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B RESFHIATE Y BL XTK BT 4) 8 2 K IEAE | B
W, FFRE S B R E A R AR

B o3 om? EpBY man'? S35z fhz?
(1. B ERFK™ S54a%k i 201306; 2. INARE G VERIE S HIEH5T B
INRBEWBFERBREESLEE IR ME  264006)

HE N AR 5 A R R i B 2F B AT W (Bacillus cereus) YB1 3tk 2 #F(Scophthalmus maximus)
ot KRR B B TE N AR A ERVE h AR i A R e, AR IR 720 B
MR E K (3.6£0.7) g Wy K Z 8 4h &, Ml 4 4, HF434NFAT, BNFT60 R, 4 A K%
614 8 AEHRE AR R 2 BRI EE B 0 (P ). 10°, 10°48 10" CFU/g th YBI, 375 4 50d.
HE2E T, YBlRAnEH 107 CFU/g Bt, K Z 474 4 b3 & £ (WGR)F 4 % 4 K £(SGR)E £ & T
Xt B 241(P<0.05), YB1 7AnEH 10° CFU/g MMy K 674 & i & A B Fig M BEE h 2 AR T
57.86%H 82.37%, %% & T X 4(P<0.05); YBl A EREE 10' CFU/g i, Jefifey 4 B8R %
& Tt B4 (P<0.05). 1A E A A YBL Atk Z 67 4 & i i A LA BE T ) T B E R (P>0.05);
YBI 7 AnE H 10° CFU/g 4t 4h & FFAE T — B2 2 B T8 7 42.03%, B 25T 2§ B 41(P<0.05); £
KB AT A B VE AR T R B Y, £ R T EE(P>0.05). YBl &
A& A 10° CFU/g 4109 K Z 47 4y & fp 3 L2 B 36 nd A B % (P<0.05), 5t 58 440 b 7 5236 R 31
HFT 6891%. FRKWA, FHFHwEREFFHATE YBl AARAAZF YLK, REY
& fp B A AT AR L AL E ) U R R E Sy & A A AN ER, #ERAE H 10° CFU/g,
KA R RATE; KEE; BIEH; MEAREN; REAK

FESZES S963 NHEIFRIEEES A 0 XEHS  2095-9869(2022)01-0097-09

fe AR R — A R TS M RUE I SRR, SR TR SR (Lakshmi et al, 2013; Madani et al, 2018), 7] ¥E R 35514
PR E AV E S TR, fEUCE SR AEY AR A R bR R IR Y Ry ARG (BER AL, 2018;
RS R | ek A MR B T ALl . B2 1E E09% Pandiyan er al, 2013). AT WP L 1Y 25 4 T
J1 . YERRHLRYUR ORI B RO 2, ERAER R AT R (Bacillus Subtilis) . HiAK
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ZEHIFTEE(B. licheniformis). 5645 2R AT (B. coagulans)
S, BTN T REEET (S LB, 2014) . Kk
NG AT (Hexagrammos otakii) (BEFL5, 2021), JEAEEE
B2 (Anguill marmorata) (W55, 2016)F19 W) fii
(Lates calcarifer)(= F1E5%, 2010)5F MR b, H
O T WE R 2 LA T A 2K ™ 57 8 ) I ATE S8R X 85
/b, Catesoupe(1999)WF 55 W, MEAE ZFFAT 1# A 15
TR P BB TV B, I v 3 7 A B R R
GRS W AR e ERTEALPLRE , (23S R
THALMI

KEZZ6F(Scophthalmus maximus)T 1992 4E5] Ak
B, WHEAARKRRE . RS 5 TIHRIRSER A
(F5EFR, 2000), BTN EAL Ty T L5758 )
AT R MRS, 2018; HEGEESE, 2011),
AR, BEAE FRAH A WTY K | AR LR B AR
fm, REEWFFRFH IR EONAL . R S R . Pt
AR 2 W A AR 50 e 1 57 B ek R i 1)
A, BRI ] 2 S BOW R T 250 . 255k B DL
IKFREE TG YA )R, 2 2 1 R 2 B SR 7l ) ik
FRA & . Wk | 22 A B B K32 6T
FEHH 7l R T R R AR B AR IR AL 5T K
B, BEREZEMOAT R YB1 76— B Wk B X K2 LA
Sk, TR R B8 AR B R 4 3 TR RR (PN B A
2019), HHET, & T W5 ZF MOAT B0 T K 32 6 5
A5 19 R DL o AR BI04 A DR 2 T o ) B R
ZEMIATR YBL B BmDE BRI HAE R B SR
Jd AR AR A R MR | T A B AT L
677 IiE A SR RE R, LI oA o 25 6 ft B 57
TR 18 A= 285 B 4 B AR 1) 25 2 TR R

1 #MRl5F*®
1.1 SRS TRATE 5 S S R AR

S BT TSR ZE A I YB1 (HhAS 52328 i 1
PRAF)IE LG R T LB Wi kEE 32 3E, 37°C | 200 r/min
R HFE 24 h )5, 6000 r/min B0 UCEERA, {HH]
PBS G2 [ T AW TR (i) e fi A B 28 w)
AASJF B, HS & 8N 110" CFU/mL . fifi ] PBS
s 05 Do AT VR LA s 25 T 1 S0 S o 22 ety Bk (0 - 1
RIRFBI R A RA )R, BT, A
% YBI MfEENT LB ARG SR, Rl kg YBI
B9 0, 10°, 1081 107 CFU/g,

1.2 S RAFEIE
S I R EE BEh 3t 720 BOW T G = 1E

MR BRA A, AR IEAER] . R/ANE5T
ot . PR A (3.620.7) g0 SEERTFHATT,
B BT 0.6 m® KRS 57 1 8 B Fedh
g, BILBHAEIL N 4 4, 5l D-C
H(& R 0 CFU/g). D-E-L 4 (& HifE 10° CFU/g).
D-E-M (& H# 10° CFU/g)M D-E-H #H(&H =
10" CFU/g). BABE 3 FAT, B4F17 60 B, 45
AT Z ) G AR T AR — 3 FEH L B
LA 3 Wk, H B R 2 R SR BT A 0 R T R
2%~4%, VIR e, Sy PR E Fsk i . SE5 )
B4 K R R (2122)°C L, $h K 28~32,pH ly 7.9~8.2,
AE>5 mg/L, A <0.01 mg/L, FEFAW N 50 d.

13 HEXERAIE

131 KESY & A KIGHGN T 1E 0, 25 Al
50 d F3 50 XoF 45 20 S 6 A A B o A T 00
{8 24 h, MEFIHEFHEREE ., #ERWGR),
8 A KR (SGR) Atk 22 5L (FCR)
WGR (%)=(W, — Wo)/Wox100%
SGR (%/d)=(In W, — In Wy)/tx100%
FCR=I/W,—- W,
Kb, ¢ AEFREST], Wy R P35 R R EE 6 W ih
Wi, W, PR REY ML KRR, 1,
RV 34 g e KR B £ 5 B R S T A
1.3.2 Fpid il ALERE A o T FESS 25 A1 50 K
B, REBLNAS SEER 20 RSP AT L 3 R KR B4
DN i 38 S ), IRORE RIS £ 24 ho BORERT T oK 3E
fif )R EE 6, WO Wi J5 FH KR K sk 34, 26 AR
FEREE TWATRERRA . . I7ib & e
(protease) . I§ifif(lipase) . V€K if(amylase)¥2I >R RS
SRR S, Hdh, HE8UEA SRS S
SEWETE, SRR U B R bk E A R FH A
—JEM Lk
1.3.3 FFIERBALEE g 2 TES 25 F150 K
BF, BEALAS LB 4H ) A AT L 3 e KEE T4 10
DU I it 0% 7, HORE R 24 ho BUORERS, TOKEE
IS e O R Y = DB QUL e R N
HAEAE , IR TIRA TR URORAE . T, IR 4
1k ¥y 57 Ak i (superoxide dismutase, SOD) . N . [
(malondialdehyde, MDA) 15 %A1k & [ (catalase, CAT)
BIR A m mt g s G . Hedr, AR SOD g
J7i5E K WST-1 ¥, MDA &l & % TBA %,
CAT i 77005 R FH 2852
1.3.4 JHiE AL 1E 0, 25 150 d i,
BEATL A 52 50 20 ) B AP AT L 3 B REE T 0, 43



SO R ES: MR YBI X REEETA) AR KAERE |

T AT T RESTE 4R A Tl 2 1 4245 F Y s 99

MrimiE 254 . BORERTIE & 24 h, fREIRZESE, 59
BRI 7 B K o gk T, FHOE AR TR K4 R
BT ERBEPEE 24 h, H 710%EEZREERR
FERTCEE (B, 2B A8l ik, =2,
HE A, HU AR A VI RA#TEEF-F
AR, BB BRI WUEI s AR e, e
By, teRmaiEE R M, B TR BIE
HYIEER

1.4 HiELE

i 1 Excel BT8R ST, R SPSS 19.0
B 347 BB E 5 225907 (one-way  ANOVA), i
Duncan ZH WA HEIE LS B EM, 255
FIOKTE N P<0.05, 255 LISF (bR vE 22 (Meant
SD)FE R~

2 RS9

2.1 YB1XMAKZEELEE KM

FEGRH R I ISR ZE M AT B YB1 X RZE6E4)
WGR. SGR Fl FCR 52 WL 1. MR 1 AJHl, 5E
R (0~25 d), 12 D-E-M 4 WGR #i1 SGR & T D-C
21, D-E-L 41. D-E-M 411 D-E-H 41/ FCR ¥Ji5 T
D-C #, {HJC i3 22 5 (P>0.05), S8R W1(25~50 d),

K-S 2H 1 WGR T SGR Y155 X B4, Hivh D-E-H
Hiwr, SXHEAM L WGR Fl SGR Zr9l4emE T

27.78%F0 21.39% (P<0.05), #&4~5C5 FH1(0~50 d),

D-E-L 4. D-E-M 41 fil D-E-H 41/ WGR F1 SGR
=T D-C4, Hrf D-E-H 415, % D-C 443942
T 13.91%F 7.98%, HY5 D-C 1B A REXER
(P<0.05), D-E-L 1. D-E-M 41 #il D-E-H 41fy FCR
IR T D-C 41, {55 D-C 41 i 3 2% H(P>0.05).

2.2 YB1 WAREHLHEIFEELEENDMFHERSE
1L BEiE B R 0E

TR AR I YB1 TR EE 6T 40y 40 i 18 B G
VENT . RN RS RN TR R & AR
TRl . ot A AL SRS AR L 2. R 2 T,
AR (0~25 d), D-E-L 4. D-E-M 41l D-E-H 2
1) R 3 B 1A il O A E A TS 3 D-C 41, fH
A2 ) C i PE 25 F(P>0.05); D-E-M 4H (9 i g 1%
Jiimr, H g 25 F D-C41(P<0.05);D-E-L 41 \D-E-M
20 F D-E-H 41 A9 ATFIE SOD 3% 1134 % F D-C 41,D-E-L
ZHF0 D-E-H 24119 CAT i /13 T D-C 4, #5054
1) MDA 5 it 1 i K T % FRZH (P<0.05)

STES R I (25~50 d), D-E-M 41 7 18 45 A AT E R
fitg % S, H BT D-C 41(P<0.05), D-E-L 4
()0 105 TG 7 B, HLR 3 = F D-C 41(P<0.05); 45
SCEGZH A I E MDA F s KT X 4], Kb D-E-M
1y MDA FiEffk, HY D-C dAFEEREHES
(P<0.05), D-E-H ZH/YJ SOD Hl CAT i J1f i, 1H4%
2 [B) TG 2 1 22 57 (P>0.05)

F1 ARPRMEBFEZFRTE YBL X KEF 4 & &K IEERERMCF I ELARIEE, n=3)

Tab.1 Effects of dietary B. cereus YB1 on growth performance of juvenile S. maximus (MeantSD, n=3)

S B B 4151 )y A o LR A R R A R kR AL
Experimental stages Groups IBW/g TBW/g WGR/% SGR/(%-d™) FCR

ST D-C 3.50+0.06 7.1340.25 103.41+4.00 2.84+0.08 0.88+0.03
zggasl (Si;age D-E-L 3.51+0.01 6.96=0.09 99.2942.00 2.74%0.05 0.94+0.03
D-E-M 3.71£0.17 7.73£0.38 108.35+1.00 2.94+0.01 0.92+0.04

D-E-H 3.66+0.08 7.11£0.52 95.26+19.00 2.65+0.38 0.97+0.08

SR D-C 7.48+0.19 11.55+0.58 54.41+4.00° 1.73+0.10° 0.99+0.10
(Lf;i?oai? D-E-L 7.60+0.07 11.98+0.73 58.32+8.00% 1.81+0.21% 0.96+0.04
D-E-M 8.23+0.53 13.12+0.46 60.41+5.00%° 1.87+0.12% 1.01+0.08

D-E-H 7.83+0.05 13.23+0.32 68.96+3.00° 2.10+0.07° 0.94+0.01

A S FE 4 D-C 3.50+0.06 11.55+0.58 230.00+11.00° 2.38+0.07° 0.92+0.02
?’gljgée;)tage D-E-L 3.51+0.01 11.98+0.72 242.31420.00°  2.45+0.12% 0.95+0.00
D-E-M 3.71£0.17 13.12+0.46 254.38+4.00% 2.53+0.02% 0.96+0.01

D-E-H 3.66+0.08 13.23+0.32 262.47+1.00° 2.57+0.00° 0.96+0.03

T = b, R SR R AR NG TR R 2R 22 53 B35 (P<0.05). T [A

Note: Different small letters for the same column indicate significant difference in the same period (P<0.05). The same as below
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Tab.2 Effects of dietary B. cereus YB1 on intestinal and liver enzyme activity in juvenile S. maximus
’3‘_’ V) B \/ 2 > . — T - = S ;o
E %gﬁtﬁjl Ext . R ARG Protease/ JEMEF Amylase/ B Lipase/ PI_ MDA/ MSWEAEE  SEIEH
XPSe;Hgl;Zn a Groups (U-mg™' prot) (U-mg™" prot) (U'mg ™' prot) (nmol/mg™" prot) SOD/(U-mg™' prot) CAT/(U-g 'prot)
Sy D-C 1.18+0.05 2.44+0.57 139.5446.98%  5.42+1.42° 19.56+5.17 78.79+31.05
?(;itiza; Zt)age D-E-L 1.47+0.33 2.47+0.55 105.69+4.92° 3.984+0.78% 25.27+0.20 101.25+28.30
D-E-M  1.50+0.32 2.57+0.17 167.00£27.93>  2.19+0.54° 21.64+5.25 58.21+4.93
D-E-H 1.67+0.39 3.01+0.40 120.16+£20.94*  4.05+1.24° 23.32+0.94 121.79+£29.32
SLERIE D-C 1.97+0.06% 3.46+0.53% 43.154+3.20% 0.69+0.17% 3.87+0.97 8.64+4.13%
z;?tgﬁgf D-E-L  1.42+0.31° 3.70+0.15° 111.21£31.74>  0.58+0.06™ 4.00+0.12 4.8746.98°
D-E-M  3.11%0.56° 6.31+0.55° 60.18+4.33*  0.40+0.03° 2.99+0.10 4.5140.48°
D-E-H 2.38+0.51%° 3.73+£0.11° 36.63+10.50* 0.52+0.06™ 4.78+1.59 17.06£1.09*

A

2.3 YB1 XM KZEE4) & 78 A A LB 0

TR R AN YB1 R LAY 0 o 22 -4y #11 igg il JEE 2
BEGEE . WUZEEE DL B /8 Ak, W el g
IR REEE TR A R IR, 25 H K2 6T 4 0 g 18
RN LUE M, S5t5e%, HROA Y, AL, Bivk
ML 1), B3R 3 AL, AR, 25 d Al
50 d SEHG2H K ZE T4y £ iy 1 R IR A B v E L L) R
F TR i 555 0 RAH L W& 1S ;25 d i, D-E-L
IR D-E-M AW RIESEE R . HUZREZH D-C
ZH B E R (P<0.05), D-E-L 41, D-E-M 41 #1 D-E-H
2H 1Y A 38 R824 A D-C 4 I8 ZE N (P<0.05); 50 d
I, S0 2 A o M S v . JULJZR B B R 8 4
3 TR IR EH (P<0.05),

3 g
31 YBLlXtAZEEF4) & A& KRR

FURT, £ 28 1 E gl iz B T K7 3R B ATl
(Pandiyan et al, 2013), QIZFfFT MBS (2 2 2% e H
1 BEth (Epinephelus fuscoguttatusQ < E. lanceolatus3)
AR, PR A T TR R BE T (E R SR, 2019);
LR T AT 42 5 i IO filh (Sebastes  schlegelii) B e &
71, RHFHAER(CEBBE, 2017); €M 2FHFFH
(Bacillus  amyloliquefaciens) fig & = i (Sparus
macrocephalus)f) WGR F1 SGR (FEAT4, 2017), AW
T, fRRH R AR ZE AT B YB1 AT IR 107 CFU/g
I, AR R KGR 64 WGR Fil SGR, YBI )i ]
TR EE T 4y fh SR GE AR B AR K RAFRCR . I
Hb, g R TR AR GE HA S, TS0 & R KGA
ANBIARR 1 4 A2 OR300 K5 ) 2 R 3R 58 A )

A4 i 18 T TR 25 74 (Panigrahi er al, 2004) . 54 T& A9 2K
I i R G — W bR, 22 HWF 58 5 AR S S By
DUET XA [R] I FERT RER R Bl A, 9l4n, LA
TEXTHR (Litopenaeus vannamei) 5 ‘B 25 fOFT B8 U8 N
T4 10° CFU/kg (EA48, 2017); At 2R AR B i
h 1.2x10* CFU/g B}, 15812 (Apostichopus japonicus)H
SGR #2mdR i, {H4VR IR 1x10* CFU/g i, &
FIBE 18 T 53.93%, I B i i i 0 G Wk 25 P
(RS, 2015) AWFSEH, BEREZFMIFF R YBI
ARG IS 107 CFU/g i, T 38 4R e K2 BE4h A
WGR Hl SGR. I, 4 AF AN A A2 1V 25 5 5
JEFRFAN G . g A AP SE LA KON HY BARSE I &R o

3.2 YBl W AEFEEL&EFEEIWEEFTERSLEE
=2l EAl!

Jo 3 T 3 Ak B T T ) v AR £ 2 R WA A b
FMFFRCER FEE MR R, FF Rt Ak
T8 5 e A, 4 v A N AT AL T, AR R
X8 SR 0 BT AR W (R A, 2014) . WRIE RS
(2016) & B, TEGRIRERAN 2.5% (5%10° CFU/g)A &
ZF AR R AT P R AT D) 3E A 2 68 I (4nguill
marmmorata) i 18 V€ By B . B DL KR D5 6 Y TR
J1 o AR R E 018) WF 5T TN R, M ZF AT
(Brevibacillus brevis) W & & $2& & 8 1 (Cyprinus
carpio)lf i 8 FH BN JE R B A9 7. Sun Z£(2010)HF
FERW, R N RE Ve ZE AT B (Psychrobactersp)
A] HE = S A AR (Epinephelus coioides) 1B N H
Filg . K Tl LA KBS W e 3 O, {0 S X R TG e
E5, ABFRH, BRER YBI WEHRKEE L) f
1 18 TH AL T J7 5 %5 BE AT AR B AE SC 58 HT A A T Y
e SLECRI, YB1 Wi 10° CFU/g 4l 4h fi



S0 RS ES: MR YBI X ORZEETA R KRR L i AN . DTSR AL K 1B L A S5 5 R 101

fo 38 NN B S 0 R E R T M MR, BmER Oy HAREEE I RAR R ATRES YB1 EAE T 4h A miE ) oy
10° CFU/g I, JERy AR (UGS ) 38 v TXTIRA. WA PEANARAT OC, JEMIAE . 48 1 G 25 I A1 i R 5 Py
AUEH RO A, YBI BA - IERMMER IV E SR, fedE R b E SR R AR
BB RRPE(PMIBAE, 2019), SCHRAIICGEEEAMlEN RS RIS

BI1 WEREZRART R YB1 A R ZE 6 4)) i 18 21 945 K 1 2

Fig. 1 Effects of B. cereus YB1 on the intestinal structure of juvenile S. maximus

VH: BRI MC: WUZRRE
VH: Villus height; MC: Muscularis thickness

®3 EHEFATE YBINAREHYEMELAAEHIITN

Tab.3 Effects of B. cereus YB1 on the intestinal structure of juvenile S. maximus

S B 28531 Jia 3 4 Bt v LI 5
Experimental stages Groups Intestinal folds/ind. Villus height/pm Muscularis thickness/um
SZIHI I Initial stage (0 d) 0-D 13.50+0.50 287.05+4.93 32.34+0.90
S256 F 1] Middle stage (25 d) D-C 13.00+1.63% 310.12+3.01° 37.38+1.19%
D-E-L 21.33+0.94" 404.73+15.11° 57.62+8.76°
D-E-M 19.50+0.50° 430.54+54.68° 58.19+6.76°
D-E-H 24.00+0.82¢ 340.53+9.52% 47.98+4.15™
SH A M Last stage (50 d) D-C 14.33+0.47° 312.98+19.01° 43.78+1.37°
D-E-L 20.33+2.49° 446.73+54.61° 70.81+6.89°
D-E-M 21.33+0.47° 464.67+45.98" 73.95+10.80°

D-E-H 19.67+2.49° 504.75+63.46° 59.18+1.89%
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T E AL B 2R SR RE 8 T R AR P i 1 AR
3, el 20 P B HILAAR () 45244 (Sakai, 1999), SOD
SEHLAR P —Fh B PR ARG, 7T 2 i R AL N 4
H &S 5PN SRS R CAT W T2 5178
PEE R RS, PR AN 2 05 ; MDA & in]
S B ML PR AR A S 7 XoF 240 L F 40 40 R R (2 e R 4
2015; skdfig4E 2007, fLEEAEE, 2007), AWFFE T,
YB1 #shndEh 107 CFU/g 4H RS 640 1T SOD

ST BN T 23%, H4ita ik CAT & 1
METF X R A B ER—NmET, 2ifai

WGR Fll SGR A T4 = 7K o X e, 7Eba e}
WIS R YB1 Rede m RS SR N B A AL BE 7,
P HYUAM RGP, 7 — BB i
Ui AL RE S A K P RE L BRI A5 (20 12)WF o8 th 2 B
ZEAUFT TR AT S R S AR A BE A Epinephelus coioides)
Fra RN SOD 16 1. 3= 1L(2016)F 55 0, falk}
IS0 ZE AT BA 7E B2 5 LA T X R A4 N BT AR AR TS PR R
PRI, XA KA — W #EEH. MDA J&
BRI iS5 A PR 9 AR SO I e 27, He
() e AR T A i B AR IR N BT R RS RE S IE W &
VEVE R OH8 bR (B AR 45, 2014), ARWFFE R, 28
0 REGEA A IFIE MDA & & W E K T X R4, YBI
USHnEE N 107 CFU/g i, MDA &8 FFET 42%, %
& I ZEFRAT B X K 2 6 4 fa M N ) B A AL RE D R
TR, AR B AR R G B R AR LT
Rt —2E 5% .

3.3 YB1XXZEE %) 7iE HH R0

HEGIERFRZ . BT 2. N2 MEEZ
4 FRAM A BB, 2013), B2 2 B #1178 =Y
Jo T A A WSO g T R A ARG B ) 5, W L) AT
W iE G SR AL FE SR (B Ty, AR E IR BT,
I, S UL R B2 UL A 45 40 A2 A mT B ARG T fi
fi A TATE 7 18 Hh AAR AR o 1 R A5 (2018) R R W,
T R SO g5 AR B B AR A R AT 4R v R e B
(Epinephelus fuscoguttatus QxE. lanceolatus 3)HiE 4%,
THEEMEE ., RRZEQOIMIILAI, EWLEHFE
FEAE SR WS 0 25 4E B T R B R S B R (Carassius
auratus gibelio)l7 i N2 8 BEMEEHE T JZIERE . A
FERI, 55X LA B, R YBLVR Iy 10° CFU/g
B, REEEEL) 0l 1 R = B . WUZ S B A
TRAEECR 7 B = T 48.85% . 48.47%M1 68.91%. 15
3 Ji7 T8 2H ZUEE RE Y A3 T RE 5 AR ) A3 W ) — SRR
A AR W B A WS PR B G, AR R AT R AR
7 A ) 3 TG 4 28 T 5 T i 1 A RS R 5 T R AR

G

W (Clostridium  butyricum)53 W 89 T 12 v] A2 4 B 18 40
PR3 B, BEAS ZF AT B A AR I FLER X A= ) W B
1) 5% 597 11 P 285 FE A4 L vy 2 LA 2 A (B 0 5
2019), AWFFEH, YBI1 X K2 6F4) fo Ji7 18 41 21 45 4
MY HCEVE R, AT RE 5 H A3 A Y — S8 3% M) B ) i 1 G
FES 240 if F) A1 AR T G, B BAR B PR AL AT 7 i2F—
AT

CHENG Y, HUANG K, HUANG X Y, et al. Effects of dietary
Bacillus subtilis on growth performance, immunity and
anti-oxidation function of juvenile genetic improvement of
farmed tilapia (GIFT, Oreochromis niloticus). Chinese
Journal of Animal Nutrition, 2014, 26(6): 1503—1512 [F£iE,
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Effects of Bacillus cereusYB1 on Growth Performance, I ntestinal Digestive
Enzymes, Liver Antioxidant Enzymes, and Intestinal Tissue Structure
of Juvenile Turbot (Scophthalmus maximus)

CUI Guangxin'?, SUN Na'?, WANG Tengteng’, CHEN Yuzhen'?, HAN Huizong®”, JIANG Haibin®

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

Abstract Turbot (Scophthalmus maximus) is an economically important marine fish species in
northern China. With the unceasingly amplification of farming scale and great improvement of
intensivism in recent years, turbot diseases have been occurring frequently. Bacillus cereus YB1 could be
used as a candidate probiotic strain, which has animal safety for turbot at a certain concentration. The
present study aimed to investigate the effect of B. cereus (YB1) on growth performance, liver immune
enzyme activity, intestinal digestive enzyme activity, and intestinal tissue structure of juvenile S. maximus,
and would provide new probiotic strains for turbot aquaculture. A total of 720 healthy juveniles with an
average body weight of (3.6+0.7) g were randomly divided into 4 groups with 3 replicates per group and
60 fish per replicate. The fish in the 4 groups were fed diets containing YB1 at a viable count of 0
(control), 10°, 10°, and 10’ CFU/g at (21£2)°C, respectively, and the experiment lasted for 50 days.
Results showed that the weight gain rate (WGR) and specific growth rate (SGR) were significantly higher
in juvenile turbot fed diet supplemented with 10" CFU/g of YBI than those of the fish fed the control diet
(P<0.05). The amount of protease and amylase increased by 57.86% and 82.37%, respectively in
10° CFU/g group, and were significantly higher than those in the control group (P<0.05). Lipase content
of fish in 10’ CFU/g was significantly higher than that of the control group (P<0.05). Catalase activity in
fish fed diets supplemented with YB1 was not significantly different from fish in the control group.
Malondialdehyde content of juveniles fed 10° CFU/g YB1 dietary supplement was decreased by 42.03%,
and was significantly lower than that in the control group (P<0.05). SOD activity of fish fed YBI
increased compared with that of the control, however, the increase was not significant (P>0.05). YB1 led
to a significant increase in the height and number of folds in the intestinal mucosa of turbot (P<0.05).
Intestinal muscularis thickness was significantly increased in the 10° CFU/g YB1 dietary supplement
group than in the control group; it was 68.91% higher than that of the control group at the end of the
experiment. In this study, B. cereus (YB1) could promote the growth of juvenile turbot, improve the
activities of digestive and liver immune enzymes in their intestine, and improve the structure of intestine.
This study shows that B. cereus (YB1) can be used in turbot aquaculture, with a recommended dosage of
10° CFU/g.

Key words Bacillus cereus; Scophthalmus maximus;, Enzymatic activity; Intestinal tissue structure;
Growth promotion
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