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Nisin-Coated Polylactic Acid Film Facilitated by Cold Plasma
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Abstract The research focuses on the effect of cold plasma treatment on polylactic acid film with different
time (0, 15 s, 30 s, 45 s and 60 s), to determine the film morphology and hydrophilicity. Based on that, the
polylactic acid films treated with cold plasma were immersed in nisin solution, and the antimicrobial activity
was evaluated. The results indicate that cold plasma time can significantly change the hydrophilicity and
roughness of the film surface. Moreover, it is found that with the cold plasma time increases, the roughness
firstly increases and then decreases, whereas, the water angle initially decreases and then increases.

Furthermore, the polylactic acid films with 60 s cold plasma treatment present a better antimicrobial
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ability against Listeria monocytogenes. Herein, it is concluded that cold plasma treatment can improve the

applicability of polylactic acid film in antimicrobial food packaging.
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Fig. 1 The effect of cold plasma treatment on the properties of PLA film surface
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antimicrobial properties of PN film surface

BAFE. ZIEE FAROHN PLA RS
FE B AR A S B b T AR B, )l E S8R
I IS 2, "R Nisin 4788 %M,
M — 2 M PT R M RE . /E Nisin BRI
G, SETARAEAT 45 s MRLSE T1AL
L) PLA MR MPLHE SR ER A RE (P>
0.05), UiBH Nisin ¥k &2 R AT . A
RIS 3 TR b 3R R IE K 2 60 s, PN60 1)
TR ARk B R A

4 SEAIMEUREIXTEL 247

Xu 2503 Ak 2 R 0 5 35 Nisin 8
fi] 7€ 7 5% K IE  f S B R TR, R E T 10 mL
10° CFU/mL S. aureus ¥, £3d 24 h K537
G, 95.2% I S. aureus % 756. Aveyard &'V
T AR 7 10K Nisin #28[E E fE LT A
REBTHROEENEROIHERERT, DL
JEX}) L. monocytogenes F1 S. aureus F)F R HAE
B, ANEZA4E T Nisin FIEEBCRAE . K,
AL FZIRIERE PN )40 T 1 B 5 55 0 1 i 2

SEBTARAL BRI PLA VERE S Nisin S5 IR
Hdr, PN60 41 7% s E ik (P<<0.05), ilFBj
HEA BAR PPN R .

5 & i$

IR S5 B 7 PR A 38 PT B 2 e PLA TSR T
MIPDBEVEI . RAELE SRR, PR RS B2 b oAb
S [R] (R 39 00 S 38 K580, SR T SR K P S A RS
FE R IEAHC. I P AR I RAE K I, PN60
HA S AR RO, XU BRI 55 5 A b 2
60 s Ji ] PLA {5 Nisin f#E88CR S 4T

2 % X

[1T  Biji KB, Ravishankar CN, Mohan CO, et al. Smart
packaging systems for food applications: a review
[J]. Journal of Food Science and Technology, 2015,
52(10): 6125-6135.

[2] Irkin R, Esmer O. Novel food packaging systems
with natural antimicrobial agents [J]. Journal of
Food Science and Technology, 2015, 52(10): 6095-
6111.

[3] Siracusa V, Rocculi P, Romani S, et al.
Biodegradable polymers for food packaging: a
review [J]. Trends in Food Science and Technology,
2008, 19(12): 634-643.

[4] Gharsallaoui A, Oulahal N, Joly C, et al. Nisin
as a food preservative: part 1: physicochemical
properties, antimicrobial activity, and main uses [J].
Critical Reviews in Food Science and Nutrition,
2016, 56(8): 1262-1274.

[5] Gharsallaoui A, Joly C, Oulahal N, et al. Nisin as
a food preservative: part 2: antimicrobial polymer
materials containing nisin [J]. Critical Reviews in
Food Science and Nutrition, 2016, 56(8): 1275-
1289.

[6] HelL, ZouL, Yang Q, et al. Antimicrobial activities
of nisin, tea polyphenols, and chitosan and their
combinations in chilled mutton [J]. Journal of Food
Science, 2016, 81(6): M1466-M1471.



64 £

54

N 2018 4F

(7]

[10]

[11]

[12]

[13]

Wang LF, Rhim JW. Preparation and application
of agar/alginate/collagen ternary blend functional
food packaging films [J]. International Journal
of Biological Macromolecules, 2015, 80: 460-
468.

Theivendran S, Hettiarachchy NS, Johnson
MG. Inhibition of Listeria monocytogenes by
nisin combined with grape seed extract or green
tea extract in soy protein film coated on turkey
frankfurters [J]. Journal of Food Science, 2006,
71(2): M39-M44.

Oh YA, Roh SH, Min SC. Cold plasma treatments
for improvement of the applicability of defatted
soybean meal-based edible film in food packaging
[J]. Food Hydrocolloids, 2016, 58: 150-159.

Ekezie FGC, Sun DW, Cheng JH. A review on
recent advances in cold plasma technology for the
food industry: current applications and future trends
[J]. Trends in Food Science and Technology, 2017,
69: 46-58.

Assis OBG, Hotchkiss JH. Surface hydrophobic
modification of chitosan thin films by
hexamethyldisilazane plasma deposition: effects
on water vapour, CO, and O, permeabilities [J].
Packaging Technology and Science, 2007, 20(4):
293-297.

Bhatti M, Veeramachaneni A, Shelef LA. Factors
affecting the antilisterial effects of nisin in milk [J].
International Journal of Food Microbiology, 2004,
97(2): 215-219.

Ding Z. Immobilization of chitosan onto poly-
I-lactic acid film surface by plasma graft
polymerization to control the morphology of
fibroblast and liver cells [J]. Biomaterials, 2004,

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

25(6): 1059-1067.

Wang L, Wei J, Su Z. Fabrication of surfaces with
extremely high contact angle hysteresis from
polyelectrolyte multilayer [J]. Langmuir, 2011,
27(24): 15299-15304.

Vrsaljko D, Gr¢i¢ I, Guyon C, et al. Designing
hydrophobicity of the PLA polymer blend surfaces
by ICP etching [J]. Plasma Processes and Polymers,
2016, 13(9): 869-878.

Song S, Yang H, Zhou C, et al. Underwater
superoleophobic mesh based on BiVO, nano-
particles with sunlight-driven self-cleaning property
for oil/water separation [J]. Chemical Engineering
Journal, 2017, 320: 342-351.

Zhu A. Covalent immobilization of chitosan/
heparin complex with a photosensitive hetero-
bifunctional crosslinking reagent on PLA surface [J].
Biomaterials, 2002, 23(23): 4657-4665.

Laroussi M, Akan T. Arc-free atmospheric pressure
cold plasma jets: a review [J]. Plasma Processes and
Polymers, 2007, 4(9): 777-788.

Shiroodi SG, Nesaei S, Ovissipour M, et al.
Biodegradable polymeric films incorporated with
nisin: characterization and efficiency against
Listeria monocytogenes [J]. Food and Bioprocess
Technology, 2016, 9(6): 958-969.

Xu X, Jin T, Zhang B, et al. In vitro and in vivo
evaluation of the antibacterial properties of a nisin-
grafted hydrated mucin multilayer film [J]. Polymer
Testing, 2017, 57: 270-280.

Aveyard J, Bradley JW, McKay K, et al. Linker-free
covalent immobilization of nisin using atmospheric
pressure plasma induced grafting [J]. Journal of
Materials Chemistry B, 2017, 5(13): 2500-2510.





