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Inhibition of Food-derived Lactic Acid Bacterial Biofilm Formation Using
Eisenia bicyclis-derived Nanoparticles
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Lactic acid bacteria (LAB) growth in processed meat products produces slime. In this study, 10 different biofilm-
forming LAB, including Leuconostoc mesenteroides, Lacticaseibacillus paracasei, Levilactobacillus brevis, Lac-
tiplantibacillus plantarum, Leuconostoc citreum, Weissella viridescens, and Latilactobacillus sakei, were isolated
from various meat products and identified based on 16S rRNA gene analysis. To inhibit biofilm formation by LABs,
Eisenia bicycles methanolic extract (EB) and ethyl acetate soluble fraction (EA) were used as antibacterial and an-
tibiofilm agents, respectively. Furthermore, EA and EB were employed to synthesize gold nanoparticles (AuNPs)
such as EB-AuNPs and EA-AuNPs, which could serve as antibiofilm agents against the isolated LAB. These findings
demonstrate that EA, EB-AuNPs, and EA-AuNPs exhibit significant antibacterial activity against the isolated LAB.
Furthermore, EB-AuNPs reduced L. citreum biofilm production, whereas EA-AuNPs inhibited L. mesenteroides and
L. brevis biofilm formation. The current results suggest that EB-AuNPs and EA-AuNPs can be used as nanomaterials
to inhibit LAB that form biofilms on meat products.
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AN B 2007). L QA QA g__gg]»L Azo] 0= 2 A
5} slime 5-9] Hlo] @ 5 Ao o3| £4 AslE 2 sl=

bt 2 TRt 7k BalE|ef glom, o]z LRupe| o F o8 HalEo] OIE}(Alakoml et al.,, 2000). =7}5-%2 &4
A mualol gl el g AlE 0] A S thoFsl A1 AL o] A W XﬂO}EH:LES_O] 9l Ao B HIEL QARG YIS 7k
] A% 3L §lth(Holzapfel and Wood, 2014). E3t bacterio- Weissella viridescens 2! Leuconostoc spp.& 4] A ¢lom &

cing AIStO] e vl RO A SO ATE A Ak Aol Of AL, pH A3k, 7k 2 o) A4 ol 1wl

lo

o)
2 A#HA lti(Alakomi et al., 2000; De Vuyst and Leroy,

3to] EA7} =)a Qlck(Korkeala et al., 1988; Bjorkroth et al.,
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1998; Samelis et al., 2006; Gounadaki et al., 2008; Han et al.,
2011; Padilla-Frausto et al., 2015).

o|= Qlsf| X|Ho Ak}, SA W3} Fo] HHAYsto] £ A5t
2 o) 8715 A1E| M7} HojxA HrkChenoll et al,
2007). w2, S7FES] Fe 8 5 slime 59 Hio] 2 2
B2 AT 5 e ARES Ao {1k 71w Ziido] E
Qi) ejuetolAe S7HES A5, 24, iR
& ERohH |f7ksE0lA 9] mlE A JAsk] S8l &
B XK(sorbic acid)o] AREE I Ql0H o]&= 2.0 g/kg ©|5F= AL
§o| 42| SITHMFDS, 2024). o142 7|2 F242 4% ¥
Aol vt ¢j213] Beleln gleols B7shn $71EY £
T T FAE= vl ot ZA7H A E AL 9T Chenoll
etal., 2007; MFDS, 2024). whetA] AB]| 250 A] QPASEAL Al
At AlE2 Alestr] S8l fa713 % 9 njdE s o
AE 915 418 ZARo] that A7} Bas] o] 2ol AL SUe
(Biswas et al., 2022).

3 AE B ARE AGEE Lhe JRHNPOE S5
2] 9 biofilm Ao} EAJo] Bl o] QT Anvar et al.,
2019; Paidari and Ibrahim, 2021; Ahari et al., 2022). 4] 9] 3
A ] S7HE S18l NPsE ZAA of] ARG A, Abax F31Ad
= @& Ertopyet R v E AA1E Fol eI o
Aro] 71535 Ao & H T o] QIt(Omerovid et al., 2021). &
3], gold nanoparticle (AuNPs)yi= =51 AJA| A4 2 e
A4S UEt e 9t 3t 9 kel S TR B R skt
&, 9JoF 5 thFet At ol A ARE-E] o] A gkeK(Corti and Holli-
day, 2004; Hashmi and Hutchings, 2006; Lakshmeesha Rao et
al., 2017). 2 15Lo] w2 AuNPsE 24231 g 2H4] 2ot
ofy e} YA n|AEo] /AJ3k= biofilm A ofof gk E->
7} Ba1E 3 Qltk(Zawrah et al., 2011; Vijayan et al., 2014;
Shamaila et al., 2016; Ramasamy et al., 2017).

|2 Eisenia bicyclis)2 2252 phlorotannins&} -2 A 2]
$py 20E vk Shgeka glo) B, B W A% v 5
9] 7|54 7M1 Qi Ao 2 H1E o] 9lckErmakova et
al., 2013; Kwon et al., 2013; Menshova et al., 2014). Eom et
al. (2013)0]] wh=H =} FEEofA 2% phlorotannin
methicillin-resistant Staphylococcus aureus (MRSA)®] T3l
Q- 23F gt Al o] BalE|o] 9l o n, ETF streptomycin-resis-
tant Listeria monocytogenes® 3t A= St Aoz
HirE[o]A] Ath(Kim et al., 2018). ZL2fuf 93 Pt 2=
2k= g3k 2252 ]85t biofilm A|oo] Tt 1= ]u] gt
Aoz A Sl

wrepA] B Aol A= biofilmo] B4 S7HgEoll A A
=+ W 55t 0]9] biofilm 3/d5= Eelskqlt. B3t
o] & Aloal7] el P-4t /o] Bty ok MeOH 5=
Z=(methanolic extract, EB) 2 EtOAc #2 $=Z-+=(ethyl ac-
etate soluble-fraction, EA)¥} gold nanoparticle (AuNPs)S 3}

foh

- 2T - 2R

L R - dax - 430 - S - PP

v o

Aato] 2A Aol A BelE AREe] biofilm Ao] 7Rl o]
3l el o). o1 £ o} 3% %-gold nanoparticle (EB-
AUNPs, EA-AUNPS)S o] 85t 418 ZA7|2] 18 7Hs Ao
el Belal iz gk,

Aloll ARGl HBH(E. bicyclis)2 2022'd 28] &5k
A AR 7% AEe] RS &5 EE(Ullungdo, Korca)
ol o3k O, 40 mesh 0|5k Hafsto] Aol gt
Aot 2245 E. bicyclis 1 kg2 methanol (MeOH; Daejung
Chemical & Metals Co. Ltd., Siheung, Korea) 6 LE ©]&35
o] 60°Cof|A] 23] 2% A8Y5}5itt. E. bicyclis MeOH extract
£ 0|83} liquid-liquid extract A= H-2 Eom et al. (2012)
of uhzt A 85T MeOH extracts= evaporation <
2.0 L¢] water (Daejung Chemical & Metals Co. Ltd.)o]| ¢
n-hexane (Daejung Chemical & Metals Co. Ltd.), dichloro-
methane (DCM; Daejung Chemical & Metals Co. Ltd.), ethyl
acetate (EtOAc; Daejung Chemical & Metals Co. Ltd.), 12|
a1 n-butanol (BuOH; Daejung Chemical & Metals Co. Ltd.)
AU R 5L AYsIAT) E. bicyclis £-3] 552 rotary
evaporators |83t 53 3 80°Col|A] Hksln] Agof AE-
sk,

e 7l &&== 0/8¢et AuNPs HMZ=

E. bicyclis MeOH %=(EB) 4 EtOAc 3 =5(EA)
A

S 0] 831 gold nanoparticles (AuNPs) A2 Aal o1 7Lof| 4]
7148 A3} o] AHATHO etal., 2024). EB 2 EAL= 7}

Z} deionized water®f] 25% (w/v)S] S =2 53] =91 T 44
£2(10,000 rpm, 103) 5 AFES ALg-319ICE E3E 1 mM
gold (IIT) chloride trihydrate (Sigma-Aldrich Co., St. Louis,
MO, USA)ZE 60°C deionized watero]] 591 & NaOHE ©o]-&
&to] pHE 9.00.2 SH35=3lth. o] %, EB % EAE 3 &4
Hojmg] A& Ao] legtM oAl QI O 7 Wsh= A S &
TP or sto] eHdstiit E3t, S A ER Y uhE 4
2ol ¢J3ll microplate reader (Synergy HTX; Biotek, Win-
ooski, VT, USA)E ©]-8-3}o] 101t} 200-700 nme] S-45=
£ 243tk

3= EB-AuNPs ¥ EA-AuNPse] E4 £412 93] par-
ticle size analyzerg 0185t 27] 9 Ale} A& &lslglon,
T2 E48 98l X-ray diffraction (XRD), fourier transform
infrared spectroscopy (FT-IR), 4! field emission transmission
electron microscopy (FE-TEM)2 Z385}%it}. A4 ¥ AuNPs
o] B B2 energy dispersive x-ray spectroscopy (EDS)<
29 salstset.
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Biofilmo] FAH |75 A& Gkl A4 (Seoul, Korea)
oflA] Aol Afof ARSI AR 45 (2|27, -
= AR 9V A Aol A FARES Eefst7] fleh Al
25 g& H4+H 0.1 M phosphate-buffered saline (PBS; pH 7.2)
£ o]} 108 84 & stomacher (Interscience, St. Nom,
France)E o|-§-3fl 2427t st A slslGich 43t | A2 Bt
H PBSE o]&3l9 34 & bromocresol purple (Sigma Al-
drich, St Louis, MO, USA) 0.002% (w/v)7} 37}e deMan
Rogosa Sharpe medium (MRS; Difco, Detroit, MI, USA)o]|
EBF3ATE 30°CollA] 2448417 vl F & §-714F 52 Aol
osf F=Y FHo| et o R Wl Td ZRUS AE 9
Bo5tgie) 2w SARFS AccuPrep® Genomic DNA Ex-
traction Kit (Bioneer, Daejeon, Korea)2 ©]-8-5}4] genomic
DNAE F=314t}. 16S rRNA 42 $|3)| universal primer
] 27 F (5-AGAGTTTGATCMTGGCTCAG-3") ¥ 1492 R
(5-GGTTACCTTGTTACGACTT3')S: 0]-85}0] polymerase
chain reaction (PCR)= #13)3}31tt. PCR product= E9H}o] &
Y2~ (Bionics, Seoul, Korea)ol] 2] 2|5}0] 974 H-4] 3 Na-
tional Center for Biotechnology Information (NCBI)2] Basic
Local Alignment Search Tool (BLAST)E ©]-835lo] &7|A4 <€
o) &/ Bl s Sl sgskich

SalE QAT 4 BHOl U biofilm A

e FARE 1052 o]-8-5t0] 30°Coll A wjdstilS o 4
= 2 QFAI ] whE biofilm B /d 7Hs/d ol sl w41 sF

2} 3tk MRS brotholl A 30°C, 2447k 8l 9F 3= 600 nmo]]
A &%= 0.057} =] 4] MRS brothS 0]-8-35}0] 3]4] 5 96-plate
well plateo]] | E5}of 24-96 A7k vl st ATt 24417t vl &
$ARZ0) A% SRS 9131 600 nmol A FHES 2Asiolct.
Biofilm E4-5 215 S5l 244171 vt} 96-well plateo]| 4] Hj
¥ A7) 5 %545 ol §ste] 23] Al 9 3087 D19
t}. Biofilm G248 $13l 0.1% crystal violet (Sigma Aldrich)<-
Zh wellofl 2= 2 3027F GM & QAR A AL SRTE
o143k Al % 8 7178 AR o] F 2t wello] 95% EOH

55 5 570 nmol A =S Zakck.

Ko

EB 9 EA%} EB-AuNPs 2 EA-AuNPs?] ¥-2]% §AF 10
Zo] tgt A 2448l *s = (minimal inhibitory con-
centration, MIC) A &-& F-3f &5 th(Quave et al., 2008).
Z¥Z¥e] A7E 2,048-4 pg/mLe] X2 two-fold dilution
method = #4519 01, F-4ht-2 10-10° CFU/mLS] 5= &
96-well plateol] Z4E3} th. 30°Col| 4] 24A|7F vl 9F 2 600 nm
oA = 54 L, o] SAITHA] g2 5 A5
TR AAskict

Biofilm 24 Xaff A&

Aol WASHE biofilmel dist A3 B4 21517 9
3l overnight culturel -FAkt2 3]4812(0D,,,, =0.05) 96-
well plateof] 5353t} EB, EA, EB-AuNPs 2! EA-AuNPs
= ZF ol gk MICE v = 2 off 2,048 pug/mL o]51e]
T2 A T 30°Cof|A 24 E= 964 7F vl ks3I th 96-well
plateo]] %/3 %l biofilmS HA5L7] 913k - FefE Akt
9] biofilm ¥4 AT} 5U5HA %1353t Biofilm A a&
& tha o] A= Sl

Biofilm inhibition (%) =

(OD of untreated sample)-(OD of treated sample)
OD of untreated sample

%100

Ofm

A

o

Aol 4] T BE AP 33 W AFstel 2t gt
mean:+ SDE UFERIch A9 kSl o4 A5E 9]
A ujj ] BARLA (One-way ANOVA)S 535} t} 7
2732 SPSS 27 (Statistical Package for Social Science,
Chicago, IL, USA)S- o|-8-5}0] =385} 3Tt

[k 2k flo

2 9 D3
oA g8 57 21t

Ao ARGH S7hs Aol A 2 E Akt 10500 TRt &
7g A= Table 1] e ITh 2]l F-4Hf 9] 16S IRNAE=
NCBI blastE 3} £4135}99 21, Leuconostoc mesenteroides
4%, Lacticaseibacillus paracasei 13-, Levilactobacillus brevis
1%, Lactiplantibacillus plantarum 15§, Leuconostoc citreum

2. Weissella viridescens 1 2 Latilactobacillus sakei 1€
o 2 3Folw| Q). L. mesenteroides, L. plantarum 2 L. sakei
= TFeFet A-toll &) slimeof| 2J3t biofilmo] &/AJE AR
oA kel EItH(Chenoll et al., 2007; Padilla-Frausto et al.,
2015). =3t Leuconostoc spp. 2 W. viridescens+= $-5>3 U
= W RO R S7HE9 7HE S ol A = A Es)o]
S7FsE B Aot 28 Adgto g U A i Kamenik
et al., 2015; Padilla-Frausto et al., 2015). L. paracaseir= exo-
polysaccharide (EPS)E AJst= 4 Q RAFCE A%
AFQJol| A starter= & ARG-E]= A& de]A] gltk(Bengoa
etal,, 2023). weba] 2 Ao A EefH 1059 FARES thH
3 24179 BT Aol B2 ASHE WA 4= 9]
omg, Alof Wilo) Aol WA fakrow Sl o)
S1-8109.2 Wste] 4o] AHgsta.

2e|e A ds A biofim dd 53

21 S1-S10] A8 BFo1S 913 600 nmol| A T = =7
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Fig. 1. Absorbance measurement after culturing isolated lactic acid
bacteria for 24 h. S1, Leuconostoc mesenteroides; S2, Lacticasei-
bacillus paracasei; S3, Levilactobacillus brevis, S4, Lactiplanti-
bacillus plantarum; S5, L. mesenteroides; S6, L. mesenteroides;
S7, Leuconostoc citreun;, S8, Weissella viridescens; S9, L. mesen-
teroides; S10, Latilactobacillus sakel.

& A3l o0, biofilm &4 520 ti3)] 291517] $J3) crystal
violetZ o835t FAH S o]-8-513ict

1.898 M= 35271 24417t Ul Adst= A 0= 1= lck
(Fig. 1). ZL2{u} biofilm /452 53 ge] £ o5l o
2t P4 A o] Apo)7t Q= Aoz B Yt) Crystal violeto &
HAE biofilmE 570 nmol| A 3= 574 23} 24A17F vl oF
S1, S3, S8 W S102 biofilm HA50] 43t Ao & Sl
Qlct S1:22.28+0.02, S8 2.47+0.01= &ol=lomr, S3
9 S10-2 58 3 A5HAS wf 1.47+0.02 2 1.05+£0.052 LE}
Yth(Fig. 2A). =31 S4, S6 ¢ S9+= 0.61+0.02, 0.69+0.02,
0.47+0.012 YeERgdch 18y S2, S5 9 S7 o= 2447

Table 1. Lactic acid bacteria isolated from meat products

Hi%F Al biofilmo] oFstA| A== AR Hof 4847 72
AZE 9 96AIZIEA] v F F A biofilmE EHRIsteIT
(Fig. 2B). S2%= 2447k #iF A] 3% 0.29 +0.069] 4] 96A]
71 i A] 0.78+£0.082 2H21%]9] 01, S5 0.20+0.020]A]
0.37+0.01, S72 0.21+0.020]14] 0.64+0.06°% SZw7}
EoMA= Ao & YErTh o]yt ik ohekel S7REel
A B fakte] 5430 Trekdell 2@l biofilm 3] H &=
of| t5t 2ol 7} LpefLb= A © & W ol X th(Lebeer et al., 2007;
Leroy et al., 2009).

wheba] S7hgEol A B fAE 105-2] biofilm vl A
7re thea} o) A18Ys}gict. S1, S3, S4, S6, S8, S9 ¢ S10 +
T 24Xk &2 AAJSE3 o, 82, S5 3 87 o= 96417t Hl
oF 2719 & biofilm A3} A& o] AL&a}T}.

4
2| /Aol tiet MIC Zat

2 Ao ARE Hi% F+E=(EB W EA)Y} o] E o]-8-5ted
AuNPs@} ¢14J3F EB-AuNPs 2 EA-AuNPs= A A1LE &
3l A ulA=ol sl =3 biofilm A3l 50| =]t
(Oh et al., 2024). W] o] 5 o]-8-5to] fAkt A o] 7HaAe
ol &<latara} shgict. 9% EB-AuNPs 2 EA-AuNPs=
27V 154.74nm 2 165.04 nme] 27| &2 321 %%l 0, 530 nm
2 590 nmoj| A] &35 7} 8Fol =] Qi tt. E3F XRD, FT-IR Y FE-
TEMS o83t L 54 4 EDS #4942 £3} gold nanopar-
ticle®] 492 2215} tHOh et al., 2024).

EB, EA, EB-AuNPs 2 EA-AuNPsE ©]83}4] S1-S109]
tigt MIC 213 Zi}= Table 20 Yehglct A% 23 EB
= BE 5ol S e A §oker, EA= S3, ST7-
10 w20 thsf 2,048 ug/mL &=l 4 MICE ey}, EB-
AuNPs9] 3842 S3 2 S90]| 4] 2,048 pug/mLe] == 1t
Epyton, S1, 54 2 S109] vl 1,024 pg/mL 5ol A =
AJo] stol]glct. EA-AuNPs= S3 2 S10 =0 thaf 2,048
ng/mL oA A2 e o] F 3l EBE Al

Identification by 16S rRNA gene sequence

Source Strain No. — - .
Identified strains Similarity (%)
S1 Leuconostoc mesenteroides strain 4409 99.86
Pressed ham . L , .
S2 Lacticaseibacillus paracasei strain V4904 99.79
S3 Levilactobacillus brevis strain 2033 99.65
Frank sausage . - .
S4 Lactiplantibacillus plantarum strain 16408 99.93
S5 L. mesenteroides strain 4409 100.00
Vienna sausage-1 S6 L. mesenteroides strain LACT06 99.86
S7 Leuconostoc citreum strain WiKim0101 99.65
S8 Weissella viridescens strain 7985 99.93
Vienna sausage-2 S9 L. mesenteroides strain S-31 100.00
S10 Latilactobacillus sakei strain 1909 100.00
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Fig. 2. Biofilm forming ability of isolated lactic acid bacteria. A, Absorbance of biofilm formed at 24 h; B, Absorbance of biofilm formed
over 24-96 h; S1, Leuconostoc mesenteroides; S2, Lacticaseibacillus paracasei, S3, Levilactobacillus brevis; S4, Lactiplantibacillus plan-
tarum; S5, L. mesenteroides; S6, L. mesenteroides; S7, Leuconostoc citreum; S8, Weissella viridescens; S9, L. mesenteroides; S10, Lati-

lactobacillus sakel.

o mE AJRES3 E S109] &) o
©u, EA 2 EB-AuNPs= S99 3] f‘%
< slolalalr}.

Akt bacteriocing 45t w2 AE{A Qlof o5
B3 g A=l gt gt ol Bt dts ol Bl
%]o]#] Qlck(Nebbia et al., 2020; Mokoena et al., 2021). ESF

2]l A biofilm /4 B F& A5} 5= ot FAREl
o 9 Al s A s} slovtolelet ke
Alofat B A o] ¥ 1E Hl QT Chenoll et al., 2007;
Han et al., 2011; Kamenik et al., 2015). wh2}A] & ¢ILo)| A AF
25 )3} 222 2 EB-AuNPs, EA-AuNPs= 2712 o]| 4]
4 AstE T ske Akt tigh Alo] 7Hsdol Sle A e
2 Holth

Table 2. Antibacterial activity of Eisenia bicyclis extracts (EB and
EA) and gold-nanoparticle (AuNPs) derivatives against isolated
lactic acid bacteria

Strain No. EB EA EB-AuNPs EA-AuNPs
S1 ND* ND 1,024 ND
S2 ND ND ND ND
S3 ND 2,048 2,048 2,048
S4 ND ND 1,024 ND
S5 ND ND ND ND
S6 ND ND ND ND
S7 ND 2,048 ND ND
S8 ND 2,048 ND ND
S9 ND 2,048 2,048 ND
S10 ND 2,048 1,024 2,048

*ND, Not determined.

} 2= % AuNPsS 0|88 Rita biofilm Xsh

El ool
b

m &2

Abato] FAISH= biofilmol st Al A 2
Fl of Uebliict. ¥ F+=&<1 EB % EA= £2%
4hto] B/dsk= biofilmof thet AsiE/ds LehfA] %-?‘Rk
t}. EB-AuNPs+= S8¢| &3l biofilm= 2,048 png/mL2]
SEOA 67.51%, 1,024 pg/mLe] s=oA 61.96% #]3lsk
L Ao| BlEllth(Fig. 3A). EA-AuNPs= S19] biofilmo]
5l 2,048 pg/mLol A 58.55%, S30| A= 1,024 pg/mLo|A]
79.99% Adfsl= AoZ2 YEltoen, S102 2,048 pg/mLof
A1 85.93%, 1,024 pg/mLoJ| A 59.68%2] -3t A sl &4 o] &F
Q1= AAck(Fig. 3B).
ufgfa] E Lo A EB-AuNPs 2! EA-AuNPso]| 23} bio-
film A Ad o] AalE -F-AF-S Leuconostoc mesenteroides (S1
9 S10), Levilactobacillus brevis (S3) 2 Leuconostoc citreum
(58)0i sholw] itk L. mesenteroides= W G40l 23 7}
Zof| A biofilm=S FAITH= 2 YolHF o5 IO o Ilof A
EJIEI o] Qlt}. L. brevis 2 L. citreumS 53t biofilmS &
Aol AARFC 2 W AAA], A 5 ohefe a2 gl A
golFth(Landeta et al., 2013; Lee et al., 2021).
wheba] 2 Ao A A8 EB-AuNPs %! EA-AuNPsE: ©]
POJ] S7FsEolA 2] Aol 343k biofilm A|)
g2 IS 4= qlglom, ol S7keE o] Hul | fIet
5 7%1— H Sof H85to] AME 7158 o7 Holr)
A S7hsEolA @45k biofilme 53**3}“ i
At 10%‘—2-_ w2 2 Aol HejE fARE 1052 S1-
S100.2 Yrygslgon, o]E o]g3s}o] biofilm A 7}—*4
o ofaf srelstact. ofa ZZU(EB EA) @ EB-AuNPS,
EA-AuNPsZ o|9-5t0] Halxl AlTo| st aFFeAe ot

=2 o=

HJZ
n4

;Jr

rlr

ﬂOPO

B o
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Fig. 3. Biofilm inhibition of isolated lactic acid bacteria. A, Biofilm inhibition results of EB-AuNPs; B, Biofilm inhibition results of EA-
AuNPs; S1, Leuconostoc mesenteroides; S3, Levilactobacillus brevis; S8, Weissella viridescens; S10, Latilactobacillus sakei. ***Denotes

significant difference at P<0.001.
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