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Biofilm Formation of Food-borne Pathogens under
Stresses of Food Preservation

No-a Lee, Bong Soo Noh', and Jong-Hyun Park*
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Abstract Most bacteria form biofilm as self-defence system, making efficient food sanitization, preservation, and instrument
washing more difficult. Biofilm formation of Salmonella, E. coli, B. cereus, and S. aureus was observed during 24 hr food
preservations by performing microtiter plate and glass wool assays. Most cells formed biofilm and attached onto glass wool. When
biofilm formation and injury were analyzed on the microtiter plate, 10 and 20% acid-injured E. coli and S. aureus, respectively, 30-
50% cold temperature (4°C)-injured B. cereus and k. coli, and 30-55% 6% sodium chloride solution-injured Salmonella showed
significant biofilm formation. Results indicate biofilm formation level differed within species depending on type of stress.
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change) &2 EARol(mutation)E E38l 2 -8-(adaptation)st7 L},
A BN biofilm) -2 A= Aos R dlo] 2HEAXE 72
"ok, ol biofilme vl Ee] FHel polysaccharide®] matrix
TEE FEwie] A7A Ee Addeeie Avh2). =71
o) g73Ropl e AEAME polymerz o] Fojz] o] oA
wol HFEe B4l Alste]l Al gl Rabste] oA Y
Z(microcolony)& ©]F1 = Wolg)7} x}& FARIA] whe o))
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Polyvinyl chloride(PVC), Teflon, Plexiglas, wool, rubber$} stainless
steell A S, aureus, E. coli, S. enteritidisS} L. monocytogenese
F&elA] k& cellel Hl3| quaternary ammonium  compound
(QAC) sanitizerdll AL 7L 0™(9), Candida albicans®)
antifungal agent A# A= F-f-(planktonic cell)ol] #13 biofilm
o] MICZto] t =Skthar @ck(10). o)9b 7Ho] biofilme 2]E 7}
S olA A HAEY e EAEo R W) E (mono cell)d)

HIgiA AA7E ol g Wk ope} A& 23 virulence factor
HIa}A =]3L o] virulence factor7} 2)Zo| FUEH EAJE
zrgelA Hlrh o9 ke A E S awreus?) biofilmE A4 A
agr system< o-hemolysing EH|sle] SAEAZ 283t
‘4(11) A2 ZRE obde Ago|Au, Ee é}%%g ol
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EYAE 7l A% 45 cross adaptatlon—’“_i el
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rrLg} oI: /\]@Loﬂ)\i Nz% O Ql&}k
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o] FAHA El e Fo HAEEME2] biofilmE
AEAE, &, AxBAAM BE F e
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A 2F % Y =

EFATFTE Bacillus cereus KCCM 40935, Salmonella typhymurivum
ATCC 12023, Staphviococcus aureus ATCC 12103, Escherichia
coli O157H7 9328 AHg3iinh. Belaa(wild ype) 2w B &
FAgA Ee] A3 B cereus B70C, B cereus B72C, B
cereus B74C, B. cereus B75C®} S, aweus= S. aureus S6T, S.
aureus S14T, Salmonella= Salmonella S2A, Samonella S6A,
Samonella SOAS AHE8t9 0™ E colies E coli EIC, E. coli
E2C, E coli E3CE AH&-313th. 2E wiFE tryptone soya broth
(Oxoid, Hampshire, England), tryptone soya agar(Oxoid, Hamp-
shire, England)o1 4] 37°CZ overnight ujo¥ated el &t

AEHA TETNH

Acid stress® #FE 10mL acidic TSB(pHS.3)o 78l of<f
100 uL 3E3 T 4oCollM 417+ 52 wigsIt. Cold stressE
7] Y8 FFE 10mLY 0.1% tryptone peptone broth(Difco,
Detroit, MI, USAY! uliokel 100 ul FHESH & 247F 11 4°C
gkZo] 2o 3oz vdEIT 28] cold starvation
deiME #5158 B Y4EE)(10,000X g)ydte] dEd

@ & pelletS phosphate buffer saline(PBS)E #ES 5 10
2o} g4oce] =233t} Sodium chloride stress® aliA o=
7t HEE 10 mL(6% sodium chlorideZr)y& 4°ColA 45 ming <t
H 3FATH(12).

1e rio mo K

defplg £

StressmZ 2710 W) stressE £ F 42F9] stress@7Aol g
Akl B18-& &437] $18) triptone phosphate agar(Difco, Becton,
Detroit, MI, USA)$} TPAS(TPAS 4.5% NaClZ #H7hell 455
wEhsle] g 238t TSASH TPASY dalE & 45
2 47 Mo s wasle] F Rzt F4e Aol AdeiH|
F2 eERNATHLS).

[Log(CFU/mL) at TPA —Log(CFU/ml) at TPAS)]

N
Injury(%) Log(CFU/mL) at TPA x100

Glass wooldll 28t biofilm 4&EH

10° CFU/mLY] 21F% M@ 059 glass wool(Z17d 6 mm)
o] Z3FE 100mL tryptone soya broth(Difco, Becton, Detroit,
MI, USA)IA 37°Co A 48217k wiekstitt. o2 F FfAldS
AAE7] g8 FF AL ARgste] widdelA] glass woole
AT Z 02M sodium phosphate bufferpH 6.9)Z F ¥ A H
& B Whatman filter paper?lol A} glass wool& HAZAIZTE 1%
A17] glass woolS 43 g glass beadS XFHEH H flaskol] ¥l
o]71e] SmL Tris-HCI(10mM, pH 74) €&dS Wt} ob&
glass wooldl £0] AR cellES AAz7] faiA 102 &<t
250 rpm@E shakingdle] 5 mL Tris-HCE: 338130 102 <t €
A1 22)(12,000X g)3te] pellets Ho A Ea detsld] a8
Z74 S TH(13).

Microtiter plate0fl 2|8t biofilm M4 £H

StressZ & 452 43 42 3¢ 10mL TSB vHAIl 100 uL
B=35999 o 102 CFU/mML7F SI=2 = F PVC microtiter
plate(Becton Dickinson Labware, Franklin Lakes, N.J., USA) zt

96 wellell 200 uL¥ zhzb BF3kGih 2427 B9 37°CE WY
& Zol zb well®) ¥lx] 45N aspiration®® A|ASIATE I
TR Al2) A9 43(0.85% NaChE Al ¥ A& k2L 99% methanol
200uLe.2 15min AEsld #FE ZPAMNAL. A2 F 1%
Hucker crystal violet&d 200 uLoZ S E<F well <ol F-3¥
#3E gAsy 95z A F PARAFG olelM 3%
glacial acetic aicdZ 160 ul.¥ A7¥ste] 52 &<t Hzste] cell
288 H8Ee cystal violetE 550 nmoll A microtiter plate
reader(Tecan, sunrise, A Graham, Salzburg, Austria)® F#%E
Z7stlth(14).

2 =

AMEEMZC| biofilm &4

9 2E#H 2 W biofilm¥HFEE Lolr] Aol ol&
Aol biofilme HABH=AE glass wool2 FAEIATE E coli
O157:H7 932, Sal. typhymurium ATCC 12023, B. cereus KCCM
40935, S. aureus ATCC 12103Z glass wooldll F2=le] gl Al
29} glass woolol F-AEA] e FHAEE Al EE 24
&1 tH(Fig. 1A, 1B). S. awreus’t -2 oA 7HE BE F7F
2418 B9 2529 glass wooldll F2HE Aol A=
e g} BEE 2jol7) glo] 2447k o] Rl ol ST}
s AL o = ASiTh ARRE #F BF A 7R E A
47} Z7 89 E Y planktonic cell 12417k o] ol AA7 &
4 o4 Z7IsA ¢ AeZ veldth v FHEAE glass
woolo]l ¥-2E AMEE 12417 o]Fele A& TVt FAE HS
o}, ol biofilme.® WAE AXE bioflmAelA A Aol
ofFolNAY F& RHAME AR} biofimE PFsHHAM glass
wooldl] F2HEE= Ao ' RO Bacillus®] 735 2417ko] AYH

@ | L

. - T —.¢-~ altached
- 8. cersus
7o gt - . x-— aftached
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Fig. 1. Viable counts of attached cell on glass wool and
planktonic cell of food borne pathogens under non-stress.
Symbols: attached cell (---), planktonic ceil (—). A: E. coli
0157:H7 932, Sal. typhymurium ATCC 12023, B: B. cereus KCCM
40935, S. aureus ATCC 12103.
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Biofilm formation

Fig. 2. Injury percentage and biofilm formation of food-borne
pathogens under acid stress. The cell forming biofilm was detected
in the microplate well by detecting the dye at 550 nm absorbance.

glass woololl #-2517] Al&ate] 18A7F Awolle HAE w7t
2 biofime] Feiz HEFTT rk16). Wt olE AFE
o] glass wooldl] #&tsh= Aowm & wf of7]x Arg AFE+
< el YA biofilme BASE AL & 4 AU
Swess¥ele & 2ol Uit dzTad e 77 e
biofilm& S microplate X FHEZ(OD, )22 H|=s] 29k
(A} FAAD. BE 2EHAE T4 @S 779
plated| A= OD%rel 02 JEz B biofilme] FAHHE Zog
= EolA UYL injurys Al fle AoE Jehgt) olw 7
< Folghe straind] #AGle] FAHET}F 747] R thEA v

Eht}.

739 micro-
_‘{

HHERE AEE Mzl biofilmid

Acid stresso] &8} &k <F 4lon} oF dzby] AEjolME U
dol A 93]y Aol v FXE 4 Ao pHoll 28 stress
g A7k BHE 30-60% AR #e A8 A7 ZheriE g
th(17). WA pH 5.39] acidic TSBAIA 4A)17F gk
stressE = U3 TPASS} TPAMIR|ZF #-42] zfol& o]&3ldd
injury%E A2t chFig. 2).

B. cereusw A =YL W 49 s#F ¥ 59F EEUH
20% <139 injuryE R<1 HHA biofilme 2T SR ith
2|3 Salmonella=. 20% ©]°4<] 48w LUA T FA] biofilm
o] AL 4T F 19T A Aoz el £ coli
445 F 295 injuyd, 23FE biofilmyre AAete A
o2 Yeht M2 A3 thE AS Ho] F9U} StressE Bho}
HaTHET 5 biofilm FHA=E R E coli E2C, E coli
E3C2} S awreus S14TS] B #F+ stressol]l that #-&717bo] =
A dojd Ao Bt wEhA olF 4 AFE MaE UiE
2 Akl 20%0)14d9] injuryEs RO biofilme UFgro] HA

dl= Ao vk

Sodium chloride stress®]] &]3 Qg 215 o] 2 FAFHE
< Y3te] ANEH O FT AMR-E= 6% sodium choloride® stressS
F e 270 WE injury9t biofilm FA=E vl S
awreust= WRA ol AR IR #5771 20% ode] deElE
B o WA BT FA bofimE FAske AoE
bttt Bacillus$} E. colie injurye WA A& biofilme A
AetRls o= Aoz Y S aweuss injury®} biofime 7
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Biofilm formation

Fig. 3. Injury percentage and biofilm formation of food-borne
pathogens under sodinm chloride stress. The cell forming biofilm
was detected in the microplate well by detecting the dye at 550 nm
absorbance.
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Fig. 4. Injury percentage and biofilm formation of food-borne
pathogens under cold starvation stress. The cell forming biofilm
was detected in the microplate well by detecting the dye at 550 nm
absorbance.

8 PR e AOZ JEhgtl o|#E stresst £3] Salmo-
| Be J3e vAT dE e M HUCKFig 3).

Cold starvation®l] &]%F g3k 7|opdelg THEolR7] &)
EE(tap water), ©]2F(deionized water) L 2] H<(saline), 2]
37 phosphate buffered salineS AFE-3tTh hal€ 22 normal
saline®]L} tap water®OH= 0.3 mM2} phosphate buffered salines
ARERE woll Fu wWE 717 el celle] APES BT &
th20). o3 H4dL AlEBRE injuryd] WE biofilm FAEE

= Z0]7] WfFe] 0.1 M2 phosphate buffered saline AHE-5}
o FFE SUTE 40l =ZAIFHFig. 4).

Salmonella¥] 10-15%, E. coli, B. cereus N 5-20%2 2
percent injuryEs HATE S aureuss 25-48% HEo] AH|E wok
o} Injuryell w2 biofilm¥ 4 ¥+ type strain? Hlws] B4
W S aureus SI4T, E. coli E3C Z+ & #FE5 A Q32 type
strain® .t S biofilm FAEE UERAUT tAldez S
aureus¥e] cold starvation “FE}NA injury$} biofilme] A& 3}
o T A2 VeI Starvatio’d Bl E 0] biomass’
A O olde] Frte Sl B @4 oM celld] ArE
ol £tk Fhh(21). webA] 2F9] stressol]l thE biofime] A
njojgiel Zog weln)

flo wy

Cold temperatures] €] 98 Cold shockS ¥HE 3% 0-
60% HEE 4255 Agy Agd 583 Aolglol percent
injury= THFslA UERG e o2 injury =5 Bl Boke
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180 ¢ E. coli X519 t). Glass wool®l microplate plate®] F2r 52 biofi m

: galzr:::sﬂa 8P AL AFEL injuryms 279 stressEoll NaClHjA] of 4]

g x 5. aurous o] gelio] ek RS A7IM 20% injuryS e FF-

2 = Al we Zo= BT, 183 microplated] 2|8k &

2% e 49l BN biofilme ODoIA 04 o4 Hol #%E

T a0 ] Py biofilm forming straindl Ao.= 3 7}6}0112}

5 » dukz o g 37| ALgH HFEL glass woold] F&E= A
Sl a4 A, o2 1ol 9719 biofim® Feke Aoz e,

X Table 19 9|3} Aol tjgk o]& Alwe] a2 giAgo=

0 ‘ A _u : E colig A&s2E EF injuys Wi 2 o BRAL

0 0.z 04 06 03B ‘ biofilm&4-& A @S 7ol okzhe] ol e Ao Uehd,

Biofilm formation S aweus’t AUHOZ = WS T biofilme FAT UAUT

Fig. 5. Injury percentage and biofilm formation of food-borne injury® 9Re 73 F oF 66%7} biofilme: HAJEIATE E colie

pathogens under cold stress. The cell forming biofilm was detected

injurys Hols= o5 i L. A= Z71 X 20
in the microplate well by detecting the dye at 550 nm absorbance. injuryE ol ok biofilmE FAohs dF7F MR G

™ B cereust biofilm 2 FAAsHA] &= Ao 2 e
Sodium chloride®] €3} stressoll e 5 injurys 3oL} o]

o) Bo)& w3t xpolde QISITHFig 5). Salmonello= injury2} o S aureuss A injurys BA] Rt BHIEAS Salmonella
biofilm& 4 w57t Mz thE2A e, E coli HAHOE gk biofilmE &4l the AEE biofilms F/dHA] &3ht
injurye DAY biofimE L o AA dojubs HoE HS) ol dAl AFe AAAEZ 7P weol ARSI 03 chlorine
o}k 3k 7o) 3] injury$} biofilm¥ - FAlOl Kol U2 compoundll Salmonella®l A3/ dol Attes 7L uisiez 3
th B cereust WAIH o= V& HL9] injurys LUAT biofilm & we FoE 7|gojor & Aoz WL Cold starvation®7]
g4 gre B8R et 535 ¢ e d5e inuyE A o ol M= S aureusiHe] injury9t biofilme 43t AT
I biofilm¥He #Ashe Zom UERET S aweuss injury®t Z22]3 4°C2] cold temperature stressl A= E. coliZt 7HE 7t
biofiime] &Ado| & Adofx] e Ao LEHTH A B injuryel biofilmE AT dv= AR ERR
o]2]3t cold temperaturecl| A1 2] stresst= 5% Alw+9] strain?t Gram(-)?! Salmonella®t E. coli7} 2152 stressoll thate] vl H
of o}F thekst HRSHANS Hol F 9lE 7o velyttt =2 biofilm 45S Hol FJE=H E3] sodium chlorideol] o
3l biofilmB 52 oFF =AUt Gram(+) S aweus= 53] ¢
nl =t off thEt biofilm¥ g5l =& Zlo] UERTE. Salmonella= biofiim

A O T stressEollA E38] sodium chlorideo] T%- A &ledo] Al

nAEez HEe] 2Fe] kg Fusty| st HFEs 71M ol g AFEAu vaEHeE SR AAZITH22).
AFe HEoZRE] AASH: B kYol 2 HRH ofF ot 5L Al 2FAMdNA v BHEACZ AR 9
A gheh, ey oleidh mEE Y Hie} o] mE&AHo = A7} ©] SamonellePll= 37t A gt 218 ARReRG
2 o]RolX|A] ¢k o} ARdolt} olzldt ¢1Fe] shrt 9. P flourescens Z12]3L B. cereuss= chlorine, iodophor, peracetic
Agl AEoA o] HIFSL biofilme 3435l 279 stressol] acid, acid anionic3} fatty acid sanitizerl 2|3] FEA FFES
taksl] wjBel Aow AN AUrh2) weka] B g kx| el ¥ enterocolitica?l 73-% sanitizerS X2 3F95E o A

Azl HEoF Wo| FREY = 4k A2, sodium chloride K7\ DL StaphylococcusSt P aeruginosas Zroluvh @z o A

°]
o] w2 AFE Aol A HEe biofiim¥E gl Wiste] A+ 1 2ZFolg AAHE g dx biofilmA A @37t gidlvi
kA ke SICH(18). E. coli O15T:H7+= chlorine®} peroxyacetic acid sanitizer
HE= HFoe AFAM B AV H e A5E f g A2 3l9e W Z3HoE Alwe £E Y 7 AT AL
A% Gram(-) A< Sa/monellaQ} E. coli, 22|31 Gram(+) HEA] @3 AEshe F2 A3 B dHE de Aes v
AL B. cereusSt S. aureus®] AT BelwFE ARGl L CR(19).

Table 1. Characteristic analysis of injury and biofilm formation of food-borne pathogens under each stress of acid, sodium chloride,
cold starvation, or cold temperature

Salmonella E. coli B. cereus S. aureus
Stress -

" B I+B [ B I+B I B I+B I\ B I+B
Acid 100* 25 25 50 50 0 100 0 0 100 66 66
Sodium chlorine 100 100 100 75 0 0 100 0 0 0 0 0
Cold starvation 0 0 0 0 25 25 0 0 0 6 33 0
Cold temperature 66 33 0 75 502 5 40 40 20 33 0 0

Symbols: [ = injuried strain, B = biofilm forming strain, I+B = injuried+biofilm forming strain.

*The number was expressed as percentage (%) for each strain of total strains, and four strains of Salmonella, four of E. coli, five of B. cereus,
and three of S. aureus were tested.

UInjuried strain was defined as more than 20% injury on the Figures.

“Biofilm forming strain was defined as more than 0.4 absorbance of ODg,.
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