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Abstract: In this study, we systematically evaluated the in vitro characteristics of Bacillus velezensis SL to assess its
potential as a probiotic. The probiotic properties of strain SL were systematically evaluated using a simulated
gastrointestinal tolerance test, antibiotic sensitivity test, cell surface characteristic analysis, antioxidant activity

determination, bacteriostatic ability test, and metabolomics technology. The results showed that the survival rate of strain
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SL in the simulated intestinal fluid exceeded 80%. However, gastric acid tolerance was poor (120 min survival rate was
4.11%), and tolerance to high concentrations of bile salt (0.6%) was good. In addition, strain SL was sensitive to seven
antibiotics and did not harbor any resistance genes. The hydrophobicity of the bacteria was 19.08%, and the self-aggregation
rate at 12 h was 86%, indicating strong intestinal colonization potential. In the antioxidant experiment, the scavenging rates
of strain SL on hydroxyl radicals (OH) and superoxide anions (O, -) were 23.84% and 34.18%, respectively, and the
scavenging rates of 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS") radical were 37.40% and 36.52%, respectively, indicating moderate free radical scavenging abilities. Strain SL
showed a certain bacteriostatic effect on pathogenic bacteria such as Salmonella, Clostridium perfringens, and
Staphylococcus aureus, and exhibited a good inhibitory effect on Gram-positive bacteria. Metabolomic analysis identified
both volatile (such as isobutyric acid and 2-methylbutyric acid) and nonvolatile (such as 9-nitrooleic acid, danye-emodin,
and palmitoylglycine) metabolites with potential benefits for digestive enzyme activity and intestinal development, as well
as anti-inflammatory, antimicrobial, and antioxidant properties. These results indicated that strain SL has the potential to be
developed as a microecological agent. However, the stability of gastric acid should be enhanced by embedding or strain
improvement to optimize its application performance.
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DI SEHT ZEFRAT B (Bacillus velezensis) 1E H SR 5
HOr ARSIz, FE AR SRR DY L YE | IR
AR, DS ZRAT TR B T B s s, X AE
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geJua, BA AR, FeoE iR ™ DS 28
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HEAEM . H A R R ACEI Y GRS A A il AE 4
I IR A 1, S SRAR Y IPURRE T o X R R
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AR SN LB R GEVPAL I B g 320 . A0 R
FEPE (B K PEFT H REAERETT) - BUEA TSR Kb R
HURE, I BT AN R AR ) M AR 2 i, Bt
WAL F IR AT HACEH L], W8 1
RGN AR, 3 T eI R m 72 b,
JHI AL . BERR SL YR FEA S IE T DS 28
AR et 2 A= D RE, T o AR S D R E .
s T HAMER A 2l & B SCER LA S Can
Pt PEX SR ), IR — AR A
WAL T AT R B R SR AN AR YR o
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DISEZEMIAT N SL(Bacillus velezensis SL) . P55,
SENEAR T ( Clostridium perfringens) ¥ PU)1524k
TR EZF A=) R B AR R W T S50 25 T e R <8 2 62
HIZGER B (Staphylococcus aureus) ATCC6538., V0[]
CE (Salmonella) ATCC14028. K IGH#F H ( Escher-
ichia coli) ATCCKS88 W [ b a1 BRIHAT AR )5 4
W E AW A RE B &AL TSC By 37 35 |
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PBS i{#I5  MF AT RS RARAF; B
FE (3000 nfu/g) . AR FTF(250 nfu/g) . FENEEL .
DPPH. ABTS 5] W4 H _IGREZAEYRFA
BN ] —HI2E . FeSO, . SRR = . PLIR AR . 5%
AT, ZOrpriaiH . SR TR, Skl
MEAR . LTEERR W H BTN EE R A iR B 7
NB B30l R 10 g/L. 2ERE#RY 3 o/L. &k
4 5 g/L, pH7.0+0.2; LB 1% 3% SL 41 il . B2 Bk 42 B
5.0 g/L, AR % 10 g/L, &4kfl 10.0 g/L, pH7.0+0.2,

T-114 53877 dbR TR FIHTMUAR Re A TR
3wl LS-B53U v RUERE 28K gy RIE R
FALGE) 3 T6 AN CEETE  dbat i drim F RS
HBRA ] TG-20 HaE s gl P ERM S
B BR.SF]; MFSOBSH 25 E T4 Vit YT+
WA EA R A A QY C-2102C [HIRIEFRIBIR i
LS BG P 454 BR2N Wl Thermo Scientific 7610 GC-
MS VIR REAL A BR 2 F] s Q-Exactive HF-X
TR FEER KRB MS105DU HLF 43 R F-

MR 25 M .

1.2 EWHE
1.2.1 DISERRZEFAT I SL AR KRl M
Kk SL 4} aids 3% 3 vh PRELER V%, 22Fh T NB 153235,
TE 37 °C, 210 v/min 2518 T #5538, &k 2 h Il 2 H
ODy0 o THLA M ZEAIZR . L OD {H A ZEHLR YA AR
e, Bk 1A SRR AR ARl ]

ZEMT BT TR IR BR EE R B, /K 80 °C,
10 min, R HSHEAIERAT . B 0.1 mL ¥R 416, 3 A7
o SPARTE 35 °C HIREFRAEEIE R TR 48 h 1144,
1.2.2 DIZEERZEF04F I SL 0 E it sz B
3= 24 h YPEER SL B IR 1: 10 /9 Lu gl in AR $EL
B . B XA, BT 37 °C KR R AR iR
2.5 h, & 0.5 h A TR BERAN TG TR T4
1.2.2.1 FEPUEEIAEE HERK IO AR FRER K 7
pH JH 2 2.5, 4F 100 mL HJIIA 0.5 ¢ B E A, 1R
Jaid 0.22 pm JEARERTA, & H . FFREFE 24 h IV ER
SL B VRAEIE 1:10 A9 LN A BRI S i, &
T 37 C KB PARIR 2.5 h, £ 0.5 h TRV BEIS A
WAL IR AR S ()T,

1(%)=%x100 = (D

o T AR MAAFIE R, %; A HAILEEG A, N
AL A BT R 75 00 BB
1.2.2.2 DISEHRZEAUAT B SL XUz i 52t
Y 1.36 g @R A B A 100 mL /K Hrigsfie, 19
8 pH 4 6.8, A 1 g REE ARG, 1RSS5 0.2 pm TG
PR L B A ok DR ER B S A o B RE IR 24 h iy B AR
SL B8 1:10 A9 b Bin A iR T, &
T 37 °C KR PRI 2.5 h, £5:8F 0.5 h BETRVRS
B BRI S I (D)6,

1.2.2.3  DISEERZESEATTEE SL XA FUIRER i 2 P30
BC il 1000 mL NB ¥5 32 5, ¥ 5) 45 £ 14 1
50 mL #EFI P, Sy R, B 7 1, S B 0.
0.1%. 0.2%. 0.3%. 0.4%. 0.5%. 0.6% HIFENHEL, K
WSS HE I 10% WyEefh 2R R SL AR,
37 °C ¥%5% 24 h 55 600 nm WO'GEE
1.2.3 UISEHRZEAMFT N SL P muskrt: St
TR 2 AEUR R I e (B 2 O YAl R Pk
HEATPRRR SL Pt ZEHOA50 . FERER SL B3R
(1x10° CFU/mL) X5 b An T3 A 32 RGeS
FREPEEFRIL_L, B Ry B TP, 75 37 <C
TEEFE 24 h, WA T DS AT B e AR 1
AR EAR, LAEPPAS X AS R A 22 nd ot o
AP HOE AR A S S AN SR 1 R,
TR E 3 D PATEE S, XE PG AR AT UL I
B S TR A A iy Xk, AT R RO 5238 38
B B 1Y) AR (LB 22K o

F1PUERAYSR

Table 1 Drug content of drug sensitive paper
T IR IS I
FAKEE 15 S famepk 30
THEHEG 10 WD A 10
NP 10 7T 1.25
TR 30

1.2.4 DI 2R FAT B SL BB K PEFN B SR A1
Z: FEPIVFEAEDS) (X 7 PP DL ST ZEHAF PR 1Y 1 SR 4R
M5 Hi KM, 600 nm ZbJETT OD HZ 0.5(A,), K85
3% 24 h YB3 HIH 2 mL IR SR 2 165 — 10
WERZEIR N #E 3 h J5, B 200 pL I, 600 nm
A OD B (A, 5 3 —103 PR AL RN SR F i —
ZEFESTIRAA 2 min, HE 30 min f# AR ES, BUKAHR
7 600 nm ZbIE W SGIH (A,) o DLAEFRERKRAE s
Flo HREMSHKMETTE A XS A (2) fist
(3).

E%%ﬁ(%):(l—%)xloo (2
B K (%) Ao A x 100 2 3

K Ay I 600 nm AWILAR TR OD {H; A, M
#E 3 h A EIEWAE 600 nm 4 OD 1H; A, N5
FA 2R A1 )5 /K AEAE 600 nm A4bY OD {8,

1.2.5 DISEERZFEAEATER SL diiafbid 1k

1.2.5.1 -OH ERFMME LIS 05 0 42
M5, MHRAF DA 1 mL ¥EE A 0.75 mmol/L i
LB A ARTC/K LB, SR TG HRURES N 2 mL MRy
0.15 mmol/L. pH & 7.40 [ B2 £k 2% 1 #5 W (PBS)
11 mL 281K IR G5 258, Il 1 mL ¥
A 0.75 mmol/L ) FeSO,-7H,O &, FFHKIR] .
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BEJE, IIA 1 mL ¥ E R 0.01% AL SR (H,0,),
P & T 37 °C KB R B 60 min. W 58
J&, 7€ 536 nm A FIMER OGRS Ao X T35 H4A,
FHZEB KRBT RELE A B 1,0, HABEEFAIR], T2
GRE A,o X TRE S, I AAE RIASER 04 BRI R LA
AR BREZH P 28R K, HABARAE SR AANAE, P E G
BE Ay BEDRESNET AT U T LSS, I AT
B, WEFRFRITAI(4) .

. A, —A
-OHIEBRE (%) = ﬁ x 100

2 1

A @

Ko A, HARBMIETE 536 nm FUISEEE; A, N
PUHELE 536 nm HIWLGEE
1.2.5.2 O, {HEERFMME S HEBRERE" J7ik, 176
A HIA 4.5 mL #<Z >4 0.05 mol/L. pH iy 8.2 [
Tris-HCl Z2 &, SR )5 R v 433 50 pl
PR AR 0 B YRR i, X1 245 F ot BEZHL, i ACHH [R] AR
IZEIEK, B2 1 B o A 25 pL #eE N
0.045 mol/L FYABHE =ik, PR 18 IF LG AT
3 min, ZRIGHIA 50 pL 49 10% HrIb MLARIE W AL -
S, TE 325 nm AL EOGEE . O, - 1HERFIT
FE(5) .

0, - TEBRE %) = %xloo = (5

0
K Ay A TR OGEE ;s Ag D s A W
S
1.2.5.3 DPPH HHILERIE S8 Datta 559 (19
Trikat T o RO 15000 r/min(E5.0 7 15640xg,
B 1) 10 min) P=2E BRI IE, YRk fa EHIA 0.9%
ALK I W B TIE R . A S A 2 mL
B ARSI U, TN A 2 mL DPPH ¥ %% (0.2 mmol/L
LEESW) , Feor e Ja BT 3R RGO R
30 min, J LA 15000 r/min #5.0», 10 min 15 3%
W, TE @R 2 mL _EyEROINA, MI5EFE 517 nm
AL SGE . DPPH H B BR IR AR L= (6) .

DPPHH Eiﬂ%i%ﬁ%%(%):(l —%)XIOO = 6

o Ay WIRFELE 517 nm AEBIRGIE; A, %t
BEZEAE 517 nm AbFYSGE S
1.2.5.4 ABTS" [ H JL i 5 300 2
YT S, B 1 mL 3535 24 h BYEIRE SL 5380, InA
#] 4.0 mL 19 ABTS TAEW T, Fo4MIRA )5, #GI
R 30 min, ZRJE MR HAE 734 nm PN BB A
(Ao BIINA 1 mL 50% &R0 R AR R
AN IR (A), T SLIBEE 3 M FATREAR . KT
WXT ABTS" H 3L mvE s (7)1

Z: I o A

ABTS' H F1ZIE R (%) = (A,—A,)/A,x100
)
Kb Ay as FIXT IRZHAE 734 nm 40 A SGIE;

A, HELEGLHAE 734 nm ARAOTZ GRS

1.2.6 DISEHTZEFT IR SL AU EE ) 58
SRHAE AR EDS B 1 mL IE AL )E Y0 T T B R
(10° CFU/mL) it A F) 100 mL LB K [# )i i 3% 35 5t
(PR IEERR B SR ] TSC B3 5L1453%), iR &
Yy5), Sr MBI ASESRIL A, 53R 8t g, A3
R, K 100 pL B55% 24 h J5 ) D1 SERT ZE AT B B RN
A BRER IR ST HIINA BN A AR, 37 °C #E353E 24 h,
=P RE AL

1.2.7  VISEHTZEAFT e SL A= 53br

1.2.7.1 GC-MS R L orHr  FF ek SL
MR FIRFE 2% P&, 8PP T NB 55373, 7
37 °C, 210 r/min 514 F3EFE 24 h, $5FRE R )G, K
W Ze 8000 r/min BS.0> 10 min, WL HiFWK, YE-fT GC-
MS &zl . GC-MS 13 4514 2y DB-WAX {4 % #+
(60 mmx250 pumx0.25 pm); 25 FHE: ¥ 50 °C,
1433 3 min, L 5 °C/min ] 120 °C, %4 1 min, 7
LJ 10 °C/min #] 230 °C, ££%F 5 min; 2L REA, A
Sy ERE, AT B 1.0 mL/min, MS &4 B+
PN BLUR; B TR 70 eV, SRERR 43T,
B FIRIEE 230 °C, MS DU AFIEEE 150 °C, & 5FI4E
iR 3 min,

FT Wb SCHk . FB5TFRaL DA AR B FE %L, A
BT B, AN E R RT LIGETEE BB Tk
AT e B AR A TR ET R, BRME G435
PP 1 e EE T, 23 EEE . HArA R
I P8y i P R DRI, 3 BF B 43 S ARSI, 4an SRS
H B B B Ta] ShRuES S A —2, - BAednsRiyr 525
FARE S TR S (R v, TS PR A S 3 R B, AR i
JBT s MR B B A TR RIS IE TAE, e5a 2 =10
HERME
1.2.7.2 LC-MS R (R == 43 87 FF AR SL
M PP T IR HE 2% MR, 22FF T NB #5353, 7
37 °C, 210 r/min 514 F553% 24 h, IR L&l ITF
T GC-MS £l . 1535 24 h 1Y K B AR R FESL 4,
BRFRESTE] 0 h MAARVE ST ZH (CK), #5417 LC-MS
M (DG E R A R AT -

LC-MS UHPLC-Q-Exactive HF-X 255 (F£8 K,
ST AOTE S A% Waters ACQUITY UPLC
HSS T3(Column 1.8 um, 2.1 mmx100 mm); J7izhAH A
HABLIIK (F 0.1% BIHR), HishAl B 4k ZHE (&
0.1% iR ) ; AL AR~ 40 °C; i 0.4 L/min;
BEFEE N 4 pLo BTSSR FE BTSSR AR
TEAE AL, SRAEATTH] 10 min; B-F1kH
£ 5000 V/—4000 V; B FIE IR 550 °C; Wi% S
50 psi; HFEIINHR 60 psi; AT 35 psi; EHEHEIE
60 V/—60 V; MS1 flffERER 10 V/—10 V. MS2 #ll{#
e 30 V/-30 V. fiffEREE L 15 V/—15 V; MS1
JRIEIEF 50~1250 Da. MS2 JFi7E Fl 25~1250 Da.

BAm AT FHESDGE eI A R 0y A FR
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IS FEHREE T S TR R A QC . Tk
Y %z S5t 22 AT
1.3 R

i A SPSS X B HE AT 43 BT, PR 28040 R
JH ¢ K557, 2D BHRR A Ry 22500k 124
5 RS T (P<0.05) , S0 28% SRAR V- Y (HhrifE
% (mean+SD) £, AR FREFIRGE R 2= 50, RH
Origin2016 FMAEE .

g G AR R G T T A 2 AR SR T A HTIY
T, FEARYEEIERETE N Z A 5 53T, e i A
P 2= AP o
2 BEREHR
2.1 Kz

FERR SL A K R EE RN E 1, xR R EUR
B BRI “S™ T, 0~6 h PUBS KA RS, B R
FEWTI; 6~18 h, PG R, I B A A K X 4
W15 18 h J5 JL AR, B Rae . 78 2R AT R0
AR R, i 2 DT — AP K R RON , kil
JE AR ST 2RI BN Az
BN ZFh R 2 R0, ALFE MR S AR | pH RIS
FEW TP, T R R ) ZE AT B AG T B0 AR D (2
12 h), 24 h B} ZEF RT3 80%, X —Bsf [a] 75 f 5 3C
R [21] HIE Y DL ST 2R AT B 2770 8 B AR EAHST

ob 1 100
1.0 - 600 nm %
e A4
o R 1A 180
08t
A7 J o
E 0.6 ; P ¥ / 60 ;T‘;
a —t / 140 2
o 04F / [ =
/ A 5
02} / 120
ot — 0
02 4 6 810121416 1820222426
IFE] (h)
K1 VISR EAT I SL AR K M4k 2 i
Fig.1 Growth curve and spore rate of Bacillus velezensis SL

2.2 DUSEERZFAATE SL fRIMERL B i =%

A RS AR S T B (A AZE . W) s
B ARG RS, Fla R ERE Y . A A il
W) It R AR AR R E P S A AR 3 2
SREFAETHIENUARN B AR IR AL A~ 2A
it 2, DRLHGI 2 BRikR S 7EARILL ' 73 S 0 ERER 1
T A R PEAL O 22 68 J1 . AN 2 15 H B AR
SL 7EARILL S YR HH AL FRASHA] 60 min Bf, BRIRRAEIG Rk
) 7 B KAH 26.34%+0.12%(P<0.05) , [ifi & s} [A] 3
Jin, BARAE B W B BRI R R R, 120 min J5 TRIZK
TS 3 1A 4.11%+0.17%(P<0.05), itk SL 7&
B IE PRI N A IR AT LA 32, P H{EAE 80% LA
[, 7E 60 min B BEARTERS W I AFTE R3R88) T e KME
90.34%+0.69%(P<0.05) ; B MR FEA I 18 IR BT

T EYT SZ PR AR ER N A7 RIS g R AnE 2
AN, IRER MR EEAE 0.1%~0.3% B, ODyoq o FH 7%
B, 16 0.3% A ENUE(E, AHERELE 0.3%~0.5% i,
ODyop um A FEEHEE, IHERHEFE 0.5%~0.6% Fi 2%
12 [E1F;, TEE S BEAR SL A% HER /K A s PR s o 40
B AR R 433 W7 P IR B A 2, B FR A TR AR SL A=
HeBEAHER 0.3%~0.6% HAT RAFA 321, = T R
FREERY HR I ] SR TR DL SR 2RAEAT B (IH ER it 52
0.3% ) 1 J& tH A 26250 3238 1O AL B 2E /04T 3 YB 1220
(HEERTNAZ 0.5%) o

2 DISEZERIAT I SL PERHLE VR . B i 32 1
Table 2 Tolerance of Bacillus velezensis SL in simulated
gastric fluid and intestinal fluid

LAY 30 min 60 min 90 min 120 min
e
ﬁ%fﬁ@? 22.78+0.12° 2634:0.12 11.55£0.28° 4.11£0.17°
*%%ﬁﬁfﬁ 88.23+0.71° 90.34£0.69° 89.66£0.65° 85.22+0.67°

1 AR FRERR A —1722 5 .35 (P<0.05) .

0.651

0.60 [ 2
i \\\;,,, e =
055 be abc ab
_ 050
£ c

045 F /
0.40 F
035 + /

OD600

030
025

0.1 0.2 0.3 0.4 0.5 0.6
HEERHRE (%)
K2 DIRETZFAEAT A SL B IBER T 2
Fig.2 Tolerance of Bacillus velezensis SL in simulated bile salt
experiment

TE: AR TR R AR e BE 22 0] 22 57 2% (P<0.05) o

2.3 DUEHRZFIOMTE SL it RERM

YA ZE S R M A R S A R
AR HBUE, SRR AN 50 . 7F
AR AR R T ORI 2 4 dh, i 2R A ) 22
&, A A A2 B PO DTG P E R A A 2 A g — A
HEEPRE . YA A A AT DAY

3 PUEREURE
Table 3  Antibiotic susceptibility

40 bk 00T ik VR e e
pg) R I S (mm)
1 Skiamepk 30 <14 14~18 =18  46x1 S
2 ECRVEA 10 <13 13~15 =15 182 S
3 RS S 15 <15 15~21 =21 2341 S
4 WRVDE 10 <13 13~17 =17 25+1 S
5 HHEREG 10 <14 14~15 =15 182 S
6 EIHE 125 <10 10~16 =16 17+l S
7 TR 30 <14 14~17 =17  25%1 S

T SO RUES DA ROGINZY
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S, JCHSEAEANHIAT 35 40 R A [R] N, Uil BEXS AT 2
e AR . DI, f52E B a5 TR R RS
WA P e — B LA SRS, LA PR 2 A o AT 8t
Zea R WP, YA R PR IE T E R
ZH R ANTIRE, T 45 A2 P AT DAYE— S FREE T AR 3X
AP, A PUAEZR ARSI RIS . ARBTTERET IR
FEA T AR UL 7 Fhie A SR AP T 25 W U
5y, BIkR SL AYMURPELE R ANER 3, IR X 7 Bt
A ZAR B AU, 400 Sk AR MO DR 24T
PR A0 BT Pl B AR 3R 3 T 46 mm, D A XSk mi At
U, R SL 25 SR a4 2R 5 R Rp R A0
HEE AR B IR U ST 2R FAT AR, P H i 2y
PEREA
2.4 DURETSFOMTE SL MK MR B REM

i AR BEORG MR RS a3 B AR R B i
P, R R R E T HOEA R R AR A
VA B T a5 A2 ROE AW RS A T 08 i | BR
Lo R PR B, AP R i A A R S TR R 21 2
WA A EEL S T, A SRR K A AR TR
AR DA SCE . AR A SRR A ) A 2
RGPy E RS, PRI, dHEE Y F SREENE
S HAENE B AEAFBE I UIARSE, SRRV R AT
PRBENS T4y w73 v SR AR, TR CE R AE &L, A
TR R HAE S P B EE H  AEA PO C Y IEAh,
AR IR PSRRI [ SRAEVEEZ N . Bk
PG, 20 B 2 18] AR 5 | R, et [ 2R

R4 H LA R EK R
Table 4 Hydrophobicity of common probiotics

73 P BKPE(%) E =D
DUS{ESr 2 FUAT B SL 19.08+0.34 EN TP
A FLAT T L2 16.42+0.06 [33]
IS = 0r) N2-10 31.90+2.76 [34]
AR L29 55.2+0.031 [35]
B A LA B L1 9.70+0.80 [36]
BIMFLAF A Y68 89.59+0.63 [37]
ZIpERTE BN6 47.8 [38]
A ek BD-2 54.12 [39]
100
80
S
= 60 -
=
3 40 1
S
o 20
ok

0 2 4 6 8 10 12

IR TE] (h)
K3 DRI SL H R AEIERE

Fig.3 Autoaggregation ability of Bacillus velezensis SL

LE: AR RER R AN ) A B 8] 22 57 2. 25 (P<0.05)

L AP FKPERFFEEE RN 4 IR, I RR
HIER /K BE F1°M 19.08%+0.34%, 532 4 N Was 2B
PR BTE K PEAR EL AR R R 7K, S x4l 356 FH ik
TEHIAF R LR 16.42%+0.06% AHIT .. BRI
LERANE 3 R, 76 2~4 h BFE] P, E R IERE S1i
HCRIP, 4~6 h F BHERE SIFFIL, 6~12 h H R MH:8E
TSI, Be 8 AE 12 h IR E T f KAl Ui RH bRk
AN N 5 ZEJT B TR] Y s SR AT i — e AL
RAFFEH . UL 2530, TRk SL 9B K M —,
R SRR, HAT — 2 (APRL RPN 3 SRR T o
2.5 DURHRSFTEFTE SL M EME M
PrEALTE R Y BT RRNS S AN H i S04
FI H 3 A i A b = A i s i R oy 1, St
ANMLAEE . 25 HBR A DNA 4Rk aF, 52304 i
P AL DI RERAFAO Sl I & alorh TR E A HL AT
PrAaLIs PRIt GRS A R0 BR A PNk i 1 H R,
PRI REEAR AL O DR g 3 5 . B s A iE P
JETEMT 354 B AR AR U ARAE 2 —, XAk SL BT Y
‘OH. O, -. DPPH [ Hi3EH1 ABTS" [ HH 3E75 5 R M0F
FELEHANZE 5,

x5 PrAfREgR

Table 5 Results of antioxidant capacity

Eiztan 0h 24h
0, THBR#(%) 0.14+0.02° 34.18+0.02°
-OHIEFRH (%) 0.24+0.01° 23.84+0.01¢
DPPH -5 FR(%) 0.21+0.05* 37.40+2.63°
ABTS - IEFR# (%) 0.16+0.03" 36.5242.57°

TE: RS RNG TR R 2% 5 2, P<0.05,

SIS SR WOoR, B SR 24 h AU AR SL T WX
DPPH H 2 ABTS'H H E B RAE — B8R,
TEFII AR T 37.40%+2.63% Fl 36.52%+2.57%;
LR DPPH H fH 3L BRI TR 0E 0 2R AT i
(81% )2 FnAi f it i RF (73.27%) P, {H i T2 m Bk
B BN67*1(26.83% ) 5 HAHE A I 2 I BRFA0 T iE
A3 ZEFEATER (31%) ), SXSEBHE I, DI SEW 2R AUAT
PR SL PR AT —E IPTEIbEE ).

2.6 DUERHTSFAMTE SL B9HlE&E

ARG SR FH 2 EEAR TR I 2 PR AR BTN B B T, 31
PR BLAR I R/ IMRER TN B RE I 19555 . BEHCES UL
%) DU S B A T B S5, D SIERT ZEAAT R e I
PR A e (I 2 EREA L YD TIGER . KIGAFER . 7= e

F*6 AEERE
Table 6 Bacteriostatic effect

FERk PR R 5 A% (mm)
S (AR A R TR 21.94+0.21°
IR 14.540.24
KIGHF 9.36+0.12¢
PR IR T 12.36+0.21°

TE: AR TR Al — 1122 5+ 2.3 (P<0.05)
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Table 7 Analysis of volatile metabolites from Bacillus velezensis fermentation broth

b2 YA Thac AR Hi k(%)
1 2-Formylhistamine 2- TR L2 e 6.9
2 NiCKel tetracarbonyl DUk LR 0.92
3 N-Nitroso-2-methyl-oxazolidine N-E A -2 - S s o 9.11
4 4-[4-Chlorophenyl]-a-ethyl-4-piperi dine methanol a-[4-SE AL -a- £ k-4 - WRIE P 0.53
5 Benzenepropanoic acid, 4-[(2,4-dinitrophenyl)azo]-, methyl ester AR, A-[(2,4- AR (A, 1-F 5L 2 LR 1.86
6 Acetic acid it 18.08
7 2-Pentanol, 3-bromo-, (2R,3S)- 2-JR i, 3-15-,(2R 38 ) -rel- 0.27
8 Propanoic acid, 2-methyl- TR 21.58
9 4,4'-Isopropylidene-bis(2-chloroph enol) 44" 53V N FE X (2- G ki) 0.69
10 Glyoxal dithiosemicarbazone R AR SRR 0.25
11 Tetrahydropyrrole-3-ol-5-carboxylic acid, 1-acetyl-, methyl ester DU S -3--5-JR R, 1 - L IR RE, Y i 0.38
12 Butanoic acid T 0.58
13 2-(3,4-Dimethyl-a-thiosemicarbazide acid) 2-(3,4-Z H1 k-alpha- 2 i AU A B IR AL ) 2 FH 2 0.31
14 Butanoic acid, 2-methyl- 2-EET R 12.12
15 Ethane ki 0.2
16 1H,4H-Benzimidazol-4(5H)-one, 6,7-dihydro-1-hydroxy-2- 1H,4H-ZR I BRI -4 55)-‘@51,53,7-:%-1-%%%-2- 0.98
methyl-3 -oxido-, oxime PP RE-3-4AR 5 1k 7Y
17 Mannosamine H- e il 0.442
18 Guanidine, monothiocyanate B SRR 0.31
19 1-Benzyl-3-diethylamino-4-piperidinol 1R33-S -4 DR e Pt 0.48
20 3-fluoroamphetamine 3-FAPINE 0.91
21 Hexanoic acid 2R 20.7
22 Butanal, propylhydrazone TEEWIE 3.46

TR SLIGLE RN 6 s, UL SR ZRA0AT BRT Bl V%)
£ H O A EREE PN B B8 B, HAMEE B /Ny
21.94+0.21 mm(P<0.05), Xf KA B BN B BE 1482
55, U1 SEMT ZEAAT B 0T 25 G BH A B A AR FH B
5y, 35 PR AT 22 P BHAHE BT O S 2 SR T A il i
H ARG RSS9 BN, S E AN Fa . s
WSS, AR SL RELH T —E BT EE R 1, HAm
TR ] EL AR AR TR AEA A5 HEGE 14 A 7RG Y5 D1 e
ZERUATRR . X —&5 R R T BRIk SL ZEM e
TR AE R T R

2.7 DUEHTSFAME SL BRI~ 51T

2.7.1 FERVEAREH 4T 3R 7 RTERR SL AR
WP ST S, 2SR KA i S B
T 22 R, RAEERIE (6 Fh), RIS (3 Fh) | WS
(3 F) . AP (10 Fh), HAFREY) i
24 60.94%, ST HIHESIR . ST R, T 2. 2-(3,4-—
FF 3k-alpha- i QMR L) LR R . 2-F 3L T 1
CE . LI ST 4 B DL SIEHT 2 AT TR 7E AR 1 289
SRR R A R R PR B4y TR | BEE TRIS, H
A1) DS ZEHUATFIRIA n] P2 s | eS| RISAE
R A T R T LR O
STR, L 21.58%; HWKCH AR, 5 HE2h 20.7%; 26
ZoANETR(18.08%) . AWFERIHR T IR SL4EE5r
I E R WT RIS A HOAREN e, BEASHE F 22 20 hE
BE P . e EEE P . AR I BE E SE s e, B OR
LRGN E T, R/ Mgk FH Y, 2-H AT 2

— I SZEENRITR, ‘B s A shy b a9 B i Y
P TR A, B SR SRR TR SRR B e
FEAERY, BRI IERE B N BOLTHE S e AR, T EL
X H R G SE R EAA LAY theaT i,
10 PRk A R 45 S VR S B AT S s AT LA T 1k

a 120

110
100

. | i L
DO NN 9.9, 9.0, 9 D 5 QO AN A5

QAN 76 JoT 0 AT T Ty -
Fsf 1] (min)

SR (cps)
2

REONER NSRRI A e A e e
IRFTE] (min)
Kl 4 iE(a), 1EF(b)QC HEA BTN TIC &Kl
Fig.4 TIC of QC samples of sample from in the positive (a)
and negative (b) ion mode
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2.7.2 AR PEAT 5P

2.7.2.1 FAEPMREIZH: QC Kl 4 2 QC FEAETIE
Rl B R R (TIC BD B Z e . 455 won it
PRI RS i £ g v i, I HLA RE il
R B A — 3, SR TR X [R]— R S AS IR ARSI
(N RS2 = VAEd co o/ SO Ve 1 T DT =P = VAst Cowop 4 &/ D -2
PEFIATEEPERR AL T mZEALARRRE . X QC HEARHEA TAH
AL, A REGHEE T 1 (2N KT 0.8), Ui
AR SN 7R Mk s, B i R dulkss . Bl 5 TT
I QC FEASHH SC R HE =5 (>0.9) , Vi SE30 s ot
e, B S AEAT BA RE R

a 6 810121416
L6
L14
12
QCo1 0.9999 0.9999 i
L8
L6
16 o
144
124
104 QC02 0.9998
8_
6-0
16 o o
144
o4 Qo3
il
6_0 0
6 810121416 6 810121416
b 6 810121416
L6
L4
QCo1 0.9999 0.9998 ig
-8
-6
16 e
14-
12-
C02 0.9998
10+ Q
gl
6.4
16 =
141
1(2): , QC03
ol
6_0 ©

6 810121416 6 810121416
K5 IE(a), BT (b)QC HEAMKIA
Fig.5 Correlational analysis of QC samples of samples in the
positive (a) and negative (b) ion mode

TE: W FLITARINEE QC REARZTR; XL T MM Xt

QC FEAAHICME I I, BN AR I 5 A A Q) 5 i AT
Log L), P b A i AR — MR H; XAt LT %

SR QC REAS (4 B2 73 (Pearson ) AHICHE R &L

2.7.2.2 REYMCYISEE 5SS Wik 6 U, £E
T AR LR E R 3799 FACHHY; HorpaE RS

TR (Positive) F4EE F] 2133 FCIH; 15 T4
F(Negative) N %5E7F] 1633 Fftigidy ., Qi H
R IE B AR T B AR, S RS s
TR F IR A IR B PR Rt 2 )
SR M HAT Y2, SRR T 46.95%, f/Mi)
ST (0.04% ) 5 17 B FASLCA QR 25 v i s o
L 22 (33.31%), 2R . AR, . BRISATA4 bbb
K, =AhEiH R 0.11%., Hid i Bs AR ik
) AR I B AR ARG Y e 2 . IR Tl
AT = AR

a

fg iR M HAT A )
AR

(1%

WA iR RHATHE )
&S
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Fig.6 Category composition of metabolites in positive

and negative ion modes

2.7.2.3 5T BERR SL 22 SR I i
VeSS RN 7 Fras, AHEL % 3E 0 h XFRE4H (CK), 1%
I 24 h WL S 4H (Culture-1 d) ik HY 22 54 G
2179 Ff, Horb Y84 1097 #F. T84 1082 Ff, Hop
YR 20 A AEDTIESS (1 ) | SR A HATT
AW F) L BB (2 ) . AEWnE(2 Fh) | R HATA
Py(1 FOFHALIE(S B A A RS A L
TILFR: RIS R, BAT P& i S i e E D)
AE. $& e TIREDY; BRI -l v iR HoAT biak .
YoYU A AR TE, 3 S 1 S A1 P E 519
G RVIIVAL & A | DB S PRt |=1i) sy 7 1 L A = = L
VE R A IE A AR, S —Fh IR B, HAT—
FEMTNER . PLRFPTEALRE F10Y; FRp s R —F
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K7 Bi3R 0 h 15 24 h ZEERE AU KAl
Fig.7 Volcano plot of differential metabolites between 0 h
and 24 h fermentation broth cultures

¥ i VeARUE: VIP>1, Fold Change>2.
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A BR 42 S A G5 g RIS AN G IR, 13X 55 R/ i te0)
UL SR ZEHAT B8 = 2B R IR e 58— 3G TR, =
A B H AR PR BT an S B R AN 9-FH IV R S5 4
BT IR A B 5 P42 o 22 Rt R R
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