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Screening, Identification and Optimization of Biocontrol Conditions
for Antagonistic Bacteria of Aspergillus niger

XU Xiaoyu, LI Tian, SHI Xuewei, WANG Bin "
(Food College, Shihezi University, Shihezi 832000, China)

Abstract: In order to screen for antagonistic bacteria with good inhibitory effect on black fungal disease in grape storage, in
this study, strains with strong inhibitory effect on Aspergillus niger, which causes mycorrhizal lesions in grapes after
harvest, were screened from soil by plate dilution method, identified using a combination of morphology and molecular
biology, and optimized their growth and control conditions using single-factor and orthogonal tests. The results showed that
14 strains of bacteria with inhibitory effect on 4.niger were isolated from vineyard soil in Xinjiang, among which, strain G8
had the best inhibitory effect on A.niger. The bacterium G8, which can antagonise 4. niger, was identified as Bacillus
siamensis. The optimum conditions for Bacillus siamensis G8 were: 3% inoculum, initial pH7, incubation temperature of
33 C, shaking speed of 160 r/min, and incubation time of 33 h. The inhibition diameter reached 28.79 mm under these
conditions. The results of the study will provide theoretical basis for the application of antagonistic bacteria in the biological

control of A. niger after grape harvest.

Key words: antagonistic bacteria; biological control; Aspergillus niger; biocontainment conditions; Bacillus siamese
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JUEEEL, R i . R A R T R AL
AT I 5EAR 5 5| A B i B (Aspergillus niger) &%
e, BRI, SR R I B R S ER
KLk, A A2 AR TR B L R i JE s o —
HHN RSB R T ALRAZ T AT EE AR 24 5%
FA . PR TS YR [ P2 M S 22 W, A DG 2
B ATk BUmAC 2 . BRI, A= Bl i6 N s T
Ao AEWIBITTR SRR X i BN AN a3 Y
1A, RIS M 2z Tl p s HoVE A R dls e i A
KA — TP 2RI VE RS I 3 TR S o

TEREE Y A friE st B v, 3@ a7 A SRR S BT
Yy e AE [ B AR IR, IR S BH A A AE i
FA Y H Y, AR X S 004 W Ge FR R3S P il A
YU, B, AW RIS e IR (Cryptococcus
laurenii) XSERCRG KRR . LK BER AT A20m L
EEITE 3 0] 0/R(E B Y€ I =E 711 ) NI & o B Y B i
M (Bacillus subtilis )Mg15 X U8R EA
W PIARCR Y 2 Bl 0 3 A B 2 AT B X R
W2 R BE BAT RAFHMHIVE Y SHREE R0
TEPURE RIS PR IB RS 3 1 —FEsi, B R &8
GER T, ARG HE AR B AE G 2= 258516
W H ATRER F DA T ss H R, mARE T
T RB o 2 A 2 i A e A g SR ),
{H HHTE T A5 16 BB 4R IR > . ASCE
TEIH ik MORT SR 2 T4 v 43 B O e A RAS X PR th R HL
AAMHIVE RS DU T, BB TS TR RR I RIS PR
SR AR FR A, DAy el PR a5 | SR S5 & 1Y
HPPA SRS
1 MEFEE
L1 #HR5EE

MR (4spergillus niger)  MISZNH P (5 E 22
A2 BE] TR A A 2R e A S, BT T A Tl RS B
2R 2 S A AT TR O S A A AR A B
NR(PDA) TR JL Bt A ARG FR A W] bk
B 2pE(YPD) | Bl 3723k (a4 bk 20 g/L. 1%
BEEF 10 /L, SRR 20 g/ BUlE 20g/L) . LB Hi3#
FLOPEE YR 10 @/L . BERHERY 5 g/L. S4fk8h 10 g/L)

JeI B R SRR A A] .

MLS-3750 AU K a5 il 2 BT dn bl
J 75 FX-2000FO HLT-RK3F G g WGk TR # {0 aw A
FRZS W) FE20 J&4ilA8 pH 3+ g —IER A
PR SW-CI M TAES SEEMABIESA R
Fl; CX41RF et fds  RYIT A R e s A R
A H); DNP-9272 RUMEIREEFRA  Rilg—ERl A
HBRAF]S
1.2 LWHE
1.2.1 AEACREE JH R SBREEE TR 0 it {5 22
%) ] 26 B v SR BT AR L, 2 50 mL JORE O
L, BELE T 4 °C UKAR AT .
1.2.2 PB4 M SRS AR BRI 1

£ LB AR FE 5 XF  JeRe 5 AP A A i 64 T4 5,
30 °C #5557 2 d, HPRBAR [FITE S 09 PR B8 74 R FH S Al
Wk alifb It gR S RArss H.

VIR B S FE /s B, SR FH AR R IR 75 T e 4 e

A o PP EE B4R (mm) =1l i BE & B4 (mm) — BRJF
AR (mm), BB = A
1.2.3 FEPUBEIEIRTINEA S YEBGHT 8 Tos 3 LAk
B teE B 2, FHIARFRSM B 75% L BEBHINERIE, I
FHICH/KIEVE 3 WG HUH | BT /5 FVE R 2250 56
FH KB 23 25 PR sl bty 11y T phl B P 22 1 e 2 SR S T
FRZEH, FEFIRTREAMRE A 107 CFU/mL #RE AP
PRI, AN 322 A R B TR 22 19 7 25 SRS E R T TR, R
IRARAE S d, WELBITTARER T,
1.2.4 FEPimmsrE TSR BAAL IR R,
Pre kR T LB B4R IRIE 1,30 CIEgR 2d A
SHELFRVE BN | BIUE AN BT i, 1 M 2T AR EE
FRVEANE s PR AL 25 FQYL o vk HE 7L o, 700G
2R 2D LG B LRSS . RAE (R
ULAH T RGeS T ) vh 447 18 8 N AR E R T A
ALK,

Sy FrEW 2. f#H OMEGA 41 14 5 K 24H DNA
PRGSO BRI DNA SEFTH2E, F1) 40 5
5% 27F (5-AGAGTTTGA TCA TGGCTCAG-3") Fll
1492F (5-AAGGAGGTGA TCCAACCGCA-3") 17
PCR P 34, 15514 FEELAY DNA 5 &% %] Sangon
Biotech A (1 [E g ) 34T PCR A9 84 Fny- 41
o SRIFHHMF TS 16S rDNA I JF4% BAE NCBI
B e 1T BLAST P40 ELXT 44T A BB 122 PR AR
IFPEFR, I MEGA-X #AAFEERG A B,
1.2.5 BRI AMIE R IR E S fh T
FRIBATETEFh TR 60 mL LB WA 355514 250 mL
HEFEI P, B53RIR)E N 30 °C, 160 r/min HIFEIRIETE,
AP 2 h BUREITTE ODyy 0 IS GRE(EL
1.2.6 KRS
1.2.6.1 ZEUR I XTHE YL B IR A& B A 390 BR1 T 1A 174 5 i)

B FEPLE A FD T LA 3% BRI R TS
40. 60, 80. 100, 120 mL LB A5 F:34 250 mL
HIBEH, pH 2 7, %31 E S 160 r/min, BT 30 C
M N TR IR PR 53R 30 h J5, BURE IR &
B VR A B T M (v M) 1.2.2), B4 b B A = A4
P17
1.2.6.2 R FE YT I IR A& B R0 A1V A 17 5 i)

B4 BT B B B W43 I LA 1%, 2%, 3%. 4%.
5% MR R T 5 60 mL LB AR F=3EM
250 mL #EHEHR T, pH N 7, #5353 X & N 160 r/min,
BT 30 C SR HITEIRIR G H53E 30 h J5, HL
PRI R A PR AR B 1 4, B A A=A 7
1.2.6.3  B5FEIEE X H5 90 PR & R BA iE P i R
MR PUE AR LA 3% BORER R T A
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60 mL LB A8 323 AY 250 mL #EFEHL, pH K
7, A BEE N 160 r/min, 535 & F 20, 25, 30, 35,
40 °C MZEMF P TIEIR YR 555% 30 h Jo, BOREIF-00)
ey A R o g A g B
1.2.6.4 55370 (0] % 540 BA AR & BP0 B I P Y 2
M RSP AR LA 3% BURERN IR TS A
60 mL LB A E;: 3251 250 mL #EIE I, pH R
7, BB 160 r/min, BT 30 °C IS F kAT
TBIRYR TS, 2 BIEE 3% 20, 25, 30, 35, 40, 45. 50 h
&, BURE I R R P R s A, B A B =~
AT
1.2.6.5 WIifh pH XHSHURR L BRI BE TS 0 5200
FEIEPUR R TR LA 3% BOER A TS
60 mL LB ARG FRILN) 250 mL HEJEIR A+, pH 4351
WEN 5.6, 7. 8.9, 5%HiIExHE N 160 r/min, & T
30 C A T T IEIRIR SRS 30 h 5, BUREFm)
pREd A e R o S g A N g B
1.2.6.6 FLIHXTHETPRAR & BRI BRI P ) 52 i)
KrIEPLE iRl T LA 3% B3R R M T & A
60 mL LB # A KE ##5E A 250 mL #EEIH 1, pH N
7, B4y B E S 100, 120, 140, 160, 180, 200,
220 r/min, BT 30 °C W& T AT EIRIR G 557
30 h J&, HOPEIF-I a2 2 BT e 4 B 1 1, B9 A BRA
e
1.2.7 1EZRES ARG ESCEEE R, VB =X
INBARCR S w2 1 P ZE BT Ly (3*) IEAS IR (R 1),
e BAERIRTIR A

£ 1 Ly(3H)IESRE PR Kok

Table 1 L, (3°) orthogonal experiment factors and levels
K AFEFRIE(C) B #i7r [ (h) CpH
1 28 28 6
2 30 30 7
3 33 33 8

1.2.8 BGUESELG SRS E i S AR SR A X PR AR
BRI B B T i, S IE A BRI
1.3 #HELIE

SR SPSS B #EA T8 s o3 Rl 22 S S A
165:(P<0.05), 5% Minitab 14.0 JE7EA R ZANEAT
877 2245347, R origin 2021 FRAFER .
2 FER55Hh
2.1 FEREENSE

MR -1 - HAFESAR 60 BRANTA, 14 £
A X R RGO EA (3R 2), o, G8 nYMA
HAREI, 5 28.19 mm (& 1),

FEPUR AR R B I TERCR W E 2 s, ok
1 AFEY TR 0 R 20 SR S0 A AR S s BB, B AFEDT
PRAR I G8 X T HA i 854 BH S PN B, . FeFhix
PR 114 8 28 SR S AT A B S ) BBt o 3K
T RESE T HEFh P TAN B O 258, [R5 R

H 2 I P SN R Bk

Table 2 Screening of antagonistic bacteria in vineyard soil

| HEA A2 (mm) FEYURE HEA B4R (mm)
A2 10.02+0.45° D3 24.65+1.75"
A8 12.25+0.22° D9 25.01+1.41"
B5 21.65+0.65¢ E5 21.25+0.90¢
B7 12.13+0.79° E6 13.01+0.63¢
B9 11.71£0.87° E9 18.60£0.37°
C1 16.97+0.44° E7 12.05+0.57°
3 10.860.63° G8 28.19+0.46'

TE: FISIARNG TR 22 57 3 (P<0.05)

K1 G8 xRl E R HEHIRCR
Fig.1 The antagonistic effect of G8 on Aspergillus niger
T a- PR B PRIV b- B M R I RS U8CR

TeE IR S AT A ], S EUR IR B IR ORI
Arasla], oA BB L K™ A FE) BT, AT
TIRFE R A AR

® d
B2 PR G8 X B & M TE RS BIACR

Fig.2 The antagonistic effect of antagonistic antibacterial G8
on Aspergillus niger in vivo

T AR AR AR AR (5d); d-FIN AR5 &
FEPURMR AR (5 ).

22 HEIHAEEE

2.2.1 JEASFHIE  TAAR G8 £ LB AR IR 1By
I, s IFL A O, R REER, BOHRE, A%
Wl; i 22 IR A S 0 60, AR (18] 3)

B3 Btk G8 B EAFAE
Fig.3 Morphological characteristics of strain G8
TE: e- Itk G8 15 LB [E/MASE IR 5L LIRS ; -8k G8 1Y
Hi 2 YA (1000%)
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2.2.2 AFAMMFHENE bk G8 ryAE A bR
AE S, I PEAR AT AR A 20 . AR SR . LB EE
bR ZZZEME . DERY . BRI AR K, FERE
TKABETER AR, IR IR SR . S22 iays: . A2 hE
FEACSEES . H BT SR AN IR ST 96 14 5L BHE, BRAEA]
FHR R (6 3) . @5 A TEASAHER A ALRENE,
PRRE G8 FFA i 2RI B 4

23 THFE GS 4 A LRI

Table 3 Physiological and biochemical characteristics of

strain G8

ET H ME S5 M5ET H HREERE S
it By + THAR AR S50 +
VEA K S + A S -
B K fift + A RS +
FH 27 Sy + R A +
IRt 52 55 + FriER I -
W3R S 17 - SEENE -
Gkt + P +
M - E R +
ARENE + TER +
TN + Bt +

TE: "R, "R,

223 STFAEMEFEE B G8 WK 16S IDNA §”
By & A T (i) A BRAS w0, K 3145
J¥ %15 Genbank 1) %1 #E47 L}, 3 H Neighbor-
Joining AR RGE L EM . FT 16S IDNA RFEX
BOMrEE R BN (UNE 4), Bikk G8 Sl 2E AT i
MISEG O RO, AT RELBEWMFE—IrkL . 456
JEAS S AR A AURAE, B TRk G8 i % 2R AT

B (Bacillus siamensis) o

BAS23 (KY433354.1)

n B7 (KU141356.1)
D2WM (KU973511.1)

rain AMB-y1 (MN371812.1)
BMB205 (NR 116240.1)
(CPOS4177.1)

M 12118 (NR 112116.2)

s aidingensis strain AD-6 (AY351389.1)

—
0.005

Kl 4 G8 HHRIET 16S IDNA I RG A B
Fig.4 Phylogenetic tree of G8 strain based on 16S rDNA

2.3 FEIE G8 KHhZEAINIE

R G8 yA I e an &l 5 ffrs . Bk G8 3k
N 4 h, 7E 4~22 h A TXPECAE KA, B A L E
B, BAHEE IR, 24 h 5 R A A2 EOE W TR
FE o (HBEAE RFRI I A SE RS, BRRTE 40 h Z )5 HEA
HET.
2.4 EHR G8 REEFMAAIMIL
2.4.1 FERCEAYEZI I 6 RN, AN R X
BRSO B2 RAR /N o 2R 60 mL/250 mL Hf
R G8 AHEIRAIINE B AE, S 28.26 mm. J5 244
REIR, AR RN B RCR 2 A 2% (P>
0.05), WA BEFEAE WA N Je SRR M R ROCR ) 25

30
2.8+
2.6+
2.4 ¢
22 ¢
2.0+
3
2 14f
© a2t
1.0}
0.8+
0.6
04+
0.2+
OO ¥ I I I I I I I I I I I I I I
0 4 8121620242832364044485256
TR A (h)
K5 Bk G8 Mk Rk
Fig.5 Growth curve of strain G8
35
30 a a a a a
sl 000 9 O
& 20
g 15
ig 10
5

020 40 60 80 100 120
ey (mL)
I 6 AR XHI RSORS00
Fig.6 The influence of different liquid volume on the
antibacterial effect

T RFVNG FhERR 22 5 1.3 (P<0.05); 8 7~ 11 [,
2.4.2 ERPEAGREN ARIE 7 A, AREAGRER R
PRI B RCR B FE AR /N . 23RN 3% B, 71
T B, (A 2285 0 W R AR IR b X I R A R
FASZIAAS S 25 (P>0.05 ), iX PI GEJ2 T Hi Y B2 1A
AR B —E BB, i N MBS r= AR B, B
B 2 PR AN AR AR BN R T 1, BRI
FHER AT AR EL, (U2 AR 24 h )5, 7540
P AR AR Py RS — 30, PUBE IR IE PR 25 S5 AR, 4
PRRICRAIEA 2, STk, PRS2 b [l s £
PR 3%

35

W
(=)

a
a

Ty

MEE B2 (mm)
— = o N
o W (e) W

S W

1 2 3 4 5
Hefilit (%)
K7 AR X R BCR
Fig.7 The effect of different inoculum on the
antibacterial effect

2.4.3 BEFRRIERIEENN A 8 AT, AN[RIREEXT TR
PRAIMERIROR 22 57 i 35 (P<0.05) . BEAIREZRY T,
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T B R I S NS . BRI X
PR P B . B 5 . DNA 5K F 195 5 176
P2 A — R RSN, 15 57 e 3l el B2 e AT,
AR AR B T P YR FRIEEE S 30 °C B,
PR G8 A IKAYINA B4 (28.62 mm) . [Nk, #%E
PR ARG A IR 30 °C, P HAE N R —251E
RS OISR A

351

30+ a

: 7
E25- 7

a

7

20 25 30 35 40
FEFRRE (°C)
8 [l R R X R AR 5
Fig.8 The influence of different culture temperatures on the
antibacterial effect

2.4.4 ¥EFEWFEIAGRZM /A& 9 AT A, BARTE 20 h
EL TP RG24 TN BRI, J Bl 25 2 e i TR] ) SE <,
PUBE PR T P R TG O . M B IR AT (A 5k 2
30 h B}, BBk G8 MU EAS I K (28.64 mm) ., {HY
PRIMRAE A B B[R, OB TE A I 1) ot BT
ik, XPTRESE I TR KIS, Sk 4 Qi
52, IR A . DRI IR AR = I REf T
TR PR WG R B 20, Iy 22T ah R B AR B
S AR B AR 0 B RSOCRAT i 3552 10 (P<0.05) o
I, B RIS B FRIS TR 30 h, JREPEHAE N T
— 25 TE RS 1) U A

NN

15}

10|

M HAZ (mm)
Ay

g e
AN [=N
ATy

OOV

W

\\\\\\\\\\\\\\\\\\\\\\\siiiiy o
\\\\\\\\\\\\\\\\\\\\\\\\\% o

NN

NN i i
NNy

AL TSN
NN
O,

NN

NN
NN

(=)

22 Al
o Ry
S RN e

35
FrFRmti) (h)
P19 N[5 S5 I AL X R LR (5
Fig.9 The influence of different culture time on the
antibacterial effect

393
(=)
N
W
B
(=
N
W

2.4.5 i4f pH A9sEME & 10 AT, ANFERIEG pH
AR BN BRSO S B (.35 (P<0.05) o 4 A1
pH 7E 5~7 I}, BEIRk G8 HUIMBERCRZHIE M. >4 pH
ST W, BERR G8 I R A HAE(28.34 mm) .
A2k pH FRFZEE NN, I ESCR 2 BT T R
B, X BEH TSR AR B E S 2 1 AR AR

KA KR GACE iy 53w BT, PRI, B A TRk G8
PN BCR B G pH 2 7, FFEREHARE T
— P IEASIRAEG 1 LR A

35
30 a
E 25 b 2—
) c 7 c
20
i d
% 15
"
= 10
5
0
5 6 7 8 9
WilGpH

10 ARG pH XHIBERCR 15
Fig.10 The effect of different initial pH on the
antibacterial effect

2.4.6 FeEEpgizm  d& 11 als, #5535 140, 160,
180 r/min A X PR R G8 I BRI R 19 52 i) I A S 35
(P>0.05) . FHEANWTT i, BRIk AT B 2 R 12 T s
MR, 4N 160 r/min B, BEERAINE HARRE T
B RAH . SR, BEZE L AW T 55, FRAR IR0 B 4L
AT e, DR, i TRRR I 7 A= e A PR AR 19
#3387 160 r/min.

35
b a 73' E b
g 7 b
£ 27 ) O
xd
4
=
g
120 140 160 180 200 220
BL3H (t/min)
B 11 ARG T I PRAICR (1Y) 52 M)
Fig.11 The influence of different speeds on the

antibacterial effect

25 IEXREMKL

PRAR G8 T & WA 1E 38 56 e 145 b B v =
A I BRI AR 4 FToR . R 485 HE R/ IMREAF
PRI 26 PR P A A B SR PR e i R 3, R(EDER RS, 156
CERPAPS =AY iy N S N A W NS M ot S et |
DA H 3 A PRI 28 X B A5 () 5 M) R N Ay B
FEAT[A]> pH>F7FRIERE . 8R4 dT vl 15 2 Bt iy
REEFAFFTEIRZSEON ByC,A,, BVEEFRATH] 2N 33 h,
pH Ry 7, 532 1R A 33 C.
2.6 AEZFHMAENIIESRNE

(DAL 1 2 TS F X T RR G8 #EAT 4%, B
BN 60 mL/250 mL, $EF RN 3%, B FRIRE N
33 °C,pH M 7,553k 160 r/min BT 33 h, 18
B ) R RO R I B I B BARIA S T 28.79 mm.
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Table 4 Orthogonal experiment results

b A R B F 7R [H] CpH mEER

1 28 28 6 22.20
2 28 30 7 23.23
3 28 33 8 25.83
4 30 28 7 23.41
5 30 30 8 23.96
6 30 33 6 24.61
7 33 28 8 21.33
8 33 30 6 24.15
9 33 33 7 26.63

K, 23.753 22313 23.653

K, 23.993 23.780 24.423

K, 24.036 25.690 23.706

R 0.283 3377 0.77

3 4Hig

AT DT SR A 2 el - g P SRR e Y 14 BRXT
SR A I ERCRAFE DTN, HorP bR G8 X e
NI RSO B . 228558, TR G8 il % ZFfufT
B (Bacillus siamensis) . TE& I F, B2 2R RHE
8 2 BT 5 R AR5 75 TR R, A3 24T Ay 2 SR 52
B H A TS MR B i A SRR R
N 60 mL/250 mL. JEFRIESEECN 33 °C. i FRATH]
> 33 h, 3R 3%, pH7. ¥1# 4 160 r/min, iR
WFFELE AR R 2 25 AT TR A R B R 5 R T 192
Ypia N I SRR B SRS . AN SRR S 2P
X ZEAAT T G8 FT ™ i B atifl . S 54
FEVLH A TIRANITE

SEHK

[1] & ZAN, AR, . § 8 £ L50E A H 5 U #
B & 0 % m [T]. i 5 R A5, 2019, 47(15): 151-154. [ DU
H, WANG C M, GUO J G, et al. Effects of Plasmopara viticola on
activity of defense-related enzymesi in grape[J]. Jiangsu Agricultur-
al Sciences, 2019, 47(15): 151-154. |
[2] TOURNAS V H, KATSOUDAS E. Mould and yeast flora in
fresh berries, grapes and citrus fruits[J]. International Journal of
Food Microbiology, 2005, 105(1): 11-17.
[3] ZHOU Q, FU M, XU M, et al. Application of antagonist Bacil-
lus amyloliquefaciens NCPSJ7 against Botrytis cinerea in posthar-
vest Red Globe grapes[J]. Food Science & Nutrition, 2020, 8(3):
1499—-1508.
[4] skab. 5 B R BREBEHHE o) i L B = F A E R
HWAE R [D]. &7 F: BFF K5, 2018, [ ZHANG D. Screen-
ing and antibiotic characterization of volatile organic compounds
produced by antagonistic yeasts against grape grey mold[D]. Shi-
hezi: Shihezi University, 2018. ]
[5] Fm#, &, FEL,F FRT R ExD0 43R 569
HORHLEAT A A S (1], &R0 5 JF &, 2020, 41(15):
35-39. [LIL M, LIU X, LI X H, et al. Study on the wound patho-
genicity of Aspergillus niger and its antagonistic bacteria screening
of postharvest red globe grapes at room temperature[J]. Food Re-
search and Development, 2020, 41(15): 35-39. ]

[6] SCHWEIZER G, HAIDER M B, BARROSO G V, et al. Popu-
lation genomics of the maize pathogen ustilago maydis: Demograph-
ic history and role of virulence clusters in adaptation[J]. Genome
Biology and Evolution, 2021, 13(5): e73.
[7] RYPIENK L, WARD J R, AZAM F. Antagonistic interac-
tions among coral-associated bacteria[J]. Environmental Microbio-
logy, 2010, 12(1): 28-39.
[8] AIYAR P, SCHAEME D, GARCIA-ALTARES M, et al. Ant-
agonistic bacteria disrupt calcium homeostasis and immobilize algal
cells [J]. Nature Communications, 2017, 8(1): 1756.
[9] GUOJ, FANG W, LU H, et al. Inhibition of green mold dis-
ease in mandarins by preventive applications of methyl jasmonate
and antagonistic yeast Cryptococcus laurentii[J]. Postharvest Bio-
logy and Technology, 2014, 88: 72—78.
[10] WEIY, XU M, WU H, et al. Defense response of cherry to-
mato at different maturity stages to combined treatment of hot air
and Cryptococcus laurentii[J]. Postharvest Biology and Techno-
logy, 2016, 117: 177-186.
[11] B3n, Rdead, BB, F MR mA AR mA Y
J5 ik BT A B AR W AT R (] A PR 7, 2011, 37(2):
25-30. [MAY Y,LUANF S, MA HY, et al. Screening, identific-
ation and control efficacy of melon endophytic antagonistic bacteria
against Sphaerotheca fuligineal[J]. Plant Protection, 2011, 37(2):
25-30. ]
[12] E#hF, & 208 F —RRERBRBR HRERY
AEFIOATE T3 Mk SR A E 2 [T]. £ T kA,
2020, 41(23): 99-105,113. [ XIA J F, ZHENG S H, ZHAI S H, et
al. Screening and ldentification of antagonistic Bacillus subtilis T3
against wine grape gray mold and analysis of its antimicrobial activ-
ity[J]. Science and Technology of Food Industry, 2020, 41(23):
99-105,113. ]
[13] Ry ARG FHAARREG R ERAN]. &H K
I, 2021, 15(18):26-27. [ ZHAO Z H. Research on high yield
techniques and pest control of fruit trees[J]. South China Agricul-
ture, 2021, 15(18): 26-27. ]
[ 14 ] KUSSTATSCHER P, CERNAVA T, ABDELFATTAH A, et
al. Microbiome approaches provide the key to biologically control
postharvest pathogens and storability of fruits and vegetables[J].
Fems Microbiology Ecology, 2020, 96(7): 119—-130.
[15] WAE, 2B, KEH TEEZRRBFRZREHEREFL
AAP KA G AR I, T BARMAH, 2007(1): 12-14. [SHAY
X, WANG G Z, CHEN H J. Preliminary study on the occurrence
types of storage diseases of main premium agricultural products in
Ningxia[J]. Ningxia Journal of Agriculture and Forestry Science
and Technology, 2007(1): 12—14. ]
[16] R A. B F 3R E R FHReGIH1E AR [D]. X
#: REMM K F, 2017. [ ZHAO Y. Study on inhibition of the
antagonistic yeast on gray mold of postharvest tomato fruit[D].
Tianjin: Tianjin University of Science & Technology, 2017. ]
[17] A, BE, 2ddd, . BHEREFRERIE P KGR
RER Mo & 5 %2 ] B &5k, 2020,20(2): 271-279.
[ ZHOU Q, FENG X, JI S J, et al. Isolation and identification of

surface pathogenic fungi for blueberry during storage at room tem-


https://doi.org/10.1016/j.ijfoodmicro.2005.05.002
https://doi.org/10.1016/j.ijfoodmicro.2005.05.002
https://doi.org/10.12161/j.issn.1005-6521.2020.15.007
https://doi.org/10.12161/j.issn.1005-6521.2020.15.007
https://doi.org/10.12161/j.issn.1005-6521.2020.15.007
https://doi.org/10.12161/j.issn.1005-6521.2020.15.007
https://doi.org/10.1093/gbe/evab073
https://doi.org/10.1093/gbe/evab073
https://doi.org/10.1111/j.1462-2920.2009.02027.x
https://doi.org/10.1111/j.1462-2920.2009.02027.x
https://doi.org/10.1111/j.1462-2920.2009.02027.x
https://doi.org/10.1038/s41467-017-01547-8
https://doi.org/10.1016/j.postharvbio.2013.09.008
https://doi.org/10.1016/j.postharvbio.2013.09.008
https://doi.org/10.1016/j.postharvbio.2013.09.008
https://doi.org/10.1016/j.postharvbio.2016.03.001
https://doi.org/10.1016/j.postharvbio.2016.03.001
https://doi.org/10.1016/j.postharvbio.2016.03.001
https://doi.org/10.3969/j.issn.0529-1542.2011.02.005
https://doi.org/10.3969/j.issn.0529-1542.2011.02.005
https://doi.org/10.1093/femsec/fiaa119
https://doi.org/10.3969/j.issn.1002-204X.2007.01.004
https://doi.org/10.3969/j.issn.1002-204X.2007.01.004
https://doi.org/10.3969/j.issn.1002-204X.2007.01.004
https://doi.org/10.1016/j.ijfoodmicro.2005.05.002
https://doi.org/10.1016/j.ijfoodmicro.2005.05.002
https://doi.org/10.12161/j.issn.1005-6521.2020.15.007
https://doi.org/10.12161/j.issn.1005-6521.2020.15.007
https://doi.org/10.12161/j.issn.1005-6521.2020.15.007
https://doi.org/10.12161/j.issn.1005-6521.2020.15.007
https://doi.org/10.1093/gbe/evab073
https://doi.org/10.1093/gbe/evab073
https://doi.org/10.1111/j.1462-2920.2009.02027.x
https://doi.org/10.1111/j.1462-2920.2009.02027.x
https://doi.org/10.1111/j.1462-2920.2009.02027.x
https://doi.org/10.1038/s41467-017-01547-8
https://doi.org/10.1016/j.postharvbio.2013.09.008
https://doi.org/10.1016/j.postharvbio.2013.09.008
https://doi.org/10.1016/j.postharvbio.2013.09.008
https://doi.org/10.1016/j.postharvbio.2016.03.001
https://doi.org/10.1016/j.postharvbio.2016.03.001
https://doi.org/10.1016/j.postharvbio.2016.03.001
https://doi.org/10.3969/j.issn.0529-1542.2011.02.005
https://doi.org/10.3969/j.issn.0529-1542.2011.02.005
https://doi.org/10.1093/femsec/fiaa119
https://doi.org/10.3969/j.issn.1002-204X.2007.01.004
https://doi.org/10.3969/j.issn.1002-204X.2007.01.004
https://doi.org/10.3969/j.issn.1002-204X.2007.01.004

- 138 - £ Tl B4

20224 7 H

perature[J]. Journal of Chinese Institute of Food Science and Tech-
nology, 2020, 20(2): 271-279. |

[18] AAzk, BRIk ¥ LwE A%ETF MM 7 A%
B AL, 2001: 166—171. [ DONG X Z, CAI M Y. Common bacteri-
al system identification manual[M]. Beijing: Science Press, 2001:
166—-171. ]

[19] ARG, ATRIT. A4 5 S5 [M]. Jb0: A5 gk, 2002:
26-120. [ ZHAO B, HE S J. Microbiology experiment[M]. Beijing:
Science Press, 2002: 26—120. |

[20] E24F, 4k, 54, F. — AR RA@A 221 09k
b %8 AR R B AR AR AL ] B R F A 3R, 2020, 47(5):
1503—1514. [ ZHANY S, LI J, CHU X D, et al. Screen, identifica-
tion and fermentation optimization of an antifungal bacterium
Z21[J]. Microbiology China, 2020, 47(5): 1503-1514. ]

[21] YANG Q, WANG H, ZHANG H, et al. Effect of Yarrowia
lipolytica on postharvest decay of grapes caused by Talaromyces
rugulosus and the protein expression profile of T. rugulosus[J].
Postharvest Biology and Technology, 2017, 126: 15-22.

[22] FAZE, Wi, ot &, . T amid P TR s
B RH R B R A W R AT R [D) K E AR 2018, 37(2):
193-200. [ XUBH, LINJF, YE Z W, et al. Isolation and identific-
ation of bacillus from gastrointestinal tract of hairtail (Trichiurus
haumela) and antibacterial characteristics of their fermented
liquids [J]. Fisheries Science, 2018, 37(2): 193—-200. ]

[23] W A®E, #Fm, L LR LI E Bj2 X887 e 5 &
ROR B A ARAG PR 0 m LI]. F B AL AR 2022, 55(2):
320-328. [SHA Y X, HUANG Z Y, MA R. Control efficacy of
Pseudomonas alcaliphila strain Ej2 against rice blast and its effect
on endogenous hormones in rice[J]. Scientia Agricultura Sinica,
2022, 55(2):320-328. ]

[24] »tit, Ay, #Hia b EERBBEGTMAGFLL ST
(J]. & B & # % %, 2018, 37(5): 11-15. [ YEC, ZHOU N, JI-
ANG X L. Screening and identification of biocontrol bacteria for
blueberry root rot[J]. Forest Pest and Disease, 2018,37(5): 11—
15.]

[25] JENAL U, FUCHS T. An essential protease involved in bac-
terial cell-cycle control [J]. The EMBO Journal, 1998, 17(19): 5658—
5669.

[26] &g AHEBRTHOBENLRAN S BELZRLOE
B9 BF % [D]. 69 WL 3G R 56 K &2, 2020. [ LI Z Q. Isolation and
identification of iactic acid bacteria with high autolysis from fermen-
ted grains of light-flavor baijiu and research on autolysin[D]. Linfen:
Shanxi Normal University, 2020. ]

[27] sk, 9P 40K G B IKA9H) & B 0 K 4 B A AR R [D]. &,
B e Rk K2, 2021, [ MA B. Preparation of ovotransferrin a
ntimicrobial peptide and application of nanoparticles|D]. Wuhan:

Huazhong Agricultural University, 2021. ]


https://doi.org/10.1016/j.postharvbio.2016.11.015
https://doi.org/10.3864/j.issn.0578-1752.2022.02.007
https://doi.org/10.3864/j.issn.0578-1752.2022.02.007
https://doi.org/10.3969/j.issn.1671-0886.2018.05.003
https://doi.org/10.3969/j.issn.1671-0886.2018.05.003
https://doi.org/10.1093/emboj/17.19.5658
https://doi.org/10.1016/j.postharvbio.2016.11.015
https://doi.org/10.3864/j.issn.0578-1752.2022.02.007
https://doi.org/10.3864/j.issn.0578-1752.2022.02.007
https://doi.org/10.3969/j.issn.1671-0886.2018.05.003
https://doi.org/10.3969/j.issn.1671-0886.2018.05.003
https://doi.org/10.1093/emboj/17.19.5658
https://doi.org/10.1016/j.postharvbio.2016.11.015
https://doi.org/10.1016/j.postharvbio.2016.11.015
https://doi.org/10.3864/j.issn.0578-1752.2022.02.007
https://doi.org/10.3864/j.issn.0578-1752.2022.02.007
https://doi.org/10.3969/j.issn.1671-0886.2018.05.003
https://doi.org/10.3969/j.issn.1671-0886.2018.05.003
https://doi.org/10.1093/emboj/17.19.5658
https://doi.org/10.3864/j.issn.0578-1752.2022.02.007
https://doi.org/10.3864/j.issn.0578-1752.2022.02.007
https://doi.org/10.3969/j.issn.1671-0886.2018.05.003
https://doi.org/10.3969/j.issn.1671-0886.2018.05.003
https://doi.org/10.1093/emboj/17.19.5658

	1 材料和方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 样品采集
	1.2.2 拮抗菌的分离及筛选
	1.2.3 拮抗菌活体抑菌实验
	1.2.4 拮抗菌的鉴定
	1.2.5 菌株生长曲线的测定
	1.2.6 发酵条件的优化
	1.2.6.1 装液量对拮抗菌株发酵液抑菌活性的影响
	1.2.6.2 接种量对拮抗菌株发酵液抑菌活性的影响
	1.2.6.3 培养温度对拮抗菌株发酵液抑菌活性的影响
	1.2.6.4 培养时间对拮抗菌株发酵液抑菌活性的影响
	1.2.6.5 初始pH对拮抗菌株发酵液抑菌活性的影响
	1.2.6.6 转速对拮抗菌株发酵液抑菌活性的影响

	1.2.7 正交试验
	1.2.8 验证实验

	1.3 数据处理

	2 结果与分析
	2.1 拮抗细菌的分离
	2.2 拮抗细菌的鉴定
	2.2.1 形态特征
	2.2.2 生理生化特征测定
	2.2.3 分子生物学鉴定

	2.3 拮抗菌G8生长曲线的测定
	2.4 菌株G8发酵条件的优化
	2.4.1 装液量的影响
	2.4.2 接种量的影响
	2.4.3 培养温度的影响
	2.4.4 培养时间的影响
	2.4.5 初始pH的影响
	2.4.6 转速的影响

	2.5 正交试验优化
	2.6 发酵条件优化后的抑菌效果测定

	3 结论

