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g R N & 2 5 Bacilluslicheniformis FRI MY-55 Bz H 3%
pEY) - FLALHEEL IR BN B a5 (Epinephelus coioides)
HHim e Z R
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ARSI B EGBE (Epinephelus coioides) BRIz A= B Bacillus licheniformis FRI MY-55 ¢ H.%%
FEEEY)- A58 (lactosucrose) BLIUENE (levan) ¥R faSE3eHrhaasalaliig + UMK i8Ik
ViR R 2 BEE B4 WIERAR T HEAE ~ B. licheniformis FRI MY-55 + ZL538% ~ B. licheniformis
FRIMY-55+ SRR} 10 58 » FEREUR - BT BERe 3 A 5 & 10 8% - BB A
ErRRE SRR b AL & B A ST - Sey R8T - DURIF RIS HERINER (Vibrio harveyi)
Begqiies - BB E NI HA RS IR RS (p < 0.05) 5 MLAGHE RN BB » 356
F MR PSR A (0 <0.05) » HEBSHHA AR SN SRR (p<0.05) - DLERER
HUR - B B ER IR IS 42 B4 B. licheniformisFRIMY-55 Je H 2 SUbEELGUR Y - HBINGETT
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AU EANEE - RIERESE ~ RDUH - A
BESCRE RASTHEE =R - F It SR E 2R
JEfafE . — (Heemstra and Randall, 1993) - fHfiA
B faAE s T BRI NMReE A HIH R
It - AP E T S A R AR E O AR
FIFETE K Ry B H BRI PJUHUEA L - R B e 2
A SRR RO SRS ERIRL (Chuaetal,
1994; Fukuda et al., 1999) - & 258 4= WG 25 iR Ieg »
FEIH P B PTA BB LR EERI I CAIEEE - AR
DA F2 00 Y8 5 5 3 A R e DU - Hfg
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bR RO NN 4 T E I IS E e eSS
R - LHEDUER R i Ry B
2 K LA HE AR REERE )T - RT DRI R &Y
TRERARYL - BRTEEE 209 sei s SR S5
5 IS5 Y) (immunostimulants) » FLFG2S 4R B
(probiotics) 5B (prebiotics) 2 v DIEINIE
e B R SR R SORE - YR R EE R TR RE
77 0 RIS A FR T 7K 2 A= VIR 22 R R
TEPGEL IR PTG RIFAI3R (He et al., 2003;
Gupta et al., 2008; Geng et al., 2011) °

Bacillus licheniformis @2 /K B4 YligiE
WAEEMZ — (Ramesh et al., 2015) > H B
% FEE R B~ BHRE (Cladera-Olivera et al., 2004;
Nakayama et al., 2009; Wang et al., 2010; Andriani et
al.,2017) » [K|jt » B. licheniformis ELG1E R34
HOFEES -

s B B EIRE LK L&Y - BIEE
HE S 22 (Gibson and Roberfroid, 1995) » &R A
RSN S A WA R o e
R - # SR B (lactosucrose) (4G-B-D-



lactosylfructoside, galactosylsucrose) s&—7# 3 fHY
TR T BB By - R 2R SORPE
FHEYC - B SRV A] DL i SRR R
(levansucrase) ' FH A ik B8 Fe FLAE DL AR /s 2L S RE
(Han, 1990) - 3 fii (Pagrus major) -~ U fi4
(Oncorhynchus mykiss) K fiifa (Cyprinus carpio)
s X BR1 AT 2% I L SRR AR SR e B BT G PR
(Kihara et al., 1995; Kihara and Sakata, 2001, 2002) -
Tran et al. (2020) 5 - FEIGE R SR R
(BERE ~ N ) T IRSE) TEREETN AR
Bk L&Y BB LG E R G IR - 1Tt
FENE - RYIHIL - 1R R NERER I
PiHEST © Silverio etal. (2015) e3& » AJH ~ %y ~ 5
KRR AL SRR RS NG E s R - PR
it (Lactobacillus spp.) Fx # 5 1%
(bifidobacteria) » kA FH B - FE RN AL
2E (Clostridium perfringens) RYE4: -

RERE (levan) 2—HIRBENESY - A
A LAY ] Ao W S R e B B E R R e b
A AEREHE (Han, 1990) - SRBHE B3 E DIRE
(Dal Bello et al., 2001; Korakli et al., 2002;
Semjonovs and Zikmanis, 2007; Huang et al.,
2013) A EEGPiERE (Calazansetal., 1997; &5,
2010; Yoon et al., 2004) K ¥ I R EHE NI
(Calazans et al., 2000; Yoo et al., 2004; Liu et al.,
2010) SFEEREEDIRL

TE/KEERETEMZE | - SRS B R S B
PR (Labeorohita) HEf BAG TREFREIHIICR -
I HiR T A R B E  (Aeromonas hydrophila)
ZHEPTEES] (Rairakhwada et al., 2007; Gupta et al.,
2008, 2014, 2018) - Gupta et al. (2010) & EE MR
TR BRI B et £ B R R BR R 1% - SRR B
KT EH'E 70 (heat shock protein 70) & EHAEANY
e BREER (35°C) BRELLIN 32 AE IR E
f& o Kt - Guptaetal. (2011) 385 - (A VIFTE
REBPEA/KE B R RN R REY -
Huang et al. (2015) 5 » B35 4GHE (Epinephelus
coioides) fReEAYSIN B. licheniformis FRI MY-55
Pt E SRR ERHR - BB i A e B S b B R e
B S R R BE R D (p < 0.05) - BRATR IS B pEAH
A SR R AT SR AR R B I B B
WA AR (p<0.05) > IS - I 5 fa
FUEHEECE (Vibrio harveyi) KCB115 7R L1

BRE S REREER AR S - Hidt FEE
HAEYIRTESR (p<0.05) -

—fiE1%3R (synbiotic) FufiliE B A 2t AR 5 B
I BRE P AR BRI K AR W R R B T
WRRIHR I 2 32 - TR HL T3 B PSR
HLIRE R (Paralichthysolivaceus) fERE&H
Bacillusspp. + B-gluco-oligosaccharides &iJfs} » #f52
R YU S I INFEAIZE A (Hasan etal., 2018) -
fiR e AR B. subtilis—+ B-glucan FAR » B
TRTHFRENER - BETIH R -~ AT
i R MR R 2 TR ERE (Cao et al., 2019) -

B4 i85 I [ 12 i W B S B ) S U BR
TREEREZENEKE > ZLMiFE (lactulose) 27|
FAEEE RSN - HANTHE 2 2 6 SR J7 =CHUS
(Nakakuki, 2005) - Z0E J5TH] - 208 F2EE N
B P R BRI S B A W sl o e A BE 2R A L
(Robertsen et al., 1994) o _Filt 52 AL JHE R REL
B ZEUR AL S0 B BTSN 5 » RIS
= MERTE R B H A VI R BOE Y IR R
ff - RER R R - KIELHERE AN S -

=% (2011) Sepifgeal & - F KRS
FeE vt A H DUR B R BE U TR FERE 4=
R B B S 215 HE Bacillus licheniformis
FRIMY-55 » SEBRERERERGTE R RE s ZUREREZE
A FL5RKE © Huang et al. (2015) #5H - BPRFFRERIN
2.5% SLEBETT DUA S HE BT 4 B R R SR
JRHEPTRE S - 1Y B. licheniformis Fyif 2 /K f
YIlGE R KRE M — (Ramesh et al., 2015) » H
ELG 6] 26 785 7 B 2 DIRE  (Cladera-Olivera et
al., 2004; Nakayama €t al., 2009; Wang et al., 2010;
Andriani et al., 2017) » K[t - B. licheniformis B4
e Rt ROV RBL - I H R R B EY B A
TER IR BB LRl - G RX R S H S b B
VIR G R A/ K E B RIFI BRG] -
Nl HETSUR ERADA G 1 B H SR K E
FETHAIAHRAE] © 2655 (2020) FHH - B 0 A
FhRinzs 4= 5 B. licheniformis FRI MY-55
FLALKE B OpE AR Y B R f e B
B BT B A LI SR TR MR R - AR TE RS
B AR R R INAR 4B B licheniformis FRI
MY-55 Je HFLRBEELBREEY) - BN aiiaE
FEPRISEIRNIE ~ BB REUIRT R R
2 DMFRROKEREEN 2% -
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XEELEYIRER

— ~ HERHARAER

AN 5T F LUZE A2 AL S R b 2 a5 AR B Ry
B (2011) HiE/KRIAERE A EETR B.
licheniformis FRI MY-55 #k -

=~ EHERHETR Z BUE

BEaREE 360 0 50k - (1) HFH CR
IS4 ~ Q) @i B. licheniformisFRIMY-55
(10" CFU/g)+ ZLRHE (0.15%) HURSEI I (3) i
f B. licheniformis FRI MY-55 (107 CFU/g)+ 5.5
B (0.15%) MYBEERTE - 1545 B. licheniformisFRI
MY-55 ~ ZLA0E ke R <« B B e 2 BB B
gk ST 2R ES (2020) -

S HEURH B EL T B 2 R R LS B R R U
(yeast extract) 5 g ~ B (peptone) 5 g ~ BElEE
# (KoHPO,) 1 g ~ FiifREE (MgSO4+ 7H,0) 0.2 g ~
A bl (NaCl) 30 g » FRZRER/K 1 Lo jAREEAL
PRERRTEEE pH Ky 6.5

B NS 10% FURE K 10% FEkis
FLEERS R 28°C EEEESE 48hr W[LIEEIEH
AR + FLABERIRS B BBGE 10° CFU/mL L)
b BT AEART 50 mg/mL FALRAE 0 s
+ FLRRER B B F R e A2 B + FLAPE
AT AR

A RN S 20% FEREZ FARE R B
28°C ki 48 hr AIDIBEISH AR+ R
BHEOURSENR > HEGE 10° CFU/mL DL » K58
HHEEZERYT 50 mg/mL BB - HhibaR AR + SRR
FEAYES Z IR 1F Ry BDR 2 2R B + SRR R IRz
Ut -

FAHETRHEE A0 - (1) B RDAR
BEREAN B 2 B B BRI R TR 5 (2) IR
/11 B. licheniformis FRI MY-55 + F 5B 1953808
FHHILLEL#E 45 B. licheniformis FRI MY-55+ %,
R cEBRAMPE R & 3 & B
licheniformis FRT MY-55 + 5 2B 1 5% 2 W HH HI|
DLAr 8-S B. licheniformis FRI MY-55+ &
B BS BRIN TR B o 2 AH RS BRI LG B Ry
1 kg GRS 30 ml 858 (F) W - SoiFRsE

(B WA 50 g BEREABGZ) - FHIA 100 g &
BRENIZDZ) > FRIEIA 1 ke ATl FRYGTRHEL
R s > R ERNBI IR (H) KAVET
F > DU IRz, (45°C, 48 hr) -

B AR ER (B) IS INAE AR & Bkt
(iEEH > S ERRERAF > G 28) i
RS DI INEGZIRETRN R - BRI 5% 1
PR BRI - DI PR BR B 1R - e G
HME A ~ TR SRR R K o ATk
LB 4C et 1 EH - St EH < SR
(B2 & 3 M) BB TR A R
B EERE R R 107 CFU/g JRRMAAERED
LB I TERARE o

= ~ fE (T BRI b ALk < HIE

(—) ENRR (MAEPBIRERR
10203)

HERATHZ 300 R AP 32 ¢ HR
REIHY; - BRI KEARRTA 4 EfEER FRP
(500 L) #rfr 2 38 - ZKIRAERFE 28E1°C -

(D) BELA

BEsE 3/ B 3 B - SRR AR
JINKY 348 g o BEFEFROA 9 18 82 L KAYBLESGHL -
AL 20 EBfa - AEH B 9 BT 5 BARAR
Bkl R E R R EY 2.0% » & 2 EEHIR
R E AR R R > SRR 30 S3gEtk -
AR RV - SRR E - AR
FRHRR - BESHARKREEHIAE 28+ 1°C - G HHEUK
=4rZ— o PERELETT 10 3 -

(2) REERBPREMEEMERIEZAE

SBE 5 B 10 SEIR - BT E IR 23
HRTAIHER IR AR 1 K - AREE L (5,000
g ~ 15 min) > UEE FIEWREL 0.22 pm [EGETESR »
LU HPLC (Waters, 1515 isocratic HPLC pump) #E
TSR (B ~ NG ~ THR) KL
Be#H Y (Kihara and Sakata, 1997) » #3811 2% B 975+
2} (Waters, 2414) » 4}EEREFEEy 1CSep ICE-ION-
300 (Transgenomic Inc., USA) » #E{EMRM: B il
0.4 mL/min > F2EIFH R 0.01 N S - EFEIRE
65°C - AR BENE IR (REWE - PIBR - THR) K



FLERARHES, (Merck) BCBREAFIFRE AR LI HPLC
HEFTIIMT > AASHE S AN IR EE AT 20 > 7331
BUEREIR ~ IR ~ T R R AURR  EHERTER © B
JE AT M FIT TS AN TR TS AR ~ PR ~ T IR 7L
BRSEUG AFHERIRR TR IGHO NG T - BRI
mn TEER ~ PR T TR S FLBRAIRIE - B Ry mM -

V9 ~ 2 JER R SR I < B 7E

FESHITERRE 10 BRI E R 9 K -
FHHHEREE 9 R E 2 INE T R EU T -
(—) MBHE

FA 1 mL %8B ERC 25G £188 » HEMWERE
M RS 2 MRS 4°C B E — R HEL (3000
X g, 10 min, 4°C) » WHY_EJEIMIE - 70 -80°C
VKRR > FIRIIIEREE 1S ~ HEH ~ BREH -
PiE NS (antiprotease) MiAE NG (lysozyme) Ji&
TSR FR R

(D) FEMRDEBMIX

ZR[SE (2013) Jiik - HABEFEEREEMIRIL
SrEEEInER > B 1 mL EBREHEEC 25G $HEEE BN
BREEIMHK 0.7 mL > B2 1 mL L-15 medium (X5 50 uL
125 mM EDTA) jE& » A 4 mL 50% percoll
(Sigma) fEHIPfEE » BEL (400X g, 15min,4C) -
HHEL 3 Jg 2 S e 2 mL i A 3 mL Hank’s
balance salt solution (HBSS, Sigma) » #.[» (600X g,
10 min, 4°C) RZEFR FIEK - BEEBE RS =X
#% > ¥ 1 mL L-15 mediun » DUMEREFE0I& S8
IM BRI EE = Al 20 Bt o F I BR A A I e 4 0
(respiratory burst activity, RBA) ZH[E °

(2) BRI
L. MFEREEE ~ FESEREANE

47 1T % 1 B2 2 AR Randox
(RANDOX Laboratories, Antrim, UK) Z I {&E#&E
HE & HEAHERET  BREA S ERUNEE
HE MHEEAZZESEE -

2. IMyEPHUE HESEEHE

HEa2 I Bowden etal. (1997) JjikitEfT > b

MEERT - Joks 10 pL IfIFEEL 35 pL 7Y 1 mg/mL
B F1 7AW ( Trypsin bovine pancreas Y512 0.01 M
Tris-HCI (pH 8.2) #FEWK JIRS » JIA 500 uL 2 mM
BAPNA (Sodium-benzoyl-DL-arginine-p-nitroanilide
HCI) » 2L 0.1 M Tris-HCI (pH 8.2) #BEE IR SiE
s 1mL » A 28°C S JfE 25 434 5 LA 150 uL 19 30%
BERR 1 SRR - DRI 0B (microplate
spectrophotometer, Bio-Rad
Laboratories, Inc., California, USA) A& 415 nm
TNHEIEBSEIE © M3 5T RS M R DA
FEHESE 43 kb (Percentage trypsin inhibition) 2
0 HTPIAREHE

AN EE B H 2 b = (22 B IR B By
WG — B HYIROGAE) / 22 H AR EE BRIk
JE{E X 100%

Benchmark  plus,

3. VARBRITERE

HEE2I Ellis (1999) BYJ5E - KR VAR
IR 0.05 M sodium phosphate buffer (pH 6.2) Fid
BOAREBIEREAIR - HIREE ARy 0246
816 K 32 ug/mL - 551 0.05 M sodium phosphate
buffer (pH 6.2) B # 0.2 mg/mL Micrococcus
lysodeikitus ;. B - HUABRBFARHEATR 10 ul - i
A 200 uL M. lysodeikitus » 2 28°C s JfE » DU/
SEOCRERRIT RIRRNES 1 7388 556 6 ST Bt kiR
530nm R ZBOLIE - ARERFREVA NG AR
VR TR LA 43 SR T B iy iU B B S R S VR
» BGE e & - DU B s O A R AR TE
VIR, FAPBR - ROBRES | A3 RGE 6 8
WEAE > A5 LR ST B A CiCe i AR HE £ 1L 375
YA RERCIRIE - DR VA WIS IR SRR Ry
WG - | BAARERE M E Ry | ng/mL /Y
HEE VS

4. WP AR HIE

WP BRI SE 7152 22 Secombes (1990) ¢
Stasiack and Baumann (1996) - ii{&dX H Cook etal.
(2001) Kz Digenci et al. (2003) Ffift:2 Nitroblue
tetrazoloum (NBT) HuftyihiEfTiHlE -

2 96 FLRESPIECH R E B+ - ERIA 100
uL 0.2% poly-L-lysine & 30 min £8AVH! poly-L-
lysine » DUSOIMERIRFFTRETE - HL 100 pL B
MR AR B #E .2 96 FLIES MU E 8
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o JAERETEE 2 hr (M ERAGFRE SR - £BR k-
EW 45 BIIA 100 pL 22 zymosan (0.2%)
HBSS - fRE IR AR ME 30 min R AFR EIEH
B 100 pL NBT (0.3%) 7EZ=iE 0 {/EFA 30 min
TOA 100% JPFERE R IE » DL 70% Gt =
Rt > BEZINIA 120 uL 2 M KOH k2 140 pL
dimethylsulfoxide (DMSO) LI#&fi# cytoplasnmic
formazon » DIES WL BN IEER 630 nm ]
TEBOLIE » RFERRRIBHHARIN HBSS BRIy
basal activity (BA) » i5 % R RIMHHENIN zymosan
Rk stimulated activity (SA) @ f# Z 2 {E I
KB 5 M (respiratory burst activity, RBA) (Pick and
Mizel, 1981) - &R BRI AR
s

o~ FEIEYURIE R ZHIE

B 515218 Shoemaker and Klesius (1997)
& Klesius et al. (2000) &L -

(—) HERTRELE

AR I B - M AE PO B R Y B H R S
IRIEESEIR (tryptic soy broth, TSB) » A 28°C 5%
2 24 hr > EEFEUREEC, (8000 xg, 10 min, 4°C) [
% BB - RIS AT DA B R B IE R 2 K
BB LU LR AR 600 nm FHIE - FH%E
BRI EEICE 13107 CFU/ML BRI -

(D) mERE

FEESTHIER 3 MANFIETR 10 381 - DURIRE
R STR BN RSN s RS EAY
0.5% > TG E Ry 5.5 X 10* CFU/g 5 i 53 HVEK
FAENSEEAEREUKCUER IR > AREE
ek ESE U - f7iE 2 H -

ARSI axi

FillSfE R L, SAS E4GHREE (Version 14.0)
SHEITE N T3 FL 8 (one way analysis of variance,
ANOVA) #5434 » LA Duncan’s test HIEA4 5
BRI O A AR - IrA Bt g ki
T p<0.05-

i S B 3 i

— ~ BRSNS AE B ~ LR R R
APPSR S {5 v R TS S 1 e LR

o= N 1554
= %Zm}%

B OB S ER A ST B
NEHEE K FLRE 2 & B At SRR - BRERID B
licheniformis FRI MY-55 + Z S FEfH B A B 38
PAESEIEIGER (BEEE ~ PNBR ~ THR) KILBRCHES
Eixm (28.84 mM) » X EERE B. licheniformis
FRIMY-55+ 5 HE/ (22.81 mM) - [ ¥ G4
FASEARHR R AR AR (15.11 mM) (Fig. 1A)-10 38
% » BRE B. licheniformis FRI MY-55 + SEE244H
HERI AR B 2 e = (62.46 mM) » HXRy B.
licheniformis FRI MY-55+ ZL54884H (50.33 mM) »
HHRIE (41.28 mM) (Fig. 1B) -

Kihara et al. (1995) 3% » 5788 £ 5 A & ] 2
B LS W8 A A R e S BRI % - Kihara and
Sakata (2001) Fi5HH - ML @15 A A ] S e L S M e
AR SRR - R DR TR S B -
Kihara and Sakata (2002) #& » S 5N E ] 250
FLIAWE RS AR S RE SR B P - FL iR ~ TNIE K
TSR S BRORIN LR RE RS = - 7
& Bl SOREER - MR KRB AEN RN EE
AT LA R ZL R - Kihara (2008) 84 - 5588 f AR
ISINFLARE (0.24%) gRH% - BABEH A EEEN
KV E NG I ER S ERCH AN N (p <
0.001) - FERAH & H KGN E EHE AR EH IR
2 (p<0.05) ° ft4 » Kihara et al. (1995) #E -
PR FAERETR LR PR AR % - BB G E
L& (tecnica muscularis) #5355 WHHH 2 H 58 ¥ -
Kihara et al. (1995) 38Ky ZLAKE vT LURI U E L
JE S - 59 (2020) FEH - B O BEERIPER
4 E B. licheniformisFRIMY-55 A RbES
BN BHE A E NG E T 2 N E L - Vazquez et al.
(2005) #HE > s> EEH &AL (pressed cured) HY
Leuconostoc mesenteroides ff & & ALEE & BE s 2
MHER M E AR FERK - mIFHE R
(bacteriocin) - Tran et al. (2020) $5H > A EEGE
FRIESENEIGNE (BEWE - NBR & T PRSE) T 22KH
1o E R A R B B R KA L 5 Y - RN BY
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(A)
s 35 1 o S
£ O Butyric acid Propionic acid
% 30 1 @QAcetic acid M Lactic acid
[o+]
2 25 A
Q
i)
- 3.21
S 20 A
5 T
FRERE Ll
Z Celelelelelelell
210 4 RIRNE L I
1 e [
= Celelelelelelelel
S 5 4 S
6 . S e [ S
R , , [ 230
Control B. licheniformis FRI MY-55 + latcosucrose  B. licheniformis FRI MY-55 + levan

(B)

70 A

O Butyric acid Propionic acid
60 1  @Acetic acid W Lactic acid
50 4

2.74

Short chain fatty acid and lactic acid (mM)

Control B. licheniformis FRI MY-55 + latcosucrose

B. licheniformis FRI MY-55 + levan

Fig. 1 The levels of short-chain fatty acid and lactic acid in feces of spotted grouper (Epinephelus coioides) fed

experimental diets for (A) 5 weeks and (B) 10 weeks.

PRI ERE - BYIHAL TSR - R E
PR YTRE ST - A B R LI E R BL L RE -
Li and Kim (2013) ff7efaH: - @0 0.05 -
0.2% REFENEIRIHEREFEER - SBHMEE
HEPAYILERAR F E R R BRI ER S
F} - Zhao et al. (2013a) P > FEFEE S 1.0% K
2.0% SUBSHEARDRL - BUBRH 8 FE (P ARG B
ERCA RN - R IA (p<0.001) » 3
FRERH PRI A SR L & S RN B TR
(p<0.05) - Zhao etal. (2013b) 5 > HEHIR/E
0.25% J¢ 0.50% SEHEERR2% - BB R G E
HR LR RN - KR R SRR IR 2 f A
B> - Huang etal. (2015) ¥ > BEA A BEACER
BRI 0.5 - 5.0% B. licheniformis FRI MY-55 fit
e SR BEE R - BB b fUlEE R e R B

DR G R (p<0.05) - B555 (2020)45H
B A B AR PR IS 42 B B. licheniformis FRI
MY-55 JIREBREA BN R E a8 -

AEREEERE R B. licheniformisFRIMY-55
e ) L SRR e SRR T LB i B e B 2 {5
TSR b AU 2 B+ BT SR AR ARV DD 2L
EERG » BEEH A S E N AN RSN R &
FEH RN I B SGAHE (Kihara, 2008) « Hf2
FLANE B R BRE T R IR AL TR R Y ORE - [XIIEE
EfmBEE (Huangetal., 2013; Silverio etal., 2015) »
Bk R FLARNE RO R B 0 IBE TR LR
P EE KR LR R EEE
FHt 2R RAGEA A - Sk AR BERE % - R
fEfERS (glycolysis) AEREPINARE (pyruvate) @ FHE
FLERII B (lactate dehydrogenase) fFHIJE 7L
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Table 1 Levels of serum total protein, albumin, and globulin in experimental spotted grouper (Epinephelus coioides)

pre- and post-Vibrio harveyi challenge

Total protein (mg/ml) Albumin (mg/ml) Globulin (mg/ml)
Treatment

Pre- Post- Post- Pre- Post-
Control 53.55 + 1.89° 51.79 + 4.06° 7.65 +1.38° 9.15 £ 1.09° 45.91 £0.51° 42.13 £5.41°
B. licheniformis
FRI MY-55 + 63.32+0.77° 50.25 +0.81° 8.25 + 2.34° 9.84 + 1.62° 55.07 +3.12°  40.69 + 1.02*
lactosucrose
B. licheniformis
FRI MY-55 + 62.82 +1.46> 61.59 = 6.43" 7.60 £ 0.79% 8.95 + 0.88° 52.22 + 0.67° 53.26 +9.31°
levan

Values in the same column with different superscript letters differ significantly (p < 0.05).

B&  (Garvie, 1980) » B & #% & % I % W G
(phosphoketolase) 18 #f 4 ik 7L M K& B BE &5
(Landon, 1976) - {0 » $E3H1 - BEm7 Bt aapst AR B.
licheniformis FRIMY-55 Kz . Fit ) 2L b e S5
B AT ARG Inas A4 RV E R ERE S AR RO AR AR
20 FESHNENGIE - AT DA G 8 S i e B
I EMAYZ B AR EZRAEY) R -
X AR S E% - B A BEE IR B.
licheniformisFRI MY-55 JzH: Fft 7 i 2L SR W AH 25
ZigEis GEER B. licheniformis FRI MY-55 K EH
FirEE R SRR Ry =y » HETI R LR Ry b -
O3 F RN R/l o R A4 A 2 S8
15 0 BRI R R RN e S AL

o BRSNS AR B ~ FLIORE R R
FRY NS STRRT L (a2

B bt AR e 3 AR 10 3% - 18
A ~ 70 B. licheniformisFRIMY-55 -+ F 5
#H ~ B. licheniformis FRI MY-55 + SR B bE4H F B2 1M
HHEE A B RREH &Sy 53.55 ~ 63.32
62.82 Kz 45.91 ~55.07 ~ 52.22 mg/mL » #i3t | - &
B DI IR A A B SRR B R R
#HrE (p<0.05) (Table 1) » i DU F R B 1% - ¥
WEHH ~ 70 B. licheniformisFRI MY-55 + ZL S FE4H
B. licheniformis FRI MY-55 + SLEb#H £ £ 1 5 v
MEOEMEREAES I 51.79+50.25-61.59 K%
42.13~40.69 ~ 53.26 mg/mL - & B. licheniformisFRI
MY-55 + S EBERH £ 2 137 S i
& (p<0.05) (Table 1) °

TR ~ W0 B. licheniformisFRIMY-55+
ZLEFERA ~ B. licheniformis FRI MY-55 + SE B2 pE4H
FREEIMFE R IUEEBE D B Ry 42.8 ~ 47.8 K
46.3% - fftat I - GABERH B IR AR 22 5 (p>
0.05) (Table 2) » DU J5E BRI A B 1% - SIRGHH ~ #4711 B.
licheniformis FRI MY-55 + #. &£ % #H - B.
licheniformis FRI MY-55 -+ S8 B AH A £ 1M1E T T
HHERETEST R Ey 62.1~69.9 K 61.1% » #fiat EIR
HERA 25 (p>0.05) (Table 2) -

B4 ~ %R0 B. licheniformis FRIMY-55+ 4,
SUbE#H ~ B. licheniformis FRI MY-55 + SRERpEAH £
EIMIE VA RS 3 0k 2.63 ~ 15.03 Jz 14.87
U/mL - #fEt b - GBeH PR IR (p<0.05)
(Table 2) - DRI BB » #HEHE ~ %0 B.
licheniformis FRI MY-55 + #. 5 ¥ #H - B.
licheniformis FRI MY-55 -+ 58 £ £ 111137 vhizs
BESE M Bk 3.61 ~ 12.50 K 11.33 U/mL - $f3t
b BB R BRI IR (p<0.05) (Table 2) -

B ~ ¥R B. licheniformisFRIMY-55+
FLEFERA ~ B. licheniformis FRI MY-55 + SE 82540
Fa B MI HRIIRR 73 1 By 0.47 ~0.50 2 0.52 - #fiat
b FAERHH B A HH AR ZZ S (p > 0.05) (Table
2) - DU BRI BCER 2% - EHIEGRE ~ 70 B. licheniformis
FRI MY-55+ ZL.50E4H ~ B. licheniformis FRI MY-
55+ SRIRBEH A B IR PR 53 il By 0.47~1.07
Je 1.03- #iat | B HBH R RS (p<0.05)
(Table 2) -

B4 =Ef (Oreochromis niloticus) g & &
B. licheniformis (4.0x10° - 2.0X107 CFU/g) FYEH
K10 8% - BAERHHAERIREE 3 KA REEI =R



Table 2 Levels of serum antiprotease activity, lysozyme activity, and respiratory burst of experimental groups of

spotted grouper (Epinephelus coioides) pre- and post-Vibrio harveyi challenge

Antiprotase activity (%)

Lysozyme activity (U/ml)

Respiratory burst

Treatment
Pre- Post- Pre- Post- Pre- Post-

Control 42.8 + 6.60° 62.1 +3.82° 2.63 £1.03* 3.61 +2.56° 0.47 £0.11° 0.47 £0.11°2
B. licheniformis
FRI MY-55 + 47.8 +6.61° 69.9 + 4.40° 15.03 +6.07°  12.50 + 6.16° 0.50 = 0.14° 1.07 +0.14°
lactosucrose
B. licheniformis
FRI MY-55 + 46.3 + 4.84° 61.1 £5.31°? 14.87 +5.46> 11.33 +4.01° 0.52 +0.13* 1.03 +0.13"
levan

Values in the same column with different superscript letters differ significantly (p < 0.05).

B (p < 0.05) (Han et al., 2015) - JEPfZ
(Pangasianodon hypophthalmus) B &G iREH -
525 (V. parahaemolyticus)~ & B. licheniformis
(10° } 10" CFU/g) )t & H I K I & + B.
licheniformis (105 K 107 CFU/g) IR 24 Kt% -
B. licheniformis 10° CFU/g i EatH fa M oo faiE
R (p < 0.05) (Gobi et al., 2016) - LRF(fH
(Oreochromis spp.) fE&-& B. licheniformis (10° Bl
107 CFU/g) WYgaIR} » GBS F SR IS B B e A
A (p < 0.05) (Gobi et al., 2018) - i fA
(Ctenopharyngodon idella) gi& < B. licheniformis
(10° - 10° CFU/g) HYEaIK} 56 Kz - alBafHi &R
IR R R B (p < 0.05) (Qin et al.,
2020)

F i (Litopenaeus vannamei) EREEFATRIN B.
licheniformis(10°CFU/mL) 7k (GRE&HH) - 55
SN HC IV v I R B R B RS I (p <
0.05) - B/ SR A IR DU B IR EE (Li et al,,
2007) - IR /KERE AU (Macrobrachiumrosenbergii)
fi &4 B. licheniformis (1.0X10° - 1.0X 10° CFU/g)
fapk} 60 K% » FABEAH IR N 2 I R E R
HHEHH (p<0.05) (Kumar et al., 2013) -

Raida et al. (2003) Ll & B. licheniformis
(4.0X10* CFU/g) +B. subtilis (4.0X 10* CFU/g) gt
BRI 42 K% - A RETRGABEHAERHIRE -
LR 2 A B S IR (p<0.05) - Li
etal. (2012) fEECFAFE /KRN B. licheniformis
(108 CFU/m®) + B. subtilis (108 CFU/m®) » 558 553H
B B RIEERE 1 R 2 T R TR S LA
{LREJIET AR (p <0.05) -

fif & (Megalobrama terminalis) ff & & B.
licheniformis (10" CFU/g) J B. licheniformis (10
CFU/g)+ S EHE (fructooligosaccharide) (0.3%) %5
3 fHETRE 8 A% - FREEH A E MR R F I ERE
B~ REEREE T ~ i SRR M IR R m A S
(p<0.05) (Zhang et al., 2013)

B ffi # (Penaeus japonicas) fit & & B.
licheniformis + B. subtilis + 2 28 Z & B
(isomaltooligosaccharide) FYERE} 8 JEH% » S EEAH IS
Er R I A LR SaA R E R EHRE (p<0.05)
(Zhang et al., 2011) - Fi5ERAZ B. licheniformis
(10® CFU/g) -+ B.subtilis (10* CFU/g) HYEIE} 60 K
% IR ERIME PR D RN SARLITER
BRI EN BB (p<0.05) (Madani etal., 2018)

SRR BIA R S B T B M fe A %
SRR » Rairakhwada et al. (2007) $5H @ 5
BRATE 0.220.5 Fz 1.0% HSEEpE BiRE 75 Kok -
BEEH 0.5% SBFEETRIIVAE - MR-RRERLIL
¥R - MALREE -~ MEERE - BREOSE -
IR R N 1 VS BRI T 1 S SR e F R A P
JREERH (p < 0.05) © Gupta et al. (2008) #E - i*
BRI e E R AR 0.25 0.5~ 075~ 1.0 »
Je 1.25% BRI - #BR 60 R - BlREH
1% DL ESRERPEETRIRY A MR -PAERT IR
IMALFEEE - FEIMKEE - EEHE - 5REH
B MR M SO RIS 1 S T B I
BHEIN AR (p<0.05) - Guptaetal. (2018) f5i
BRI R I HE AR BR R BRI 1.25% BUSRERE
il 60 X - FBEHAE 2 5E ~ 8 - B R
ZIEHAECR IR E R ¥ HE (p < 0.05) -
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A7) Guptaetal. (2010) AFFZEBEARIT 1.0 K
1.25% fREHTESEFIEHE S BRI -RAREE 60 K (267C)
% AERAEVATERE 70 SRR - M
HAEHREER 35C) BN ZZ6E TR
5 RREMKTCERE 70 ] LMER A YIe A Thhe
P (AR EE: (Das e al., 2006) - HUAT UK
HEPAF R SRR SR (Gupta etal., 2008) - {52 H]
A AT =l L REJTHS AN AT » Gupta et al.
(2011) # Ry > AV AR BN/ KE R F2 AR
B SR B0EY) -

Gupta et al. (2014) $5H! » flfa TR HRITZ
B (sublethal dosage) MYk (fipronil) » Ff
S3RIGN 0.25 ~0.50 k2 0.75% SFEEBER Gk R aR
Rffe 45 K% - BB MK AL ~ #EIm
BHEA -~ PR AR BRI S R B (p <
0.05) > Guptaetal. (2013,2014) 30k » RERBEGB)
AT e S B s IR T » [RIRFRET a2 T -

Liand Kim (2013) ffFFeHaHE %M1 0.05 - 0.2%
REBRER R R RS 42 K& - DKIBEE
(Escherichiacoli) B8t » GBERH H MLER S bk Sl
NSRS IR (p<0.05) »

ArgeaABEtHET R RN B. licheniformis FRI
MY-55 e H AR FLARNE S R RE I = BT
APEIMIE-RREERE ~ BREE - VAR PRI
AR - BEIRERM ~ FRINAR AR ~ AR iR BRIk
ERE KBRS B. licheniformis Z &k} (Lietal.,
2007; Kumar et al., 2013; Han et al., 2015; Gobi et al.,
2016; Gobi etal., 2018; Qin et al., 2020) ~ fiifl fa K &
Wi By ek 2 A R < iR (Rairakhwada
etal., 2007; Gupta et al., 2018) & » LTS
% I RIS FRREI B GAE - 30 BRI B.
licheniformisFRIMY-55 JE ARz AL S - B
A BEIMIE HERE )~ VARG SR R 5 s e FE
1 RY SRR B. licheniformisFRIMY-55 ke H.Fit
E SRR - SEIRWET R AR -

=~ BRI IIZR A ~ FLRPE R R
BRI ORI R 8

AWFEOPEfaRE 10 HEEEERERR - DUGHER
ISR » 7EEHEAE ~ B. licheniformisFRIMY-55 +
FLFLKESH ~ B. licheniformisFRI MY-55 + SLEpH

EIEERIPR 38.6 ~ 90.5 k2 67.3% (Fig. 2) »
Hrh DU &5 B. licheniformis FRIMY-55 + Z 3
PERATATG R %= » H 2Kk B. licheniformis FRI
MY-55+ SREBNERE - ELiET B R s B A
7 (p<0.05) -

100 - ¢
90 A I
80 A b
S 70 A T
£ 60 A 1
EDN
3 30 | 1
20 -
10 A
0
Control B. licheniformis  B. licheniformis
FRI MY-55 + FRI MY-55 +
latcosucrose levan

Fig. 2 The survival rate after Vibrio harveyi challenge
of spotted grouper (Epinephelus coioides) fed
experimental diets for 10 weeks. Columns with
different letters above the error bars are significantly
different (p < 0.05).

Nakayama et al. (2009) fgH - B. licheniformis
RS IRA_E IR S A B A SOl R AR R e
T - FEAEEHE PN R RYAIEE S » L E RIS HE LR
MY ER M - Cladera-Olivera et al. (2004) #E - B.
licheniformis &7 4= 28{L! bacteriocin IHTEYE »
ZyER DG E SRR E  (Liseria
monocytogenes) JxHHEREE (Streptococcus spp.) £
BURE - B 25BEH5-H 3B B. licheniformis wf DI
il 25 1 R i B LR LR < L A BR
(Staphylococcus aureus) ~ 2R B ~ FIEEEE KB
(Shigella flexneri) ~ EEZEWFIEKE (Salmonella
typhimurium) 5z A 5% (Wang et al., 2010) -
Andriani etal. (2017) f§H - B. licheniformis a] DIH]I
e PR R ERE G B -

RIS B. licheniformis (4.0Xx10° -
2.0x107CFU/g) HYERL 10 % » DUH SR IREEER
(Streptococcusiniae) HEITHEER - GBS E
SRR HEE = (p<0.05) » JtbAh - 3
Bt A B G E R A R 5E %8 (Han et al,,
2015) - FEMEC AR R S H B RIMNE -~ & B



licheniformis(10° J2 10’ CFU/g) k& B a4 e +
B. licheniformis(10° k% 107 CFU/g) FYfAEL 24 Kt%
RS EEAINE + B. licheniformis (10° CFU/g)
I EIE R S H RN EH E (p <
0.05) (Gobi et al., 2016) - B2} fa A & & B.
licheniformis(10° Ei 107 CFU/g) HYgaRl > DIEREE
M HET TR R o SR R A R IR s
FEAHEEE (p < 0.05) (Gobi et al., 2018)  HifafRE
4 B. licheniformis(10° - 10° CFU/g) MygaE% » DL
FE R IR TR 2% » B B RS ERIA
HSH IS (p<0.05) » X BERRHAEIGER
BRI - BUREE 2 FEfEiRss (Qinetal.,
2020) ©

WK EH KB & & B licheniformis
(1.0X10° - 1.0x10° CFU/g) AYRAIR} » DAyl
(V. alginolyticus) HEFTHET: » SRESAHISER NS TE
FRBARARCE R (p < 0.05) » HA XL 1.0x10°
CFU/g 19 (Kumar et al., 2013) -

T 6 B2 & ¥R in B. licheniformis (4.0x10*
CFU/g)+B. subtilis (4.0 X 10* CFU/g) FYREL 42 K
#% > DUERHBEIARCE (Yersinia ruckeri) Y17
B HEHA NG FRIERH RS (0
< 0.05) (Raida et al., 2003) - Z fif i & & B.
licheniformis+ B. subtilis-+ B. pumilus B9 ¢a#RHE » DL
S IRKBEER R T R 2, - BB B RTE T
“ROABREE R (p<0.05) (Chaetal., 2013) - fifj
A & & B. licheniformis (10 CFU/g) Kk B.
licheniformis (107 CFU/g)+ 558 (0.3%) 2 3 #H
gk 8 % > DIEREMEAETRER B
licheniformis+ 5L HEAH f B RYTE 7R IAEAE $ IR
FHEEE (p<0.05) (Zhang et al., 2013) o

BT AR A 2 B. licheniformis+ B. subtilis—+ 52
BETEERRIIETRL 8 A% o DIV T T R
gt GEEHA NS AR SR I (0<0.05)
(Zhang et al., 2011) -

Rairakhwada et al. (2007) $§H @ AR &S
0.2~ 0.5 5 1.0% HYRBRE Gkl » #5875 Kk o
DA SR B B A BRI TR 0.50% SRR bE A BatH
AR = R B (p<0.05) = Guptaetal.
(2008) R > ABENTHSEFIEHE BRI 0.25 -
0.5~0.75~ 1.0 ~ Fz 1.25% HYSREpE » FER 60 K
DAZE SR BB SRR IR, - TR 1.0 % DL SRR pERA

BatHrOTE AR S YA IR (p<0.05) -

At seat Bt e R0 B. licheniformis FRI
MY-55 S HLFTAE R ZLAE S R - WS =G
T DA S A FCHI R OB IR LI 7R - Bl
Fha -~ FEf e BARURK R BRI RE S B.
licheniformis 7 ¥}l (Kumaretal.,2013; Hanetal.,
2015; Gobi et al., 2016; Gobi et al., 2018; Qin et al.,
2020) ~ filfa e FRITIE BT ek R O H R < Bk
(Rairakhwada et al., 2007; Gupta etal.,2018) % » &
AR T FRUBAT 8 527 [ BRI BB 1% o TR AR IR
—& - Y gRlHERIN B. licheniformisFRI MY-55
K E R AERY L RREAR - BT D AR T SIS HE IR
WRBREFREHESREM B
licheniformisFRIMY-55 Jz HFEE SR HERH - n]RHE
Ed B. licheniformis FRI MY-55 J¢EFfr R AL p#
FH - FAPEMIE R ERE H ~ WG RO RS e
12 FHE RN B. licheniformisFRIMY-55 ¢ H:Ft
FERBRER A YRR -

fardy bz ikEE R o B. licheniformis A
il WE A IR BN S 2 N BE R R B R T
(Cladera-Olivera et al., 2004, Nakayama et al.,
2009; Wang et al., 2010; Andriani et al., 2017) - £
E NG AR ] DA I LR o A AR T TR T R
(Kihara and Sakata, 2001, 2002; Kihara et al.,
2008; Tran et al., 2020) - 20 & B2 B s
BE B R S R S FL R AR B R
BYI% - BE NI E NS AR~ R B
Wil B fe i 155 (Huang etal., 20135 Li and Kim,
2013; Zhao et al., 2013a, b; Silverio et al., 2015) -
X iR E S A B. licheniformis(Lietal., 2007;
Kumar et al., 2013; Han et al., 2015; Gobi et al., 2016;
Gobi et al., 2018; Qin et al., 2020) B &H HE M2
falfl (Rairakhwada et al., 2007; Gupta et al., 2018) »
BRI RS2 TR e BB e E AU e 2
TR R BR R TG -

WSR3 EEf T B. licheniformis FRI
MY-55 EA 58 £ B HE U R B R - T
V- 2L N B R » R USRI PO i B 2 P
FE - EARES R RENENNE k2R - RS
BRI Rk A B B B SE REAKAE By
SEIEY ORI R ZRES) - RIEEA R HER R R A2 Y)
HIRERR -



gapktehRn Bacillus licheniformis FRI MY-55 e HERE VRN EA G CHLIET ORI 8 25

If

25 Rk

fAlEE, HE%, MEsg (2013) B O BRI (A m
BROPBERTERES. ZKEEER, 41: 9-12.

TRL, FEAN, I, e (2010) DIBEYIE
FESRTEE B e . ZKEAEEEH, 31: 20-24.

wRLS, B, wEE, e, HaR (011) i
7K SR ER R e e SR R AR A TR R KR
92,19 (2): 77-91.

RS, KREH, Yook, Yimd (2020) B G
(Epinephelus coioides) a4 & Bacillus
licheniformis FRI MY-55 kg H: iy 8 7, SE i Bl SR 2 b
BEVIERAERFCEE. KEMTE, 28 (2): 37-
56.

Andriani, Y., R. Safitri, E. Rochima and S. D. Fakhrudin
(2017) Characterization of Bacillus subtilis and B.
licheniformis potentials as probiotic bacteria in

B

Vanamei shrimp feed (Litopenaeus vannamei
Boone, 1931). Nusant. Biosci., 9 (2): 188-193.
Bowden, T., R. Butler, I. R. Bricknell and A. E. Ellis
(1997) Serum trypsin-inhibitory activity in five
species of farmed fish. Fish Shellfish Immunol., 7:

377-385.

Calazans, G. M. T., C. E. Lopes, R. M. O. C. Lima and
F. P. de Franca (1997) Antitumour activities of
levans produced by Zymomonas mobilis strains.
Biotechnol. Lett., 19 (1): 19-21.

Calazans, G. M. T., R. C. Lima, F. P. de Franca and C.
E. Lopes (2000) Molecular weight and antitumour
activity of Zymomonas mobilis levans. Int. J. Biol.
Macromol., 27: 245-247.

Cao, H., R. Yu, Y. Zhang, B. Hu, S. Jian, C. Wen, K.
Kajbaf, V. Kumar and G. Yang (2019) Effects of
dietary supplementation with B-glucan and
Bacillus subtilis on growth, fillet quality, immune
capacity, and antioxidant status of Pengze crucian
carp (Carassius auratus var. Pengze). Aquaculture,
508: 106-112.

Cha, J. H., S. Rahimnejad, S. Y. Yang, K. W. Kim and K.
J. Lee (2013) Evaluations of Bacillus spp. as dietary
additives on growth performance, innate immunity
and disease resistance of olive flounder
(Paralichthys olivaceus) against Streptococcus iniae
and as water additives. Aquaculture, 402: 50-57.

Chua, F. H. C.,, M. L. Ng, K. L. Ng, L. L. Loo and J. Y.
Wee (1994) Investigation of outbreaks of a novel
disease,”sleepy grouper disease”affecting the
brown-spotted  grouper, Epinephelus tauvina
Forskal. J. Fish. Dis., 17: 417-427.

Cladera-Olivera, F., G. R. Caron and A. Brandelli (2004)

Bacteriocin-like substance production by Bacillus
licheniformis strain P40. Lett. Appl. Microbiol., 38
(4): 251-256.

Cook, M. T., M. L. Ng, K. L. Ng, J. J. Loo And J. Y. Wee
(2001) The efficacy of a commercial beta-glucan
preparation, EcoActiva, on stimulating respiratory
burst activity of head-kidney macrophages from
pink snapper (Pagrus auratus), Sparidae. Fish
Shellfish Immunol., 11: 611-672.

Digenci, S. K., N. Arda and A. Candan (2003) Some
medicinal plants as immunostimulant for fish. J.
Ethnopharmacol., 88: 99-106.

Dal Bello, F. D., J. Walter, C. Hertel and W. P. Hammes
(2001) In vitro study of prebiotic properties of
leven-type exopolysaccharides from Lactobacilli
and non-digestible carbohydrates using denaturing
gradient gel electrophoresis. Syst. Appl. Microbiol.,
24: 232-237.

Das, T., A. K. Pal, S. K. Chakraborty, S. M. Manush, N.
Chatterjee and S. K. Apte (2006) Metabolic
elasticity and induction of heat shock protein 70 in
Labeo rohita acclimated to three temperatures.
Asian-Aust. J. Anim. Sci., 19: 1033-1039.

Ellis, A. E. (1999) Lysozyme assays. In Techniques in
Fish Immunology: Fish Immunology Technical
Communication | (J. S. Stolen, T. C. Fletcher, D. P.
Anderson, B. S. Roberson and W. B. Muiswinkel
eds.), SOS Pub., Fair Haven, NJ, USA, 101-103.

Fukuda, Y., H. D. Nguyem, M. Furuhashi and T. Nakai
(1999) Mass mortality of cultured seven band
grouper, Epinephelus septemfasciatus, associated
with viral nervous necrosis. Fish. Pathol., 31:165-
170.

Garvie, E. I. (1980) Bacterial lactate dehydrogenases.
Microbiol. Rev., 44:106-139.

Geng, X., X. H. Dong, B. P. Tan, Q. H. Yang, S. Y. Chi,
H. Y. Liu and X. Q. Liu (2011) Effects of dietary
chitosan and Bacillus subtilis on the growth
performance, non-specific immunity and disease
resistance of cobia, Rachycentron canadum. Fish
Shellfish Immunol., 31: 400-406.

Gibson, G.R. and M. B. Roberfroid (1995) Dietary
modulation of the human colonic microbiota:
Introducing the concept of prebiotics. ). Nutr., 125:
1401-1412.

Gobi, N., B. Malaikozhundan, V. Sekar, S. Shanthi, B.
Vaseeharan, R. Jayakumar and A. K. Nazar (2016)
GFP tagged Vibrio parahaemolyticus Dahv2
infection and the protective effects of the probiotic
Bacillus licheniformis Dahb1 on the growth,
immune and antioxidant responses in Pangasius



hypophthalmus. Fish Shellfish Immunol., 52: 230-
238.

Gobi, N., B. Vaseeharan, J. C. Chen, R. Rekha, S.
Vijayakumar, M. Anjugam and A. Iswarya (2018)
Dietary supplementation of probiotic Bacillus
licheniformis Dahb1

performance, mucus and serum

improves growth

immune

parameters, antioxidant enzyme activity as well as
resistance against Aeromonas hydrophila in tilapia

Oreochromis  mossambicus. ~ Fish  Shellfish
Immunol., 74: 501-508.

Gupta, S. K., A. K. Pal, N. P. Sahu, R. Dalvi, V. Kumar
and S. C. Mukherjee (2008) Microbial levan in the
diet of Labeo rohita Hamilton juveniles: effect on
non-specific  immunity and histopathological
changes after challenge with Aeromonas
hydrophila. ). Fish Dis., 31: 649-657.

Gupta, S. K., A. K. Pal, N. P. Sahu, R. S. Dalvi, M. S.
Akhtar, A. K. Jha and K. Baruah (2010) Dieatry
microbial levan enhances tolerance of Labeo rohita
(Hamilton) juveniles to thermal stress. Aquaculture,
306: 398-402.

Gupta, S. K., P. Das, S. K. Singh, M. S. Akhtar, D. K.
Meena and S. C. Mandal (2011) Microbial levan,
an ideal prebiotic and immunonutrient in
aquaculture. World Aquacult., 42 (1): 61-63, 66.

Gupta S. K., A. K. Pal, N. P. Sahu, A. K. Jha, M. S. Akhtar,
S. C. Mandal, P. Das and A. K. Prusty (2013)
Supplementation of microbial levan in the diet of
Cyprinus carpio fry (Linnaeus, 1758) exposed to
sublethal toxicity of fipronil: effect on growth and
metabolic responses. Fish Physiol. Biochem., 39
(6):1513-24.

Gupta, S. K., A. K. Pal, N. P. Sahu, N. Saharan, S. C.
Mandal, C. Prakash, M. S. Akhtar and A. K. Prusty
(2014) Dietary microbial levan ameliorates stress
and augments immunity in Cyprinus carpio fry
(Linnaeus, 1758) exposed to sublethal toxicity of
fipronil. Aquacult. Res., 45 (5): 893-906.

Gupta, S. K., B. Sarkar, S. Bhattacharjee, N. Kumar, S.
Naskar and K. B. Uppuluri (2018) Modulation of
cytokine expression by dietary levan in the
pathogen aggravated rohu, Labeo rohita
fingerlings. Aquaculture, 495: 496-505.

Han, Y. W. (1990) Microbial levan. Adv. Appl.
Microbiol., 35: 171-194.

Han, B., W. Q. Long, J. Y. He, Y. J. Liu, Y. Q. Si and L.
X. Tian (2015) Effects of dietary Bacillus
licheniformis on growth performance,

immunological parameters, intestinal morphology

and resistance of juvenile Nile tilapia (Oreochromis

niloticus) to challenge infections. Fish Shellfish
Immunol., 46 (2): 225-231.

Hasan, M. T., W. . Jang, H. Kim, B. J. Lee, K. W. Kim,
S.W. Hur, S. G. Lim, S. C. Bai and I. S. Kong (2018)
Synergistic effects of dietary Bacillus sp. SJ-10 plus
B-glucooligosaccharides as a synbiotic on growth
performance, innate immunity and streptococcosis

(Paralichthys
olivaceus). Fish Shellfish Immunol., 82: 544-553.

He, S., G. Xu, Y. Wu, H. Weng and H. Xie (2003) Effects
of IMO and FOS on the growth performance and

resistance  in  olive flounder

non-specific immunity in hybrid tilapia. Chinese
Feed, 23: 14-15.

Heemstra, P. C. and J. E. Randall (1993) Groupers of the
world. FAO Species Catalogue, Vol. 125, 382 pp.

Huang, M. Y., C. F. Lee, S. T. Ho, K. J. Lin and C. L. Pan
(2013) High-yield levan produced by Bacillus
licheniformis FRI MY-55 in high-sucrose medium
and its prebiotic effect. J. Pure Appl. Microbiol., 7
(3): 1585-1599.

Huang, M. Y., C. I. Chang, C. C. Chang, L. W. Tseng
and C. L. Pan (2015) Effects of dietary levan on
growth  performance, nonspecific ~immunity,
pathogen resistance, and body composition of
orange-spotted grouper (Epinephelus coioides H.)
Aquacult. Res., 46: 2752-2767.

Kihara, M., K. Ohba and T. Sakata (1995) Trophic effect
of dietary lactosucrose on intestinal tunica
muscularis and utilization of this sugar by gut
microbes in red seabream Pagrus major, a marine
carnivorous teleost, under artificial rearing. Comp.
Biochem. Physiol. Part A: Physiol., 112 (3-4): 629-
634.

Kihara, M. and T. Sakata (1997) Fermentation of dietary
carbohydrates to short-chain fatty acids by gut
microbes and its influence on intestinal
morphology of a detritivorous teleost tilapia
(Oreochromis niloticus). Comp. Biochem. Physiol.
Part A: Physiol., 118 (4): 1201-1207.

Kihara, M. and T. Sakata (2001) Influences of incubation
temperature and various saccharides on the
production of organic acids and gases by gut
microbes of rainbow trout Oncorhynchus mykiss in
a micro-scale batch culture. J. Comp. Physiol. B,
171 (6): 441-447.

Kihara, M. and T. Sakata (2002) Production of short-
chain fatty acids and gas from various
oligosaccharides by gut microbes of carp (Cyprinus
carpio L.) in micro-scale batch culture. Comp.
Biochem. Physiol. Part A: Mol. Integr. Physiol., 132
(2): 333-340.



galktrhER D Bacillus licheniformis FRI MY-55 Je H S aE V)BT BT G B UW IR B s 28 27
Kihara, M. (2008) Production of short-chain fatty acids shrimp  (Litopenaeus ~ vannamei)  postlarvae.

from dietary lactosucrose in the hindgut and its
effects on digestive organs of a marine teleost, red
sea bream Pagrus major. Aquacult. Sci., 56 (3):
327-333.

Klesius, P. H., C. A. Shoemaker and J. J. Evans (2000)
Efficacy of single and combined Streptococcus
iniae  isolate  vaccine  administered by
intraperitoneal and intramuscular routes in tilapia
(Oreochromis niloticus). Aquaculture, 188: 237-
246.

Korakli, M., M. G. Gianzle and R. F. Vogel (2002)
Metabolism by bifidobacteria and lactic acid
bacteria of polysaccharides from wheat and rye,
and exopolysaccharides produced by Lactobacillus
sanfranciscensis. ). Appl. Microbiol., 92: 958-965.

Kumar, N. R., R. P. Raman, S. B. Jadhao, R. K.
Brahmchari, K. Kumar and G. Dash (201 3) Effect of
dietary supplementation of Bacillus licheniformis
on gut microbiota, growth and immune response in
giant  freshwater Macrobrachium
rosenbergii (de Man, 1879). Aquacult. Int., 21 (2):
387-403.

Landon, J. (1976) The ecology and taxonomic status of
the lactobacilli. Ann. Rev. Microbiol., 30: 279-301.

Li, K., T. Zheng, Y. Tian, F. Xi, J. Yuan, G. Zhang and H.
Hong (2007) Beneficial effects of Bacillus
licheniformis on the intestinal microflora and

prawn,

immunity of the white shrimp, Litopenaeus
vannamei. Biotechnol. Lett., 29 (4): 525-530.

Li, W., X. Zhang., W. Song., B. Deng, Q. Liang, L. Fu, J.
Zheng, Y. Wang and D. Yu (2012). Effects of
Bacillus preparations on immunity and antioxidant
activities in grass carp (Ctenopharyngodon idellus).
Fish Physiol. Biochem., 38 (6): 1585-1592.

Li, J. and I. H. Kim (2013) Effects of levan-type fructan
supplementation  on  growth  performance,

digestibility, blood profile, fecal microbiota, and

immune responses after lipopolysaccharide
challenge in growing pigs. J. Anim. Sci., 91:5336-
5343.

Liu, C., J. Lu, L. Lu, Y. Liu, F. Wang and M. Xiao (2010)
Isolation, structural characterization and
immunological activity of an exopolysaccharide
produced by Bacillus licheniformis 8-37-0-1.
Bioresour. Technol., 101: 5528-5533.

Madani, N. S. H., T. ). Adorian, H. G. Farsani and S. H.
Hoseinifar (2018) The effects of dietary probiotic
Bacilli (Bacillus subtilis and Bacillus licheniformis)
on growth performance, feed efficiency, body

composition and immune parameters of whiteleg

Aquacult. Res., 49 (5): 1926-1933.

Nakakuki, T. (2005) Present status and future prospects
of functional oligosaccharide development in
Japan. J. Appl. Glycosci., 52: 267-271.

Nakayama, T., H. Lu and N. Nomura (2009) Inhibitory
effects of Bacillus probionts on growth and toxin
production of Vibrio harveyi pathogens of shrimp.
Lett. Appl. Microbiol., 49 (6): 679-684.

Pick, E. and D. Mizel (1981) Rapid microassay for the
measurement of superoxide and hydrogen
peroxide production by macrophages in culture
using an automatic enzyme immunoassay reader. J.
Immunol. Methods, 46: 211-216.

Qin, L., J. Xiang, F. Xiong, G. Wang, H. Zou, W. Li, M.
Li and S. Wu (2020) Effects of Bacillus licheniformis
on the growth, antioxidant capacity, intestinal
barrier and disease resistance of grass carp
(Ctenopharyngodon  idella). ~ Fish  Shellfish
Immunol., 97: 344-350.

Raida, M. K., J. L. Larsen, M. E. Nielsen and K.
Buchmann (2003) Enhanced resistance of rainbow
trout, Oncorhynchus mykiss (Walbaum), against
Yersinia  ruckeri  challenge following oral
administration  of  Bacillus subtilis and B.
licheniformis (BioPlus2B). Fish Shellfish Immunol.,
26 (8): 495-498.

Rairakhwada, D., A. K. Pal, Z. P. Bhathena, N. P. Sahu,
A. Jha and S. C. Mukherjee (2007) Dietary microbial
levan enhances cellular non-specific immunity and
survival of common carp (Cyprinus carpio) juveniles.
Fish Shellfish Immunol., 22: 477-486.

Ramesh, D., A. Vinothkanna, A. K. Rai and V. S.
Vignesh (2015) Isolation of potential probiotic
Bacillus spp. and assessment of their subcellular
components to induce immune responses in Labeo
rohita against Aeromonas hydrophila. Fish Shellfish
Immunol., 45 (2): 268-276.

Robertsen, B., R. E. Ehgstad and J. B. Jorgensen (1994)
B-glucan as immunostimulants in fish. In
Modulators of Fish Immune Response 1 (J. S. Stolen
and T. C. Fletcher eds.), SOS Pub., Fair Haven, NJ,
USA, 83-99.

Secombes, C. J. (1990) Isolation of salmonid
macrophages and analysis of their killing activity.
In Techniques in Fish Immunology (J. S. Stoken, D.
P. Fletcher, B. S. Anderson and W. B. Van
Muiswinkel eds.), SOS Publications, Fair Haven,
NJ, USA, 137-152.

Semjonovs, P. and P. Zikmanis (2007) An influence of
levan on the fermentation of milk by a probiotic



ABT-type starter. ). Food Technol., 5 (2): 123-130.

Shoemaker, C. and P. Klesius (1997) Streptococcal
disease problems and control: A review. In Tilapia
Aquaculture (K. Fitzsimmon ed.), Northeast
Regional Agricultural Engineering Service, Ithaca,
NY, USA, Vol. 2, pp. 671-680.

Silverio, S. C., E. A. Macedo, J. A. Teixeira and L. R.
Rodrigues  (2015)

biotechnological

Perspectives  on  the

production and  potential
applications of lactosucrose: A review. J. Funct.
Foods, 19: 74-90.

Stasiack A. S. and C. P. Baumann (1996) Neutrophil
activity as a potent indicator of concomitant
analysis. Fish shellfish Immunol., 37: 539-542.

Tran, N. T., Z. Li, S. Wang, H. Zheng, J. J. Aweya, X.
Wen and S. Li (2020) Progress and perspectives of
short - chain fatty acids in aquaculture. Rev.
Aquacult., 12 (1): 283-298.

Vazquez, ). A.,, M. P. Gonzalez and M. A. Murado
(2005) Effects of lactic acid bacteria cultures on
pathogenic microbiota from fish. Aquaculture, 245:
149-161.

Wang, Y., H. Zhang, L. Zhang, W. Liu, Y. Zhang, X.
Zhang and T. Sun (2010) In vitro assessment of
probiotic properties of Bacillus isolated from
naturally fermented congee from Inner Mongolia of
China. World J. Microbiol. Biotechnol., 26 (8):
1369-1377.

Yoo, S. H., E. J. Yoon, J. Cha and H. G. Lee (2004)
Antitumor activity of levan polysaccharides from
selected microorganisms. Int. J. Biol. Macromol.,

34: 37-41.

Yoon, E. J., S. H. Yoo, ). Cha and H. G. Lee (2004) Effect
of levan’s branching structure on antitumor activity.
Int. J. Biol. Macromol., 34: 191-194.

Zhang, Q., B. P. Tan, K. S. Mai, W. B. Zhang, H. M. Ma,
Q. H. Ai, X. ). Wang and Z. G. Liufu (2011) Dietary
administration of Bacillus (B. licheniformis and B.
subtilis) and isomaltooligosaccharide influences

microflora,

the  intestinal immunological

parameters and  resistance against  Vibrio
alginolyticus in  shrimp, Penaeus japonicus
(Decapoda: Penaeidae). Aquacult. Res., 42: 943-
952.

Zhang, C. N., X. F. Li, W. N. Xu, G. Z. Jiang, K. L. Lu, L.
N. Wang and W. B. Liu (2013) Combined effects of
dietary  fructooligosaccharide and  Bacillus
licheniformis on innate immunity, antioxidant
capability and disease resistance of triangular
bream (Megalobrama terminalis). Fish Shellfish
Immunol., 35 (5): 1380-1386.

Zhao, P.Y.,J. P. Wang and |. H. Kim (2013a) Evaluation
of dietary fructan supplementation on growth
performance, nutrient digestibility, meat quality,
fecal microbial flora, and fecal noxious gas
emission in finishing pigs. J. Anim. Sci., 91 (11):
5280-5286.

Zhao, P. Y., J. P. Wang and I. H. Kim (2013b) Effect of
dietary levan fructan supplementation on growth
performance, meat quality, relative organ weight,
cecal microflora, and excreta noxious gas emission

in broilers. J. Anim. Sci., 91: 5287-5293.



galktrhER D Bacillus licheniformis FRI MY-55 Je H S aE V)BT BT G B UW IR B s 28 29

The Effects of Diets Supplemented with Probiotics Bacillus licheniformis
FRI MY-55 and Its Fermented Products, Lactosucrose and Levan on
Pathogen Resistance of Spotted Grouper (Epinephelus coioides)

Mei-Ying Huang, Huei-Jen Ju®, Che-Hung Liao and Fu-Sheng Tseng

Aquaculture Division, Fisheries Research Institute

ABSTRACT

The effects of dietary supplementation with Bacillus licheniformis FRI MY-55 and its fermented products,
lactosucrose and levan, on short-chain fatty acid and lactic acid in feces, immune status, and pathogen resistance
of the spotted grouper Epinephelus coioides were investigated. Spotted grouper were fed diets supplemented with
B. licheniformis FRI MY-55 + lactosucrose and B. licheniformisFRI MY-55 + levan for up to 10 weeks. The total
short-chain fatty acid and lactic acid levels in feces of the fish fed experimental diets for 5 and 10 weeks were
significantly higher compared to those of the control group. Before and after Vibrio harveyi challenge, lysozyme
activity of the experimental groups was significantly higher than that of the control group (p < 0.05). After V.
harveyi challenge, the respiratory burst and survival rates of the fish fed experimental diets were significantly
higher than those of the control group (p < 0.05). Overall, the results of this study indicate that dietary
administration of B. licheniformis FRI MY-55 and its products, lactosucrose and levan, enhances the pathogen

resistance of orange-spotted grouper.
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