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Abstract: Raw milk and farm environment samples were collected from six farms in three regions of China for the isolation
and characterization of Pseudomonas fluorescens. The biofilm-forming ability of P. fluorescens was evaluated for the screening of
representative strains to investigate environmental adaptability under different culture temperatures, conditions, and surfaces. A total
of 25 P. fluorescens strains were isolated and divided into five sequence types (STs). In particular, P. fluorescens 18 exhibited a more
stable biofilm-forming ability at 24 h and 36 h, with a significantly higher OD value than those of other strains. P. fluorescens 18
was capable of biofilm production in tryptic soy broth, skim milk, and whole milk at 25 °C , 15 °C , and 4 ‘C , albeit with different
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production capacities. At a culture time of 36 h, a low temperature inhibited the formation of extracellular substances

in the P. fluorescens 18 biofilm, while milk-based culture media promoted their formation. Scanning electron microscopy results

showed that the adhesion ability of the P. fluorescens 18 biofilm differed among surfaces and followed the order of stainless

steel>glass>plastic. These results demonstrated the risk of biofilm formation in milk-based media by wild-type P. fluorescens isolated

from raw milk and its farm environment during production, with a higher risk being on stainless steel than on other surfaces. The

present study provides a scientific basis for future research on the hazards of wild-type P. fluorescens.
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Table 2 Seven sets of PCR primers for housekeeping genes
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-------- gyrB-F GGTGGTCGATAACTCCATCG
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3 ileS-R GGGGTGGTGGTCCAGATCACG
-------- nuoD-F GAAGTCCTGACCTTCCTGC
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-------- recA-F TGGCTGCGGCCCTGGGTCAGATC

3 recA-R ACCAGGCAGTTGGCGTTCTTFAT
-------- rpoB-F TGGCCGGTCGTCACGGTAACA

6 rpoB-R CCGAAACGCTGACCACCGAAC
-------- rpoD-F CTGATCCAGGAAGGCAACATCGG

! rpoD-R ACTCGTCGAGGAAGGAGCG
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P28, P29, Pf39

Pf30, P31, P32, P33 32 33 32 33 31 32 32 33

Pt6 34 37 36 37 33 35 33 37

Pf21, P22, Pf23,
Pf42, Pf44, P45, 71 97 32 33 31 32 33 126
Pf48, Pf49, Pf50

Pf54 77 84 32 80 31 95 32 127
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Table 4 Risk level of biofilm formation in 25 strains of P. fluorescens
Ht%h5  24hBHE ARIERS 36hBAEE AR
Pf1 0.490 £0.076 ++

0.375£0.032 +

Pf6 0.371 £0.056 + 0.320 £0.030 +
Pf12 0.356 +0.043 + 0.390 £0.032 +
P14 0.433 £0.050 + 0.379 +0.028 +
Pf15 0.550 = 0.059 ++ 0.434 £ 0.036 +

Pf16 0.456 = 0.057 ++
Pf17 0.510 £0.042 ++
Pf18 0.555£0.043 ++

0.485+0.055 ++
0.450 £0.038 ++
0.583 £0.023 ++

Pf21 0.444 £ 0.049 ++ 0.326 £0.013 +
Pf22 0.375£0.089 + 0.301 £0.032 +
Pf23 0.458 £0.092 ++ 0.336 £0.030 +
Pf28 0.440 £0.041 + 0.384 +0.015 +
Pf29 0.419+0.038 + 0.395 £0.037 +
Pf30 0.400 = 0.056 + 0.296 £ 0.011 +
Pf31 0.294 £0.004 + 0.361 £0.023 +
Pf32 0.397 £0.052 + 0.337£0.024 +
Pf33 0.219 £0.024 0.280 £0.017 +
Pf39 0.430 £0.057 + 0.384 £0.039 +
Pf42 0.338 £0.030 + 0.301 £0.009 +
Pfa4 0.369 +0.031 + 0.329+0.023 +
Pf4s5 0.380 = 0.027 + 0.265 +0.045 +
Pf48 0.279 £0.039 + 0.319+0.025 +
Pf49 0.263 £0.010 + 0.276 £0.045 +
Pf50 0.285£0.030 + 0.270 £0.023 +

Pf54 0.297 £0.055 + 0.273 £0.019 +
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Fig.2 Contents of biofilm of P. fluorescens 18 in different

culture times
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Fig.3 Adaptability of P. fluorescens 18 biofilm under different temperature and nutrient conditions

E:(a) A—RERRERRSGEMELE; (b) A—THhRSTEIRELHFEE,; (c~e) TSBIZIAi&L, AL HRAFBLIE

* 2 P<0.05, &

319




MR @i

Modern Food Science and Technology

2026, Vol.42, No.2

2.4 P fluorescens 184 4 A7 [l # sk @ T
& MR

EA B WE T AEWNERE (& 4a) EK
P. fluorescens 18 "EW) I B RE JJ 55, EPS R 15 &t
ST HAR PR AR BORAZEEL (1] 4b R 4c),
VEHNZIMAEEANRIR A RL T AL B RE JI AN ]
11 285 Py A7 L R 9 U W Bl A D E b R S T B i ZE )
R I B M ok, o A 0 R T R A T B A
MR D& SBOEER M, b E e K
PRAOE B A 78 PET 2 IR 3RS 2 1 9 6 1
W LA A SR LR 2, BEY 2 1847
EBEIHE S TSR0 M. Minyeon 255t i % 2 7
T AL AN [RI A 84 28 1 7 A A2 0 5 1) AF 98 b ) A A O
W R 2 AT B8 AE AN BE AN AR B AR BRI AE Y R 2 %
THIEAMPRLRTE . S RPERE A4
PR R AR A R T A AT R N R K, AR
BN T 5 T A= P 2 ) 7 A i R ELAE P AR A
A P80 . VIR — ARG . T
I 3ok BRSO L s s, — ez 4, 34
TRAGEAR R T 50 FLAE ™ 05 T A A6 22, i Ao
JEURE U A= 7 AR v RS BLSR G  RE  FLIR DY B AR
DM L B 7 AR Y AR W R AT i A o R P R
PRI 5 e 5 B A ) B RE -

SUB010 5.0V 9.1 mm x10.0 k SE(UL) 2

SUS010 5.0 kV 9.8 mm x10.0 k SE (UL) 2024/4/23 16:34

B 4 AHEEETAFRNEATE. HERTMEBRERT
P. fluorescens 18 T¢I E MBS

Fig.4 Biofilm morphology of P. fluorescens 18 on stainless steel,

glass and plastic surfaces under scanning electron microscopy
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