HEDKFRR2E 2019 £ 11 B, 26(6): 1136-1143

Journal of Fishery Sciences of China & 17‘1:1 ‘ié i

DOI: 10.3724/SP.J.1118.2019.19065

WAFRATE AL E A X Ei7EREE

sk £V RS, RAES, EWE, #e Y mastt 187

C R, BEOKASIYREIEE, 1§ 201306;

- P EDKERFEF R BE, dbat 100141;

LR, KPR E RS R R G, LI 201306,
- AV ARAT TR AR R B IR T R SRR A, i 201306,

AR KRR AR A F, JbnT 102488

[ N N R S

WE: AU HACEHAT E Al(Bacillus Licheniformis, Bli)7E B s X filll (1 ctal urus punctatus) iz i (1) < A LA, it
BEFR B 100% 06 R K 5 LU 7K MR o B ZE AT B G S2 36 00 48, 0T Co® 4 MR I T A% AR v 14 2R AT B LA
T BRI S B i T4 . SR H 52°C B iR B ME RS 35 W38 B, BFSEAMIE Bli 761 8 9 AT KA A . 8 FH 08 411 107 b, 2
LT 7 (Geobacillus stearother mophilus) i £ VR Ay 1 1 ) B8, 3 1 P 4 o B 22 B AR B R TE, AR5 BIE Xt okl 14 2
W o A FH 2K T AL B G B DY A AR A B 5% B, WF9E HLAE I 1 A A vk e . 25 SR om, BEJE 100%4K B KA Bl
H<1 cfu/mL. 58I KGR Bl St 1.4x10% cfu/g FEERHRLLT o (5 1IRAMNE B #EAJG, 78 RS4% 0 IC 1A
BHENLT, Bl 7EBE 5 RN N 28 b 1 &8 AT 445 3.3%107 cfu/g AH B 42 K, 7EZEEEBLT, 14 RIgHN
ZYHREIE BI A o BIE X kG A0 2 B RE 0 55 0 M X R, (H B oT DLE I N A R K E 2.0x107 cfu/g. DL
SERPLR: FERFER SO, A AT T AT DAAE B R A i N K e A, AR R R RE e A . LR R
F T A 2F AR B AN RE AT S B PR T R B, (L RT LA i P 25 4 R 1 A

R MARZERUT I, BEGCURAN, ek ANMBEE W, e IS B 2E AL BT Co® 4R IR K TR
FE S S S947 XHEkFRERD: A XEHS: 1005-8737-(2019)06-1136—08

S HE 6 72 2 2 T e A R e 2 —
oA ZE AT 1 (Bacillus Licheniformis, Bli)fE A&
FH Y 25 2 8 R, L b a2k KRR B
TR AE SO SE L A TR o (R LA B R AR
KRR BAR AR . Merrifield 294 BF5E & 31,
25 T 85 (Oncorhynchus mykiss)#% M Bli A4 & 27 70
R, 385 PR il R BRAE R, 35 R
R S R 36~75%, $#E7R HorT DA% T
TR R, T JS R B I LR B T A S 2
TERAREIE b i A 2 BRI 1P Aol 24 £ B 8 )

Bli s M AH G ZAFAE LR )8 (1) AR A &K
AT T A A AR P A AR Y B (2)45 1AM

Yris HER: 2019-03-04; 1&iT BEA: 2019-07-02.

TG RS A, Bl = R W ()R
Wil Bli 12 2R SR AR S B R ERARL

YT B BRI S AEAE T8 2 a8, AR SCiE
KA ER R Bl BCE, IR ARk
B SR KU, R T Bl AEIE A
(Ictaluru punctaty) 7 i & AR BE 9L TAE. DA
Wit —2 T i Bli 78 278 P i e A,
I 5 A P B Ao L 25 A ML
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1 30~50 g A fa Rl R MR M S g f, iR T 300
L TEA KRGS o T A SERe 4 4K iR 24~26C,
AR>S mg/L; B G K A 100%, T7THE
Sk KA FH RSP A5 15LE 2 24~26°C, IR 48 h LU
Iy fafr A A SRR 1R, IE U e
IFEEZZRKE G, SCmnishe 2 J4, A
MR TR, AT 1%IH5, B H—IK.
1.2 ARG RGN &

%% Merrifield 2507 w3 Llek 3, Bk
hre ff BT SR AD R S, 75% O TS VU TH
ke a B E, FEMITT 1 em, F
FENTTE 1 emo BFFIAEE, T WA, 20 fislk
FUA EHE K Ve RE 3 LA RBRIRBERT T,
W OMTIERIERINEY T . In AR AL
K, BEEES)IEESHIEE 20% (wiw)l N 259 Fi iz e
51
1.3 MRFATFEMERBERMFATENGR
BliEs

Bli-A1 AP (VLT f&FR R Bl)Sr 25 H bt &
K= ARG RA R A ARE ST, BE
2 AEHEESE S 16S MY S8 IS IR FE . Bl Fefmi Ak
KR 50~55CM, ERAE 37CRFRR, &
PEER KPR 2 IR, 4 CIRAFEE o W HRBE I i 2R FAT
I# (Geobacillus stearothermophilus, Gs) ATCC7953,
A KR 40~70°CM) A 18 mmol/L AR
BRIEFRBNG 52°CHEE 5 d SR EIBUE E, A FEER
JKVETE 27K, 90°C /KA 30 min KI5 FR1K, A FHER
IRUEU 2 IR, 4 CIRAFEA . IR Bl A Gs B
BEEWEE, % 1%L RV MR 20%
W NS 20% 5 BE 20 3 A A BER K
& B AE 1.0x10° cfu/mL 2247, BL 100 pL 4 4
TEFEE M. Bl AR B ER KX B8 43 3 85 3% T
37°CHI52°C, AIEFET 52°C K535 48 h Je 114k
WE, it RKE, LRER 41K,

1.4 KEFHHRFATESEH KN

SCEG A 4 3 RMAETK 1 mL, %A T 2 4
BIRHHRTA, B 500 pL, 52°CH;3% 48 h
JE ST H 5%, 16S tDNA )%, i/ NCBI )
BLAST T H#E T/ FHI X, S pah)E . il
FRA 1 cfu/mL.

1.5 A8 COERREMNESERN

P it B B ORI b T e AT TR A FR
], ZEFEAC ST Ty R R R A R R AT
Co® HAMAK T, Fe/NRYCHIE N 26.0 kGy. UK
RS RGRRL H4E 10%A1 3, BB S A
BFRBEEA, 25°CH 3% 72 h J5 1140, 16S rDNA
M7 %2 R 1.4,

1.6 MRS E D = X207 1E i E A MR

W EA M A, BRI RIS 1
JELJG TR e K AR P s A 2% 1 5% 1) b A ZE AT 1R
KRR & AE 1.0x10° cfu/mL 24, &R
ROONER 1 ¥k, %227 do i 1 R InmR HAE R
0K, HH, M Ak K E R, AR
AR RL . AR A 3 SR, HUWIE H
20% M NS WS, SR BT A 14 ORER 21 KA
HhHIEE 20% M BESIIML, K TR SIR IR TE
FRBRE TR, BATARIRAT 100 uL, fHks H PREE
U1 cfu/lr. 52°CH:3% 48 hJm, GeitHvEE, if
AR T VR U RN R 78 N Y Bl A B
1.7 SEAMBE &

Bli Ziifil#s: fIREFRRGRESE, 37°C, 150 pm
IR 3 R, B, AEFEUKPEL 2 1k, 80°CK
7% 20 min, AEFERKIEL 2 K, 4CHRFA . Gs
kS0 1.3, J8% Bl fil Gs FEBRES
T RE, IS W AR R L, IR R LR
BAE 1.0x107 cfu/g &4y, ERATIR, 4 CHAF. 5
BRI RGN T 5 HJC I S e, Bl 1.1x107 cfu/g,
Gs H 5.9x10° cfu/g,

1.8 IhAR ZF A B X A AL R O R B

BE i R AR K RN TR 1 R SO
Bli 1 Gs ZFfLAYTAEL, LR 7d. &5 1 IR
B HERK HAS 0 K, TH 0 RIKEHRT
AR, BRI 3 A, dles 20% N A YR G
BESTIRUR o BRER 0 RAGAIIET 10 f586 B BEIRAR
THELOL, AR RLSCK Ir A SRR A T E R
TIEAR, FAEHURTE 100 pL,52°CH 5548 h, 4
TR R Hb, 55 0 RIBEEAIIBIRIUG T 25°C
K% 72 h Gt RERR AR DG RIS TR . Gs 1ENEE
B RS P P BRI DI S N B, E
SC Bl AT EE=BIi B % 1/Gs B 1% 100%. 48
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526 %

TR N YR EE Bl AN
19 MKRFEFHEEFATYHRHEK

B 6 SRBEA AN, Fl65 3 1 20% MmN Y
SPRWEN 3 AR N R, B R S R 7K
P VRS BHER K PRI Bl RIS R IE, # 1%
(v/v B viwEREIE SRR . 20% N Y SI R IR
FNAEWRRCR, & EAE 1.0x10° cfu/mL(g) 72
i o BRI 20%51 3T 25°C, 150 rpm £ %
Bigf 72 hy; WAYIER T 25 CHREERFE 72 he Hi
TR TG B 2 o
1.10 Sitoth

B DAY EApRE 22308, H SPSS 21 8
WATGETT AT, 22 4] F A R SR IR 2 224347,
W EL R ] LSD A, 255 Wk 0.05,

2 #ERESW

21 KEFMKRFRTE SR SN

SCHRT 2 FEES IR 1R G R R 5
FAGIF Bli (<1 cfu/mL); A& MELHEZIE Bli ]
], ZK AT 23 BRI 2] 3x10*~6x10" cfu/mL Al
0.6x10>~3.8x10% cfu/mL /Y Bli; 524#/K 1%, B
P IEAMNEER N Bli J5, B2 SLE 4 ORI AR
M#| Bli (<1 cfu/mL).
22 fA# CoCEBRREME S EHN

Co™ R AR K AR, fo/ RIS A 26.0 kGy .
BUK B H e BOGRDRE, A B i R R AT, AR
5.5x10" cfu/g BIZF T B 40, f035 1.4x10% cfu/g
1 Bli; RS, Jolsmk (& 1),

1 AR COBERRENEESE
Tab.1 Bacteriaconcentration of feed before
and after Co® irradiation
n=3; X+SD; cfu/g

Lg % R cell concentration
WA  HEZArEE He

1Ak} feed

bacilluslicheniformis  other bacillus  others
AR IEET
before 4.2+40.3 4.6+0.1 4.1+0.2
irradiation
RIR)E
after N.D. N.D. N.D.
irradiation

o N.D R AR H.

Note: N.D. means not dectected.

23 MWRFHETEMEAREREFATENSR
EMEESE

K 52°C iR B e 5 55 Bl Al Gs, SEH
()4 FH 12285 35 07 V5 AU 2R BEAE A AR i v G 0 58]
Anoxybacillus flavithermus (<5 cfu/mL), ittt
ARSI E] Bl F1 Gs UMD, Bl A= KR
PUE TR T AR BRER K 37°C S8 it 235 55 %o AR
Bli 76 52°C YA KR K 91.5%, (UK T 37°C; &
T 20%M N YA RES IR, 52°C A H 5]
N 65.9% (P<0.05)F1 72.5% (& 1), Z5FE Ui 52°C
m R IR AT LB R B 5 Bl HEBNE
R0 BE S 4 AR R AR, R IR A N A
WsIkw

Gs HET 20%7 N2 3 R BE S SR I,
A KR35 R 77.2% (P<0.05)F1 98.2% (&l 2)., 44
UL 52°C R TR T L B R B 5% Gs,
{BTEN N ZY rh A K RIS

120
n=4;x+SD
Q 100 *
&
g 80
]
& 60
B
40
W
# 99
0
37C 52C  S2CHWEY 52CHRE
intestinal intestinal
content wall

Bl 1 HIAREFEFFRTE 52 CREFRAFM T AR KR
*5 37°CHL HH P<0.05.
Fig. 1 Growth rate of Bacillus licheniformis under 52°C
*compared with 37°C group P<0.05.

2.4 HRFHITEEN A XENFERNEENE

S5 1T G P R B 55 3 M 3 D 4 0 A k) )
Bli (<1 cfu/g), AKMAHHEH N Bl E 7 d 5N
0K, MIENEY Bli & 8E2 2.4x10% cfu/g, 15
IRANEGS I Bl By 14 K, FrEem a4 Bli &=
BEZ 1.7x10% cfu/g, MG 4EHE X —R0a 90K =
42 d, $&/1 Bli 75 SR MR 22 5 2545 AT DA Y
SEM T, MASEATESE 7 R 3 Kl
N, 01 4taf5 Bli ke iy, 14 d Z IS5 rf o
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120 n=4; %+ SD
100

80

LK /% growth rate

52°ClpRE

intestinal wall

52°C 52°CINEY
intestinal content

K2 BRI 2 AT IR TR 52 CREFRAM P iR R
* 5 52°C4 L #K P<0.05.
Fig. 2 Growth rate of Geobacillus stearothermophilus under 52°C
*compared with 52°C group P<0.05.

(41 N 25 34 TG Bl Kt (<1 cfu/g) (&1 3). Ik,
RE A 14 KAIZE 21 KA RESI IR I AT Bli
Kb (<1 cfu/g), ¥/ Bl 7EBE & R MIAS & 4618
AR E A T iE .

5 — &4 feeding group
— X4 fasting group

A

n=3;x+SD

w

1gB &’ /(cfu/g)
1g cell concentration
)

—

0 7 14 21 28 35 42
i} /E]/d time

B3 AR 2F AR BT il A 2 B0 AL
TEH 7 R, ANEA 3 M0 1 F A Bl K.
Fig. 3 Dynamics of Bacillus licheniformis in intestine
At day 7, Bli was only detected in 1/3 intestinal content
preparations of fasting group.

FEUFLIE Bli 1 Gs ZEA9 S50, Bl 7EM N2
Yy S AR T R 2R RIRELERFTE L 1.3%107 cfu/g
ZEAi 2 28 d, $on Bli o] LKW T, mirs
PEXTIR Gs 7E5 7 K, 3 Sl 2 i 4
PIrRAK T, TE5E 14 K, 3 St 1 S a6 5]
Gs, TE50 21 KM ZJ5 T Gs K (<1 cfu/g) (K 4),
PR IAIBTEE 21 d AR e i T RE
2.5  HhA< ZF AT X B G FE A B B

S0 JC P R D5 3 3 D9 25 A k) )

Bli Fll Gs (<1 cfu/g). LM & Bli il Gs ZEfLhY
Tk 7 RIGRE 0 K, WEBEMRICH AR, A
0 g D9 25 W0 FN R BE 1 Bl A Gs (] 4). 7E5S
0K, miEMNZY Bl & REA 3.5%107 cfu/g, T
TEMRE |- BERIAHOE Bl S84 4.7x10% cfu/g. 655 7
KRZJa, Bli fE N S R 4E R R 2 1.3310° cfu/g,
M7k 8 Bl A (<1 cfu/g), 78 Bli fE7E T
i PR 25 0 v T AS B AT R B B R

9 — N2 Y) Bli intestinal content
8 — BN Gs intestinal content
—— Ji%E Bli intestinal wall
—~ & 7 — JBBE Gs intestinal wall
05
gE°
4 § 4 n=3;x+SD
= \l___l
1
0 \
0 7 14 21 28
Fisf[]/d time
Bl 4 A 2E TR R R g SR b 2E A B A T T A
Y FN 7 BE ) TS K L

TE5E TR, 3 P L 2 A NAEYRIE] Gs;
FEER 14 K, 3 Scmi{l 1 Z i AR Gs.
Fig. 4 Dynamics of Bacillus licheniformis and Geobacillus
stearothermophilus in intestinal content and wall
At day 7, Gs was detected in 2/3 intestinal content
preparations; at day 14, Gs was detected in 1/3 intestinal
content preparations.

HE—2E W 0 RN AEY iz EER Bl Fl
Gs (I 5), LL Gs R NINZ:, BmNEY

W
(=
S

n=3;x+SD

200

100 +

*

e

Bli #H%} 32 BE/% ralative abundace of Bli

(=]

et BN 7k
feed intestinal content  intestinal wall
Bl 5 M AR ZE AT B AE 7 N 25 0 R g BE L )RR X = B
* 5 AR LR P<0.05.

Fig. 5 Relative abundance of Bacillus licheniformisin
intestinal content and wall
* compared with feed group P<0.05.
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OBl AT FEBE N 197.9%, W& TR Y
186.4%; 1MifmkE = Bli MHXFEEA 23.7% (P<
0.05), W EAR T 1k Al N5 R g =E R . RPGE
ZEF] Bli 78 20%M BEA1 K A K R/NF Gs
(72.5% Vs 98.2%, P<0.05) (& 1, K 2), mEE F i1y
Bli AHXE 2 B AR Tk, Ah, 3 Al BE &
B AF G 4 B8 A 4 A, B o 03 B R L A
0.6+0.4% (n=3; X+SD). #&7/~ Bli ANREARLEL T
177k
26 MKRFEUTFEEHATDHIEK

{8 FH I N 25 3 35 A6 U vh 5 3% B, 4
MR 1.0x10% cfu/mL. Bl 7F 20%/% N 249
AR AT AE K E 1.9%10° cfu/mL, W8 E TE SR
PR 4.9x10° cfu/mL; 76 N 28 5 b il 4k
K2 2.0x107 cfu/g (K 6). #7s Bl 7E N &Y+
FA TR i 3 FE v e

—_

g n=3;x+SD
— 8
85,
EE
35°
=5
I 8
4 ; 4
® 83
o,

1

0 >

ERAG 20% JBARY  BERAYIRR
nutrient broth 20% intestinal intestinal

content content

Blo HIACHMAIT R N AR K

Fig. 6 Growth of Bacillus licheniformis in intestinal content

3 Wig
31 BREZEHRKAERIEHKEDMBRERE
HHEEE

HHE B AR S, (0238 B A S b
S22 19 Merrifield 251 e B 5T $RIE L B FI
W B EFRFT BERT R B, 72 h #eK 15%MTE3R K &
Girh A 7.4x10° cfu/mL ZEFEEE, FFai N 4R
oK LS/ D S IS A E 100%450K, 7T
PR KR AR Bl B g b BT H FR(<1 cfu/mL).
MOR, SEL K IR SR N, HO i

Ve RS2 A Rt — 2005
32 Co® {EHR K E a5 B AR b F AT E X
LTI

B v AT W 2 £ 28 18 A ) ) R
U5, AR X 0T H AR MR A 2R B W R A
TR A2 Ve ) ZE AR o 3R AR AR AR A
TRIRFR fr <2< 10° ofu/g BIAARC, T SE g op B
AR 5.5%10% cfu/g BYZF A0 B 40, A4
1.4x10* cfu/g 1 Bli, Merrifield 25 10F 5% P 1%
WEL 2570 A7 11 bR 7 35K T %ok T S8 J 3 AT AE ) S e,
IRPE R T X Rk 9 0 7 T A T 2R R R BR
JERT . Balcazar U RS MBI FL R I 75 £
Jr B ) S AT, A B TS LR P Y % HRZH
fi fip AL PR AR . Merrifield 25 Ak %t
R ZH i T8 P 5 15 380 1) 24 76 1 RN L IRR 1 A RT fE 2 £
N IR PEE A TR, (AT A BEHERR 2 221 )
AR BT . FrLA, 25 A8 B A 9 B 4
Co® 4 M8 I TR AL R A4 A, Wi 20 S 6 1 T 3
33 RRCHEERUEFRMKRFAFENAE
BEERENREENTRE

52°CR iR R LIAT R Bl LIAMY
TEFIK A B P A, SEB0 TRl A AR 7R BB AE 7K A4
6 51 Anoxybacillus flavithermus; L) 37°C H 7%
HOXER, 52°C A K RIK 91.5%, 7E 20% M 2 Fl
Jo BE SR L BEIR B 65.9% 1 72.5%, TLAALL
T3 AT LA AT R S ARSI A 1 RN K AR Bl X
FE—2k, 1 g WHIERE S22 5 mL ) 20%5) 9K
W, 100 pL ¥R AR 50 4>, AR R AT DU 1 cfu/g,
H B ] S g 0 RS LU il B ke i ) &,
AR 1 ANE T, ST AR . Almeida 25
il T —Fh T qPCR Wil £a i 38 Bl B0 1 vk,
Kt BR A 2.5%10% cfu/reaction, Hi& 77 PCR
AR A I 8 ik LUK (PCR - denaturing gradient gel
electrophoresis, PCR-DGGE)!'? | ¢ ), J5 {37 2% &2
(fluorescence in situ hybridization, FISH)F! = i
0] OV A 0 £ 28 T e 20 T R Y R A
B IK 3 o] Bh AR B2 AT S BE ), 1 R LBk ]
WA R . HALA BF5E 478 PCR-DGGE 1Y R
JE AR R AL gi b gkt
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34 BE/EZEAZFHETHRFAFFIEEMENEX
SEFERERM TRAILERR AR A EY
1 5E

Marteau F1 Vesal &, #5525 L B e 18
(45 FE RE ) A LB R MEXT IR, 25 AR IR e i
DA ) A 45 B[] 75 222 EL A ) B A BB A R 2 T L)
FEREAY . Gs ZFRE M TEXT BRI L 75 Mok, DR HAE
Jin i P BN 28 & AR KR S it IR, H T AR
KOst 50~70°C iR vE PR IR A T AT
R FE RS R R AT, 2ok ik
ANIEIS NG BL w] LU SRS P 4R 2 /0 42 d;
PEUHAE ) B[R RETE ORI E N iR /0 28 d,
T — [RIFE AR R 4 1 X R Gs 2R 21 d S5k
MIGEWEIER T o XEHHREER Bl ol LA
FEMTHiE, (HEAESEREST, SKEINER
Jney Bl 7E 14 d JE R M IAIE ERR T, X
$E7R Bl AR i T X i .

AP RE S E M T B BOR T AN R —
R AR 7 N B BE AR 7, FLHG B R NI T HE
itk R e T LA E T I Merrifield 2514
FEHALR Bl AR RLZFAOAT IR, R b fitf
o ok JE 1 6 B B 2EAOAT I, RN 5.5~7.1%10°
cfu/g, HREIE MR 36~75%, 5 HAT LI &%
BHIHT WA R S . (EX AR TT RE 2 M B A R AR 72
RIS . R Merrifield 51OV 3% 5
BEIFARIENIE TR AR WS R Bl AT .
FLIRATA S50 500 B B s B R IEE E Bli AN i Al
JIBE B BR 114 (0.6£0.4) % IEAN, TELL Gs AT XT
HR R M S 86 v, Bli 78 NS TR A X = B Sy
197.9%, W& e TR A 186.4%, 1M 7E I BE K i
| Bli AT E AN 23.7%, [FIFEDLE Bli Afig
R TR R, (H2, X — BB R T e
Xt R Gs 7EBE G R E IR s 4 Ptk , AT
REAETE— AR RGBT 01 o JeJm, A0 W 45 B b
N7 RIGMNRRTEN A hR . BL, i eE
Bli fith, Ui Bl HAEFE TN A A BEA 2L
BB T WK B L Merrifield 250 O R BEIA R R fig
FHMET E Rz 4oy Bl AT BEE i 7E RS 2 bk
BETE DA AR AR . AT R LG KT
1 N 25 IR TT LA RS BL T 1.0x10° cfu/g

A K2 2.0x107 cfu/g, #7R8 B E N A H AR
R TS RE . X — % S Merrifield $2HHEY
st . A Ja 8 FHEE K b AP RSG5 Bl 5%
SR D WSS Bl 7R PN B3 5E A R R
X — R Ui A TG B 7 R . 7R TR,
TENIE T B NN Z 0] A — )2 8 B AN — i 2
W2, e M A e A S, FRATH &
I8 N DR P BEAL & T R IR B9 R,
iR it, 7EEEIRAT, Bli 585 E M THRZE
W= NI FriE— 2L AT .

ZE BRI, R4 Bl AREA RGBT ok
HATLATE I NS b G a8, BT UUTE#E B &0 T,
Bli A 3= 5 10 B8 i 300 10 2 5E R 1 VR 42
MRE A, & T, mress a0
T, AuhE= ZhMEE 10 Bli k= TG
B, MEARREEM T,

S &3k
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Abstract: Bacillus licheniformis (Bli) has been widely used as a probiotic and has positive effects on host health of
different fish species. The ability to colonize the gastrointestinal tract is an important criterion for probiotic
screening, but little attention has been paid to this character. To investigate the colonization characteristics of
Bli-Al, full water exchange and feed sterilization with Co® irradiation were employed to avoid their influence on
the gastrointestinal microbiome of Ictalurus punctatus. A high temperature selective culture method for Bli was
assessed for its sensitivity and specificity, and then it was employed to investigate the dynamic characters of ex-
ogenous Bli-Al in the intestine for 42 days with or without fasting. The spores of Geobacillus stearother mophilus
were used as an inert control to investigate the adhesion ability of Bli-A1l to mucosa in a feeding trial with
Bli/Gs=186.4% in feed, and non-adhesion bacteria were removed by washing the intestinal wall. Then, Bil-A1/Gs
on the intestinal content and wall were calculated. At last, the potential of Bli-A1 multiplying in the intestine was
assessed with a sterile intestinal content culturing assay in vitro. With a full water exchange and feed sterilization,
the concentration of Bli was reduced to <1 cfu/mL in water and not detected in feed (1.4x10* cfu/g before irradia-
tion). Selective culture for Bli-A1 was successful at 52°C with a growth rate at 91.5+13.7% in water, 65.9+26.7%
in 20% intestinal content homogenate, and 72.5+19.7% in 20% intestinal wall homogenate. It took 21 days for the
inert Gs control to be completely excreted from the intestine after withdrawing exogenous supplement (n=3, <l
cfu/intestine). When exogenous Bli-A1 supplement was withdrawn, the concentration of Bli-A1l in the intestinal
content was sustained at ~3.3x107 cfu/g for at least 42 days with continuous sterile feed supplement, whereas no
Bli-A1 was detected at 14 days under fasting conditions. In the Bli-A1/Gs feeding trial, Bli-A1 in intestinal con-
tent was detectable to at least 28 days after exogenous Bli-A1 withdrawal. Adhesion-related Bli-A1 on the intes-
tinal wall was undetectable at 7 days. At day 0, Bli-A1/Gs was equal to 197.9% in intestinal content, which was
similar with the 186.4% in feed. Bli-A1/Gs was equal to 23.7% on the intestinal wall. Although Bli-Al failed to
adhere to mucosa and its adhesion ability was even weaker than that of the inert control, it grew well in intestinal
content and reached a concentration of 2.0x107 cfu/g in vitro. In conclusion, Bli-A1 can colonize the intestine of
Ictalurus punctatus long-term, unless the fish are fasted. That is because Bli-A1 possessed the ability to grow in
intestinal content but fails to effectively adhere to mucosa.

Key words: Bacillus licheniformis; Ictalurus punctatus; colonization; cell adhesion; gastrointestinal microbiome;
Geobacillus stearothermophilus; Co® irradiation sterilization
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