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Abstract

Whey is a major by-product of cheese manufacture and contains many valuable
constituents, such as B-lactoglobulin, lactoferrin and immunoglobulin. The current
study determined the anti-biofilm activity of bioconversion of whey by Zactobacillus
plantarum (LP-W), L. rhamnosus GG (LR-W), L. brevis (LB-W) and Enterococcus
faecium (BEF-W) against foodborne pathogenic bacteria, Fscherichia coli O157:H7
and Listeria monocytogenes. When the foodborne pathogenic bacteria were
co-incubated with LP-W, LR-W, LB-W or EF-W, biofilms by £ co/i O157:H7 and L.
monocytogenes were significantly reduced by all bioconversion of whey. Moreover,
LP-W, LR-W, LB-W and EF-W also dramatically reduced pre-formed biofilm by £
coli O157:-H7 and L. monocytogenes, suggesting that the bioconversion of whey
effectively suppress the development and disruption of biofilm by foodborne
pathogenic bacteria. Furthermore, in order to determine the growth kinetics of Z
coli 0157 and L. monocytogenes planktonic cells in the presence the bioconversion
of whey, LP-W, LR-W, LB-W and EF-W did not significantly inhibited the growth of
foodborne pathogenic bacteria, implying that the bioconversion of whey reduces the
biofilm without the decrease of bacterial growth. Taken together, these results
suggest that bioconversion of whey by lactic acid bacteria could be a promising
agent for the reduction of microbial biofilm.
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AN 2 24} 22 {74 bacteriocin, 1 9%
diacetyl, acetaldehyde, 4l 59 thefst gtd &4
At AR FHdsle] YA #9] T4 BRHoR AT 4
QltiVandenbergh et al, 1993). T2H}0| Q& GARES A TF
AF Al s501A B s H9, HY 2, 3 2 3t 59
NS F= AoRle TES YulRtHAnn er al, 2011
Fuller et al, 1989). Z28lo] Q€A AWM|E A7 541%
5k ofye} QjoREo ARGE|DL 9o, AB|AFES] o] =of
AHA AP 2 F B A7t F7Kekl QItHLim er al,
2015). E3, Foll ost Z2Hlo| QEAR ope}, thAIE
9] ot &3 71 E S8 T3t A0l Zi6] o]FofX|aL 9l
tKSeo er al, 2019).

T HPEE o] 83t Hlo| oA TS Bl A 1R E
BAA L BEY AR AE, 9% 5 59 ohdtt
Hofol| A &5 A% QItHAsha and Vidyavathi, 2009;
Smitha er al, 2017). 3FAIQl 7%, F7|A L} QTS Hio] A
HAsto] A 2255 o8 P 2 FATY BIE SRIgh
=wo| dHs= 5 oAt W I JHKim er al,
2019; Ryu er al, 2011). $8(whey)2 A= AZIIA 714
Q1 AATE o 2 FAER, §7M8EY AHS7IE Al
S7¥stal QUtHHe er al, 2016). WebA 549 4, ©ad
8 kRt AE, 9oE 59 o] o]FoiR 1L Stk
(Nam er al, 2013). SHA|9F 534S o]-&3t Hio| 2w A gt
A7 mHIgt A%oltKNam er al, 2013).

Aol A AAlske tiRAR1 BUF LR LRl Escherichia
coli O157:H7%} Listeria monocytogenes= self-produced
polymeric matrix2] 3AQ B9 THE0] S50A &8,
AL} 22 A WS, FHHE AR 121 oot 5%
22 gt AHE dovle AeE & d#A UtKPadhye er
al., 1992; Pérez-Conesa D et al,, 2006). WEHA £ d4l= 47}
A ZzHO|QE fARFS o-83f 774 Hie| WA AlRE AR
sk, Hed Aol It 2 AAET A akE gRIskaAt et
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£ Ao Ms Ao 2 Qe nlZolA Bt Lacrobacillus
plantarum KCTC 10887BP, AFe] tolA] £t 7. rham-
nosus GG, &AHo\A 223t L. brevis DFO1, 7FAH] A]gof| A
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B8t Enterococcus faecium DB01& o]-85t3c}. AR&SH &
ARt2 de Man, Rogosa and Sharpe(MRS, Neogen, USA)®|
37C, 24A17 viFste] AREstoiTt. Adoll ARESH WYt £ coli
0O157:H72 Luria-Bertani(LB, LPS solution, Korea), 7.
monocytogenes KCTC 35692 Brain Heart Infusion(BHI,
Becton, Dickinson and Company, USA)°l| 37COllA 24A17¢
&3 vttt

F& HIO|QZHH HIZ

2= 200 mLol| 10%(w/v) &g 9L 3 743} 3t} o3 80T
oA 3& Ao, fANE BFHS 47 1%(v/vE FESH &

37CONA 24Xt BiFstoltt. vl AWAH §72 7,600 xg
2 20CoA 1085t 94EE &, 4549 pHE IN NaOHE
ARl 6,52 241t RO Z 0.45 um, 0.20 um syringe
filter(Samchun Chemical Co., Korea)Z AFti= oja} & -80T
o Bytsio] AR o] 7t Algl] Tld FE oA B
7] 93} Pierce™ BCA protein assay kit(Thermo scientific,
USA)E ARE351o] BCA assayE S53itt. ojet 2 whoz
ARl Qo ARE 3 HloledWd AE ARE L plan-
tarundLP-W), L. rhamnosus GG(LR-W), L. hrevis DEO1(LB-W)
183 E faecium DBO1(EF-W)= HE7]5}3ct.

L

Held W30 Iy An 24

E coli O157:H7%} L. monocytogeness 1x107 CFU/mLE
gk v 100 pL9F AR, 0.5, 1, 2 mg/mL) 100 LS
-well plate®] SAIA Tt F 37ColA 24417t sttt ®
BY3t v T2 96-well plateo]] 37TOlA 24A17F ¥
T g9 AE) AR, 0.5, 1, 2 mg/mlL) 100 xLE A
Fil, 37ColA 24A17F Bisk3it. o] phosphate buffer
saline(PBS) 200 xL& A|&3}aL, 0.1% crystal violet &2 200
pLE go] PART0A 3081t FARE 3 PBS A& S AA
AN FERE dofwlirt. olE &8 H(ethanol 95%, HHA
25t 3%} 382 4.9%, acetic acid 0.1%) 22 23471 3 o]=
microtiter plate reader(AMR-100, Allsheng, China)Z 595
nmolA FFEE SIS

o R
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Held MY Adx 2A

1x107 CFU/mLE 92 £ coli 0157:H7%} L. monocytogenes
Hjekol 100 pLofl A=, 0.25, 0.5, 1, 2 mg/ml) 100 LS A
23 9 37ColA 1, 2, 3, 6, 12, 24A17F wiogRt |, ZH AlzhE=



Lactic Acid Bacteria-bioconverted Whey Inhibits Biofilm by Foodbome Pathogens

microtiter plate readerE ©]-&35t0] 595 nmoflA SIS &4

= A$ATE GraphPad prism 5(GraphPad SoftWare Inc.,
USAYE AR&ste] 33] HHEAIRS AAIRH B 2|9 #2HAE U
ERict. 7 2 7ke] Rol4d2 IBM SPSS Statistics 25(IBM, USA)
£ AREsto] EAREAH(ANOVA) 2 YeRch B4R & |
AA¥(Duncan’s multiple range test) 22 p<0.05 £ZA 4

Asiict
A
S HIO|QZIHH S0 o3t £ colf O157:H72| MEat

e AX|
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1, 2 mg/mLY 7% HoledWAd ANEE A2gt 2}, LP-W
(Fig. 1A), LR-W(Fig. 1B), LB-W(Fig. 1C), EF-W(Fig. 1D) H&]
0% ooz 3t £ coli 0157:H7 A& oA 8342 39l
SFATHp<0.05). £51, LP-W(2 mg/mL)}= 69%, LR-W(2 mg/mL)
= 76%, LB-W(Q2 mg/mL)+= 62% Z12]1L EF-W(2 mg/ml)+=
69%2] A4S BRISIL). Fig. 2% £ coli O157:H7S 244
7 viokste] FA8H el 7 HholiwAd 4RE(0.5, 1, 2
mg/mL)& AZgt &, F7HHoR 2447 vkt F FMsiod
595 nmoA FFEE S743 Zxjoltt AZH Ee 505, 1,
2 mg/ml)9] LP-W(Fig. 24), LR-W(Fig. 2B), LB-W(Fig. 20),
EF-W(Fig. 2D)°IA £ coli 0157:H79] A&do| §ol4l 4=
olA AA"S st} 3, £ coli O157:H79] &=t 2
mg/mL A&E A2t A3}, LP-WollA 83%, LR-WollAl 77%,
LB-WollA 52%, EF-Wollx] 59%2] o|n] &/J% =4l thet 7
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Fig. 1. Inhibitory effects of bioconversion of whey by lactic acid bacteria on E. coli O157:H7 biofilm. E. coli O157:H7 was co-incubated
with whey bioconversion by L. plantarum (A), L. rhamnosus GG (B), L. brevis DF01 (C) and E. faecium DB01 (D) for 24 h and biofilm

formation was determined using crystal violet staining.
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Fig. 2. Inhibitory effects of bioconversion of whey by lactic acid bacteria on E. coli O157:H7 biofilm. E. coli O157:H7 was pre-incubated
for 24 h and whey bioconversion by L. plantarum (A), L. rhamnosus GG (B), L. brevis DF01 (C) and E. faecium DB01 (D) was added
to the biofilm of E. coli O157:H7. The disruption of biofilm was determined using crystal violet staining.
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AREL 89O R [ monocytogenes®] BELE 75 A
319.01(p<0.05), £3] 2 mg/mLe] LP-WollA] 88%, LR-WoilA
89%, LB-WollA 86%, EF-Wollx 88%2] B2 B4 A axt
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0157:H7% 22| oA JAES RlsHlthFig. 4D).
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Fig. 3. Inhibitory effects of bioconversion of whey by lactic acid bacteria on L. monocytogenes biofilm. L. monocytogenes was
co-incubated with whey bioconversion by L. plantarum (A), L. rhamnosus GG (B), L. brevis DFO1 (C) and E. faecium DBO1 (D) for
24 h and biofilm formation was determined using crystal violet staining.
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Fig. 4. Inhibitory effects of bioconversion of whey by lactic acid bacteria on L. monocytogenes biofim. L. monocytogenes was
pre-incubated for 24 h and whey bioconversion by L. plantarum (A), L. rhamnosus GG (B), L. brevis DF01 (C) and E. faecium DBO1
(D) was added to the biofilm of L. monocytogenes. The disruption of biofim was determined using crystal violet staining.

28 | https://doi.org/10.35732/ctlabp.2020.6.1.25



Lactic Acid Bacteria-bioconverted Whey Inhibits Biofilm by Foodbome Pathogens

A - LP-W [0mgimL}
-5 LP-W {025 mgimL}
—& LP-W (0.5 mg/mL}

1= rw (1.0 mgimL}

0.8

HT

0.6

0.4

E. coli 0157 :
(ODs395)

0.2

bt S T
Incubation ( h)

12 24

C -8 LB-W (0 mgimL)
£ LB-W (025mg/mL}

1.0, ~& LB-W (05 mgimL)
-7 LB-W (1.0 mgimL}

0.8

0.6

0.4+

E. coli 0157 : H7
(ODsg5)

0.2

ﬂ‘.’ﬂ T T T T 1
0 1 2 3 6 12 4
Incubation (h)

oA,

AP

o,

B ~@- LR-W {0 mgimL}
-5 LR-W [025mgimL}
1.0 —& LR-W{05mgmL)
== LR-W 1.0 mginL}

0.8+

HT

0.6

0.4

E. coli 0157 :
(ODs95)

0.2

0"0 T T T 1
0 1 2 3 &6 12 24
Incubation ( h)
D -8 EFW {0 mg/mL}

-5 EF-W {025 mgimL}
1.0, & EW (05 mginL)
-5 E-W {1.0 mg/mL}
0.8

HT

0.6

0.4+

E. coli 0157 :
(ODsy5)

0.2

0.0 —T— T T 1
0 1 2 3 6 12 4
Incubation ( h)

Fig. 5. Growth kinetics of E. coli O157:H7 in the presence of bioconversion of whey by lactic acid bacteria. E. coli O157:H7 was incubated
with whey bioconversion by L. plantarum (A), L. rhamnosus GG (B), L. brevis DF01 (C) and E. faecium DBO01 (D) for indicated time

points and absorbance was measured at 595 nm.

5D)E HZH(0.25, 0.5, 1, 2 mg/mDE A5t £ coli
O157:H79] A% JAIE B4 23}, ZE §-4 vloloAwd At
E0\A £ coli O157:H79] A% A7 dizx<tat H|wsiolZ o
FojA o= FAEA] Aokth olet fARHA 77 Hio| WA A
EZ L. monocytogenes® AE|gt F FLE A7l 595 nm
oA I=E 43 AIFig. 6), £ coli O157:H73 B|S5HA|
LP-W(Fig. 6A), LR-W(Fig. 6B), LB-W(Fig. 6C), EF-W(Fig.
6D)Y] & H2o| 98l L. monocytogenesS] B AA7}

A AT

i

L. plantarum, L. rhamnosus GG, L. brevis DF0O1, F.
faecium DB01 4F2] fAkt= ol&sto] Ho| et A=

E. coli O157:H7, L. monocytogenes?} A0 *2lsto] uijofFst
Z3KFig. 1, Fig. 2), B AlEoA & F/do] A=t 4
0] A= A F 7HA] 8110] ofsh Uefu=d, Al A%
QAN BE] B AdlelAU, Ao FE 25
FLS JABK= AolckHerald er al, 1988; Marsh er al,
2003; Roy er al, 2018). & A7 A% oA ZA Aol
(Fig. 5, Fig. 6) ¥ A% Al aat= vehbA] 2okt 9 23=
= &of vl H §A9 A A= o A A7 of
d BEEe] 125 3442 JAIRE ety A4Eh F7H8e
=, E faecium DB01-Z A|<Jet UHA] FAkto] 782 o]-8519
gt AEate] 128 MEes REEES AT AeE U
HthFig. 3, Fig. 4). Alit +33 extracellular polymeric
matrix 2% JE BEH 125 o|F7] HMe S
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time points and absorbance was measured at 595 nm.

Algo] s AA=AE Aolet wtEhIrie er al, 2005;
Kang, 2009; Valle et al, 2000).
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