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(1. IR RE S ARG IWARREBFAESBEESLEE MG 264006;
2. BBIVERZFKTE 54 KT RREER R T RABF R L B 201306)

HE K 4K R AR B R Am Ak B 3 AT (Bacillus subtilis) fr BERF IR A BBk kB A BE &
(Epinephelus fuscoguttatus? xE. lanceolatus?)4h # £ K | i1 ¥ 4 (L 48 4x . A AL fE h Fndrim /1 e o,
KR 2x3 WA F LI, 78 AR R A 0 (BO). 0.5% (B1)F 1.0% (B2) th A 2 3 7,47 H 4| 7],
6] i 22 4 AN A S AT AR R A0 0 (Y0), 0.5% (Y1)F7 1.0% (Y2) ey B2 B35 354, #11E 9 A% AL,
S He i LI AR, R AAIRE A (23411047 g BB A B A A4 f S6d, BRET, DEEFH
AF B AR B RS SR A By 25 AR R X 4 #7705 R (SR)ATHEE R (WGR)H T B % v (P>0.05), 4 # WGR
£ YIBI #2 Y2B2 44 TR & AT, B 5 Tt i 4450 Y2B2 41(P<0.05), 2)1 X 3 #AT B fo B E 3
I 409 2 B A L X v A A R B (AST) A 1 B 8L B (AKP) % 7 . 3 (P<0.05), 17 ALT #2 AKP
&A1 Y1B1 A1 Y1IB2 414 T HRACE, H 82Tt B 450 Y2B2 41(P<0.05), 3) % 5 #ATH 0
B B 55 2 4y th 25 AR FF A i 48 R fL 4 Ak B (SOD)VE 1 fn  — B (MDA) A & % 7 B 3 (P<0.05).
fi SOD. it & {48 (CAT)7E A fn B4 A L 1 (T-AOC)&E YIBI f1 YIB2 414 THEAF, £
F® T B4 Y2B2 41(P<0.05), 1 MDA 4 & [F SOD & 4 2 48 K & & 4 # #(P<0.05). 4)fE &
% KT W A0 B R A By 2 1R B 2 #2 90 (Mibrio anguillarum) i F E 4 2 B R A ER R R E P
(P>0.05). #BINH B #F a4 RRAEFEE YIBl A& 5, BF5 T HEAP<0.05),
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KLk, N2 FHBT A R4 i R 33 B 7K 77
WA, (Bl THUAEREAW S R E , 15 EL,
WA VA, I RE A58 1ok £ Wik 52 g A (gt Rl . [
i, Bl JChiFRE B AR R, AR C g™
RS a4 i T EA MR A A P R ]
HCAES I AR N K i 4E F 03, HAather, ©
Sz W T K SR E h (Nayak, 2010), Hir, #ifi
2RI B (Bacillus subtilis)#% 23 tA b & —Fh B
RAEHM a5 418, RERBTEsh W ImiE WS, nWiER
. VEMBEZMESE, JFEMERRE, 4L
(Sparus aurata L.) (Cerezuela et al, 2013). F45hifa
(Catla catla) (Sangma et al, 2015). JFL 4 & Xf 4F
(Litopenaeus vannamei) (Liu et al, 2010)45 7K 7= 3l ¥y 1)
R 43R0, JLRBAE (R LR AR, W s S fig ) .

i H): 5% 75 W) (Yeast culture) - % 5 A7 B2 A 41 ig A<
B R SR, R R AR, Be A I A E T
AP EEESE, . K. AYLER . ZERER-HR
WL H S ZEM) . EIERRASF (RO A, 2015), MCH Y
K 7 AR R R Tz WS A . 7E A Sk
(Megalobrama amblycephala) (%% =%, 2009), 7 H4H
fiffl(Carassius auratus gibelio) (fx#:5%, 2010), % [i8
#F(Macrobrachium rosenbergii) CEMER4E, 2012)557K
PR LI T R, WERERE SR AN B A AR K
FE W B I A S IR, I BRI SR LR B A L g
J1, v,

AR, K& 2Bk I A BE 4 (Epinephelus
fuscoguttatus? x Epinephel us lanceol atus?)FFFE HIR YA
W K, IR R G S 5 ) A B Ay 5 i) B £ 52
KB EL R, RIAFRIESS, K™ sh P s v ik
N AE N PREERE T 0 , T Y TAE S A PN 1S 5F L A
VE RS TRIRCR o 25 (2032 5%, 2012), 4T
I, AT AL A B 22 B e IE A B0 £ i 1 v 43 25 LR R AR
U N AR TE AR | PR EERE 05 . PR A 2R
Froamtk, JEEEATORM L IE, BRI I8 S 28
FELFT TR A EE B IG TR SR e IR A B fa gl R L i
THAEATEYR . iESUARE )1 BTN UL R T 52
M), DA A B2 2R I8 A B 10 4 P iR i 25 0 Al

1 #MR57EE
1.1 ZFFLAF i 0 57 BY ) 25 A0 4R A3 6

S DR 5 22 B e I A B £ i T A0 B P 40 S R
B AN ZE RO R AR, R4 T R A, R 2R
FAFEE IR, FE AR MR . S8 kS E e
FQOITB T, IEREBS, BT WA

T, WK EBAaRaRIE, B TEoET, KL
PRSI, WIBUR, R E T 70 CHE KB
KW 30 min, 2 J5 K i TEAC HRS B JFR R A 12 10 Fkk
J&, WA THARESRIL L, /)5 37CHEFE 24 he ZJ5
Pk BE e AR L E A K A TGN | A
FF . RIHRE T TR R TR T2l I% 5%, IFHIVE R
T i — D5 o RN AL RN ETT 16S rDNA
FRNAEE , [FIREZ 2% R 75 2R 4 (200 1) Y J7 ¥4 647 AR 3L
AEAEE , SR AEARE IR, 3ETT R B RE ) 4
B, 08 7 B R ) 5 0 AG FZF AT IR AR, SRE R
75 308 PO A B ZE AT R P AR R B . TR RS, AR
TR E AL 2.0<10° CFU/g), T KTERE R

DLy | P ER A AR B RO B R, A
AR E UG 8 EZAE MR, FCHE A B S &
52%, FHRE MG 1 1% FERt i Ak o SR FH 2 x 3% A 52
it o BIAESL AL AR o (BO) . 0.5% (B1)F
1.0% (B2) At R 25 F6L AT T il 91 (7] B 7 A e 2 1
FFEKEZRAN0 (Y0) . 0.5% (Y 1)F11.0% (Y2) R B Rk
T (RN FETA W BB A PR 2 R AL ), il i 94 55
A Fhmscmiakr, 4ralieh: YOBO (0). YOBI
(4.15x10° CFU/g). YOB2 (8.04x10° CFU/g). Y1BO (0).
Y1B1 (4.03x10° CFU/g). Y1B2 (7.95x10° CFU/g).
Y2B0 (0). Y2B1 (3.89x10° CFU/g)#1Y2B2 (8.24x
10° CFU/g), YOBOZL A Xt HE4H , falRHEC 5 B8 37 WLy
WAL HIEmHE, e Br A BB %5 i 80 H bk
HEG , HeRC LU ARE JRTR AT, A5 T s IR A
2, IAGE B ZE KRG YA, fa /N R,
T B AL 2 B RS (B AR A B R 2.5 mm
3.5 mm)AYERHUR:, 60°CHET, ARSI S, &
T3 TR A5 o

12 XBRBERIBER

FRA SIS TE IR I PR IR S IR S B AR 8
S FL MR PR OK TG R G i AT, SCge A o iz B
MAREF ()[R —HEEB R e I B 4y, S50 TR 0 h
56 do FRIH LI UG 2 0, Se X R R R 15 d,
TR o038 W IR AE AT o IE S SCER AT, KL LR
24 h, PRIER/NEL] | IR EARER R 2 R e A B %)
0[S R N (23.41£0.47) g], BEVLIEFE T 18 3551
(70 em=80 cm)Hr, BN 30 B4hfa, AT
Yo 3 ANEE, FRFEMIME, &EKTE 08:30 1 16:30 1
BN 2 Yk, IR 30 min 5 BRI, FiCERE
B KIEEHI7EQ28+1)C, #H>6.3 mg/L, hEH
23.5~26.5, pH K 7.5~8.0, &R MIAYMR A & 51
<0.1 mg/L,
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#1 ERAREFRERRS (TUE %)

Tab.1

Formulation and proximate composition of experimental diets (Dry matter, %)

JE 415 Groups
Ingredients YOBO YOB1 YO0B2 Y1BO Y1B1 Y1B2 Y2BO0 Y2B1 Y2B2

ffi 4} Fish meal 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00
KREEH 18.00 18.00 18.00 18.00 18.00 18.00 18.00 18.00 18.00
Fermented soybean meal
fik & Casein 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00 9.00
gﬁdﬁ?ﬂﬂﬁgﬂ 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Vitamin premix
H%E\%ﬁ{ﬁ/‘ﬂ 2 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Mineral premix
yNGA 7 Soy lecithin 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
ffi il Fish oil 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Ay .. 37.00 36.50 36.00 36.50 36.00 35.50 36.00 35.50 35.00
Other composition
1‘ﬁ$§@ﬁ% 0.00 0.50 1.00 0.00 0.50 1.00 0.00 0.50 1.00
B. subtilis
T EER 35 Yeast culture  0.00 0.00 0.00 0.50 0.50 0.50 1.00 1.00 1.00
BT Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
J%4r 4081 Proximate analysis

MAEH Crude protein 52.03 52.15 52.57 52.23 52.52 52.73 52.48 52.81 52.95

HMUAEMG Crude lipid 11.38 11.45 11.56 11.47 11.74 11.88 11.60 11.72 11.86

MK 4> Crude ash 9.02 9.30 9.45 9.16 9.34 9.18 9.12 9.45 9.61

0 1 4 ZIR SR (mg/kg or IU/Kg kL) : 442K A, 7500.0 1U; 4i4:2 D, 1500.0 1U; 4E4-% E, 60.0 mg; 44
H Ky, 18.0mg; 4K By, 12.0 mg; 4i2E# B,, 12.0 mg; 4l &K By,, 0.1 mg; ZMR, 48.0 mg; MBENE: 90.0 mg; M
B2, 3.7mg; D-AEWYE: 0.2mg; WA, 60.0mg; 4EAEZE C, 310.0 mg

2.5 Y BUR B R (mg/kg kb . BF, 35.0 mg; . 21.0 mg; Hd, 8.3 mg; £k, 23.0 mg; f, 1.2 mg; i, 1.0 mg; A,

0.3 mg

Note: 1. Vitamin premix (mg/kg or IU/kg diet): vitamin A 7500.0 IU, vitamin D 1500.0 IU, vitamin E 60.0 mg, vitamin
K; 18.0 mg, vitamin B; 12.0 mg, vitamin B, 12.0 mg, vitamin B, 0.1 mg, pantothenate acid 48.0 mg, nicotinamide 90 mg, folic
acid 3.7 mg, D-biotin 0.2 mg, inositolum 60.0 mg, vitamin C 310.0 mg

2. Mineral premix (mg/kg diet): Zn 35.0 mg, Mn 21.0 mg, Cu 8.3 mg, Fe 23.0 mg, Co 1.2 mg, I 1.0 mg, Se 0.3 mg

1.3 HRilkE

FIHLIEE WG, WLyl 24 h, NEEAFE
FEARNBEDLE 5 s ATig ], 438 B a2, ik
A B 5 U RS 2R A R . 2 )5 BV
FEVEAR T RERLE 5 B, HICHES S, KRR E
FRIBCIIL Y 3464 7 3L , B 1LV 4°C #4854 h, 3000 r/min
B0 10 min, /NCRFIMTER S, 25 BE A A
o FERIE PRI E S, R H]-80 CRB AL VKA
A, AT EBISER 5T,

1.4 MNEHERSFTZE

4 K38 AF
0% K (Survival rate, SR, %)=100xZK EE/#)
ih AL

14 7 K (Weight gain rate, WGR, %)=100x (£ KK

1.4.1

HA) UG )] 46 A B

142 fdFAfdsds  IERRERIERSRAH
S A ARSI HTAL(7020 B, Hitachi, HA)ME, Ml
EFbR EEAFHE . TR % B (Cereal third transaminase,
ALT). 5% i(Aspartate transaminase, AST) . Pk
Wi R ik (Alkaline phosphatase, AKP) . 1% [ (Albumin,
ALB).

1.4.3 i il 4 B AL 38 AT i 38 4R A W AL T
(Superoxide dismutase, SOD). i % 1k & [iff(Catalase,
CAT). N ¥ (Malondialdehyde, MDA) LA & B41 1k
fit 71(Total antioxidant capacity, T-AOC)¥J % FH &g 5t
BUAE ) ARG TR @ D, TG o S ELAAR I
RS B S U .

144 AT HEEH  JURLRERFIFELE
FE MBS YN EE (Vibrio anguillarum) & R iE 4T HCeE 525
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TSR 2 - BOCIRE , S D 4% (2014) )7 k0%
B, LR, WEENFREEMHER 8 Bfmitfr
BRI, M8 s 1 B2 B MR B (5% 10° CFU/ml) 1,
FRIR 50 g 7 I B T S 50 wl AR BEER K B VR Y A% I
B, AralicsRiESE 1. 24, 48, 72 F1 96 h fJ3E
T2, IR AE A, T BRI R

1.5 BIRGIT SR

K SPSS 19.0 BfFi#kAT HL K 3 Jr 2243 HT(One-
way ANOVA), FFIIEHEARUEDR (Mean=SE) K £ 7R it
SIS Tukey’s K56 7 % 52 56 K gk
T\, X P<0.05 B, FREAGREEER,

2 RS54

21 HEFAMENBSEFRYNHEERKBTIE

2 il #ifa SR AT 91.11%~98.89%, A~
[i) S 56 £ [0] G f2. 35 22 5 (P>0.05), Rl 0 2 S0 T 181 A
Y55 35 W 6 &) 04705 R0 5 W B R B 5 A
YEH(P>0.05). FERABERERE SR YU K-, Pkl
WINA B RTS8 WGR 35 5 TR I
(P<0.05), H7EZ M\ TC W3 25 % (P>0.05), 7E5F
A B ZE AT B A IS, Bl R R R R R
ORI, 4t WGR ETHEERAL, 76 0.5%
WAL %) WGR e, 38 = AR A 1.0%

WINZH(P<0.05). SLIRE5 R R, 4 WGR 7E Y1BI
M Y2B2 Ak FHem KT, W T IRALR Y2B2
4 (P<0.05), 1 Ak B ZF 60 KT B I ) 15 52 1 %o &)y £
WGR ¥A £ 23 138 HAEFH(P>0.05),

22 WHEFAAEMESERYLEMNEENE
N A

2% 3 Al TEREAEERE RS SR K, BEE
TRpRE AR R ZE ST RIS IS BG4 faaivE ALT
16 1 e RS T 5 (P<0.05),  FLYEAR JIN2H (8] G & 2% P
25 5(P>0.05), 7ERF MG ZEAFT R ACY, R
INEERE RS IR Y, Al ALT 3% Sl 5 e )5 T+
AR, B RUER R ZE AT R 1.0%K -0, A
[FlSCYR AL I E ALT 36 J14 35 25 5 (P<0.05) o A
ZESAT I B RS YT LS ALT 36 %A R 8
i E L HAEF(P>0.05), IiLiE ALT i 178 Y1B1
UG A IR BN ARE, WEINT X AR Y2B2 4
(P<0.05). Zhfalfili AST i% f1 5 ¥R ALT HIBLAY 7R
Fa Y, (B B 2F AT 1 RN B B 15 32 0% 135 AST
T 1 s 2 30 I 2 1958 BRI (P<0.05),

i B ZE AT TR RN BE B SR 06 00 AKP 16 J7 1)
SN R B I 35 1Y 22 AR I (P>0.05) , IL7E AKP i
JITE YIB1 SES 2R A, W 250 T X0 BRZE A
Y2B2 #(P<0.05), [AliF, SLERL5 R B, Shminig
ALB 7 5 7E /N [R) 5256 41 34 76 i 35 1 2% 5(P>0.05) .

*2 BHEFHRAEMEREZRYMESE KIERIBEN
Tab.2 Effects of dietary B. subtilis and yeast culture on the growth indices of juveniles

HiH il B 2 LT A [aS3E Y] LR GEENEEY % N NG FT % By E R
Items B. subtilis (%)  Yeast culture(%) IBW(g) FBW(g) SR(%) WGR(%)
YO0BO 0.0 0.0 23.42+0.09 77.85+0.49° 94.44+2.94 232.38+1.35°
YOBI 0.5 0.0 23.38+0.14 80.60+0.24% 93.33+3.85 244.77+1.40°
YO0B2 1.0 0.0 23.38+0.03 79.48+0.55 98.89+1.11 239.97+2.56°%
Y1B0 0.0 0.5 23.46+0.03 80.00+0.50% 92.22+1.11 241.07+1.83%
Y1BI 0.5 0.5 23.41+0.09 83.15+0.06° 95.55+2.22 255.18+1.44°
Y1B2 1.0 0.5 23.43+0.05 83.08+0.45% 95.55+2.22 254.54+2.13%
Y2B0 0.0 1.0 23.46+0.09 78.58+0.63% 91.11+2.22 234.99+1.44%
Y2BI1 0.5 1.0 23.38+0.08 81.07+0.20* 94.45+2.22 246.76+0.60"
Y2B2 1.0 1.0 23.40+0.07 79.87+0.21% 94.45+2.22 241.30+0.11°¢
722578 (P 1) ANOVA (P-value)

M HZEHLFT B B. subtilis (%) 0.189 0.000

B2+ B 3% Yeast culture (%) 0.530 0.000

A2 HAE F Interaction 0.727 0.242

T R IFESE bR RNS F R OTE 7 B RS 22 58 .35 (P>0.05), ARG FRERIR 22 5 .35 (P<0.05), T 3&[H
Note: 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 as the following
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*3 WHEFHTEMEEIEFYN Y E MEFE L IERR I

Tab.3 Effects of dietary B. subtilis and yeast culture on the serum biochemical indices of juveniles

T H Hili B 2 FELT B [aS3 Y] BN 1 B HEH i P 5 R il
Items B. subtilis (%)  Yeast culture (%)  ALT (U/L) AST (U/L) ALB (g/L) AKP (U/L)
YOBO 0.0 0.0 234.50+£1.86"  46.44+0.65" 7.55+0.03 108.11+1.67°
YOBI 0.5 0.0 219.12£0.92°¢  42.42+0.53% 7.47+0.09 93.55+0.39°
YOB2 1.0 0.0 223.90+£2.72°¢  42.59+0.41° 7.63+0.15 95.37+0.74%¢
Y1BO 0.0 0.5 227.47£2.22%°  45.09+0.39% 7.57+0.12 99.71+0.88°
Y1B1 0.5 0.5 214.80+2.47°  38.82+0.75° 7.57+0.15 87.85+1.14"
Y1B2 1.0 0.5 216.00+2.08%  39.3440.49° 7.57+0.09 90.31+0.72¢"
Y2B0 0.0 1.0 232.20+1.60"  46.62+0.65 7.57+0.12 104.43£1.15°
Y2BI1 0.5 1.0 218.37+1.56%  40.98+0.47% 7.43+0.18 91.88+0.60%"
Y2B2 1.0 1.0 226.71£2.34%°  44.20+0.32°° 7.53+0.09 97.10+0.44%
J7 225087 (P {) ANOVA (P-value)

i B ZEF0FF 1 B. subtilis (%) 0.000 0.000 0.626 0.000

B RERE 37 ) Yeast culture (%) 0.001 0.000 0.840 0.000

2 HAFE Interaction 0.434 0.017 0.947 0.090

23 MEFAARNBRERUMYEHEREWL
RE 1Y R2 0

FAR R, W R ZE AT O R BE B R Y 0 B A
SODIE i sg i, R 2% 58 HAEH(P<0.05). 7F
TANTERE R SR YK, DRk b s RS B 2 T T 4
T 4B SODIE 77, 1E0.5% B 2E AT 18 <2 46 4
IESODIE Ji e, W& m TARBIMAL(P<0.05). 44k

IR IAT B AR KO R0.5% 1 1.0% ), Al v s fin
0.5%ERERE TR YR 1 2 2 = 1 1 SODI 1 (P<0.05)
Ji73iE SODTG HAEY IBI 4Lk Bl i e, B & T X IR
ZHFIY2B24 (P<0.05) . AaAk R I8 A o 25 AT B
BEREFRY), X458 CAT I T-AOCE i [6] SOD E A
FEABL I 75 Ak #a 3 (P<0.05),  TIA B 2F 7T B8 e BE 35
FEW % i 1 CATIE 1 M T-AOC Y 5 Wi JC 1 % 32 H.AF
F(P>0.05).

T4 HEFATEMEBESEFUNGEHERELEN IR

Tab.4 Effects of dietary B. subtilis and yeast culture on the antioxidant capacity in intestine of juveniles

iH SRR . - BILEEES) e e —

i o W By EERE L T-AOC A E R CAT N MDA
Items B. subtilis (%) Yeast culture(%) SOD (U/mg prot) (U/r-ng prot) (U/mg prot) (nmol/mg prot)
YO0BO 0.0 0.0 51.95+0.89° 0.43+0.01° 12.31+0.48¢ 6.21£0.09?
YOBI 0.5 0.0 57.10+0.98" 0.46+0.01% 14.34+0.63%¢ 6.124+0.15%
YOB2 1.0 0.0 53.40+0.44% 0.43+0.02° 12.71+0.59¢ 6.05+0.05%
Y1BO 0.0 0.5 52.58+1.25° 0.45+0.02" 13.92+0.40% 6.18+0.12%
Y1B1 0.5 0.5 61.85+0.95" 0.52+0.01% 17.41£0.46% 4.63+0.09"
Y1B2 1.0 0.5 60.91+1.03% 0.51+0.01% 16.39+0.48%¢ 4.50+0.04°
Y2B0 0.0 1.0 53.39+0.79% 0.4240.01° 12.58+0.65¢ 6.23+0.18%
Y2B1 0.5 1.0 59.9440.49%% 0.47+0.01*° 17.09+0.86* 4.89+0.01°
Y2B2 1.0 1.0 55.57+0.89°% 0.4440.01° 14.05+0.35% 6.47+0.13%

75 243K (P {&) ANOVA (P-value)
M8 2E AT B B. subtilis (%) 0.000 0.000 0.000 0.000
i Yeast culture (% . . . .
i1 BE 72 ) lture (%) 0.000 0.000 0.000 0.000
A2 HAEH] Interaction 0.010 0.292 0.148 0.000
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M RERE S KR 0.5%0F, Al e s A L
ZEFT I W R T miE MDA &1 (P<0.05); iy
BELE IR MK R 1.0%0F, 0.5% A8 55 28 AT 1 8
HahfallpiE MDA & W E IR T RIS INA A 1.0%7K
L (P<0.05), ARASHNLHA 1.0%7K 20 TG . & k22 57
(P<0.05), 71 MDA & E7E Y1B2 ik B &AE.
o ZE AT TR AR RS 2 W05 i3 MDA &5 (52
R 2 28 AR (P<0.05),

24 HEFHAMAENBSERYUNENERSREY
B RMEETRNZIT

5 R, TEEANEEREEFRYACE, WkEHR
A R ZE AT B T 68 O TR R S A 0 A
R, EMFEFRFEAKE N 0.5%M, RPFERE
F i T ARSI (P<0.05) . 7E &A™ Al B 2F 0 FF 3 7K
-, DR S N R B SR W R 4 i R AR R —
SEHIIN, EL2% Ak BHAH ] JC . 35 PR 0 (P>0.05) . B85
W 5 2 2R e I8 A B 4l 8 R AT R AE Y1B1
Hfewm, W3 T4 IAL(P<0.05), A% 2 A0 FF 1 A1
PR 15 % W %oF &) i R RRUAE % 48 10 52 e B A Bk 3 1 22
HAEHI(P>0.05),

®5 MEFAMEMBSEFRYIEINE
WERYERREFEEHFM
Tab.5 Effects of dietary B. subtilis and yeast

culture on the cumulative survival rate of juveniles
challenged with V. anguillarum

MR RERY BRUEER

i H
Items IR Yeast Cgmulative
B. subtilis (%) culture (%) survival rate (%)

YOBO 0.0 0.0 10.00+5.77°
YOB1 0.5 0.0 36.67+3.33%
YOB2 1.0 0.0 23.33+3.33%
Y1BO 0.0 0.5 16.67+3.33¢
Y1BI 0.5 0.5 43.3343.33"
Y1B2 1.0 0.5 40.00+5.77%°
Y2BO 0.0 1.0 16.67+3.33°
Y2B1 0.5 1.0 36.67+3.33%
Y2B2 1.0 1.0 26.67+3.33%¢

7243 K7 (P (&) ANOVA (P-value)

AELZEFFT I B. subtilis (%) 0.000
BEtERE 2 ) Yeast culture (%) 0.021
2 HAEH Interaction 0.472

3 iTig
3.0 MEFAFEMBEEEYNSEEKNEZE
MR R R, SRR IN0.5%BERERE F= Y |

0.5%3% 1.0%H 5 2E F AT 18 i, 22 Bk e JEf BE 47 40 £ BE
B AR AF B R I WGR, R WARDEL Hh i 0 B 7K 1) T
BE 55 S ) FIAS B ZEFRAT A, REXT fa AR A 4 7= At 2
SR HEAE T o LinSE(2012)7E Ry A B £ | XD %:(2011)
TE 7% 32 15} (Acipenser  baeridxAcipenser schrenkii Q) .
J2E 2 AR (2007)FE FLANEE X ER i 98 th a8 6 BH , B
i H ZE LT R B A 4 o AR i AR KRR . DI Ak, AT
EAEQ2016)WFFEIESS, REHPEAN 0.30%~0.50%8 £
KR nes o 2 48 = F LRI XT IR WGR; BhiAE
(2014) 7£ #1111 (Ctenopharyngodon idellus) if 57 th %
WY, WERERRFRYTEAL HE o R A= K O T B A B
X SR R A TR, RS SR A R
MR . BAR . AR APRSE R LI
— SR AR KR, AT LLR T 9 i v B 1 2
KA R AL E TR B, A o5 o HE A A A G
J3, E KT A T B, Ak i
A AR, B R T AL E K- (AR AE, 2015),
PN _E AR SIS 0 ) S B B AT O, AR B
FEYI R EEAE T, BEAE T A b TE I 8 P R A A, X
W 7= —F e D) R L AT eI M BRI AAE T, AL
T REXT &Iy 0 P A A AR BN o

SR, ARLELE R R, B F RN
(1.0%F1 1.0%)}, s WGR 23230, X7l e &
TR ERINE S 5 RE S RE R, il
R E BN, FEWUAR SR ) TR, 21050
T YR E K (T 4, 2016), HAH G R 7E RS
e fEE— 28R,

32 BHEFAMENEBESEFYNYEMEENE
FRE AT

WFGTFE T, Al B ZE AT 1 X K = sh ) e E ML RE B
A AR PR . R S (2014) 7F 1R HROIS
0.12%~0.18%, Bl 2.82x10'°~4.23x10'° CFU/kg M AL
SEHAT IR IS, & % 4 4. (Oreochromis niloticus) IfiL 75
AST. ALT Ml AKP & JJ A R RBREE M T RE, MRS
PEYIREIH R 0 e B Q015)HGE, Pk il
Y R B ZE TR R B AE 95 3 1 5 fi) 2 (Apostichopus
japonicus) LRy 5 P A i (SOD . AKP ., CAT)i& /7,
PRI SRR AR R T . AW, TR
FEER YK b, &S84l AST. ALT Fl AKP
G T ER R 2T R S N 0.5% ik, H &
FR T RIBIMAL(P<0.05), X [F]_FibAFsrah R —3K,
Tt WY ARk r 3 e %) Al 2 AR AT AR 65 X I A B —
SERAPAERT, BERMUA SRR DIBE . 7 A X — 45 R )
Jir AT RT e, S 02k it v i) D G At R 2 AT T A
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Wi b, B 5 TR s Dy e ARG B, T RERS 7R
JV 36 PN B e P A R A A T TR AR A, G i T TR
ALER, AT RE N (8] 42238 s LR A9 5 28 D) i (R H 4%,
2008),

GRS , e T AL IS B R B R Y R
At S EF AP IS AST F1 ALT 3% 1K, A6 T
R IE 5 T DI Re iz i (2R 2358, 2017); [AlE, fofimik
85 (2016) 7 FLAN I X HR (4 A 55 T 3R B, ek A B
0.30%~0.50%M BERE IR, RERE S 25 52 i L3 s e
T . B S T PR A TS ), R i ML X
UFAARRE SR S o AR FT 45 AR, ARl R
T 0.5%mEREEE TR YR 6S 10 & FEAR LTS AST. ALT Al
AKP 577, #EVLURIERE S RERE S . oAb, A
R LI, MEEREFRYRINE R 1.0%8, 4
M8 R Fe bRiG J1 52 2] T, BT 0.5%iF
TN o 3 [RIFE FLANIE X UR A 55 25 SR 280, YRk 8S
FEW I e — s A, LN R R s e F
ANBEAS BN HE— 20 S, &A1 — 8 B A T 52 0
(T %58, 2016), X Al REEREREE 72 & A AR e
WM RE S8, JEEm 2 EAAPUE FRNIE
FH, B AN R, e AR e Ry 20 S b
3w, TR 1 AR AL o R R B TR
SRR AR B SR R kD (R, 2010), HEIT] R
FHEWUAR GRS RE ST FAL, EHERE A R T it —24
5t o

HRYE ST, ASHIFFE ookl R 2E AT P R B R R
TEMIE AST Ml AKP P 35 122 B AE I (P<
0.05). FFFTZE SRR, M0k b 528 AT 5N
0.5% . FERERS TR M 0.5%58 1.0%0F, 5%t BEZHAH L,
4 17 T AST.ALT F1 AKP 1% 1 ¥4 TRk,
KBS RRERE S, RIREX —RNE T, 2
WGR 4b T4 7K o 33 A0 158 A 38 ‘B K S B9 Al 1 2
TR A R B B 35 SR D AEAE DM RIVE L BRASTE — e PRI
AR LT TP R FE bR A TS T, $R AR e RE
FE R ERE
33 MEFHAEMEBRERYSaRSNEEH

A

PR BT S AL B T B4 58 55 5 AL A (et S R P8 A 1 2
YIKEZR, SOD. CAT Fl T-AOC A& 4 iy HT
AL, H, SOD BEWVEFRE A E T A 3,
{53 M 5 32 400005, T-AOC T LA e LA X6 411 Sk 3
P ARAZERE 7 A BAILAAR B b SRR IR 25 (ol Jie TR 4
2017; XUFSEE, 2018). FERMH A1 B SLH0 & B,
5 WL 0 A R 2F AT TR TR R B A5 S 2 B e I b

SOD. CAT 1% J1(Liu et al, 2012); XI5 55E(2011)
FEABER TSI 0.25% 5 B 28 AT, 2% 32 B i v
SOD i J1 fil T-AOC /K432 W E e = o 53 A e A
(Acanthopagrus schlegelii)4h ffi (2= 21 ¥ 5%, 2014) | ifF 2
(Fan et al, 2013)3F 055 HIIESE, Al R ZEAOAT B XK
FES TR ALRE 1 B — RS SR AR o ST S
L], PRI 0.5%H5 B ZE AT R B, BENS
EiE 4zl SOD . CAT % J1#il T-AOC /K-, [
it BE A AU E MDA &, Xl BEJ2 IR b 244 A5
ZEAUHFT I R DR E A RS, T aE s A B bt Ak
it = A Sk 0 SR LA B ST T 2 3, AT 3 5 T
APRTERR A i SE 0 AR ) FIBRARAR B SRR, 2
T AR S, XA R 25 R 2

AWFFERI, TEG IS R 2R P B Lk L, TR
I 0.5% M B REEE TR e 8 ik & $E = SOD . CAT i /)
il T-AOC /K-, HasmbLiRbTA LEE T, [FIRTREME %
i MDA & &, X Al Re SREREE Y h 5 B-w R b
FIHBEEREMOS) R K, Mk, —HrEHREIL
& 0 Pt S AL B8 ) A bt oy 7 i ¥ RE WE VR A
(Meshram et al, 2015). B-7 5 W4 RE W8 BT HLAK S R P
G REMAAFME R RE L 7R, RENES L4 A IR 3G F 4
JEL P R A A A, 4 v R AR I S R ) (Herre
et al, 2004); MOS HENS & $2 = /K 7= sh ) ¥ v i 15
1 3K B A A A TS R AR HE TSR R B A S,
1M 38 58 ML A 19 JE 7 5 7 %o %5 BE ) (Staykov et al,
2007). TRAEE(2010)7E S B AAED . Wk 55 (2014) 7
FAGSEIATE h R B, R SR A R AR A LR BT A
fbBE Ty, $ AR RE S e e oy i B U E o

AR BN, ifalpiE SOD i% J1F1 MDA
B A2 M B2 AT B R R 5 5 0 1) 28 B AR S )
B, URERHEFRYIN 0.5%, MiEFEFTEN 0.5%
F11.0%HF, SOD I J1Ab TR K-, 3w T X R
Y5 Y2B2 41, MDA &l F (R TXIE4Y Y2B2
2 o 33X B ARDR} P 3 L P A 2 LA TR R R SR
Jic L REA% 76 42 2 22 BR O IEf B A0 4 £ T SR Ak KR, 388
S LR G e 7 T A — 2 B PR RIVE A

34 WEFATENESEFYNHEIRENINEN

RZARGE LIRS, Al 2 FAT B RN R B R AE
% W 2 R K P S BT T o BFREERIT, YL
VN 0GR B ZE AT B AT, R X MR ) i A QR B
(Vibrio harveyi) 4T /& 4L g J7 3 5% (Sirirat et al,
2000), JLYAEXTIF XTI (Vibrio alginolyticus)
TR YL G CR I = 55, 2012). [RIRS, FE4REC
fifi(Morone saxatilis) (Li et al, 2004). JE %k
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PR BB % B AR I 5 K P sh W i RARBET- %, 534k,
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715 [HIE}, 78 4 &F(Paralichthys olivaceus)(if 2, 2007)
LA X R (Burgents et al, 2004) 97 (1) 5256 rh 26
W, BEhREREEIRYIREAE HE i o e BRI JS B B
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i B ZE AT TR R B 15 S5 W R A5 4 /= E AR B T o
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FEPUERH, BN —E M Rge G EER, RN
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FHCEEEG, 2013),

TIA, AEGEIL K B, A BT R RN R 3R
Y ERTE S Wi % LI W g B AEH,
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1.0% N, &)y 7735 4 35 1 T X0 BRAL AT Y2B2 4, X
VTR E Mg~ , —F ke bl et — 2/
DMREVER, 2L R4 m AU SRR Be 1 FIPTiE 11, X — U
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AR T RIS

4 £t

g5 IR, G S N R R R AT
(0.5%3%, 1.0%) MEERERE F241(0.5%) 0, REMS4RE = 4h
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Effects of Dietary Bacillus subtilis and Yeast Culture on Growth, Serum
Biochemical Indices and Antioxidant Capacity of Juvenile Hybrid
Grouper (Epinephelus fuscoguttatus? x E. lanceolatus?)

WANG Chenggiang', LI Baoshan'”, WANG Jiying', HUANG Bingshan',
SUN Yongzhi', HAO Tiantian', MA Changxing’, ZHOU Ying®

(1. Shandong Marine Resource and Environment Research Institute, Shandong Key Laboratory of Marine Ecological Restoration,
Yantai 264006; 2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306)

Abstract A 2x3 two-factorial experiment was designed to investigate the effects of dietary
administration of Bacillus subtilis and yeast culture on growth, serum biochemical indices, antioxidant
capacity, and disease resistance of juvenile hybrid grouper (Epinephelus fuscoguttatus? xE. lanceolatus?)
[initial weight: (23.41%0.47) g]. Nine isonitrogenous and isoenergetic diets were formulated with three
levels of B. subtilis [0 (control), 0.5%, and 1.0%], and each B. subtilis level was formulated with three
yeast culture levels [0 (control), 0.5%, and 1.0%]. Juvenile hybrid groupers were fed for 8 weeks. The
results showed that the interaction between B. subtilis and yeast culture had no significant effects on the
survival (SR) and weight gain rate (WGR) of grouper (P>0.05). The WGR of Y1B1 and Y1B2 groups was
significantly higher than that of the control and Y2B2 groups (P<0.05).The interaction between B. subtilis
and yeast culture had a significant effect on the aspartate aminotransferase (AST) and alkaline
phosphatase (AKP) in the serum of grouper (P<0.05); the AST and AKP activities in the serum of Y1B1
and Y1B2 groups were significantly lower than those in the control and Y2B2 groups (P<0.05). The
interaction between B. subtilis and yeast culture had a significant effect on the superoxide dismutase
(SOD) and malondialdehyde (MDA) levels in the intestinal tract of grouper (P<0.05), but no significant
interaction with catalase (CAT) or total antioxidant capacity (T-AOC) in the intestinal tract (P>0.05). The
activities of SOD, CAT, and T-AOC in the intestinal tract of the Y1B1 and Y1B2 groups were
significantly higher than those in the control and Y2B2 groups (P<0.05), but the MDA content in the
intestinal tract showed an opposite trend to SOD (P<0.05). There was no interaction between the effects
of dietary B. subtilis and yeast culture on the cumulative survival rate of juveniles challenged with Vibrio
anguillarum (P>0.05). The highest value of cumulative survival rate of juveniles was found in the Y1B1
group, which was significantly higher than that in the control group (P<0.05). In conclusion,
supplementation of 0.5% or 1.0% B. subtilis and 0.5% yeast culture in diets could promote WGR,
antioxidant capacity, and disease resistance in juvenile hybrid grouper.

Key words Epinephelus fuscoguttatus? x E. lanceolatusd'; Bacillus subtilis; Yeast culture; Growth;
Antioxidant capacity; Disease resistance
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