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Antifouling Effect of ABC Triblock Copolymer Films with Pluronic Groups

Youngjin Cho*

Food Safety and Distribution Research Group, Korea Food Research Institute, Wanju 55365, Jeollabuk-do, Republic of Korea

Abstract The development of active food packaging materials has traditionally focused on antimicrobial strategies to
inhibit microbial growth. However, protein adsorption, microbial adhesion, and biofilm formation on food packaging film
surfaces remain insufficiently studied. In this study, we propose an antifouling approach based on the development of a
functional polymer-based multilayer film that not only inhibits cell death but also inhibits initial protein adsorption and
microbial adhesion. Pluronic-based amphiphilic polymers were synthesized and coated to form a multilayer film. The sur-
face properties of the film were analyzed using various methods. The adsorption of BSA protein, and the adhesion and
growth of the marine microorganism Ulva, on the multilayer film surface were investigated. The developed pluronic-
based ABC triblock copolymer film significantly reduced BSA protein adsorption, Ulva adhesion and growth, and bio-
film formation. This result was supported by various surface analyses, which demonstrated that the surface of the ABC
block copolymer-based multilayer film containing pluronic groups undergoes structural rearrangement in an aqueous
environment, resulting in excellent hydrophilicity and hydration layer properties. Unlike existing antimicrobial packaging
research, this study presents a novel, preventive approach based on surface design, thereby providing new directions and
solutions for the development of safe and sustainable packaging films and containers for proteins, microorganisms, and

other substances in food.
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Fig. 1. Chemical structures of base polymer K3 (a), SABC components (b), and schematic molecular structure of ABC triblock copo-

lymer with pluronic group, K3-Pluronic polymer (c).
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Fig. 2. Schematic structure of multi-layered film based on ABC triblock copolymer with pluronic group(K3-Pluronic polymers).
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Table 1. Labeling, base polymer, SABC, attachment of SABC, chemical structure of ABC triblock copolymer with pluronic group(K3-

Pluronic polymers)

Labeling | Base polymer of SABC SABC, R= Attachment (%) Structure of K3-Pluronic Polymers
Pluronic® L-31
FBSP1100 | PSgg-b-P(E/B),sx-b-Pl, ok . 29.4%
(Mn 1100, ;EG 10%) K3‘[‘0\/‘}L J\}o\/\} % C .
Pluronic™ L-35
FBSP1900 | PSgy-b-P(E/B),s-b-PL 28.6%
D-PEB) s -b-Plio (Mn 1900, PEG 50%) ’
Pluronic® L-31
BSP1100 | PSgi-b-P(E/B),si-b-P1 29.8%
s b PEB)sbPliog (Mn 1100, PEG 10%) ’ kefo | )\1[0 o
Pluronic® L-35 ’ © \/\}O—§©
BSP1900 | PSg-b-P(E/B),<-b-PI - 28.1% o
s D-PE/B) s -b-Plio (Mn 1900, PEG 50%) ’
Pluronic® 10R5 ‘ cHs| | CH; }
P2000 PSgi-b-P(E/B),s5i-b-P1 28.7% - e} I -OH
s D-PEB)scb-Plio (Mn 2000, PEG 50%) ’ K3~o~ 1 T J
Table 2. Elemental analysis results of ABC triblock copolymer with pluronic group(K3-Pluronic polymers)
Compounds %C %H %0 %S %F
BSP1100 80.37 12.00 7.41 0.22
BSP1900 79.99 11.89 7.93 0.19
FBSP1100 77.86 11.57 8.23 0.21 2.13
FBSP1900 78.72 11.78 7.39 0.20 1.91
P2000 78.97 11.51 9.52
Structure(NEXAFS) £37] 508 B33t} —m—BSP1100
SABCY] B4 B =7 24 Az, SEBS flzze 01 o e Faspiin0
PR . o 13 002 1) —w— FBSP1900
Ow,advancingZ} Ow,receding> 119.8+3.2°9} 59.8+3.9°5 L} s o P2000
BhioER, s W UXE 2T YT, 2FHOE 1 gL
At E2E71% EFsE SABCS AL, 6w, 2 501
advancing(Ad)2 99.0+2.5°914] 106.2+2.8° Alo]ol|A] Hof § . \v
FSL, Ow,receding(Rey 22.1+3.7°014] 32.9+0.2° Alo] = % .\xsgx
SAEIT (Table 3). T 71 BE BRo B 15 2 0 M\xs’
e}
7} Blzelg Nzt BaEon, o EHelM A%y : — . T
. 1 = 354 ——
PEO71E wikA1717] f1sf S4i7F dA] A EHASS Al '
AREITE PEG 10% RHUe 50%5 X33 e AZolA 30 -—
Yo = o 0.0 0.5 1.0 15 20
H S A5 2eFslth No. of days in water
Fig. 3¢ 2970 217}9) T4 2% AES 750 Bl | |
WA, 27) Wl o8 AE7te Az e =43 A Fig. 3. Alr bubble contact angl.es of multl.-layered film based oln
) ABC triblock copolymer with pluronic group(K3-Pluronic
olck. A3t ZZollM BAAXE ZAH, tBUN 2 A&

Table 3. Contact angles of multi-layered film based on ABC tri-
block copolymer with pluronic group(K3-Pluronic polymers)

Ad Re

Silicon wafer 21.6+1.6 8.9+0.5
SEBS 119.8+£3.2 59.8+3.9
FBSP1100 103.6+1.9 29.8+£3.2
FBSP1900 99.0+£2.5 22.1£3.7
P2000 106.2+2.8 27.3£1.3
BSP1100 104.4+1.4 32.9+0.2
BSP1900 103.5+2.6 28.1£0.9

polymers), FBSP1000, FBSP1900, P2000, BSP1100, and
BSP1900 in the water.
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7] ol ok FH @ HEAS BoF=, ol



272 EASER| ot st A

N
o

n
o

15

10

SFG Intensity (a.u.)

0 T x r . - {
2800 2850 2900 2950 3000 3050 3100
Wavenumber (cm")

SFG Intensity (a.u.)

2800 2850 2900 2950 3000 3050
Wavenumber (cm™)

25
* SSp
a S X2

201 =
>
s
= 15 {
2
g 10 & q
P | o v
2 &
» S ?

51 & ‘s oo

Tﬂxmw 0 :%
2800 2850 2900 2950 3050 3100
Wavenumber (cm™)

5
_ 4
S
s
2z 37
2
Q -
£2 o9 b
2 oo°°° 0o °° 90050 0 0a6el, 000,9%. 0.
»n o e,

1 LA

0

2800 2850 2900 2950 3000 3050
Wavenumber (cm™)

Fig. 4. SFG spectra of multi-layered film based on ABC triblock copolymer with pluronic group(K3-Pluronic polymers), BSP (left)

and FBSP (right) in air (top) and D20 (bottom)
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Fig. 5. NEXAFS spectra of multi-layered film based on ABC
triblock copolymer with pluronic group(K3-Pluronic poly-
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Fig. 9. Images of Ulva sporelings growing on controls(Glass and PDMSe) and multi-layered films based on ABC triblock copolymer
with pluronic group(K3-Pluronic polymers). Image width approx. 730 pm.
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