & 2t BB 41). 0.10%. 0.25%. 0.50%. 0.75%. 1.00%%01.25%F & 2 F 47 &
ER, REMSH. ARET, WERLAUHT, AWARAMEFATFTSD K AR
THEGENRERLRER . WEXEREEKEFHEANENRLEL ELAB TR
Y, EXNEEFTRERNELE, KTEF AR BA; YR Mm0.75%H ¥ 3F AT H
B, AR AHEERK, HAL 4R ERTHRERY, STEFEARY, TEARKXENT
WHEN AN ABER. MEEFAFF A MENE I, WEGBE. EH8EEEEAf
B AR vk AT A A e A A S LR E I, A n0.75% 4 B 2F AT B A 4A R
43k Bk Ko AT IEIL A L A B mRNAAE x5k 34 K F £ R flmE 4 0.50%4 2| x K1E, 4
B KL R BEmRNAXR A K F AR EFRAAH A ME HO0TS% AR AM, BiLh 4
RMBEREFERTd, 2RABHEFEXMEEFT AR M ENE T EF A G
PHERGHABKE, REFEEAEE, KERLAET(EHERE T F20%42 ),
ARLRE R An0.63% 4 3 3F AT H (1.0} 10° cfu/mL) 7 B F (R # 5 s b7 e 4 0 4 K,
REPM A~ HAEE o E I A A e o A A B E M R X mRNAK K A F .
RER: DR AE s BEFHATE; £K; BiFHE; mRNAKK

FESES:S963.73

22k v 10 £ KA (Epinephelus lanceolatud x

Epinephelus fuscoguttatus Q)3 J& B J£ H (Percifor-

mes) . fEF}(Serranidae). £ B )& (Epinephelus),
J& M i A BEAL(E. lanceolatus )5 F7 1A BEfL(E.
Suscoguttatus Q)AL MIA, FlA T R A4 KM
o Jrom . PRI IE S, IEAESRAE) AR L I
A O B SR AN (HR, R SR AR Y W
WY, —RIME YRRz Mok, M E

s HE: 2018-02-16  f&EIHHA: 2018-05-17

MEAREE: A

REL A L 7 Ml gt e 4 Jj 7

B ZE AT B (Bacillus subtilis) 2% G FH
W, e ROFE RN, B SR . AR
i PR P A KR, R AR PR BE T 2 7 AR N R 1 A
+, ATTEDBHRDRL 2 J5 PR A A s R T
HUAPIEFESR S, BRIR . SR T RAE, A
IR ARG, R A IR WK M
AERAER, WG EMAES T, SRR

BENIE : HE AR H4 (31772864, 31802316): WA AL = bk R4k R 4 (CARS-47); |~ %48 FBH 7k 2 % 8 450 Rt
FiHR1(2013B021100017); |~ 7548 H SR BL 22 36 4 (2015A030313621, 2016A030313749); |~ A4 B H7 sk8 TFE I H
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WRBE ST, AT L= A 22 R A0 T 0 UE B i (amy -
lase, AMY). & B (trysin, TRY)Z:{E k4 ) 5
fife, P AR RO, LA, R R A
P FE K 7= s 8 B B 9T RO s . TR
o S UL 2R S T B MR A R R R LT B 10 Rk
n] PR 3 3 A (Mylopharyngodon piceus) 3
EA L WALEEE M ISR U S A R R AT
R B 1)L 4% W B A8 (Ctenopharyngodon idella), 4%
R, HEm 7 p A KYERE R R R

I EAREERE . 50205
B . HOEWEZ R, B A K
Bhp BB E A, R, REE K IR
PR K R 5 Ry BT IR I 46 e A0 S BT, R
W 3R Aoy 2 AR BRI JLAR I S HA 5 T
SRS IE T, P ERRRE, BUN Y T MR
()8 FH g,

H R, A Bl i 7 b ok R KL &
T30% 1, AT ok o5 B A Y LB A
oo RIS, 5 T A R 2F AT TR A0 TR £ 5 i )
TF 5% K 22 AN PR 5% L A= 1 ) ek 1) 19 52
T X T Ay 5 2 9T 7 7 A i T AR VR T
Pt A AL A S i 3 PR 26 3K 5 i () F g 42D .
I, ARSI B ARG AOR B9 FERE_E B 5T 4R R R
TAS [R) b ) Aty 5 2 AT TR, R HXE B2 B e I
AR HAREYE . PUR . IR
A 5 Tt 5 M e HemRNA 2 3K B 520
1 MRS T
1.1 EREH

SCEEREAfRY . B, EOREAB N E
BEA, DMl Eokuh . KEIEEIE N E
BNRWIUE , SRR R S B SRR LR L, A
IR INOIE # 2ok XF R 2H) . O(fI% £z X HE 41) |
0.10%. 0.25%. 0.50%. 0.75%. 1.00%7#11.25%%
M ZEAFF B o AR Ry S s 60 H i, M
BAR A 2 0y B T s i, o, RS TR
Je B TVENE S HL(VH-6, YT.75538 )R 4 10 min,
M TR GBS BRRY RILIREGS, RIE0
TUEFT B L (F-26T 8 B H T2, ) ) B i Al
HARH2 mmA R, KT 504 T 20 °CUKAR &
e M.

1.2 RAHREBEVRIKIE
FEPE WA AR R R T R

AW FE 0.5 i) B I 2T 4R AN AT, SR
AR T ARSI E S, AT s
KU R F27 d, BREER) b5 14 BT 54 (7.00+0.02) g
R fE BN A, AR 30 40 8N Ab B AL, Al
XTI SER R, M3 ERE . R, &
KAELME2UK (8:00f117:00), RIGKA . HEMAEK
55 0 FH R M SCIR R R R K, e
TKEE2/3, AN e A i S B 1R R (7~8 mg/L),
KRR (30.5£0.8) °C, [ H29~31, pH 7.2~7.8,
AL T0.02 mg/L, F54 H I8,

S 30 A R ZE AT T I ORI T T AR A I
A ) AR PO (GIM:1.222), 35 2 FR T B
1.0x10° cfu/mLI K, 7EKARE LR35 T K
IS F iRk, s oA 4k [QIR R (Vibrio harveyi)
TR T AR A K 2 T B W A W o KA T
a2 R S E AR
1.3 #H#mRESNZE

S AR TS24 h, WO T T S
(1 mL) TR &R I, 3 500 r/mins 0> 10 min(3K30,
Sigma, fE[E), B EEBRT 1S mLAE &, £
1 7E-80 °CHEAIL I VKA (Thermo Electron corporat-
ion, & E)H & H . HICHR BT S By JJ L6 R fa i)
JHF O R g ST B 0 A, ARG RS T80 °C
PRAE, FHF IS ARG 6 v e o P62 £ i T
JUE F1 i 38 i T35 45 RNA later i 25 0% d, T
—80 °CHEARIR VK PR AF A8 HI o 1> A B B B 6 B
30, R3NEE, BYELZI0E, U4
FCHR PR (1107 cfu/mL)IE 6 i 5 04T B ik g, A=

B AKAVEXT IR, MEE %7 d, 8 BiHAEs
F, BRI S B CHk[17],
AN

B3 K (survival rate, SR, %)=N,/Nyx100%:;

14 5 % (weight gain rate, WGR, %)=(W~W)/ Wyx
100%;

7 4 K K (specific growth rate, SGR, %/d)=
(NI~ W) tx100%;

T 4} 22 8 (feed conversion ratio, FCRy=W/(W~
Wo);

T H IR R (protein efficiency ratio, PER, %)=
(W=Wo) (W< Wp)x100%
K, NAKKEE, NoAWItGREE, WRhZR
R (), Wo BRI IR IR (g), ¢ 52590 R AL
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Tab. 1 Composition and nutrients levels of the experiment diets (DM) %

HiH W ZEMFT H/%  B. subtilis

items nofni%jfglal 0 0.10 0.25 0.50 0.75 1.00 1.25
JR%l  ingredient
21188 brown fish meal 35 15 15 15 15 15 15 15
TH  soybean meal 20 40 40 40 40 40 40 40
TKFEAR  corn gluten meal 20 20 20 20 20 20 20 20
¥ wheat flour 13.32 13.32 13.32 13.32 13.32 13.32 13.32 13.32
falh fish oil 2 2 2 2 2 2 2 2
TR corn oil 2 2 2 2 2 2 2 2
KEUIBERE  soy lecithin 2 2 2 2 2 2 2 2
AL ZFRER  vitamin premix 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
TR TIRES  mineral premix 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
AALHERE  choline chloride 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
R —A45  Ca (H,POY), 1 1 1 1 1 1 1 1
#/EFEC  vitamin C 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
&7 attractant 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
ZAAIEWE  ethoxyquin 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
BRI ILAYERA  carboxymethylcellulose sodium 3 3 3 3 3 3 3 3
&1t total 100 100 100 100 100 100 100 100
E3KF nutrient levels
A crude protein 4745 43.65 43.65 43.65 43.65 43.65 43.65 43.65
FHAEWT  crude lipid 9.78 8.39 8.39 8.39 8.39 8.39 8.39 8.39

VE: a 4EAE R TURE N kg RHEME, 4E4E KB, 25.5 mg, IR 25 mg, MEEESO mg, FEEE 0.1 mg, MR6.25 mg, ZRIG61 mg, Ml
B 800 mg, MHELZ 201 mg, AMEK 2.5 mg, 4EAEFRA 10mg, A EKD 120 mg, 4EEHKE 99 mg, 4EEEK 10 mg, £F4E% 589.65 mg; b. ¥R
Rk N EkglAkHE ML, KIO, 0.06 mg, CoCl,-6H,0 8.14 mg, CuSO, 5H,0 39.68 mg, F7i##E%:27.42 mg, ZnSO, 7H,0 56.56 mg,
MnS0,-7H,0 0.24 mg, Ca (PO,), 160 mg, MgSO,-H,0 24.86 mg, KCI 30.66 mg, NaSeO; 4 mg, i #11 648.38 mg

Notes: a. the vitamin premix provided the following for per kg of diet, thiamin 25.5 mg, riboflavin 25 mg, pyridoxine 50 mg, cyanocobalamine 0.1 mg,
folic acid 6.25 mg, calcium pantothenate 61 mg, inositol 800 mg, niacin 201 mg, biotin 2.5 mg, vitamin A 10 mg, vitamin D 120 mg, vitamin E 99 mg,
vitamin K 10 mg, cellulose 589.65 mg; b. the mineral premix provided the following for per kg of diet, KIO, 0.06 mg, CoCl,-6H,0 8.14 mg,
CuS0O,-5H,0 39.68 mg, ferric citrate 27.42 mg, ZnSO4 7H,0 56.56 mg, MnSO,-7H,0 0.24 mg, Ca (PO,), 160 mg, MgS0O,4-H,0 24.86 mg, KCI

30.66 mg, NaSeO; 4 mg, zeolite powder 1 648.38 mg

(d), WHRHEBAFRE ), Wk rHE A
(%),

(IR S < ) N s = = A =9
TR I 5E 275 AOAC™, 7K 43 IR IR I 105 °C
TR E MR AR I R L IR E A
FEL G 7 B A I SR P 2% D B8 v, oKL R 4 4 A DU
KA S 391550 cCRbeik . v R S AL D
I L il (superoxide dismutase, SOD) ., it &k &
(catalase CAT), Wi AMY, TRYI% MR R ot

http://www.scxuebao.cn

AR W) AR B 5T TR S, R AR
A B AR & U R AT
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#* 2 RT-PCRETH 3|7
Tab.2 Primers sequences for RT-PCR
H 2 A SIIFFFI(5"-3")

target genes primer sequences

P-actin F: TACGAGCTGCCTGACGGACA
R: GGCTGTGATCTCCTTCTGC

CAT F: GCGTTTGGTTACTTTGAGGTGA
R: GAGAAGCGGACAGCAATAGGT

GR F: CTTTCACTCCGATGTATCACGC

R: GCTTTGGTAGCACCCATTTTG

FERNAR IR B cDNA & 4 %, % F TRIzol
(TaKaRa, Ki%)ik$E B IR A SRNA, Hik
Ve T V5 S BRI 5 R S A vk

& H TaKaRaZy w] [ PrimeScript™ RT reagent
Kit with gDNA Eraser (Perfect Real Time)is{ 5] & i
R B RNASEAT [ 5%, G licDNA, HiAK#:
e BRGRR) & B0 ] 45 Mo 2 B B R S5 2207 v

RT-PCRH #1 FZ B SYBR® Premix Ex
TaqTM II (Tli RNaseH Plus)(TaKaRa, Ki#)ik7| &
Vi #1E, 7EABI 7500 Real Time PCR Systemif
fFRT-PCR. A FR L33, mRNAFRIBLE R R
FHAR X ki A2 AAC B R

R3 RAEBRNER

Tab.3 Quantitative fluorescence reaction system

Wl it Y /L

reagent usage
SYBR" Premix Ex Taq™ (Tli RNaseH Plus)(2x) 10.0
PCR Forward Primer (10 pmol/L) 0.4
PCR Reverse Primer (10 pmol/L) 0.4
ROX Reference Dye II (50%) 0.4
RTRBIW 2.0
dH,0 6.8
it total 20.0

15 HiEALE

S B FHISPSS Version 160541748
TR, SE X R s A 5 I & U7 2243 #1 (One-Way
ANOVA), Uiy & M2 5 (P<0.05), W17
Duncan[G 2 8 HAL, 5250 508 F << 24 + 5 o

72”(mean+SD) KN,
2 R

21 REMFATHEFATENBIKRLAE
ARt KMENE N

ity B2 AR TR G 22 2R g IR A BE £6 %)) 46 SR
o B 2 R (P>0.05)(#%4); WGRSSGRE & 7t
JE TR, B E S TR X R, IR
T IEH B X B 2H(P<0.05), 7E0.75%2H 1k 3 K
B ; HEIN0.75%H5 B 2F AT AT, FCREAL, JH
4% 4 2 AR TG f20K) X BB 2H (P<0.05), PERFY
AL AR 5 FCRAH [ (F84) . LA WGR R H Wi
P, MR A P oA AU A th AR 3 22 Bk e IR A B
Hy i A K il S N 0.63%(1E 1) o

22 REHFHATHEFATEXNLIR LR
ARELE R T HIF

il B 2 FL T BRO6E 22 B e JIB A BRE £ 4 £ 4K
g1 w80 B 3 (P>0.05)(45)

23 REMEFHGTHEFANETNEZHKRALR
Apa s a EHEMn S EEEEN R

AR 25 1 T IS A B 2FHAT I, 2k
JEABEA L P TRY . AMY G P JE T e PR AR,
TEUR N 0.75 %M B 25 FFF R B 38 B i R, iR
AR T IR o G B2 . i AR AR X iR 2l
(P<0.05), M7 CATHISODIEM:, FEAIIE 40.75%
Ik E e KA, AR IR T IE 5 i R4 |
T TG AR5 X B 2 (P<0.05)(#6).

24 HEFAFENBHREBEARGYGEHR
Pl AL

M 2 FG O B 075 1] ) 22 2R 8 E A1 B £ 4736
SR B R R 2E AT B S e ] 0 T R R K, SE
U HFETE R 0 2 TR IR 2H (P<0.05)(K12).

25 REMFATHEFATENBIKRLAE
ApEE 48 CAT. GR mRNARIAKIFNT

B 5 s 2 AR B S G s, R
CAT. GR mRNAFXf R IR P52 8T i J5 B
¥, CAT mRNAZ A i 7E U N L4 0.50% 5 15
B RAE, HARR A& T IR . LTIE
W AR X P2 (K13), GR mRNAZE A K EAE TN
FE A5 4 0.75%3k B e RAH , Hp & 3 m Tk
T BE ZH AR T 15 5 000 X B2 (&1 4).
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Tab. 4 Effects of B. subtilis supplemented in low-fishmeal diets on growth performance of

juvenile E. lanceolatudxE. fuscoguttatus?

AL B1/% B E Y% WEE/% R R /(%o/d) HATEE Y% (GEEES ¢
supplemental level SR WGR SGR PER FCR
1Lk #A53(0) 97.22+2.54 448.00+41.61° 3.150.13 2.16+0.03' 1.04+0.02°
normal fishmeal
0 98.89+1.92 295.3346.50" 2.55+0.03" 1.74+0.01° 1.32+0.02"
0.10 98.89+1.92 315.33+4.72% 2.65+0.01° 1.82+0.02° 1.24+0.02°
0.25 1000 327.67+6.65™ 2.67+0.04° 2.03+0.07 1.12+0.03¢
0.50 100+0 341.33+4.15% 2.75+0.02% 2.13+0.01¢ 1.07+0.01*
0.75 98.89+1.92 352.3349.29¢ 2.79+0.04° 2.16+0.03" 1.04+0.01°
1.00 100+0 334.33+1.50" 2.72+0.01% 2.08+0.07* 1.09+0.05™
1.25 100+0 330.33+4.51™ 2.70+0.02" 1.94+0.02° 1.17+0.02
E: FAEbR EAEARRNG FRERR 2 R R (P<0.05), TR
Notes: in the same column, values with different superscripts are significantly different (P<0.05), the same below
400 MR | AR TIE R A R4, FCRIEFL TR
350 /d_‘-—_—'—-r——___. S\ A 4] R Az, S\ A 4] )
% 300 y2:_44000X+383000 %XTM\\VE N 1) ?ﬂz (5] ﬁ*ﬁj X—J-4-‘\/E(P<0.05)o I/AWGR
S 2 250 [i783903xr301660 R2-0.880 J PR AR, TR, AT R
- R*=0.910 . e e RN ; .
% 5200 B 11 4 10 5 RS 53 RT3 79 I
< © 5 \
=35 10 030 0.63%. BFFC#MI, fEREM AT, WIS it
* 50 / F) A 22 0 T4 T 42 6 B T BB B £
"
0 PR AR . X5 AU A BE(E. coioides)?T

0 02 04 06 08 1.0 12 14
ARINELB /%

supplemental level

1 HEFHRFERMLEASEHRLEAREY)E
BERXARR
Fig. 1 Effects of supplemental level of B. subtilis on
WGR of juvenile E. Ianceolatud
E. fuscoguttatus?

3 iR

31 REREHT, HMEFAREXNBHKE
BEA T 40 & 4 KM RERI 52T

AR faops F i, 2 AR OK ™ s 8 55 5 1R
BHIFFE A A Rl R 2E A B GRDRHS in )
W B AT, XK s B A R AR KR
PEFIY, AR S5 R R, KAk i A o s A
B ZE AT T AT B AR R B2 B e JIE A B £ 4 £ Y
WGR., SGR, {HAKFI1EH# fam il i, nlfgs
F 0K B 3] B AR RN 3 % A BRI R B0 . 7
i ZE AT B AN LB R 0.75% ), B2 ER e IR
B4 A WGR . SGRE i 25 w5 T £10k %t
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T PRI A R I . B R AR P A 22
Bk BRG B gh o kK, AT RE S H ] i R T 3R
B, MEAEEFAK, B HEMLE S,
2 FEAEE A DG SR, BRI E A
b RO 2 R A K, AT AR BT R R
AT S H A A S W AR, SR EA
s EM AN, MM A sl HEA
RAVEHHLEL IR A R AR ST o AR FR 1R R R
TS 5 ZF ST B 6T 22 B e I A B £0 4y £ 1) 4 A
K AR FRCR A IE W oy X B it , WRES
AT EESBERFECEFRAAFBREINE X, H
0.75%%s INZH I FCREN 5 1E 7 ook 41 TC I 3 22 5+,
AT RE S T IS N Y 2F AR B S BR e IR A
BE £0 4y f0 1) A T TR AR I RIOR oAt

32 REBFHT, REFANENBHRE
B AR & 4 & HLEEE RIS

AWFFER I, AR IS N Y 2 AT
B LA R I Sl G A R P, AT B
KPS YR E A BRI IR, AR 4G
Won, ARERAPE T, A R AT ) R
o B2 BR O B 7 B #0000 i B AU R A, (EAR T
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x5 REMFHTHEFENEXNBREZEARE &SR HIFME

Tab.S Effects of B. subtilis supplemented in low-fishmeal diets on body composition of

juvenile E. lanceolatudxE. fuscoguttatus? %
I BI% Koy HEA FHLIE s i
supplemental level moisture crude protein crude lipid crude ash
B UK (0) 67.65+0.04 56.01+0.06 22.35+0.04 14.55+0
normal fishmeal
0 67.71+0.02 56.70+0.10 22.37+0.03 14.51+0.01
0.10 67.63+0.01 56.15£0.07 22.37+0.01 14.52+0.03
0.25 67.65+0.03 56.11+0.02 22.35+0.04 14.56x0
0.50 67.66+0.01 55.97+0.13 22.35+0.01 14.51+0.02
0.75 67.65+0.01 56.15+£0.55 22.33+0.02 14.56+0.01
1.00 67.68+0.01 56.05+0.05 22.32+0.01 14.54+0.02
1.25 67.63+0.01 56.08+0.06 22.35+0.01 14.56+0.01

Ro6o REMEHTHEFATENBHRLEARESEHELE. HELEEENZM

Tab. 6 Effects of B. subtilis supplemented in low-fishmeal diets on digestive and antioxidant enzyme activities of

juvenile E. lanceolatud xE. fuscoguttatus?

RIS & F1F#/(U/mg prot) VEREE/(U/mg prot) i A AL ERE/(U/mL) B A AL B/(U/mL)

supplemental level TRY CAT SOD
IEH 26 (0) 183.56+2.19" 0.46+0.01* 24.56+0.66° 26.42+0.94¢
normal fishmeal

0 152.07+1.74" 0.36+0.01° 15.78+0.95" 15.78+0.50"
0.10 166.78+0.54° 0.38+0.01° 16.97+0.78" 16.97+0.23"
0.25 170.23+0.66° 0.42+0.01° 17.53£0.17° 18.20+0.45°
0.50 174.49+1.06* 0.45+0.01% 20.59£1.08° 21.59+1.03¢
0.75 181.44+1.00" 0.47+0.01° 23.27+0.88° 24.94+0.54"
1.00 173.38+1.06° 0.44+0.01° 20.79£0.79° 22.79+0.38°
1.25 176.58+1.20° 0.41£0.01° 21.20+0.47° 20.87+0.43¢

IEH R X AL, 0.75% s I 1Y 28 11 Il 3% 1 20
HIER Mg AT W25, il TR
ISE 1 2 LR TR B R AR 1 R AR AR
BB o X AESRAS T (Huso husoQ % Acipenser schre-
nckiid)?" . T B WY (Carassius auratus gibelio)™"
LR R —8., BWCAREY,
2 AT T AT B2 oK 3h W M 1 T A T T
M 2E s W A . HARE T BLHI T RE A DL T
J5 T s (DZF AR 7 5 R AR AL, AT DU i
1 RN E TR TR O s ORI TS 2 £
FF B DR ] LRI 2R i 08, 42 i I 1 T A
it (14 43 17

33 REMFATHEFATEXNBKLRE
ARaYEHREINTMN

AR SCRAT AR, S AECITE, 7417 d

MIAETE R R W], BB Al B 28 AR B S i L 3] 1
FE, BRI IR BG4 fE i R, U
HH A kT R 2F FRLFT TR BE W8 AR 4 i B R 22 2k e I
AR AP ) . X5 IVEIIEP B KSR
P (Aderomonas hydrophila) B e £ W i & A ki
L ZE ST B i RE Y 1A 3k @5 (Megalobrama ambly-
cephala)alif, HBIFICT R AR AT 45 R,
ZETRAT IR AT 4 = A Bt Ay BT 1 R R,
kg 25 TRLFF AN 6L R S AR 43 JOR SROBE BT R
IR B G e -6 M, T i L B

34 REMEZFGETHEFHATEXNEH®REES
W& yain S EE R EmRNARIZE

SOD. CAT/E /K =sh¥ ik N & 2 1 Hi E 1k
iy, REfEAREMR A hIE . FEAEWMEA, Bk
W F O T B A, NIk BB AR R,
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90.00 c
80.00 be S ¢ ¢
70.00 ab

6000 a a

50.00
40.00
30.00
20.00
10.00

TEERY%
survival rate

0 0 0.10 025 0.50 0.75 1.00 1.25
WINEEH/%

supplemental level

2 MERINENFSIANZHREBANHE
)= RERTIES
FREA Rl /R 7R 2 7 3 (P<0.05), T [
Fig.2 Survival rate after 1 week challenged with
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Effect of low-fishmeal diet with Bacillus subtilis on growth performance,
digestive enzyme activity, antioxidant enzyme activity and its
mRNA expression of juveniles Epinephelus Ianceolatud x
Epinephelus fuscoguttatus?

LI Junliang, YANG Qihui, TAN Beiping, DONG Xiaohui ,
CHI Shuyan, LIUHongyu, ZHANG Shuang

(Laboratory of Aquatic Animal Nutrition and Feed, Fisheries College,
Guangdong Ocean University, Zhanjiang 524088, China)

Abstract: The purpose of this experiment was to investigate the effect of low-fishmeal diet with Bacillus subtilis
on growth performance, digestive enzyme activity, antioxidant enzyme activity and its mRNA expression of
juveniles Epinephelus lanceolatu¥E. fuscoguttatus?. A total of 720 grouper with average initial weight of
(7.00+0.02) g were randomly assigned into 8 groups in triplicates with 30 individuals per replicate. Eight diets
were prepared by adding 0 (normal fishmeal control group), 0 (low fishmeal control group), 0.10%, 0.25%, 0.50%,
0.75%, 1.00% and 1.25% Bacillus subtilis in a diet with low fishmeal (15%), and were formulated by an optimum
fishmeal group (35%) as positive control group. The results showed that there was no significant difference in
survival rate (SR) among all the treatments. The weight gain rate (WGR) and specific growth rate (SGR) were
increased firstly and then decreased with the B. subtilis level increasing. The feed conversation ratio (FCR) in
0.75% group has the lowest value, while the protein efficiency ratio (PER) showed the opposite trend compared to
FCR. The activities of trypsin (TRY) and amylase (AMY) firstly increased and then decreased. The activities of
serum catalase (CAT) and superoxide dismutase (SOD) in 0.75% group has the maximum value. The highest CAT
and glutathione reductase (GR) mRNA expression in liver of fish were observed in 0.50% and 0.75% group,
respectively. Grouper were challenged by Vibrio harveyi for the next 7 days, the survival rate of grouper increased
significantly with the B. subtilis level increasing. It can be concluded that the supplementation of 0.63% B. subtilis
(1.0x10° cfu/mL) can significantly enhance the growth performance, disease resistance, digestive enzymes, serum
CAT and SOD activity and mRNA expression related to immunity of grouper, which is estimated with WGR as the evalua-
tion index.

Key words: Epinephelus lanceolatud xEpinephelus fuscoguttatusQ; Bacillus subtilis; growth; enzyme activity;
mRNA expression
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