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#oOE OFTRB OTHRE O MNEE o iER
Fl 7 EY HEAX TEE
(UFRBEHEEYMREGE  IWRBKFERERIRE SRS HY  266104)

HE AR AR A R R e K 3 #AT H (Bacillus licheniformis) &t A& ik 75 %4 # (Hexagrammos
otakii)A & . W K M B . dn i AEAF R M R R BRI R . SECE R E 5 (22.0£2.0) g By Kk
A& B 270 B, B 3 ACTE AR 2 NRRE A KR ERA), F4 3 NFAT, NPT
30 R, sBANENHEGREENEREAR, LHhARESFEHER 5x107 CFU/0.5%)Fn
1x10° CFU/g(1.0%)30 K 2 AT B 8y 52 348 k. 448 50 d J& #E47 B B 4 # 52 i 1 (Aeromonas
salraonicida) T & &L ¢, JE 14 d W ERAT=F, £RE R, LRAFR TR FAATHTEFR
B KN % B B E A K F(SGR) (P<0.05). 5T B AL, 0.5%M 1.0%M K F AT EH TR E X
WS % i iE F SOD ., CAT X T-AOC 7% 4(P<0.05), 4 1% MDA 4 & (P<0.05); GSH-Px /& M7 1.0%
SEH A B PR T, T 0.5% 5% B A A PR 4R o MR GF AT W 5290 41 # v GS. MDH A7 HK
E P 3975 B4R 5 (P<0.05), 0.5%%1 1.0%7F F 7 B4 R SR E T B, MR F FAT S SL5b 2 f o v o
AST 71 ALT 7 M8 %t B 20 35 [ % (P<0.05), CHE 71 ADA & P % % B8 28 4 2 5 (P<0.05)., SLib 4 #
J 38 R G B, R B AR IS AT B E R AR AR E IR S, H 1.0% % 5 4 E M R R (P<0.05)., K
LI EREL T, 1.0%M K FAATHA AR AL A 14d HERLTRUH 35.55% (P<0.05), w7
W, AR AR FAATE TR RE A& & EK, REH R E R AR
EE RS 2 N e K 2
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WAl . B Zemaiie ™, WHAEARAK ., $#2
Gl . PR RAFOE S, B0 Y HT/K ™ FR 55
PR o BFFEFRIA, 25 AR TR A N FH AT B S e 2 % 5 B
Y4z K (Madani et al, 2018; Azarin et al, 2015), &1
TN . ALY IE AR B . o A S L B
A0S P, T 2 B R ALK S g T (X2 A, 20175
Abarike et al, 2018), S A IR 5 Sh W ALK N e pe 2Rk R
F AR T R A BB R A 3Rk K, B SR B TN 7
Ji(Huang et al, 2015), 7EAZ CHEHE R AR fin )
H, ZEALFT TR (Bacillus) 2 Bt 5 i 2 i P 22—, 1
FEAG B ZF F AT (Bacillus subtilis) . i ek 2 T
(Bacillus amyloliquefaciens) Fl 1 4% 2 #1 T 1% (Bacillus
licheniformis)& . ASAFFE % FIMAR ZEHUATF IS, B T4
FICRLEE , I Tt B RR S KPR R EUR AL O A, Bk
BB G TEF SN YR N REHE AT , 3 78 o R e g 43
WA RIS, 4R AL R MY SR T (El-Haroun et al,
2006), XIEhIHLIATCI B REIER, BA RS,
SEMEEERA, YRR ITE KR,

K I 7N £k 4 (Hexagrammos  otakii) , #fi 12 H
(Scorpaeniformes) . 7~k ffi B} (Hexagrammidate) , 754k
4 J& (Hexagrammos), J&— M EA T A RKERRT .
FEIH O e A LR G (v K P A 2 DRIHE IR i 5 |
BIRMEEIRZ IR A R e %, et
PR IR T A LA R il 3 5 RO S (IR 2., 1962;
BRI, 2019) ABFFE LI RIS MRS, 7E
FEA IR S I A ZE AT R, BRI A K i
THACER G P | AERE SR G E 7 0 52 M KO B0 T A i
S, L T (Aeromonas salraonicida)f#kHihe 71, LA
WA sk, Sktm . JoA 3 DB A= ah [l
R VA 75 A TR ) 70 A A FH 28R 4 A B 22 T T A Y 4R
WE%,

1 #REREZE
1.1 SRIEHR

SIS RIS Ze ok F B S KRR K
N, TSR, REOLSIEE, BRIER, KA
WEAE , WIHET- YR T R (22.042.0) go HEAC ZFEAFT 14 1
A H S 38 A P v R DR R BP0 (China General
Microbiological Culture Collection Center, CGMCC),
A E SRR IR, 80 CIRAEE& . BUEE T
FHZSBES M TR A A 5230 % DR AF o SERBC A iR Rk H
DO B A R A w], HE SRR AMER R
471 g/kg. MUIRNT 174 g/kg. MLIK4Y 96 g/kg. T
JEELYE 5.91 g/kg. KRR IERRZ T 404.4 g/kg. Ca

1.52x10* mg/kg. Fe 808 mg/kg. Zn 137 mg/kg. /K5
75.3 g/kgo

AR ZEAUAT BB K R AR R R 30°C
HRRESE, HeJETA 10'° CFU/ml, #% M8 0.5%F1 1.0%
(447355 P 1 TV 2 A W 2 Sl e R L, BRI AT,
BRI DA it , P HL 3 T 2 0 2 — 2 X s B T
K5 H 85.5%, HAE A 2.8%, HEWTH 0.25%, B
KB R 0.77%), BTG 4°CIRAF8 (% 13 500
Sk 5x107 F1 1x10% CFU/g)., X} FE 20 L hik i)k R RE 4
BEAW, BTG 4CHRAARH . BRI #58 g0 im k)
PRAFIHBR A 7 d.

1.2 EIZIT REFEE

FRIEIH T 2018 4F 11 7 15 H~2019 4E 1 A 25
HAE LR AR T 1 AR WU IT 5 B R 9P S 6 3 A T o B UK
INEAT | BB IR H BRI AR A BE L 3 41, A4l
3 AT, BAFEAT 30 B, BER TR KSR R 5
(500 L), SEEay FHEEAL B A R 3% 10 do X R4
(Control ) WA A 45 1R F 22 1 A L A5 1l k) s S
#H.(B. licheniformis) /3 il ¥ HEAS I 0.5%F1 1.0% b A 2
FOORT B 10 S 58 T

SR R RS . WERERAE, R BIAE
10:00 1 18:00 $£ME 2 Yk, H MR N MAKER 2%,
R 5 £ 17 0 Y PR AR i, SRR B, Josk
PHA Ay, PAMRAERIYE | h N 9E . SER I K IR A
(11.5£1.0)°C, % M(7.0+£0.5) mg/L, pH N 7.2+0.3,
ZRFAS IR A & #<0.1 mg/L.

1.3 WERRETE

131 AKEiaen RFFLIRERE AL
24 h, XFEEAEATAL A AT TR AR (LR IR
), 15 A0S (Survival rate, SR)FIEEE 4 K F
(Specific growth rate, SGR), & AR N

SR=(A A 0 B EU/W) 15 T 1 2 £1) % 100%

SGR=(In A H—In HJ ¥ H )/ 5 KEx100%
1.3.2 A i A on R R R S 9% A8 K B 45 AT AR M M
FEL L R, 10 d Bl EEAS 1720 A4k
3 RBSLE A, FHICTR I ST 4 R AL SR, 4 1
M EABOERT 4CT##E 6 h, Ll 3000 r/min
B0 10 min, HUlE TG E TW AT, -80°CHE LR
TRAF. &,

7 Bt H OBK 3 54k W) B (Glutathione peroxidase,
GSH-Px) . # %k ¥ I ft i} (Superoxide dismutase,
SOD). N % (Microscale malondialdehyde, MDA),
M A AL BE J1(Total antioxidant, T-AOC)LA K3t %1k
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S B (Catalase, CAT)IE 4% H R & A ¥ TR0
SEPRA & ME , SRS A AL RE ) 22 1k,

2 S Wi A W (Glutamine synthetase, GS) ., 375
1% % % i (Malate dehydrogenase, MDH)FI ¥ i
(Hexokinase, HK){fME$4% H Bg ot i sl A= 9 T A2 9T
Pl G A E T VR I, B AL AR X 3 5 o 4G
HEPALN R

BB NE(AST) A NFATR(ALT) . IR A
il (ADA) I G55 iR (CHE ) T 1 2 4 B P e e il A= )
T AR ST TR S R U A, MH D REAH DG H8 A5 1)
7L A ) 42 S IRAT AR e 5 7 o
1.3.3 il # & R AR BOH AL B AR S Bt
A 10 d BN AT 3 Bcmfh, vk ETCH
PRAERGHT R A B R S, 1 2 9 (mvv) ER B A B
4 0.85%E FER /K , VK299 5 2500 r/min B0 10 min,
BV o PR AR T L T AT B TR AR H
A A AR ) TR 5 i) G T I
1.4 IniE %R IEHRE R X T R

25 SPSS 19.0 #EA7XUAZ AR S/ BT, B 2 XU
K56 i 2 (P<0.01 5 P<0.05),

1.5 WEBRRELR

AR S22 QR A 1Y AR PRI T 28 il O IR MG R
FE(Brian Heart Infusion, BHI) 28°C#%55% 24 h, sy

B 2 BOC R B (LDso), FH TG AR BEER K B Mk B R
10° CFU/ml, ZFHAT B IR L0025, AR BEALERL
15 RAIH TR R, NS 100 pl AR
I GRS TR, KT L e S A [ ) o ) A LR K, S
I TR) WL SR YL 5 A T 7N £k A (0 R AE O e 5% H BE
TGO, MAFHURIET K, 14 d J5 45 R L 56 JF
Gt H BB %, AKX WMT

FFBET- % (Cumulative mortality rate, %)=22F
FET B /) B R < 100,

1.6 HEZITHH

S50 BT A5 AR 34 3R 7R O S A 4R 1E DR (Means
SE, n=3), i SPSS 19.0 A FT KK I 2204
(One-way ANOVA)HIFEIREI 2], [RIAf @4 Tukey's
K3 75 ok SE B A 1T 2 I ER, Y P<0.05 B,
TR EAREEZER.

2 #R

2.1 HWRFAFENKENEEERIEENZME

T oA ZE AR PR S S0 TR R K S 2 S0 d
Ji, FREIFGET A A 5000 0 A A5 2 SGR. MR 1
HR] DL, A ZE AT B AT S R R KU N S Ok (K
# Ml SGR(P<0.05), fHW L4 4 2z 0] G i 3% 2 =
(P>0.05), X BE2H A28 2H £ A9 4715 %34 100%.

F1 HRFETEXN KRN EEKCMERER P E LR ER)
Tab.1 Effect of B. licheniformis on growth performance of H. otakii (Mean+SE)
21 51) wIRRE LRI IR R A KR
Groups IBW(g) FBW(g) SR(%) SGR(%/d)
XTHEZH Control 22.90+0.42 39.82+4.30° 100.00+0.00? 1.08+0.19%
0.5%H1 AR ZE AT i 41 0.5% B. licheniformis 22.30+1.95 54.10+3.45° 100.00£0.00* 1.77+0.14°
1.0%H AR ZF FAF 41 1.0% B. licheniformis 22.87+0.67 56.33+2.22° 100.00£0.00* 1.80+0.08"

T RP RSB /NG PRS00 NG FRERR 22 57 A8 3 (P>0.05), ARVING FRER 7R 25 53 .25 (P<0.05)
Note: In the same row, values with the same small letter superscripts or no superscripts mean no significant difference
(P>0.05), different small letter superscripts mean significant difference (P<0.05)

ZHRAREZFP>005, 5 1.0%LHHHERBE

22 i BEXKiEAN&ENEZERRENLIER
KRR RN AR A (P<0.05), SOD Fl CAT {GPEFESS 40 R, MK

S=An
e 425 A B (P>0.05); MDA &% 40 KAL(E, M
EHACFRTH IR AR RRALA S0 4 gogpon 22 SR 3 5 (P>0.05); T-AOC FHE(ER 50
JE, A SERAUM SRAL R A LA MIE VRIS g piscshdl 2 5 1 2(P<0.05).
B TN ESE RO 1o S X IR L, kb s

0.5%F1 LOMAHRFRI TR kA gy 2 RRTRAEHREARSMESRBRXS

i SOD. CAT 1 T-AOC #HtE, (% MDA &,
GSH-Px 1GVEFE 1.0%3C 5 2HASXT B TR, 1 0.5%
SEU AT RN, HAS 50 K, B5XFEA

HI % i

A AT I SR DR R IR R R i fi 50 d
Jei o 2% SEHG 2 AN BT R 7S 2 £ 1M 3 P A QAT S il
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TG T E A SR UL 2, S50 RAIAT G, 1.0%Hb 4K 2
FELRT TR 4L %) il v A AR DG GS . MDH JRPEES
40 K £z 5 (P<0.05), 0.5% S50 41 55 50 2K i 55 (P<0.05),

H 1.0%354H 5T 0.5%32504H . HK WG E5H 40 Kk
B, 0.5%EHE T 1.0%L504H , Wz H 2 [ e
i3 2 5 (P>0.05),

[J%}H8£H Control [ %$H8£H Control [ %+ #84H Control
o A W 0.5% K ZFEHFT L 0.5% B. licheniformis B I 0.5% 40K 2 AT B4 0.5% B. licheniformis C W 0.5% AR ZERIFTBRIL 0.5% B. licheniformis
E 500 W 1.0%H A ZF AT LR 1.0% B. licheniformis = 40 W 1.0%HAR AT L 1.0% B. licheniformis W 1.0%HAK ZFHIATF R4 1.0% B. licheniformis
% B E r b b b b b b %\ 400 -
& 400} 22 ,2aap2a 2 3 2
% aag, a2a 830- 530() b
= 300 n § b
N % 20 = 200
§ 200} & iz
=) S 10 N
£ 100} S & 100
o & 1]
= B =
& 0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40
At [A] Time/d At 1] Time/d A [A] Time/d
[J%$ 184 Control [Ix+#E4H Control
W 0.5%HA ZFHFF L 0.5% B. licheniformis W 0.5%H A ZEHFT L 0.5% B. licheniformis
D W1.0% AR AT B 1.0% B. licheniformis E W1.0%MAR AT 1.0% B. licheniformis

=6 ¢ S

E e

S €5

8 <,

$* =

B, O 3

R &

) W 2

= =

& ®

B prd

e}

0 10 20 30 40 50 0 10 20 30 40 50
I 1] Time/d B[] Time/d
B 1 A 2R TR 1R X R 7S 4k I v Hh bt e A 6 A i 52 i)
Fig.1 Effect of B. licheniformis on antioxidant indicators in serum of H. otakii
[0 %4 #84H Control [0 % 841 Control [0 % 841 Control

[ 0.5%3H4% 2 HIAT B4 0.5% B. licheniformis

[ 0.5%3A% 2 HIAF B4 0.5% B. licheniformis

[ 0.5%3AK 2 HIAT B4 0.5% B. licheniformis

F W 1.0%M K 3FRFFEEL 1.0% B. licheniformis _ G W 1.0%HAKSFHIFFEE4L 1.0% B. licheniformis H B 1.0%AK ZFHIFF B4 1.0% B. licheniformis
E g 4r 20}
g g
g 5 3} S 15
3 : 2
% = 2 @ 10

B

do g g
= 1r o 5t
& =
¥ )
&

0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50

Fif 8] Time/d A E] Time/d A fA] Time/d

P2 HbA 2 ST B X R U 7S 2 £ 10T AR AR DG il 1) 52 7

Fig.2 Effect of B. licheniformis on metabolic enzymes in serum of H. otakii

J&i o A% S0 2 RN REZH KU 7S 4k Ao il 3 H D BE AR OC
Ji G F 00 e 25 R UL IR 3. X RRAL b, MK ZEAEAT
FCE A A ITE AST IS TEREAL, HIEERK, 5
50 KA, PIsLgma i) 22 5 W 3 (P<0.05), ALT &tk

24 HWRFAFENKIEANLKENFPAFREREX
il B 52 M

A AT I SRR DR R IR R N Zifi 50 d
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TE 0.5% LI A RFLe AL, 56 40 REAK, MSLIns 2
5035 (P<0.05), 1M 1.0%3L KA A8 LRk, 26 20 K
% 50 RiIGHRM ., 1.0%5 K4 CHE f1 ADA I5 1
B IR 2 A 215 (P<0.05), CHE IEME7ES 30 K
L 5 0.5%L I 25 5 A8 3 (P>0.05), 1l ADA I
PEFESE 40 Kikm, 5 05% LKA ER AR H
(P>0.05).

[ %} #E4H Control
[ 0.5%3H1R EHIFTFEIZL 0.5% B. licheniformis

A B 1.0%HARSFHUTELL 1.0% B. licheniformis

8|
a a

b aa a
c a b 3

N
T
o
o

A EBEERE AST/(U/L)
N BN
T T

0 10 20 30 40 50
i} 5] Time/d

[ %} #84H Control

[ 0.5%31AK ZEAIFFELL 0.5% B. licheniformis

B 1.0%HAR AT 4L 1.0% B. licheniformis
b

1201~

100~ b

=]
S
!

JIHAEEEF CHE/(U/L)
5 3
I |

[N
S
I

0 10 20 30 40 50
Fi[A] Time/d

2.5 MIRGFAAEX Kk miEELEEEs

=AU

A AT T SR DR R IR R R e fi 50 d
Jo A S I 2H AR M 2 DRl 7N 4 0 i T T A Tl T
AL LR 4. 53R AL, P ER 2 R 1 S TR

[ %} #&4H Control
[ 0.5%3H1AR ZERIFTFEIZL 0.5% B. licheniformis
B 1.0%H AR ZEAFTEE L 1.0% B. licheniformis

a

KRN ALT/(U/L)
£ N

N
T

0 10 20 30 40 50
Af[B] Time/d

[ x$ 840 Control
@ 0.5%H AR ZERIFT R4 0.5% B. licheniformis
B 1.0%HAR ZEARUFT B2 1.0% B. licheniformis

8o

—_
W

BRAF L& RS ADA/(U/L)
[ =

0 10 20 30 40 50
fif /8] Time/d

3 A AT RO U 7S £ £ I T P R 0 REAH SC g ) 52 1)

Fig.3 Effect of B. licheniformis on liver enzymes in serum of H. otakii

[ x+#84H Control
[ 0.5%H#14% 2 HIFFHI2H 0.5% B. licheniformis

A B 1 0%HBARIFHIFTE4L 1.0% B, licheniformis
= 25} 210
g g
& 20t & 800}
S S
3 15¢ 2 600}
£ g
>
5 10t % 400}
§ 5t ﬁg 200}
P ®

0 30 50 0 10 20
B} ] Time/d

[ %} #8 4 Control
B W 0.5%HAZFHIFFBIL 0.5% B. licheniformis
00 W 10%MAZERAT R 1.0% B. licheniformis ~ C M 1.0%#AK ZEAHIFTELL 1.0% B. licheniformis

Hif ] Time/d

[C1 % 841 Control
[ 0.5%H#1 K ZEHIFF L 0.5% B. licheniformis

S (=)
(=] [=)

BEi Lipase/(U/mg prot)
[ 3]
(=)

30 40 50 0 10 20 30 40 50
I} [&] Time/d

P4 A ST B R U 7 4 A0 1 T P T 05 1 9 52 i
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Fig.4 Effect of B. licheniformis on activities of intestinal digestive enzymes in H. otakii

Bt ) ] 9 4 52 B 3 M 34, 2 40 K 1.0% 5% 5 20 il %
Pk B, HPSC 4 2 18] 22 53 B 3 (P<0.05), 8
50 RASAEFERR . 1.0%SEH 458 40 K% iE €K i
PEIR A 5 (P<0.05), HEXTRRAH4RE M AT 3 5, PISLIR
Z I8 TG B 3 25 5% (P>0.05) . 5 i B 15 1 7E SE 96 20
30 KLA 1.0%32 56 20 % =1 (P<0.05), 17 0.5% 3% 5 20 7
55 40 K (P<0.05), 5 1.0%3256:4H )0 B & 22 (P>
0.05).

2.6 KigRZ&amFEFREREBEREXES T

PR — RS LR, BERR SN RTE
FEAREE I AL BT, AR LSS 50 K
S RPEFE AR TG PEAE AT 34T, AR 4845 Z 1) 28 B A
60U 3 1 R BN TR . WiEk 2 TR, GSH-Px il GS
A B3, k3] P<0.01 BFEKY, B —F>

(] 25 TR BE 8 5 s T-AOC Fl GSH-Px . T-AOC F1 MDA .,
MDA H1 GS. GSH-Px fil MDH 2 [b]fE7E—E LR
FIMER, 53] P<0.05 I F K,

2.7 WERBEXE

B M ZE AT P SC I AR SR R P 7S Zefl 50 d
Jai o PEAT S B A R U SRR S, R B [ A A
HERULT-RAGEIHEERILE 5. XFHRAURGYR, 56 2
KEFHBIFET- 150, 6 d NAET-FRE2RIE M, 5 8 X
W, 5510 KBEPERM, 14 d N RBBET R
75.55%; MISCEAIES 4 KIIIET:, SX R4 %%
£ 23 (P<0.05); 1.0%3E 504155 8 Kk F PR, 14 d
Y 2FIE T RAUA 35.55% (P<0.05), 1M 0.5%3256
HE 10 RiBE R, BERILTEA 53.33%
(P<0.05).

®2 VEEAFEMWREALEMFEFRMERE R FRIHEXMSE

Tab.2 Two-way ANOVA correction analysis of non-specific immune in serum of H. otakii

%EE;J:EZ)W GSH-Px SOD MDA T-AOC CAT GS MDH HK AST ALT CHE ADA
Immune index

GSH-Px 1

SOD 0.678 1

MDA 0.775 0.101 1

T-AOC 0.978" 0.881  0.987" 1

CAT 0.636 0416 0473 0.636 1

GS 0.994" 0918 0.953° 0849 0.116 1

MDH 0.978" 0.016 0.211 0.808 0.229 0.728 1

HK 0.920 0.317 0.725 0.887 0.677 0284 0360 1

AST 0.924 0272 0.069 0.678 0932 0373 0408 0430 1

ALT 0.013 0.582 0.529 0.026 0916 0.795 0916 0.858 0936 1

CHE 0.361 0.355 0.887 0.476 0.590 0.530 0.489 0.071 0.813 0.598 1

ADA 0.585 0.017 0.185 0.719 0.242 0.529 0.029 0.572 0.556 0.460 0.466 1

R MR 0 (P<0.01); A X i 2 (P<0.05)

** means highly significant correlation (P<0.01); * means significant correlation (P<0.05)

80
a
xX
360
= b
W&
11
Jé 5 40t
® g c
£
E -e— XfF84H Control
E 20} —o— 0.5% AR ZFHIFT AL
3 0.5% B. licheniformis
—A— 1.0%HAR FFAFF L
0F 1.0% B. licheniformis
1 2 4 6 8 10 12 14
fsf[A] Time/d
S iR R 14 d N R IS4t BRET R

Fig.5 Cumulative mortality rate of H. otakii challenged with
A. salraonicida in 14 days

3 it

fi 2B DA — X SR S AL IR A 25 000 T U
Yy, AlaE AN R VR AL D 2 P P Ak R 47 37
B, SRS FRENY A KA, 2Lk
G 1 NUIR 71 5% (LR 5, 2016; faTFRERSE, 2015;
AR, 2018), HEAC ZEAUAT R 2 B S AL AE B T i) —
Fh 5 A= TR S N7 o Abarike 45 (2018)F 75 & A3 Hu A 2771
FF B8 B9 R b 25 A= R 7 XF 2 JE £ (Oreochromis
niloticus) A= 4 . g K Huin J1 msEmm, AR Y
e AR R S R . SGR AR AR, 2
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o GRS T N R Rk i, (R R ML SR BT BOR
T 715 BR 1 (Streptococcus agalactiae) i hE 1, Gao 45
(2018)WF5E M, 10° CFU/ml HbAK 2 0 B 1458 A 7] 32
#5410 (Haliotis discus hannai Ino)fH &P . £ KAk
J1 R0 G gE T RE, 4R % & o P 9K B (Mibrio
parahemolyticus) (14K H% 11 . & T 25 (2012) BF 55 h, &
B, MR 2 AT TR B A AR ZE AT B 00 B2 A 25 A T
50T WA K 25 6 (Scophthal mus  maxi mus) 7 18 3 & 4%
i, LT S IS T . AR (2007) I T R A,
[1] 75 G 7K PR HPOIm A b A 2 AT B T LAAT AR 7R AR
IKIASE, W/ R &, H 48 = £ B £ (Epinephelus sp.)
PR PRI IE AR W RAF AR EE R, HiAK
ZEAUAT B T AT R RIS L HLIR SGR, AT fig BRI
SR b AR 2 AT TR LE A B A 7 A K o 4 e
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Effect of Bacillus licheniformis on Growth, Intestinal Digestive Enzyme Activity,
Non-Specific Immunity, and Resistance Against Aeromonas salraonicida in the
Fat Greenling (Hexagrammos otakii)

FAN Ying, WANG Xiaolu, YU Xiaoqing, LIU Hongjun, YE Haibin,
WANG Shuxian, DIAO Jing”, HU Fawen, JIAN Yuxia
(Marine Biology Institute of Shandong Province, Shandong Key Laboratory of Disease Control in Mariculture, Qingdao 266104)

Abstract The present study aimed to assess the effect of Bacillus licheniformis on the growth,
intestinal digestive enzymes activity, non-specific immunity and resistance against Aeromonas
salraonicida in the fat greenling (Hexagrammos otakii). A total of 270 H. otakii with an average initial
body weight of (22.0+£2.0) g/tail were randomly allocated to three groups (the control group and two
experimental groups with different B. licheniformis levels) with three parallels per group and 30 fish per
parallel. Fish in the control group were fed a basal diet consisting of albumen, and the ones in the two
experimental groups were fed basal diets supplemented with 5x107 (0.5%) or 1x10® CFU/g (1.0%) B.
licheniformis, respectively. After 50 days, fish were infected with A. salraonicida, and the cumulative
mortality rate was determined within 14 days. The specific growth rate was found to be significantly
higher in fish fed diets containing B. licheniformis when compared with the control group (P<0.05).
Furthermore, the activities of SOD, CAT, and T-AOC in the serum of H. otakii in the experimental groups
were significantly increased compared with the control group (P<0.05). Conversely, the MDA levels in
the experimental groups were decreased compared with the control group (P<0.05). The GSH-Px activity
in the 1.0% B. licheniformis group was lower than that in the control group, but the activity in the 0.5% B.
licheniformis group was higher than that in the control group. The activities of GS, MDH, and HK in the
serum of fish in the experimental groups were increased compared with the control group (P<0.05).
Compared with the control group, AST and ALT activities in the serum of fish in the experimental groups
were decreased (P<0.05) and CHE and ADA activities were higher than those in the control group
(P<0.05). The activities of trypsin, amylase and lipase in the intestines of fish in the experimental groups
were increased to different degrees, with the highest activity observed in the 1.0% B. licheniformis group
(P<0.05). The bacterial challenge test revealed that the 14 day cumulative mortality rate in the 1.0% B.
licheniformis group was only 35.55% (P<0.05). The results obtained in the present study revealed that B.
licheniformis can increase growth, activities of intestinal digestive enzymes, and non-specific immunity,
as well as enhance resistance against A. salraonicida in H. otakii.

Key words Bacillus licheniformis, Hexagrammos otakii; Non-specific immunity; Resistance
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