TR SRR Jun. 20, 2022, 49(6): 2135-2151
Microbiology China DOI: 10.13344/j.microbiol.china.210890
http://journals.im.ac.cn/wswxtbcn Copyright ©2022 Microbiology China All Rights Reserved

DYl1a

RER, WAE, EE, BE KEHE GRE, Kol YR

PO R B dn sz Be, DU A 625014

KA, BOGHE, WEE, Rk, KR, BRI, PRicty, B BEAURS XS WO Ve ZE AT DY 1a A=W wi AR 3 i 4
FI]. T3k, 2022, 49(6): 2135-2151
Yu Shengling, Shen Guanghui, Huang Ting, Yang Lu, Zhang Zhiqing, Hou Xiaoyan, Chen Anjun, Li Shanshan. Antibiofilm

effect of Zanthoxylum armatum DC. essential oil against spoilage Bacillus amyloliquefaciens DY la[J]. Microbiology China,
2022, 49(6): 2135-2151

i ZE: (FFIFRTARALHSNEZRKE, AURTEOHRAENR, o= d =k
g, L8 &) R o (Zanthoxylum armatum DC. essential oil, ZA-EO)Xt /& MR i 4y 3F Ta4F
B DYla HARBAEMBIE I H11E R SAual. [ 7% ] KA A8 &% -/ #%(gas chromatography-mass
spectrometer, GC-MS) A7kt i £ & R o 5 A4 &, 8 i 348 & N 2 Ao b 3t i@ 4k
#9 K7 B /R E (minimum inhibitory concentration, MIC)#= & 1 7% B /K B (minimum bactericidal
concentration, MBC), F- > #r#4ib 3t & WM H SN & & B id v . B K & W AR T R A7 ) Bk, 3 &
MR FIRAE R, RIS Z % AT RIS T A WBIRTY M T AL, NE £
JE feu 4 b K &~ # (extracellular polymeric substance, EPS)$ 42 5 &% & M4 € TAb; @ d B E3h 4k
. mieiEW A G RER S @MLK TEKEF Zeta WAL KA F IR A b2t A AL 69 7
AR, (4R R L 240K SR8, DATRE AR, N0 5 H 52.37%.
21.81%7F7 10.94%. Ak i 2+ 8 M AF 24 3F FeAF H DY la 89 MIC = MBC 451 4 3.2 pL/mL #e
12.8 pL/mL. MIC R E Mg i =T 7240 4) 8 M 8 fesh & @ B 69 7 £ B A IR e ax, xF R #
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Antibiofilm effect of Zanthoxylum armatum DC. essential oil
against spoilage Bacillus amyloliquefaciens DY1a

YU Shengling, SHEN Guanghui , HUANG Ting, YANG Lu, ZHANG Zhiqing,

HOU Xiaoyan, CHEN Anjun, LI Shanshan
College of Food Science, Sichuan Agricultural University, Ya’an 625014, Sichuan, China

Abstract: [Background] Bacillus spp. are major aerobic bacteria associated with the spoilage of soy
products. They form biofilms at the air-liquid interface to bring about constant microbial contamination
to soy food processing line. [Objective] To examine the activity of Zanthoxylum armatum DC. essential
oil (ZA-EO) against the growth and biofilm formation of a spoilage bacterium Bacillus amyloliquefaciens
DY la isolated from soy products. [Methods] Gas chromatography-mass spectrometry (GC-MS) was
used for the chemical characterization of Z4A-EO. The minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) of ZA4-EO against DYla were determined by the
microdilution method. The inhibitory effect on extracellular protease activity and biofilm formation and
the eradication of preformed biofilm by Z4-EO were evaluated. Scanning electron microscope coupled
with 3D optical microscope was used to observe the surface topography and structure changes of the
biofilm treated with ZA-EO. Besides, the content of exopolysaccharide and protein in the extracellular
polymeric substance (EPS) were measured. The anti-biofilm mechanism of Z4-EO was explored from
swimming and swarming motility, cell adhesion and auto-aggregation, cell surface hydrophobicity, and
Zeta potential. [Results] Z4A-EO mainly contained linalool (52.37%), D-limonene (21.81%), and sabinene
(10.94%). The MIC and MBC of Z4-EO against spoilage B. amyloliquefaciens DY 1a were 3.2 pL/mL and
12.8 uL/mL, respectively. Additionally, 3.2 uL/mL ZA-EO inhibited the secretion of extracellular
protease and the biofilm formation, and showed the eradication efficiency of 25.79% for the preformed
biofilm. Moreover, Z4-EO decreased the thickness and surface roughness of the biofilm as well as the
content of exopolysaccharide and protein in EPS. Furthermore, Z4-EO treatment significantly weakened
the swimming and swarming motility, inhibited cell adhension and auto-aggregation, enhanced the cell
surface hydrophobicity, and reduced the surface charge of DY 1a. [Conclusion] Z4-EO had activity against
the growth and biofilm formation of B. amyloliquefaciens DY la and exhibited promising eradication of
preformed biofilm. The activity of ZA-EO against the biofilm formation of B. amyloliquefaciens can be
attributed to the interruption against cell motility, changing of cell surface characteristics, and inhibition
on cell adhension and auto-aggregation during the early stage, as well as the reduction of
exopolysaccharide and protein content in EPS.

Keywords: Zanthoxylum armatum DC. essential oil; Bacillus amyloliquefaciens; biofilm; motility; cell
surface properties
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A 5 2 A R A AR ) A A T A v A
KIFIE —E W], Bl B B 20 10 0 20 i 2k 5
ST A SR BR R S
AN [v) BR85S 37 25 A 238 AN TR 26 284 1 A ) 4
FRE, A 5 T 5% 37 BE Y- Al 3R THTTE LAY T 7 B A
P (colony biofilm) | ¥ M 1 57 i 2 v
WS TH B B R W K Y A W) B B (submerged
biofilm) & < ¥ A 01 TE W 1Y 3R Kz 74 A ) ok e
(pellicle biofilm)*?, ZE& & Tk, KiBHE
R B0 T B8R WO Y T RGBT LA A
H BEYRRED . AECE R,
T U MERT TR B 0 A= I e . A o A0 T 110 R
SRIEEAP Y B, A= W) 43¢ 5 T 48 i 240 T XF S0 5L )
AR S A T R ARPLRE ), ROR
WAL T BRI TR NS A 27 B JE8 0) S5 A T T
By SEBRaicoR g e Lol A 3 20 B A0 45 i iy
K T IR A PR

SEARFF B (Bacillus) & T34 % S 2 22 G FH
PEAR , AR G A 5 A P AR AT R AR,
A RS TR A T AT AR SR Y AR W Bl R
BRE ST, SERLLMEIG Y, R A
R E B AR R, SRR R
geemms® . wmE . mal gwast R
i U2 R AR R ) AN . AR
ST T8 M L s 2B A it R DG AT MR A
IIEVME, R B RRIE U VR ZF fAF A DY 1a
HARRBUERE S, Wi FZEk TS o
WY IR A i K 5.7 (tryptone soy broth with
soybean milk, TSBS)}% 77 5 5t P HUE A%
VIR, 5 8RB TN TR A A8 A B LA
HR R R B R B TR A AU

LD RS il AR i 4 T A ) 0 A R Y T A
WY, BAMMIfE . ok A
Gy 77 AT PSR B, 52 B [ N A E ST )
Pz M AERUR SR RUR R R 5L

FEABUCR B2 2 BCRY A2 BURS il B AT R 4P 9418
A% T I PSRBT I 28 B (Zanthoxylum
armatum DC.), J&=F& FE )1 ¥ b X0 47 SR 4k ) 3%
B R AERUHFD . &SRR, A
BT, R BORG 1 X T8 DU 25 78 4 187 A 0 o 5 400 1)
VE R RO AF 5 i WA I o AR 3C 32 28 25 55k AU
M| (Zanthoxylum armatum DC. essential oil,
ZA-EO)Xf — kR P50 T 52 v iy O 3 JEg T
SR E R ZF AT T DY la B AR A KRR S I A
P 0 S Ay AT ) A BRAOCR I Al iR iz Bl RE
JI A R TR R A o 4 0 A A S T
TET PR3 T PR e X8 8 S T A= 0 ol s 1% 410 o) £
FAALH,  DUH Bl ol A 28 A 0 75 G 1Y
s il S BT A R AR A

1 #RE7T %

1.1 #$

JEE VA TE D ZEALAT 1H DY la B RRERAF T DU
JAND 2B S4Bl o RERUER D) A 23k e
At A BRZA FlR I

LB K st(g/L): BERER R 5.0, BREN
[ 10.0, NaCl 10.0.,

RS FLBAIE RS 773 : AV BRAR U5 K 50.0 /L,
WK BW: BEAE 20.0 g/L, Tk, K
# A K # B RS ARFURS .

kBl EERE RN A F S A YR
ABRAH

TR 2% vh R % WX (phosphate buffered saline,
PBS) (2/L): NaCl 8.0, KCI10.2, KH,PO, 0.24,
K,HPO, 1.8; pH 7.4, PUM 2% i (g/L):
K,HPO,-3H,0 22.2, KH,PO,7.26, MgS0,0.2,
JRZ 1.8; pH 7.1,

TR TR IR G 4, IR IR BT (S il 1
BRAH; == BAEE, Bruker 24H]; H
BB, R/RERIAHE; BOLRERML, &
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IRSCHAAA R F o
1.2 A
1.2.1  BRHUEH R IR BUFN K 2 9 47

R EBOR K 28 2803 IR MGE 24 1
Bk FREGE 40 H i TR 10.00 g,
A 500 mL BB, K 250 mL J5iRiE
4 h, WCERHE K I TG K BT R A R A T TR Ak
B, =20 °C MRAFARH o A< S50 4 I ik BUKS
HIREUS %N 0.124 mL/g.

KA M-t (gas chromatography-mass
spectrometer, GC-MS)ZrHrAg B! (o
. HP-5MS #:(30 mx0.25 mmx0.25 pm); FHifi
B 60 °C f£FF 4 min, LI 10 °C/min J+&
300 °C, {74 30 min; N, 2 1.2 mL/min, &
71 2.4kPa, HEFEEE 0.5 pL; 4RI H 20:1, FiiE
A% El R E 300 °C, DU IR B
270 °C, L : 20-800 amu,

bW R A NIST bR 11.1 K&
FEext, PCELEE>700 M4k &9 7 LAfIN, Il
WA TR — AT B A5 2 o AR R 5
1.2.2 &/ #E K E (minimum inhibitory
concentration, MIC)5 &/ & 7K E (minimum
bactericidal concentration, MBC)l &E

K AR RERIE MIC: K J8 W B e
T LB WARRE S 5L, 37°C. 160 r/min #E3% 5555
24 h, 4 °C. 4 000 r/min &.[> 10 min, EEIL
VE M JC P A BEER K RV 3 Ik, IR IR R
WHEZE 10° CFU/mL. HU 1.0 mL B ABURS il i fit
F 20 pL 9 10% DMSO, JiIHA %] 1 mL KE ) LB
WAREE IR b, MUK AR e 43 0 AR AV Ty
12.8. 64, 32, 1.6, 0.8, 0.4, 0.2 pL/mL &
Rl LB ARG 723, Fi% A 1 mL 10° CFU/mL
HEW, B2, 37 °C. 160 r/min ¥k 1555
24 h, EIFREFERTIE 600 nm WG 22 AODe »
LI AODgoe<0.01 114 5 I 11 5 o vk J32 4 o2 Sy

1 MIC. M 1 MIC MR 43 EL 3.2, 6.4,
12.8 pL/mL A A BE 3G SR 10 L, ¥R
i T PCA ¥, 37 °C 155 24 h, LHWEEAK
) B VR TR 8 I B 1 2 > MBC
1.2.3 BN RN EBEEEHNE

3y HEL 2 MIC, 1 MIC, 1/2 MIC i, ##
1.2.2 7774 10% DMSO #%f#%, 55 mL K LB
BERILIR AT, FHERD S mL Wl 10° CFU/mL
M B, 37 °C. 160 r/min R E59% 24 h,
B 1 mL 55589 10 000 r/min &.0> 10 min, H E
WA 0.22 pm JERELTUERR A, 1S RIMSNMEN
MR o B KA AR (B AR 7 mm)Y 5] cE
FREREIRMA, A 20 mL K #H 4 U5 BE 5
IR, VR HNEE S O AR EAR, AL A
150 pL MOAME BRI, 37 °C KiFfai e
24 h, WETFR 558 SR E 4= 5 3 g 7
M bk fire e AR

1.2.4 HYHWRANGMER 2

Fi IR 1.2.2 5 %10 20 mL K # TSBS B4
ARV ARG T, TR AT 5 R AR IS ik
BE4H18 1 MIC., 1/2 MIC., 1/4 MIC. 0 MIC #Y
PRGN TSBS WK, JFK AR 2 50 mL K ke
PR, FEEZA 20 mL IR R 10° CFU/mL 1Y)
R, MBEMTPEERE 7.57 cmx2.58 cm
) JC T 2Bk o, P KB 1 AR T
37 °C i 5% 48 h, 4 24 h WEEHAMWA
TET A= 0 B A AR L o

A=W pk R Py AN R AR I e N R E R AR
AR KB B W RO BT XSk KN
1.91 emx2.56 cm M Z83E  EFEE R EEFR 24 h 5
TE R8I A P e A B o R T VR R TR A, IR
AR T ARk, BB E 25 mL
EAGRE H, 300 WS- EG BE 30 min, iR
FEYR 20 s, FEAJCHR KA ARG BERR R, HX
20 uL AN[EBER BT PCA THECEAR, A
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¥15), 37 °C 535 24 h 58
1.2.5 FBEMBEENERE. RigHEERE
B 400 E

(1) AR Wl BB 1 55 % 5 T AORS il Ak 2

i) 24 FLANME BT FRMOI A 1.5 mL TSBS K5
B, A L5 mL WER 10° CFU/mL ##
W, 37 °C ¥53% 24 h, FRWIREFRE, B
2.0 mL ARV B RERUR W, 37 °C #E b3
24 h, WAEAE R AEYRBIFEEE 2 mL
EP &, 4°C. 10000 r/min &5.0> 10 min, JTHE
PEHEH PBS (pH 7.4)i Uk 3 IRBR Ll 25 A4

(2) A=l BT B3 38 0

SR 235 il 5 e 0 1 POV 52 A= W e B o
AR A PRI A 1 mL H B
i 15 min, FEHEEFMA 1 mL 0.01 mol/L
GBS 20 min, FELE SRR, W
JIA 1 mL ¥R 33% UK LR, 1 h J il e #f
i ODeoo (B, FMEEMEL 3 IR, DAIRININKS
WA AL, S RAKX )B4
PR IEIH BR

é%%ﬁ%%%m#éﬁ%&ﬂm (1)

Krp: Ao AXTRRABOGEEE s Apo MkEHALFE
HWOEREAE

(3) A=Wl B A PR

R TTC 8 J5E3kE B i A [] v J3E e MRS
THOXT LA Pk ARS8 R
[Fi] b BE A A W5 B IN A 2 mL 1.0 mg/mL TTC %
W, BT 37 °C AIEH#EER Y 3 h, WllE
490 nm WG EAE

(4) A=W RPN i T A5

Fe B 1.2.4 J7 3R E 2835 A [A) b 3 A P
FEE PR ) 3 T A
1.2.6 IR =R RN ERFAR EFEHEE N E

Be il AR BE (1 MIC, 172 MIC)HI TR

K TSBS HiFRAE, LIRS MG R4 R
SR, 2% A 40%€ 20 mL F 50 mL BEARH, #EA
20 mL & (10° CFU/mL), 4 Jor 2k 3% A 4t
AR, 37 °C #EEFE 24 h, BREEUN
#Peh, TG PBS #2548 vhise 2 B PR i e
T, =il AR TS, RIS A AR w 2%
PR FK T emx1 em /N, THRBEG, S0
BELEE I IARY . = Yk B R S B
F 2R B AR Y R T 4B B,
Mountains Maps® 7 23 B 40 345 3] i) 22 TR T 55 IR
h, BENTRERIHAEEE Ra (38 BREEAR T2 1
22), FEEFER X/ 459 um=626 pm, %
ZEREHL 3 AR X, BOPRBE.

1.2.7 E# R E B P SN2 & 4 (extracellular
polymeric substance, EPS)ZHRX 53 4

Fie 1.2.4 J5 LR FR R RS, 24 h R RE 5%

BSOS U A WSS % 2 50 mL &0
&b, A 40 mL % 2% NaCl i) 2% EDTA I
W, 37°C, 160 r/min YR IEEL40 h, 4 °C,
4 000 r/min £5.0> 10 min J5 B Fi5 W, BRI EPS
PEBGR . 53R PR B -6 ER7A A Bradford 74P
W7 EPS $& B0 i Z WA BT L, 4300l
i B 2R (2) T A TR A 0 0 I EPS 2L o o
ZHEME RS .
Z W/ ﬁ@%(ug/om2)=¥ )
s C HPRIBURZ SR TIREE, pg/mL; V2R
EPS $RBURARL, mL; S AAEYRIREFL, cm’,
1.2.8 HEIXEHENAEGRNNE

(1) Jkahfe e

Z: UK Bl 55 77 AR 4 ik, 43l il 4%
FERURS A IR B2 >R 1 MIC. 1/2 MIC. 1/4 MIC
ik shas 2R 508 I DU RS It A AR R
SRR WRHR S pL A0AEYEE R 10° CFU/mL B
WT R, fre@E ASRENG, &
F 37 °C #5557 24 h, FFH 38 U A0
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VKA B, Ik
KA I 2 (o)

x100 3)

1

s Ay xd BOE AR ST T 4, TR Ik
THPPAR VK 2 B T AR

(2) MMEREIIE

Y HIZ 2] 50 °C 1Y 20 mL 7K B AR 15 35 5L
HOIA R BB ORS 1 (%% T 10% DMSO),
TR ST BE [, 43 0 i 2% T AU T 7S i ik B2 Dy
1 MIC, 1/2 MIC. 1/4 MIC &)k AR
AR, DL S AR S ) 455 5 6P AR A A Xt B
FJCTH A 2 PR TR I, R AN I 57 5 h
W, 37 °C K53 24 h, RA 78 R
WAER R, LR,

AR ST 2 ()= A=

x 100 (4)

1

K A X RCPARAE R R Ay MUK
T A AR B TR
1.2.9 EAIEAFEMEE H 2R

Z: B Hu SPGBt Rt ek, ms il
WelE Ky 1 MIC, 1/2 MIC, 1/4 MIC, 0 MIC &
1 mL TSBS i 50 24 FLAk ., JA 1 mL 4
M & &y 10° CFU/mL R, %5 37 °C
HEME 8 h ML ANGEM . BREfLhry
BigRdk, T PBS 1BVERR 2R MR, 17
BALHFIA 25%A0 I 2 mL [ %E 20 min, Bk
HESE, G PBS WEEIFET 60 °C T
30 min, JEMIA 2 mL ) 1%Z5MEERgE
20 min, JCP§ PBS {HUERR L ZRYLEL, 60 °C
T 30 min JFHMA 100%0 2, 37 °C HE
30 min AFEMEE ML, WEHKFL ODg, IR
A2 KGR AR B 2
%%%WW%%%F%%%ﬂm 5)

X

1.2.10 HEBBEERHNNE

Z 08 Wang FPT T BOE M —a Bk, 1
15 mL &P 50mA 3 mL FANIEHTRE K
10° CFU/mL A9 R B W, TR U A v B
1/4 MIC. 1/2 MIC, 1 MIC FBERHURES I, 8 iE
IREFME ODgoo fH(Ao), 37 °C FHEKIFE 4 h
JailE FJZ 1 cm AR E ODgoo [H(4), S
MR (6) 0 A R

H %%%(%FM’#TA‘)MOO (6)

1.2.11 HEFEHRAKMENE

SR A W 30 2 i A 1 T 2 A T
FME KN o K WA vE Ry ZF AT I DY la 5
FhF LB Bi385E, 37 °C. 160 r/min §1k 24 h
(R, W T 4 °C. 4 000 r/min #.[> 10 min
WAE RS, F PUM 22 sl e 3 IROF BB A
i, i ODgoo fH R 0.5, i) B HURS i v FE o0
1 MIC. 1/2 MIC, 1/4 MIC Y 3 mL PUM %% i
WA 3 mL WBEEW, AW AR AT
HEZH, 37 °C e 4 h G HURE . 17 2 2 T T Y
ODgoo TH(4;), FHIL 3 mL FiRE#H 5 400 uL 1E
TRBERE, WHEYRY 1 min, 37 °CH##HE 15 min
JGBUR ZKH, ME ODgoo M (4p)o F#AZ(T)
THE R BK
sk (=2 100 )

ME R Zeta BRI E

Z 18 Sudagidan )7 B R GO &
HLOAE, KSR T 4 °C. 4 000 r/min 2
O 10 min WHER KRS, AR KERIFHEE,
A AR ODgoo M 0.5, [AE U I
1 MIC. 1/2MIC. 1/4 MIC 1 2 mL JCEE /K Hm
A 2 mL FRBEEM, PAAES ARG At B
37 °C. 160 r/min R %3557 4 h T HORE, (1%
JERE R FLAL AN E Zeta FAAVAE

1.2.12
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1.3 HIEAEBEFH TS

iR ER 3 ik, 458 ER
WEZZN, FHETT] SPSS 19.0 #cf: . XR keI
T2 5 B F R T (P<0.05), Origin 9.0 224,

2 BEREAW

2.1 BHAEREZELEMRKS D0

1M JBE BSOS T GC-MS 23 AT 245 SR 1 L 1
i, HE 1 RTADRE I R B RS . TR
TV FR B R T R AR R, R
AT, T ARORS T ) 5 & MR AR A A T
10%LL BRI 3 B, FERIFRERE . D-FrGk A
ek, ok SR, N 52.37%,
X5 AR5 X T B 2 0 o 1 i O
FEAG PR — S, ARSI 4R B RO T
FE R R A A 5 2L, AT RE S R
FEHL . SRR | AT FURS T AR B[R] 45 R 2R
AR
2.2 BEREAEHEXMIEARIEMFEMTE DYla
&/ MIEIREMIC) 5 &/MNRE IR EMBC)

MIC 5 MBC 432 PFA 90 B 4 S5 v A
AHEAE IR/ EZARHRD, R 2 AT, AR
FEIMAINHEE 3.2 pL/mL B, AODe<0.01,
JUT LA T REORS T8 6T T8 WL UE A 2E AT DY 1a 1)
/MR EE MIC 24 3.2 pL/mL,

MIC ¥ B I DL RS A 3% 352 W kA PCA

F1 GC-MS ETEHBHEHIBHEERIRESE

3.00E+09 | Linalool
2.50E-+09 | Tiirogen
é 2.00E+09 - D-limonene;
o
< 1.50E+09 |
Q
2
S 1.00E+09 F Sabinene
5.00E+08 - p-myrcene
0.00E+00d M
0 2 4 6 8 10 12 14 16
¢ (min)

1 BHREHREEFRE
Figure 1 Total ionic chromatograms of Z. armatum
essential oil.

AR, 37°CH5FE 24 h 5, WM 12.8 pL/mL
PRSI TR 75 A= 4, DRI e BORS it %o 8 L i Ve
B ZE A DY la 9 MBC i 12.8 uL/mL,
23 BREAEHAXMIEKRIEMFEMTE DYla
fash & B B TE S R HIHIME A

VN IS Ti) VA T TR0 ABORE e %o g DL R e 71 - 3
EABRE R WK 3. MIE AR, JEK
PRI A/ B 1T 1) 7K A P A T i AR ik T
WS B3 2N, i 1 MIC #i1 2 MIC
T RO YH P9 & I L W WX A 7 A B UK A B
t & 3B AT, AN 1/2 MIC & B 1 FHEABURS T X
JE3 O TR L 71 1 A 14 43 TG Yl 25 R (P>0.05),
TR I 1 MIC Ve 32 Fie BSOS T R 400 1) 65 e 1 L &1
R oW, HAM I ZE AT IR 92.25%,

Table 1 Chemical constituents of Z. armatum essential oil identified by GC-MS

JF5 TR BA B[] 7352 &2 FR CAS & AHXS &

No. Retention time (min) Molecular formula ~ Compounds CAS No. Relative content (%)
1 9.10 CioHis Sabinene 3387-41-5 10.94

2 9.36 CioHis B-myrcene 123-35-3 4.57

3 9.92 CioHis D-limonene 5989-27-5 21.81

4 10.84 CioHigo Linalool 78-70-6 52.37

5 13.86 CisHyy (-)-B-elemene 515-13-9 1.55

6 14.16 CisHyy B-caryophyllene 87-44-5 1.76
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1.0} Ve J3E R ABOR 1l 7 B 7 LSO 5 T TS A= e
osl L Al e AR i B 7
ool SRTETE T AR AT U0 A A R s B9 %6 48
§04_ I, RN 1 MIC ¥ B il A 35 9% 55O S w47
< ol AT AR, UL AN 1 MIC ¥R B2 FA i
' X VKT ) A A TR A R S i A A T
o AT BTG EE R I (<1 MO 5 9 3 5 T 7
02 04 08 16 32 64 1238 e UV R R 5 32 it 3 % % I (] 28 ¥ 4 o
Z2EOlconcontistion(iE/T) 7 BTV 0 TR 3 3 )RS il T SEE 2 AR ) Y R
B 2 RRREERERG R s 000 RS AR, WAL,
DYla 4 ¥ 89 E1EH X B SR L B RDE B AR R AR L, P
Figure 2  Inhibitory effect of ZA-EO against AT BRGSO T AR I RRR TRDE A,
spoilage B. amyloliquefaciens DY la. BRI 8 0 L ok s i b . TR S, T
24 FEHEHMEMRTH SR Dyta AR I
AR, AR BT RIS G
HI2500 IS T A 55 8.93 1g (CFU/em?),

241 EEHEEA MR S ATE DYla OO 14 MICRTHIE U A P8 R o A i
S AR B D ) R R B A AR B S R AE R RS IR e AEOC . e 22 5, AR BB
HIE 4A I, 153524 h)E, W01 MIC ARG Il B sk LA A= W gl By 7= A 5 20K il
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Figure 3 Effect of extracellular proteases secreted by spoilage B. amyloliquefaciens DY 1a in presence of
different concentration of ZA-EO. A: The effect of different concentrations of Z4-EO on the protease secretion
of spoilage B. amyloliquefaciens DY la. B: The inhibition rate of different concentrations of Z4A-EO on the
extracellular protease secreted by spoilage B. amyloliquefaciens DY 1a; Different lowercase letters indicate
significant differences (P<0.05).
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Figure 5 Inhibitory of Z4-EO on metabolic activity of preformed biofilm and viable counts of living bacteria

embedded in preformed biofilm of spoilage B. amyloliquefaciens DY1la. A: The metabolic activity of
preformed pellicle biofilm added with different Z4A-EO; B: Living bacteria counts embedded in preformed
biofilm; Different lowercase letters indicate significant differences (P<0.05).
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Figure 6 Effect of ZA-EO addition on surface topography and roughness of pellicle formed by spoilage B.
amyloliquefaciens DYla. A—C: SEM images; D—E: Three-dimensional topography images; G: Surface
roughness of pellicle biofilm; The concentration of essential oil added in Figure A and D, Figure B and E and

Figure C and F are 0 MIC, 1/2 MIC, and 1 MIC; Different lowercase letters indicate significant differences
(P<0.05).
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Figure 9  Effects of Z4-EO on cell adhension, auto-aggregation and surface properties of spoilage
B. amyloliquefaciens DY 1a. A—D: The results of cell adhension, auto-aggregation and cell surface, Zeta potential;
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