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TN R R BAE L F IO E , IR AR A W FAF BT ARIT 5 AVE R, VARAY A 254 7] 09 FF
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Abstract: [Background] With the development of the aquaculture industry and the improvement of
intensive aquaculture, the aquaculture environment deteriorates seriously and the aquatic animal diseases
take place frequently. Aquatic probiotics are widely used in aquaculture for their environmental
friendliness and safety. [Objective] Bacillus subtilis was isolated from the bottom mud of Litopenacus
vannamei breeding pond. The in vitro biological characteristics and water purification effect were then
explored to expand the germplasm resources of microecological preparations. [Methods| Firstly, the
strains were isolated by the dilution spread plate method and its identification and classification were
determined successively by morphological observation, physiological and biochemical assays, phenotypic
test by microbial identification system, and 16S rRNA gene sequence analysis. Secondly, biological
characteristics in vitro were studied by a single factor control method. Lastly, the contents of nitrite
(NO; -N), ammonia nitrogen (NH;3-N), and chemical oxygen demand (COD) of the aquaculture water
were separately measured by N-(1-naphthyl)-ethylenediamine spectrophotometry method, Nessler’s
reagent method, and alkaline potassium permanganate method. [Results] The isolated strains were
identified as Bacillus subtilis WH1 by the phenotypic identification and 16S rRNA gene sequence analysis.
During a series of in vitro biological characteristics test studies, WH1, compared with the model bacteria,
had better performances in resistance of high temperature, artificial gastric juice, and bile salts, as well as
the inhibitory ability of Staphylococcus aureus and Vibrio parahaemolyticus. Especially, it was sensitive to
8 kinds of antibiotics that must be checked for Bacillus used as a feed additive according to the European
Food Safety Agency rules. This also met the in vitro evaluation standard of aquatic probiotics used as feed
additives. Additionally, the water purification studies showed that the strain WH1 could significantly
reduce the contents of NO, -N, NH3-N, and COD in water (P<0.05). [Conclusion] The screened Bacillus
subtilis WH1 can be used as a water quality regulator and has the advantage of in vitro biological
characteristics used as a feed additive, which can effectively expand the germplasm resources of
microecological preparations.

Keywords: Bacillus subtilis, strain identification, biological characteristics, water purification
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BT BEREE . MR A 2 b N, bR A L
SRR ALY, PR p e AR R B
PR, BRGHDCEEN ARG, AU
SRR AR ) S IR S P AE T, TR AR
— b LI AU AR5 (3) A 2R AT
e AL WA TR 2R . PR R . PR
REZMPLETEED T, WHwREENARK, 5
FAEAK Y B P25 (4) R EZERFF R RE R
FEFH S B T RESS A, BB IR T T AR
W, wAbtpEhE Y,

EN ST NEE S = RO i RN od -
AR B ZEIFFEE WHI, BEIY AR SM: W2 e I
XK BT B AR T, DA A R Jn 351 B 7K 5 ke
R T A ATF ) B iy, [R] B Sy Aty e 2 AT TR AH G
AP 300 7= it ) T R B AR T B R
1 RS
1.1 FERFIFUERIEFE

PRI . BERHRA . Biliek, deatRidA A
WHEARABRTUE AR ARG E S EE, H5
TR A M AR A PR F] s BUG [BIAR; 3L, Biolog
N AL ZH DNA $RBGAF £ . PCR i,
RIAEAREACOARAF; TihER. KKE
K., FIREREIAR, RO RHEARR A
Hly B . CERMR-1-ZEZ . WURBR . WA R
B, AR, EZGE BRI A BR A F

AT B 1] 0.9%4: BER K i A h iR, 14
T pH H 1.8, 1 g BEMABEINT 100 mL i+, 1R
SJJE4 022 pm JCRATERELYE, 4 °C IR .

NHERAW : B 10 g ZFIHERYE T 100 mL L &5F
Kb, BEHIR 10%09 4 IR EER, 1x10° Pa KT
20 min, Z3HAEA 5 mL 0.9%JCH A= BREL K AR
BHIA 15, 50, 100, 150, 200, 250 pL {4 fH
R, RS HIOM 0.03%., 0.10%. 0.20%.
0.30%. 0.40%. 0.50%.

NT W B 5.59 g 1) KoHPOL AT 0.41 g 119
KH,PO, % T 1 000 mL A9 LB F7KH, pH8.0, 1g
JERER I T 100 mL %, 1RAIE4: 0.22 um

T UENET g, 4 °C (RAER .

WA, SN LS S AR BR/A 7] PCR
A, BB H R A B AL kA, dbaios
— YR IR AT BERSUE RS, LT A
WRHEA R MAESEE RS, Biolog AH.

PR AR S S S IR AR R A R JvA
PRI B P 11 (A 97 e 2 B A bR 21200 LB 15 3R 3
Be 7 Ed ], HHAP NaCl 44 30.00 g/L.
1.2 EHEREHES BIESR

ML AR A8 o B T B2 MR 22 i B 1 3 R 5 (A )
HRFRG I P BUR VR B FICH iR, v

TR MR, B 50 g IKIEE T 200 mL LB 1A
Bigigkdr, 30 °C. 180 r/min }i3RidWK . Rk E
FEFRET 80 °C KW 20 min, BEHIJFH 1 mL
BBRIAZ] S 9 mL LB A 3L AR, ik
10 A% FuAi BEARAR R ONBR BE TR B . W 100 pL
IREWIRATT LB [EAIE IR L, BT 30 °C fHil
BEFRFah G 9E 48 he MIEHETEIEA, PR RS
SERRRIZE, 30 °C Ki9% 48 h, WIS ERAE 3 K,
BEN AR, frssh WHI . B4R LB #k S
JCE Y 50% i 4:1 85T, MR =W, —80 °C ik
a5
1.3 EHEE
1.3.1 BEHESUBRREESEHRE

SLIBUR TR UES RER 3 b3 S T R LS
PEAT L Ry e, Sl ey i B AR T 1A B 2R 1
S, ZREFHREMEN CFILAHE ARG EE T
M) BT, R A e A A S A B R
PEFT A FA AL S
1.3.2 Biolog GenlllIfi4E 1% E R G R BN E

WG4k 43 B8 1 T kR WHI 7€ BUG [l 358 1
AR 2 WKk, K LT R SRR SRR TR VR 2R T IF-B 3280
W, PR BIREER R 90%-98%, SRIGHH
£FL 100 L R T GenlllEENH, 33 °C HH
24 h J5F Biolog GenlIl Microstation ¥l #1352 B i,
gt R,
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1.3.3 16S rRNA EFEHFLEE

FIUHATE RN DNA $RBGR 7 & 3R B R
KL DNA. K405 16S rRNA JE K 514
27F (5'-AGAGTTTGATCMTGGCTCAG-3")H1 1492R
(5'-TACGGYTACCTTGTTACGACTT-3")¥ 14 {<F
J#41 ., PCR LW AR Z (30 ul): 10xBuffer 3 uL,
dNTPs (2.5 mmol/L) 2 uL, 1 JZ 15[ #(5 pmol/L)
4% 3 uL, A4 DNA 1 pL, (5 U/uL) 0.2 uL,ddH,0
17.8 Lo PCR I 254 : 95 °C 5 min; 95°C 30s,
55°C30s, 72 °C 1 min, 35 ME¥R; 72 °C 10 min;
4 °C TRAFo 1% BN W EE I P Uk AGr il PCR 7™
Y1, ¥ B 5 Ui I 2 bt S A AR KA
BHEA BR A R F o KR B PF 2 7 9 iR A 2
GenBank, 3R15% %%, S5l BLAST J741 H
XF ) e 1E R AR E AR E 81, AT MEGA
5.0 HAY%BHEEE: (Neighbor-Joining Method)#4) 3 &
GEEARRE, I TR R PR E R .
1.4 BEHBEDZHE
141 ZE2MHRE

2 WA R AP e PRI Uy vk . TSR
IR R T 1605 ¢ ffdeftlita 100 2, Bl
PO AR 4 4, A4 25 o )Xok e ] ) o s 3 S
100 pL KT LB #5553 1) 3 A2 AN I 55
BIVES 100 uL 7 1x10°, 1x10%, 1x10” CFU/mL [
Pk WHI i LB B 56, 26 °C /KIRFEH 5 d, W%
BNEFET RGO s [T At 500 RRAERE L
A WERSAT IO AE .
142 =EMZiRAIE

SRR RF RGP k.
BU1 mL ZE955 8 85% LA 1A WHI A B 25 44T 15
P E (CGMCC 1.3358) 1, & 85.90.,95, 100 °C
KK T 10 min, BUHJSWE1. SANEE
3 AT, IAVEREA PRI O B, SRAPE
WA ITHEO M G R, TR FR AT
IAFIE 2
143 AIBRMZiKE

Z M i APV k. B pH 1.8

PN T B PR 2% #1550 85%LL i WHI
A RE ZF 56 4 1 155 2 7 (CGMCC 1.3358) T4 1K
37°C. 180 r/min }%35 1. 4. 6 h J5IUkEE, & Ab3g
51 3 AT, LLO h TR EBEXT R, SRR
BRVE TR I VS AL, T RARANE AR T AT
TE%
1.4.4 RBETIRIE

2 WK AE PR G 712 o 20 B e B R 0.03%
0.10%. 0.20%. 0.30%. 0.40%. 0.50%F4AHELIEK
FRER 2% 2598 85% A F A WHI A B 25 04T
FEUE (CGMCC 1.3358)F i, 37 °C. 180 r/min
At 4 h JRHUE . BVREE 3 P47, L0 h BT
PREVEXT IR, SRR B TR 1 TR A, 1T
SEANTFIARER MR B AL B BAATE R
1.45 ANILRBA&m ik

4350 pH 8.0 BN T AT HH%Fh 2% 2Ef %N
85%Lh ) WHI1 G R ZEAIAT R R (CGMCC
1.3358)# M, 37°C. 180 r/min }537 1. 4. 6 h J5HK
o BAEIRZEAE 3 44T, LU0 h A& AR
B, SRR BT ORI v T A, THE A A
P T ARG %
1.4.6 HEIXIE

Z NP LRIk . B kSR 16 h
By WHI FEH 4 000 r/min .0 10 min, B T
4 °C VKFETRAERS o SR U5 43 ARG 5% 24 h B9 R IGFE
WL KRR . REETEARINE . S E A
BRTA TRV M0 9 Y T B RSB BEAR R, , T4
MR H 10° CFU/mL, B 100 pL % J5 45 7S
BT LB BAREFREE o 15 min JRERFRER
PRI TE I, JC BT UK B ) 2 AR
BTRIREE L B 250 pL FIEWOMAAHbR T,
4°C VKFRP I 24 h )5, B 37 °C 155% 24 h J5 &40
W ER. RT3 K.
147 TZHIKE

Z: B8 3 (5] I PR RN 55 35 %5 A5 1 23 (Clinical and
Laboratory Standards Institute, CLSI)JfLE R 7%
B AR ERY, I5E Bbk WHI ST Z58 00
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S SR 2 5 RGBS AR R BRI £ i 4 SR
FIUAE B ZE AU TR 8 G G 8 i A 28 s/ N i 3¢
J(Minimum Inhibitory Concentration, MIC)#£4 il
P RGBT R 8 RhPTAE R U I Lo
(mg/L)P . 5l 5 % (0.25-16.00) 5 KKK
(0.25-32.00) ; B %% % (1.00-64.00) ; i & R
(0.25-32.00) ; I 75 % (0.25-16.00) ; 5o bk & K
(0.25-8.00) ; PU FF FE (0.5-32.00) ; A B =
(1.00-64.00), HZFP W AGFLIE T 35 °C, HigF
20 h 50 MIC A, ARASEI £ k2 4 Jmy B E 1
VPRSI 790 19 358 T %o e A 2 SRR v T A 7
ZERLHED
1.5 WHI1 Bk IER

2019 4F 4 HHI, $E8 20 m® /KA FE 26 TR IF
(K 6.0120.70 cm) ) AbFesa M (A T 144 H 1]
T IR K R A BRA FDHEF TR, SRR R
20+1 °C, H/KHE N 30%. RELHIRF0 H WHI
BRI AEFTE 5%10° CFU/mL, % IRZEAGIN
WHI, H4HIEE 3 AEHE, %8 15 d, BRIKHET
MFEFE I A ZBUKEE 50 mL, SR N-(1-2555)- 2. ¢
SIMECRE N E FEFE K A SRR ER(NO, -N) it |
20 PR 7 2 (N H-N) et Bl e R BT
W52 Ak 2775 %8 i (Chemical Oxygen Demand, COD),

2 ZR545M
21 HEHREE
211 EMESEREBEUNEESER
bk WHI Wig7lL A @, TRE, g AR,
ATEMIRE, ARal. F e, BN, W
RFRIR, PuREEIR, A, i 1 PR, AR
REE AR LR 1, i (8 LA TE R g% e Tt )
Kz, WIS A AT A .
2.1.2 Biolog GenllIf{ &L FE R FRENE
Bk WHI1 1) Biolog GenlIl MicroPlate %% 4%

RUF 2. Biolog Ba/FE24H T 4 FhoEg kR it
TR, 238 B RS R o 2 A R A AL
fF, SIM A 0.682, {HJEBAT MEHE 1  HL T

1 E#k WHI (IEZREE
Figure 1 Gram stain of WH1

F1 EfkWHI BIEBELLEEER

Table 1  Physiological and biochemical identification
results of WH1

HEPRAE AR SV AR

Physiological and biochemical reaction Reaction characteristics

12 fhi Catalase test 4

RBER AT R +

Arabinose fermentation test

R AE TR +

Glucose fermentation test

KA TR +

Xylose fermentation test

REH E =R +

Mannose fermentation test

V-P {lI5E V-P test +

n5| IS Indole test =

JKf# % Casein hydrolysis test +

JKfBJER} Starch hydrolysis test +

FHPREL A JFE Nitrate reduction test +

FIFFFETRE: Citrate test +

FIFH A EREL Propionate test =

e 4 B - Bt

Note: Positive; —: Negative

SIM 4 1 BRI Pk o 3X A fE— 5 T2 HH T Biolog Genlll
MicroPlate 1 i €05 b IEOGAE AT Z AL, IR EE
I AE R AR ET ] Be R EOOLE s s 5 —Tr
i Biolog Byis ZE #UB AR ™, S F ok, TR Sk
HT AT
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Fz2 FEH WHI B Genlll#RETELE R
Table 2 GenlIl MicroPlate identification results of WH1

Item 1 2 3 4

PROB 0.682 0.174 0.139 0.109

SIM 0.682 0.174 0.139 0.109
DIST 4.544 4.753 4.891 5.041
Organism type GP-RodSB GP-RodSB GP-RodSB GP-RodSB

Species Bacillus subtilis

Bacillus mojavensis/subtilis B

Bacillus subtilis ss subtilis  Bacillus atrophaeus/subtilis A

213 E#HMHISTFEELSER

AN LR 2 DNA AT, LA 16S rRNA %
[RI3 FH5 |9 27F/1492R ¥ 14 H 4547, PCR =4
1% B MR A FL VARSI 5 T sl e , I Iy 910
L% GenBank, K55 5%5 4 MT125883, BLAST
FEFF EEXT2E R, Witk WH1 Y5 Bacillus subtilis
subsp. inaquosorum (GenBank % 5%5- > NR104873)
FHRIPE R 99.17%. B SARIME R bR, i
%5 2F i FF & (Brevibacillus  brevis) N 4N, F) H
MEGA 5.0 # Neighbor-Joining A4 2 S kLR,
mE 2 s, WA HER WHL N 2R R
(Bacillus)[ R o RN, 56 HRMIEA2EMEE . 4
A A S 25 1 ) Biolog GenlIIfAE W% e R
BRI E 455, 2850 0 WHIL Al B 2R AT &
(Bacillus subtilis).
22 EHRBEMFEE
221 REMREER

S5t ERLEAR EE, TS 100 pl Wk EE4» 511k 1x10°
1x10%, 1x10" CFU/mL By WH1 BB K 3 ML
IR BIAET, NEBEFE LS, XMEE
FH 0 B W Aty R 2R TR AR X 22 4 1Y
222 EiEfitFiREER

WH 1 A B i Ry g g R aniEd 3 s .
Bl T, WHI TR A2 TG SRR T R
FE 85 °C AbFER, 85%ZFEFHIRIY) WHI FIAL A 147
TR 1R 90.13%F1 79.97%, FKWITE 85 °C AbFRL:
TFR, WHI A K S%E TS, s
HICEFRAAAE, T HA KL 5%A IS . [
B, el R, 1€ 85, 90 °C Kb, WHI
ARG R 2 i TR (P<0.05), 17 95, 100 °C %%

T B ARE R I EF(P>0.05), Tl et e
B, FHEC TS, WHI B AT BT AOTR i
223 AIBEMZIRELESR

FERE WHI1 RSB A T R 52 06 45 5 an
Kl 4R, MEed AT HRAEEE 1 h )5, BCE
Pk WHI BUFEIE 32535000 121.26%F1 100.58%, 15
IS 2025 = T I WHI (P<0.05); 45
4 h AL, AR TR I AE TG R LR AR, N
120.65%, MFEE WHI (176 5 B & 45 5 (P<0.05),
TR 139.77%, HHAABH 8 AN B
BT RS 2(P<0.05); 2850 6 h (IALHL), #5
AR R B E R (P<0.05), TN 89.33%,
M B MR WHIL #4977 15 5 W i B A% (P>0.05) , N
135.35%, I HE#E WHI 775 5 5038 0 T R AL 3
I ] oA X B A3 28(P<0.05) . T FIRSLIE 4%
Rl LA, SHREM, Wk wHL Bf
SR N T E I 2, R, T 0 h, bk
WHI 7EN T BB Prss, X -5x175 H 00
WFREE R X REE T A T B WA 5T
TR 2R AT BB TR AN, E IR, o
AR T 0 ho HE IR BRI AL T RRIF 5
I, RO E IR A K, AEE R T, P
PITR R WHI AATE R S B S Ja R ka5
224 PBRMFIAIGER

Btk WHI FsEX B AR AR 52 0 25 SR an il 5
Fiis o MABERMRBE 43510 0.03% . 0.10%HF, FEAK
WHI F715 3 35 5 TR (P<0.05); MHER M
H0.20%H], A WIAEIERES IR B, 0k
101.79%#1 76.94%, T FHLEME WHI 7368 825
FALA I (P<0.05); MAHERIRE T 0.30%0}, ik
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67 | Bacillus velezensis strain NRRL B-41580 (KY694464)
90 |Y Bacillus siamensis KCTC 13613 (MN176482)
59 1L Bacillus nematocida strain B-16 (NR 115325)
98 Bacillus atrophaeus strain NBRC 15539 (NR 112723)
Bacillus halotolerans strain DSM 8802 (NR 115063)
89 . Bacillus subtilis subsp. inaquosorum strain BGSC 3A28 (NR 104873)
62 WHI1 (MT125883)

Bacillus glycinifermentans strain GO-13 (KT005408)
98
96

Bacillus liche niformis strain DSM 13 (MN396732)
Bacillus haynesii strain NRRL B-41327 (NR 157609)
Brevibacillus brevis strain DSM 30 (NR 112204)

—

0.01

2 ET 168 rRNA EFFIIIER WHI RGA B LR
Figure 2 Phylogenetic tree of strain WH1 based on 16S rRNA gene sequence
T FES 0T 5 NTF GenBank B35 /3 mAMUEFR Bootstrap fi; 0.01 AR RFIRITF A1 43157

Note: The GenBank accession number of aligned sequences are shown in the brackers; Numbers at branch nodes present bootstrap value; Bar:
Nucleotide divergence

100 - . 120 ~
&= Model bact
E= Model bacteria E=E Model bacteria
%0 . B WHI
s S 100
2 60 2
g e
E — 80
£ a0 £
z z
=
7 2 60
0 ‘
85 90 95 100 40

Temperature (°C)
3 TRIBELETH WHI FUEREEEEM L » N L
Figure 3 Comparison of survival rate of WH1 and model 5 AREBEHKELIETHEKR WHIL IR EFEEE
bacteria under different temperature treatments ¥t bk

Bile salt concentration (%)

Figure 5 Comparison of survival rate of WH1 and model

150 - bacteria under different bile salt concentrations
EE Model bacteria
£ WHI WHI FIBE T S 20 i 3 22 51(P>0.05),, 8
o 125 ~ T N S s N S S Y e
< = it BRI AR AT AR Y, SECHEA L, T
E bk WHI A o 3R L 2
g 225 AIBpGm=ZiRI0ER
215 Pk WHIL A T 32 290 45 58 a0
: Bl 6 s, & N TP 1 h 5, Wik WHI
50 L

FIRE R AF TG R UA BFH2E5(P>0.05); ALFE 4 h
Ja, Wtk WHI RG]0 54.71%H0
4 AIBRRRLERE TR WH Al 12336%. WPk WHI 47 15 5 8 20 8T B
EENLE (P<0.05); ALEE6 hJ5, BRFR WHI ARG R
Figure 4 Comparison of survival rate of WH1 and model

bacterd : : - . WA BEZEF(P>0.05) Wi N T 32 5045 5
acteria under different treatment time of artificial gastric -
juiee SYBT ATt B BELAT U A TR T2
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150

&2 Model bacteria

120

o
(=]

(o)
(=]

Survival rate (%)

w
(=}

(=]

6 ALK RIAIERE TR E K WHI FIER E 7F
TEENTEE

Figure 6 Comparison of survival rate of strain WH1 and
model bacteria under different treatment time of artificial
intestinal juice

22,6 HIEIRIELER

PAKRIGATTE | WK SN | IR Bl AEAE [CTR
SO ER A AR MR s s, DAHK
HHBARK AR, WEMEEER, 2PreEk
WHI1 FIAERLZF AL AL (CGMCC 1.3358) Y41
WVER . RIGLS R 3 M 7 FioR, SEEH
L, TRIAR WHIL 2300 BT B P Jooxt 4 o8 €0 A 2 3K A
A A SRR 0 10 B 2 ELAR I S 5 (P<0.01), T
FXTRGATIR . K SIPMET . R R E Yy

TetmfE-
227 THARIEER

XTI GRDERAS IR0 AR TR i, A B A A
T A 53X NS S BT TR 25 ) s o D)
b3 FHN B T 24 ) OB B A R DS
F, LABT 17 R 1 A v A A i 24 5 R A% 14 AL
G0 bk WHI 258056045 Sk 4 ik, W&
4 il DUIE Y, SRR WHI S35, BRI 24 )5
FIE 08 PRV ) O TRTAS IR0 ) 2R AT B b A 1 8
Pk R MIC EIR Tz R B el , tHNHiA R

%3 EH WHI AR E B E R tE
Table 3 Comparison of antibacterial effect of WH1 and
model bacteria

N e H Az

Indicator Inhibition diameter (mm)
WHI1 Model bacteria

RIGHT B 0 0

Escherichia coli

MK TR 0 0

Aeromonas hydrophila

IR ZAEAR IR 0 0

Edwardsiella tarda

L O 2 BR 37.61+0.40 10.25+0.83

Staphylococcus aureus

Rl i A 15.19+1.05 0

Vibrio parahaemolyticus

7 E# WHI F1#E R B (CGMCC 1.3358) I B %R

Figure 7 The antibacterial effect of WH1 and model bacteria (CGMCC 1.3358)

e A &WOWGERE; B: AIEMMIIE. W: WHI; M: AHREAIFT B E(CGMCC 1.3358)
Note: A: Staphylococcus aureus; B: Vibrio parahaemolyticus. W: WH1; M: Bacillus subtilis model bacteria (CGMCC 1.3358)
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Table 4 Antibiotics sensitivity test of WH1

HUAZIYIAAFR  BMIEIREE MIC HIBARE UL
Antimicrobial ~ MIC (mg/L)  Criterion (mg/L) Susceptibility
agents

ThER 0.5 <4 S
Vancomycin

NG 1 <4 S
Gentamicin

FIREE R 4 <8 S
Kanamycin

HEfE 2 2 <8 S
Streptomycin

AT 0.25 <4 S
Erythromycin

TR ER 0.25 <4 S
Clindamycin

PUPRZE 1 <8 S
Tetracycline

SEE 4 <8 S
Chloramphenicol

T S: U

Note: S: Susceptible

PIRURRTRTRR , A5G N 2 4 Jr DR VR IR HAR

IR B R A3 () 245 BB A A

2.3 B WHI BRI IEE R

23.1 Eik WHI X3 Fr5EK{AH NO, -N 2 E/IFM
Pk WH1 X FG 36 IR SR KA NO, -N & i

ALEE AN 8 FiR . S5 FRAH I R AN bR

WHI (XHRAMI L, e 4R aesaih - WHI

BRI 5x10° CFU/ML A946 4 K, KK NO, -N

it B FEIR(P<0.05) . FlATES [ A3, KAk

0.08 -6~ Control group

-@- Experimental group

0.06

0.04

0.02

NO,™-N content (mg/L)

| | | | 1 1 | 1 | | 1 1 | |
1234567 8 9101112131415
t(d)

0.00

8 E¥k WHI1 XFRIEKIKF NO, -N S ERIFIE
Figure 8 Effect of WH1 on NO, -N content in aquaculture
water

1) NO, -N it S TR, If HA R EILT
S I B 1] A5 8 Xk BEZH NO, =N &5 (P<0.05) . X 1
WPk WHI feA 8B IR GE KA NO, -N &4,
2.3.2 E#k WHI X FRFEKE S NH:-N 2 22200
PAIPR WHI X e 22 IR FREE K AR NH3-N 5 i
AACHIZANE 9 B, 5FRFE A ARG IR AR
WHI Bxf B, iR R RERa b WH1
FARYEEE 5x10° CFU/mL fY55 6 K, /KA () NH3-N
TrE R E R (P<0.05). B 10 KIFhRgtad iEs:
6 KAWL, KPR Y NH;-N 5 — B RRTE
BARACE, FRETESS 14 K, JKIKHH NH-N &
TEREIR T 77.63%. X FRIATEE WH1 GEA KT
Bl KR T NH3-N &
2.3.3 Bk WHI1 X FRFEKIKF COD ERIE M
FERE WHI1 X R 98 (R FR58 /K 1R COD {H I 5%
M A 10 Fros o 585 R US IR WHIL 195

0.6 - -o-Control group

0.5 -@ Experimental group

0.4%
@

0.3

0.2 -

NH;-N content (mg/L)

0.1 -

1 1 | 1 | |

T T N TR N T N
1 23 456 7 8 9101112131415

0.0

9 EH WHI1 3 FREKEH NH:-N 2 285200
Figure 9 Effect of WH1 on NH;-N content in aquaculture
water
-©- Control group
6.0 -@- Experimental group

5.5
5.0

4.5

COD (mg/L)

4.0

| | | | | | | | | | | | | |
12345678 9101112131415
t(d)

35

10 EHk WHI 3 5R5EKEH COD ERIFAT
Figure 10 Effect of WH1 on COD in aquaculture water
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FEZHAR L, IR AEERR IR WHIT BEMRREE AR B X B2 o A R i . TR . I IE

5x10° CFU/mL B4 5 K, /KA COD {1 i % %
fIR(P<0.05) . B B[] 3 , 15 41K AR Hh ) COD
[ERSRUN/SIN G E- e S E A e o G YA (T
XFHE4] COD {E(P<0.05). M5 12 KIFUh, %L 4 d,
RIGLH KA COD {HH 4.211+£0.050 mg/L, kb F4#%
SRR DL BRI RIbR WHI REA %
RFRFKA T COD fH.
3 WihE4gw

AR UL ) P DA R 5 % IR SR 5 b iC U R
ERRENL , PR 2 O B T A TR RS
SEWEE | AR (% %E A Biolog GenlIIfA: 4 % &
RGRBINGE , IESLPr B p bk WHI Sl 25
IR . 16S rRNA S5 51 047 R itk WHI 5
Bacillus subtilis subsp. inaquosorum #1 Ml T A
99.17%. LREH%IEA T E HIEEIR, VP %E
PR WHI AR R ZEHIFF A

il B 2 AR AT TR K 7 SR A R T Y 4 A
B KRR E AP TR, — R
VERARRIA IR, ek Bl i)
i B ZEARAT R A AP IR , 75 X A I ) TR
BEATZG0E . IDAPE . THmR . it H AR SR A W2 e
RAMEM T, B E SRS b kg

x5 MEMHRLERITLL

Table 5 Comparison of tolerance test results

ERAEM 2 AT TSR, JFHUS T — & MBS
0, AHRAATTAETF R AR SR 30 B AR AR P X TR
H R ZEA S i IR EAT, P T e 1
FNZR R, FFAETR E B 2138 (90% LA ) T
W T 11 PRRS B 2R AT TR A 2P . Al 2 AT
T IR BB TR B 2900 1T AT 5 PP, IR e e
A e A i 32 e 1 A B . AR SCHE
B ZE AR (85% LA ) FEfl |, #RIT T 7 B i bk
WHI1 S5#H(CGMCC 1.3358) M P& 5, 45
M, TRRR WHI B g HA B 5 A i
it AT B VORI AR R R, AR A Ty IR
TR

[, AR SO SR WHI 5155 FEIFY
Ryt 52 AL 1) 7 BRI (BLCC1-1, BLCC1-2,
BLCCl1-4, BLCCI-6, BLCC1-8, BLCC1-9 I
BLCC1-10) 2B 85 A 7xF b, 4558 4036 5 .
FET B 1T, 280 85 °C 4b# 10 min Ji5 , RIFE WHI
FETE R I 5 XS PR i A 7 ki, &l
100 °C Zb¥E 10 min J5, XTSI BLCC1-1
Fl BLCC1-2 fFIf %W 0 & T Ikk WHI; FEff AT
WO, BT BLCCL1-9 4, Btk WHI BT 521
B T HA 6 ks 7EMAHER T, bk WHI

MRS R WHI (%) XIS T B B AT AR i )Y

Tolerance test Condition

Liu XX, et al. (The following data comes from the approximate values read by the bar)>”

BLCCI-1 BLCCl1-2 BLCCl-4 BLCCl-6 BLCCI-8 BLCC1-9 BLCCI-10 (%)
(%) (%) (%) (%) (%) (%)
fR 85°C 90.13 64 34 77 71 44 55 86
High 100 °C <3 24 15 <3 <3 <3 <3 <3
temperature
AT B 1h 100.58 131 95 103 110 85 208 88
Attificial 4h 139.77 126 44 34 99 21 216 13
gastric juice
AHEL 0.10% 100.92 15 31 46 77.7 33 45 13
Bile salt 0.30% 80.46 14 32 37 35 33 48 9
0.50% 68.97 10 24 42 74 38 46 7
NT lh 61.63 93 115 75 115 115 100 125
Attificial 4h 54.71 77 185 27 200 50 295 45

intestinal fluid
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(RIS A2 1 I e e T At 7 MR s FE T N T B0 1
23t 1 h AbBE, XIFHEREMF LA 7 MR A E
WA B E TR WHL, 234 4 h A5,
BLCC1-1. BLCCI-2, BLCCI1-6 #l BLCC1-9 HI7F
TR TR WHI. Bk, 53155 P&t
FEHIR 7 BRI SZ PR RREC AP PR ARAH EL , BARE WHI
TEM E R (B T BLCC1-1 #1 BLCC1-2)., it A T. B
(K% 7 BLCC1-9) . i IHEE 5 T HAT B (T 52 PR,
AET A TR0 A S5 52 K

Britbz b, Btk WHI %o (2 ekE . &
T I T ) 9 TR AR PR AR S 3 v A e A 1 R
YEFH(P<0.01), T ELXF BRI £ it 28 42 Ja HILRE 1 FE A
TARHA ISR B ZE AT R G0 8 FhPiAE RO &
R.RKRER., FIRER, BHE. 4%5%. Wk
TR, MR, SERDIEE. WL ERLemrE
YR IR S R T LA, B HRE WHI FF57K
7=t 2B B R R IR A A MR 414447

ASSCRR T W5 R 2 A AR AR i
YERZ AN, RIS T HH g3 5K i i
YER . BT PN G R 2E A B R A 73X 2 A4S
5 TS 4R F g L . A Sl R — &R
AR JFE AL L0 R B, FEAERE IR WHT
FRUESE 5x10° CFU/mL (455 4 K, K 1 NO, -N
A i 2R L(P<0.05), &5 15 KB NO, -N &rik¢
KT 70.49%; 55 5 RIKIKEH) COD i {2 EFEAL
(P<0.05); 55 6 RIKIKHH NH3-N 75 i i ZFHIK
(P<0.05), 55 14 RAKIKHH NHy-N SHFECT
77.63%. iR IXEEFRARIGASIL TR, AR 2R
FF it Sk 25 HiF# A NO, -N \NH;-N 4 K COD {4,
T B B e A R TR K BT A RIOR

APRELH 0 7 R A EEE T 16S rRNA K751
M, MR 3B I R IR A IS U8 i 26 1 — A
AP WHIL, (ROMEYARe e 6, bk
WH1 HASE B ELA S5 AR i | it T
FRER | 00 4 v 60 A AT ER R AN R I IR RE T
T EL X R 5 22 4 ey R 1 FELVE DR LS I 591 14
TEIAF IR KEIY 8 FipiA: AR, FF Ak =i bl

FAPEGRRRAS IR AR SMENARIE . AN, JK TSk
WFoE R IR AR WHI B8 B FRAUK IR 1) NO, -N.
NH3-N 7 &% COD fH. AU G S i mE
Pk WH1 STEaaanmE . ARE . ffban s 2
A A K TR 8 TR 390 1A T KSR A 6 R 56
KA BRI, I & —Fh 32z 0 A
TR, [N EA O R A P e R s e
AR TR B A 2SR5
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