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HB 53 B B i TR AR A0 A R A R M TR (Pseu- T NE S T A RE T, A LR, A R D
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SR, HR P U R A R R T AR
PEREREVE R B SEAT AL /D B8 T A BIF 9 DA V2 B 2
P PR B 23 BRJES T b B AR W BRI
AE 7 35 1 TR B, O DA o A1 B B AT (PL) Ay A 34
AW, 43S H T 3 FhEUE R ——2 AN Bl
FFE&  (Acinetobacter johnsonii,A)) . R E 22
(BT) } 25 75 Wk B (Myriodes phaeus ,MP) 3L 55 5% |
3 M XU MR B AR R O A A s A R
i VSO GRTRE TR %) ELAE AR, R L Ko e {0 L T 3
JE3 P RN R SR M it 52 Mk i S, AR5 4R s A
56 T AR DR G BRI ) R M 4 R A R, Oy
AR R IEVER A G, TR ESH B $
BEEOE S

1 MRERE
1.1 R 5

Y BE LR I T RO R T O Ks R e A
B H KR 38 (TSA) | JE B K TR 7 (TSB) R 5
MR CFC Bifg AR KL STAA Bl AN S AP A
LAM Biflg, & S A ARA A 45505
NaCl, 2B Gif2 KM, FWgBTR T A w3l b
514 DNA MarkerD1.2000, [ ¥4 T 45 FRN Al 3
PR A1 3 BT &, 55 EBR VD AR\ s BCA JR R B
Wik &, B REMBEARARA A ;6 £ .24
FLA 96 FLANMI RS FE 4, To8) NEST =¥ AR A FR
O] PR A F] SYTO09, 26 [H FE 8k CRHE A .
12 UB{5iEH

BE I MG A JS-680D, I i 15 1 FH % A RS
] JEEEE T UV=1800, H A< 55t 3 il Bk ik =X & 41
A A E] WOC IR AL BB Zeiss LSM780, 25 ]
A (B ) A BRA A & 208 R R0 AL
3-18K, fE [ Sigma A Hl ; AL 35 7248 LRH-250A,
g ERE A RAA
1.3 Fik
1.3.1 WK E S %EE TR ERR SR
25 ¢ BT A 225 mL JC B AR B 7K B TG TR 3
L8R FIFT IS BB EEH RS, L 100 WL T PCA H5 373
WA, FEMEEIR)E  PREC PCA AR AN AR
i) AR K R B ER %, 4lifb 5 R 7 4 24 IR e o
Il R R AN R S R 2 S5 A T A
TP 16S DNA J B, iy K DFEF I G 78

NCBI ¥ %} (https : //www.ncbi.nlm.nih.gov/) ) BLAST
TR 24T [RIVRPE HXT

1.3.2 45 §h %8 (Crystal violet,CV) Je 6l 2 /£ )
el O PL.AJ BT MP 4 Fl 40 14 $ ## T TSB 54
FrH 25 CHEFR A, B R WAL 1937 & ok
8¢ 1:1 IR 4 (PL+AJ .PL+BT .PL+MP) J5 , W 5 200
wL 7325 2 96 fLAR Y, 15 Cal 25 CHE 35 48 h I,
25 bR A AL BRI, AR B AR KR 3 UK B 96 AL
BeE THRGE S5 TS LA 200 wL 0.2%
CV B, & IR B Y0 15 min, ZBRAEFLPH CV
VW, 20 R B AR KR ML T 5, A 200 pl 95%
CBE FRE 5 min 785 R BEAR G K 590 nm
A AR

1.3.3  Jfd4h 3 T (Extracellular polymeric sub-
stances, EPS) MJIE U0 1.3.2 15 LAAH [R] Eb f)Ks:
PR SR & B P TR AL 5 A7 9 mL TSB 1557 5
1) 6 FLIE IR, ¥ 6 FLALT 15 CHI 25 CHi & 1
7% 48 h, LIHWMHIRES% Liu F95 5085,
B 1 mL ESSWOMA 1 mL 5% 7 By % .5 mL %
BR AR ,100 CoK ¥ 10 min J5, R B AR A 9% K
490 nm AW OGAR . DL A HEAE A bR v R a1
AN & B (RN we/mL) o B ESE RO S
FH BCA it B 1 it 00 & E A7 R A 2 1 ot
Kl B 3 AT, PL pg/ml R

1.3.4 TRUGEE AP T % 132 T AriA R
WL 2 mL 336 2 24 fLART, INACK AN
(10 mmx10 mm), 15 °CHI 25 CHEE R 57 48 h )7,
2% Nguyen S5 77 1 R FH 2R 98 U 25 X6F 5 Fff T
NGB R T B A A TR, BRI KR
T BUL AR, T IO PBS ZZ bl th 4%
VRIS, O 10 mL £ B 58 Bk A9 JC 1 A B
KB T, R ZURIE 3 min J& , Tk S8 5 5L
B AR BT 4L

1.3.5  ZANEMAMIGTE PR R I TOR 2R T
5 2 25 AR W AR i R A B TR R AN 1.3.
2 9 DUAH TR He o A7 st | TR A RN T OO0 TR 4
PR 7E 15 CCH 25 CCHE 3% 0,35 d BURERG I 25
RS Mk . B S PR 2 % SB/T 10317-
1999 H 11 A ARG 4G I 26 D0 2 BRI T3, 1 IR
P B % 7 B0 B 4E 40 °CTF 45 43 ok i s 5 (1 7
1 pe BEETR
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1.3.6 Wi EY St o 1.3.2 1T
WA 2 24 FLAR T BAL O K TE B A
(10 mmx10 mm), £ 15 Cuf 25 CH; 3% 48 h J5 B
WP R, BB R I AR S, 2.0%CV
1 min, ¥ U6 T 5 , 78 624 B 608 (OM) T 22 3%
B ERRREE . S5 K 1.3.2 TR A L 3
mL 535 /NSRRI 15 CHiF: 48 h i, &%
Liu 209 75 3 F SYTO9 Y 4k B )5 |, A IOE H
F LR AR WAMBE (CLSM) WS AE W pl S 2544 ., B4
B i B AL R R 3 AR, BRHE SR AE by 1 S
Bz

1.3.7 AR 52 e # 1.3.2 7
ol 4 AR IAR SR T 6 FLEE SRR (R AL
9mlL TSB), it ALEAHENA (10 mmx10
mm), T 15 CHI 25 CHEHEFE 48 h, &% Liu
SR R RAF AN W A 0 A B T 43 B A
0.03%#1 0.06%NaClO % H 4 FE 5 min, DG
A= BREER K A AR K A BRS04 A 0w R B 4 D DY
E A AL 1 min, 280 Z0I8 E 5, 16 E G B S
%A T CFC 1355 25 °CH5 3% 24 h a8, IRl
A 3o 235 T ER e o 1 — A5 A S A B NaClO Ab 2R
Ji 1)k A % P i

1.3.8 Giil2atr MARKEPER 3K, 45
RH “VPEELAR MR 2" %, KA GraphPad
Prism 9.0 {4 #E 17 8 Pa b PR 5 2 &, {d H SPSS

3

A=
Biofilm/ODsy,
— o

Statistics 20.0 #XF 1) one—way ANOVA #E174:=9)
PUBELE 5% /M AP RE ot A 19 25 1R 22 R i, OF
Xl B T R AR S A ) B T T M AT
Pearson A G534, Hor P<0.05 o A4t

2 H#HRE5HH
21 HHANRBEBEBMNENSE . EE

AV B 2F P A it b Pk TR [RDE 2 RY 23 4>
W7, 28 16S rDNA il JH 519119 PCR & AN
He 3453 FF 5 T GenBank U4 %8 v 9 BLAST BEAT
[ER/R G s S L A (V7 =R 7 R 89 0
(Pseudomonas spp.) HAE RN, 4 BS54 3
¥F 5 J& (Acinetobacter spp.) EA7 5 i [RIVRPE |5 %
SRR RAWA RS IR 2 52K F w8
(Myroides spp.) [RVRPEREE 1 Mk B B Gk 3
(Micrococcus caseolyticus ), %15 CHiFE 24 h il
48 h &, iR Y A o Bk 4 AR 2 B AR
AEYIBEEE B, BT R ) A= 0w O i B A7
TEA 3 22 5, P (R SR T AR ) T il i
TR (T8 1) o K 4% v i A= ) 40 5 A s 1 2R
B P. lundensis PL28(PL) \2Y 381 h A S AT 14 A.
johnsonii G3 (AJ). IR LLI B. thermosphacta
B13(BT) . K& W W M. phaeus (MP) 3 17 50 /7R
HLE Y SE

Pl P2 P3 P4 P5 P6 P7 P8 P9 PI0 A1l A2 A3 A4 Bl B2 B3 B4 B5 Ml M2
O3 T PR
Strains
H P1~P10 A {8 3 B 20 B AR, A1~Ad AR FFE 4> B0k, B1~BS AR R Z W0 B, MI~M2 AR FE &8k, AR
INE RN 25 5 25 (P<0.05) .

1 RELNHEENEMRER A

Fig.1 Biofilm formation ability of strains isolated from the fresh beef

22 ERERLMENBEERESEMHBELM
wilsl 2 Jif 75 ,PL.AJ BT #l MP 1£ 15 CHl 25
CT /AT G E MBI B 52l 4

O B B B SR B PL A A= W ol R A e,
WA AJ Al MP, BT # B = 5 ik . B MP 2b, 808 B
PSR HIR S B IR AE 15 °CF A Wy o B i &
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i e 23 BEBEMENIMEEELERTFO®
25 C b i R

ERYEd
Biofilm/ODso,
1

PL Al BT MP
RS
Strains
T ARG SRR ROR 25 5 i 3 (P<0.05) .
15 C#1 25 CT & /452 % PL AJ.BT 70
MP K& # & CV £ £

AJ+PL BT+PL MP+PL

B2

Fig.2 Biofilm biomass of PL, AJ, BT and MP
in mono—and dual-species at 15 °C and 25 C

W3S T 25 C(P<0.05) IR A EWHELE 15 CTF
oL B3 = T PL L 3% (1.52) %5 302 PL 5
AJ BT LR 3R, B B A9 B85 £ 45 ) R 3.13 01
3.41(P<0.05), i 25 C'F PL FLE 5 XU Fp A= 4
i 5 T A 5 AR R (P>0.05) o 6 TR R JES MO o
5 A T A 5 A ) e PO B ke, LR IR IR R
PR L SR 0 A W BT AR T . Lin & B A
I 415 2 0 BT 4 B Bk 4 CC R 10 S B B A A 4
PR T 30 °C, Reder 258K B 5 8 — Wy b A=
WA L, ZWRNR G 5 R gm T A Y Y
TR, X E5ARLRM 3, PL Y 3 FhEUE W AR
TR A B 7 e 1 35 0 F 26 W Bl B A T2

w1 R, 78 15 CH1 25 CF ,PL AJ BT
N MP HuEEFRFSLEEIE 48 h J5, T U R A I TR
MR 25 R R 4 BREBURTRTE 25 CF Ll 3R 1
T B BCRR 5  T 15 o, Hirp 25 CHUE N
7.32~8.06 lg(CFU/em?), ifii PL AJ Fl MP #£ 15 °C
M 6.40~7.29 1g(CFU/em?) BT 12K 5.69 1g(CFU/
em?), PL1E 15 °C5 BT 355 35 i B8 A% T 8 1
F& 05 AJ MP 3t 85 55 6 B S TR R (P<
0.05), 5 25 °CF PL 5 AJ #L555% [X PL iy i
i 5 0.84 1g(CFU/em?) (P<0.05), 1 PL 5 BT
HREFEAF T % 0.77 1g(CFU/em?) (P<0.05)

4 o PR W TR AT BE R B TR BB W R THE
BRI AR, LR 15 °C BB 37 I ol A o
T 25°C, H PL# R &, PLTE 15 CHFS
AJ MP L3520 B A E LR R R 0.52~
0.78 lg(CFU/em?) (P<0.05),1fi 5 BT 3% 7% i) 4
TR TG IA A8k, 7 25 C'F ,PL 5 AJ IR A9t
I T 8 L B PL R 0.75 1g(CFU/em?) (P<0.05)
M5 BT 1 MP W JC ] @284k, 7 2 bk 55 o #2
i, BT A K e B B TR AR AR P L PL 5 A
rE S W E R R G AR R,

PL 1 3 FBUR & W TR & L8 Yl T T 2 4
5 P A — e, O T A e T ) 8 SR R 8
P A Wy BT B, Wang S50 26 ' (15 A i
TR 5 4 B €0 2 K TR R TR B A B v TR

£ 1 15CH 25 CT&/&£4535 PL.AJBT #1 MP B3 i 5 A0 4 B & 1 41

Table 1 Populations of PL, AJ, BT and MP in mono— and dual-species biofilm and planktonic cells
at 15°C and 25 C
" . % 3% 3+ [lg(CFU/em?) | #3255 /[1g(CFU/em?) |
Wik BAE/
) AJ+PL BT+PL MP+PL
% C PL AJ BT MP
AJ PL BT PL MP PL
cn 15 700+ 729+ 569+ 640+ 653+ 727+ 546+ 665+ 772+ 776+
Ve aRzZeal
0.06% 0.08™ 0.12% 0.17* 0.21" 0.06™ 0.22"7 0.16™ 0.07* 0.03*
55 806+ 779+ 732% 756+  7.89 890+  6.84 = 708+ 775+ 8.08 +
0.06* 0.15% 0.25™ 0.06* 0.16% 0.07* 0.18* 0.31" 0.23% 0.10%
S 15 699+ 562+ 654 672+ 616 777+ 549+ 692+ 655=x 726+
PR . \ . . ;
0.10™ 0.22% 0.27% 0.035 0.28™ 0.06* 0.23% 0.06* 0.27% 0.21%
55 6.85 = 535+ 525+ 5.58 = 622+ 7.60x 559 =% 6.51 = 6.06 = 6.92 +
0.15" 0.28™ 0.21™ 0.19™ 0.25% 0.19* 0.09  0.56" 0.09% 0.20"

TE A FRS 5 B 2R [ 47 28 5 35 (P<0.05) s ANl /NG 7 B 7R [ 41 28 53 1. 25 (P<0.05)
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PR R IR A . A PL I BT 28557
N BT O R T R B CV S G
WP Z AR R AR T OE 2R, SRS 32 el A 14
BhBR RN I A, AU, Zhang %510HE 25 52 {5 A
LT 5 K A IR L 55 58 )5, SR A B 5w 4
SR T AS 52 i) 9 3 2B ) v 1 77

24 HEBRENMEMEERESEYHEN
EPS &2k,

PL Fl 3 7 26 v F/ 3k s SR AE 15 CCF 25
CHAMN 2 B EPS srihi, 4nl&l 3 firos 4 F A U5
T VL R ) I S B B L A 22 4 L P
AJ, HIGEE IR T 2 W6 0 i A1 22 e 2 e T
PL MR 3% (P<0.05), MIXF PLFKRFR, 5 A,
BT MP 7£ 15 °CF 355 77 i g &b 22 55 43 Wb 1 43 )
a9 15.67,17.32,22.01 we/ml, ifii 25 °CF 555
() i A 22 4 W) 38 T 3.46,4.60,9.95 pg/ml, 5 25
CHALL,15 CF 4 P8 WA /LG 3= T s 2
T (4 43 1 B 2 TR (P<0.05) , 11 PL BAAUFITR &
B M A0 2 A MG L S ML A 2R TS R, 4
A B AR PR T R AP AR A i ey, AR

. 15 °C
. 25 °C

a
b
40 .
d
30 & "
f t
20 . J I
I I .
0
PL Al BT  MP AJ+PL BT+PL MP+PL
Tl B

Strains

(a)

S0

N sh 2 b

Extracellular polysaccharides/( pg/mL)

i MP,AJ BT fRAIK. 78 15 CHBEFRAF,PL 5 AT,
BT e Ah 28 1 FE B G 37 0 43 W i 49 )3 7,35,
6.70 peg/mL(P<0.05), 1 5 MP 35 % 0 0] 7 & 2
225 (P>0.05), AT 0L AEAR IR PR R PL 5 8 A
Hih R e W L EPS M50

WFIRF W], AT 25 A 23 i g % T U (R 2
JH T AR ) wE B EPS B 2 B . Wickramasinghe
A5 O R T 2 BE PR IR AR SR TR E 10 CH 43
A P18 A= 0 A R I s K A ) R, 1 T
T 25 °C,EPS 7= 5t B4 A sz il A= 49 B R 7 IRl
IREE T XS g A AR M T 1 s FE R, JF HAEE
Yyt F v A e/ e Bt A7 P R HEAVE T . IR U
Al ) 0 A BLVE FH AR 2 i 25 EPS 19 40 W, PL
AJ IRA BT EPS 20 B 3, 52 2K
DRI HRIE , A A 2% M1 P L 7 R B 2 S Sl AT Tk
FRIF 2B EPS 1943, AT 8 58 6 Bt A= 3R 114 Tid
25PN, EPS 2 5R G A W wk B i LR B, 7E 903
BB #2 o JEPS 43 WA B LE AR EPS B H 5 4
P,

. (5°C

3 sof
E | |mm25°C
RS
LYy
2 40f
< a a
'EJI
o .8
2 30Fb od b ¢
1w N F
= = e
=2 5 20 f
= H
fon]
S 10
o]
2}
A : :
PL Al BT MP  AMHPL BT+PL MP+PL
RS
Strains
(b)

T A E/ING 5B R R 25 5 W3 (P<0.05)

3 15°C#1 25 CH PL 5 AJ.BT.MP &/ t23x TRISM S 45 (a) B ShE B (b) B 53 i
Fig.3 Extracellular polysaccharides (a) and proteins (b) in mono— and dual-species biofilm matrix

of PL, AJ, BT and MP at 15°C and 25 C

25 BEBREMEMIMEBREEALEYHIER
K451

i F OM Fil CLSM M%¢ PL 5 3 A EUH 1A 1
HAR G R Y o A R R BL B . sl 4 R S R
7~ PLAE 15 CFI 25 CHLEE SR 48 h J, Kim i1
Tl Y 1 0 I 1 40 B0 M BE EBE B - T PL
5 AT MP L RE SR A 400 & A B R AE B K

THESNE B, PL 5 BT St 550 LT
BARREGHMMESE, JFH 15 CH 25 CHFHE
SN ., dE—2 it CLSM X} 15 C R 44
Bl RE S8 R W 2R % B, PLL A W 5 0 A B0 35T
IR 12 pm, MR FR T PL 5 AJ BT MP
TR G 28 W 9l JBE (0 7 349 )5 B2 43 0l oy 49.22,13.10,
45.99 pm, PL 5 BT (R G A4 Y9 BN B3 | 1
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PL 5 AJ Al MP JE 5557 T 40 AL i 1 3R 55
Y — gy, I BB, e ARG
WP T 5 b KR, T VP T A 28 S A Ay B0 -
H, AW PL S 3 MEUE BRI IR AT AR

AJ+PL

W I WA A2 P RV T, FER R I 2 9t
HRA5 K LA K 0 A0 8 o o3 006 L PLL BRI 57 5

o2 PL+AT,

B4 XFERUMENEPLEISCH 2 CR/HAEFTHEYWBEFMSEN
Fig.4 Adhesion and biofilm formation of PL in mono— and dual-species at 15 °C and 25 °C observed by OM

AJ+PL

BT+PL

MP+PL

5 CLSM Mz PL £ 15 CT /&S5 MEMHERF M 544
Fig.5 Adhesion and biofilm formation of PL in mono— and dual-species at 15 C observed by CLSM

26 BEEREAMEMNIMBBERAEFXH
4 F B B 22

K 6 fras , SUE# PL.AJ MP 7E 15 °CHI 25
C AR 2 A, I Bl & 55 37 0 (] 19 ZE
T2 23 m M BT 2 S ARG, 72 25 CF
PL 8l 3% K PL 5 AJ MP 4L15: 3% 5 d iF, 4K (1
TR T 15 C(P<0.05), 7E 15 CHEFE 5d
J& ,PL 5 3 B SR R L % 55 09 B O R

1.42~4.56 G J1 507 (P<0.05), 7 25 C& A
T ,PL 5 MP L35 520, & B 0 BT (P<
0.05), 1Mi 5 BT 3% 3% i 25 11 B % 07 b 35 N B (P<
0.05), W5 W, PL 5 AJ MP 7£ 15 CH1 25 CF
LRI R P R T A RS R v
fift R VIR YRR T, B SR SO P T PL 5 BT 3k
LR ) B BRI YRR 15 C A UL L, Wang
S, e 3 e S A1 B TR RN 24 5 b S B T R 4 A
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BB, S R B R R e B T
R WO 7 L 3 8 | LR 1AL 5 LR T

20 m=3d

m.sSd

B A B )
Protease activity/units

PL Al BT

MP AJ+PL BT+PL MP+PL
LS
Strains

(a)

TR TH A A A — B,

0C [wms3d

.S d

RS
Protease activity/units
S

PL Al BT

MP AJ+PL BT+PL MP+PL
[LR73
Strains

(b)

N [FNE R OR 22 57 18 3% (P<0.05) .
Bl 6 15C(a)fn 25 C(b) TiiE5 PL M E QB FEHZM
Fig.6 Protease activity changes of PL in different co—culture conditions at 15 °C (a)and 25 °C(b)

27 BEEBRMESGEEEYHE X SBMR
B it 32 1

5 RATR B R AR L, TR A A TR Y I AE ) kB
Bl AT TE B R T B AN O T R KB T, B
RIASLE B W) 2% 422 M ) R A PER), &L 7 TR, CV
Yo RS B A R R IR TR BB D> 15 C
125 CF PL ARG A i i, H 2 Bk
JEMRAENE . 28 0.06% U E IR AL FE A0 X T 15 C
i PL B 4% CV 5% B %R 76.85% ,PL 5 AJ BT
R A W 5% B R A 95.61% ,96.16% (I Ta Al
7b) ;1M 25 C'F PL 5 AJ BT iR A 8L CV 5% 2 5
NI H PL B S R 14.47%~23.71% (P<0.05) , 45
REW 5 PL BB FEA LL, FRE T PL 5 AT,
BT IR G H Y RN Z Ay R RIS
A YR G SR T P FR B A R IR B et
— LT AR AL LR, PL BA/TR A 5 B e s 2>
AL, R Te A7 R R AR Fh AL PR 3
25 CH1 15 C'F PL 1 FL/AR A 5 JBE TR U 20> | e i) 2
B % e 2> B8 0.80~1.79 g (CFU/em?)
2 0.06% K AR )5 ,PL 5 AJ 7£ 15 CF iR
BV PL KD R 0.52 1g(CFU/em?) |, 3%
IX F B RE FR 0 1 98 /0 & 1.33 1g(CFU/em?) (P<
0.05) 1l 25 C'F PL 5 AJ 5 MP & &4 Y9 B 1)
5 I B K0 ) R B 1.23,1.15 1g(CFU/em?) , B3
X F PL B /D i 179 1g(CFU/em?) (P<0.05)

A Pearson AH ¢4 43 1 8.7~ , NaClO ¢ i

FEE SRR 5 ARG AR Y g AR ) AR R 2
B, 55 4 R P ek D 8 B A O (2 2) . NaClo
W HE 5 PL BR% 37 (PCC=0.802 ) (14 4 I B ik /b 2 B
A B E MK (P<0.01), 1 PL 5 3 MEUSHEIES
A WS 4 T AR T NaClO #9785 B 1 FH (PCC
=0.341~0.656), HiFFiRE WS PL SRR 554 Y) b
5% B3 % (PCC = —0.839) & fi #1 56 (P<0.01) , IR &
AR ISR T L HE AJ+PL (PCC = -0.204) i
FBRAR T B 35 I 30 A e AR AR B ORI
i), 2 WA ZE IR PR BE A SRR TR T 1 7 A 0 i o
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Characterizations of Dual-biofilms Forming by Pseudomonas lundensis
and Spoilage Bacteria from Meat

Wu Shiyuan, Zhang Jun, TLu Zhong, TLu Haixia, Zhu Junli’
(College of Food Science & Biotechnology, Engineering of Zhejiang Gongshang University, Hangzhou 310018)

Abstract The aim of the study is to explore the mixed biofilm interaction among dominant spoilage bacteria isolated
from meat. The dual-biofilm characteristics of Pseudomonas lundensis and three spoilers were evaluated using by crystal
violet staining, phenol sulfuric acid assay, bicinchoninic acid assay and confocal laser scanning microscope (CLSM) ob-
servation at 15 °C and 25 °C, as well as protease activity and disinfectant tolerance. The results showed that Pseudomonas
spp. accounted for 43.5%, followed by Brochothrix thermosphacta, Acinetobacter spp. and Myriodes spp. among 23 spoil-
ers isolated from beef. The amount of biofilm formation of PL, AJ and BT at 15 °C was significantly higher than that at
25 C, and levels of dual-biofilms at 15 °C was significantly more than single culture, indicating that low temperature
significantly promoted the formation of mixed biofilm. The number of cells in biofilm co-cultured with PL and A] was
0.75-0.78 lg (CFU/cm?), which were higher than that of single culture. Compared to PL single biofilm, the secretion of
extracellular polysaccharides increased by 15.67-22.01 pwg/mL, and the production of extracellular protein co—cultured with
AJ or BT rose by 7.35 pg/mL and 6.70 pwg/mL respectively. CLSM observation also revealed that the dual-biofilms of PL
and AJ or MP formed clusters with heterogeneous structures, and their thickness of these biofilm increased to 48.99-
49.22 pm. In addition, the co-culture of PL and three strains significantly enhanced its protease activity and chemical
tolerance. After treatment with 0.06% sodium hypochlorite, the residual rate of dual-biofilms of PL, AJ or BT was
95.61% and 96.16% at 15 C, which was significantly higher than that of PL single biofilm. Thus, it was revealed that
meat—derived spoilage bacteria PL and three strains formed a complex dual-biofilm with strains—dependence, and the PL
cells as dual-biofilm formed at low temperature enhanced its resistance to sodium hypochlorite. This study provided a
good foundation for exploring the contamination and control of mixed biofilms from meat—derived spoilage microorganisms.

Keywords Pseudomonas lundensis; dual-species biofilm; stress resistance; spoilage; protease



