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Application of PLA/PBAT Composite Films Containing Calcined Oyster
Shell Powder for Antimicrobial Packaging

Yena Oh, Kitae Park, and Jongchul Seo*

Department of Packaging & Logistics, Yonsei University, 1 Yonseidae-gil, Wonju, Gangwon-do, 26493, South Korea

Abstract In this study, poly(lactic acid) (PLA) and Poly(butylene-adipate-co-terephthalate) (PBAT) composite films
containing calcined oyster shell powder (OSP) were evaluated for the applicability of antimicrobial packaging. PLA/
PBAT-OSP composite films were prepared using twin-screw extruder. The OSP composite was incorporated into PLA/
PBAT blend with different ratios (0, 1, 3, 5 and 10%) and the effect of OSP in the PLA/PBAT matrix was evaluated.
The PLA/PBAT-OSP composite films were evaluated for properties using FT-IR, SEM, TGA, DSC, UTM, UV-vis, and
Contact angle, as well as antimicrobial property was examined according to ISO 22196 — Antimicrobial Plastic Test. As
OSP was added, it showed high antimicrobial activities for both Gram-positive (Staphylococcus aureus) and Gram-neg-
ative (Escherichia coli) bacteria. On the other hand, it was found that mechanical properties decreased as OSP was added.
For the application of PLA/PBAT-OSP composite films as an antimicrobial packaging material, it is necessary to improve
the dispersibility of OSP in the PLA/PBAT composite films and their physical properties at the same time.
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E AgoA AM2-E PLA (Ingeo 2003D, MI 6.0 g/10min)
£ NatureWorks (Plymouth, MN, USA)l|A] uljs}lom,
PBAT (PBG7070, MI 2.0~4.0 g/10min)== S-EnPol (Wonju,
South Korea)ollA] 813}, Nutrient broth, MacConkey
agar, Tryptic soy broth, Tryptic soy agar A]2Fo] A&
Sedl, °]E52 A3slE (Duksan Pure Chemicals Co.,
Ltd., Ansan, South Korea)o|x] F+ull3}At}. Escherichia
coli DH5a (E. coli)2 = wv]AE HEANE (Korean
Culture Center of Microorganisms, Seoul, South Korea)

oA, Staphylococcus aureus ATCC 29213(S. aureus)
ul = N EF23 (American Type Culture Collection,
Manassas, VA, USA)A z}2F B<F ol AL8-353 T
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Table 1. Composition of PLA/PBAT-OSP composite films

Composition (g)

Sample name

PLA/PBAT (20/80) | CaCOs; 0SP
OSP 0% 100 3 0
OSP 1% 100 1
OSP 3% 100 3 3
OSP 5% 100 3 5
OSP 10% 100 3 10
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Fig. 1. ATR-FT-IR spectra of OSP and PLA/PBAT-OSP com-
posite films.
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Egela glom, IR e S aFS S

OSP9] 2 /HAg 4= ok, b, A|lz=¥l PLA/PBAT-

OSPESHEE-E Rz SHolA B3k OSP 1%, OSP 3%,

AHow F7Is3lL

™, 53] OSP7} 5% o1’d ohidl HEolM= OSP Z29]

Hol FEHR AL 1T + 3k ol& 4719 FT-IR
zZ

o
w2
S
A
2
e
i
2
>
o
Z
1o
olo
i
o
et

A1 OSP7} & =lo] 71AIA &4, 9% 54
24 AeE do 4 AP,

OSP 3ol met Wslehs die] €4 S Tof
s7] 918l TGA #4& Y3t Fig. 391 TGA L&)
T 2% S tig 7t HEe] A WskE YehiH,
Table 20 2 %S Q9Fslth. OSP7F H7HsA] &2
OSP 0% HFEEANX= Il &% oz A 4
7} oot OSP7h H7Hd =24 PLA/PBAT-OSP 9]
AloME 9] 25 tgoR A AT dofuith &
3t OSP §o] FolE<== PLA/PBAT-OSP E3tZE9
ol e FxF gAagh vhd 380°C ol A2dAe

gl

100

—— OSP 0%
— OSP 1%
—— OSP 3%
—— OSP 5%

80 = —— OSP 10%

Weight percent (%)

20 =

200 400 600 800

Temperature (°C)

Fig. 3. TGA curves of the PLA/PBAT-OSP composite films
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Table 2. Thermal properties of the PLA/PBAT-OSP composite films

DSC TGA
Sample N b c d .
T,, (°C) AH,, (J/g) Tys0, (°C) Tysov (°C) Residues (%)°
OSP 0% 129+ 2 55+ 0.6 334 £ 1 406 + 2 5.1+02
OSP 1% 123 +£2 44+14 248 £ 1 406 = 1 6.7+ 0.1
OSP 3% 124 £ 1 5.0+ 0.4 244 £ 1 409 = 1 73+02
OSP 5% 125 + 1 44+ 04 231+2 417 £3 9.2+ 0.2
OSP 10% 12242 46+02 230 £ 2 422 + 1 141405

* Melting temperature of PLA/PBAT-OSP composite films.
® Melting enthalpy of PLA/PBAT-OSP composite films.

¢ Temperature where 5% of PLA/PBAT-OSP composite films decomposed.
4 Temperature where 50% of PLA/PBAT-OSP composite films decomposed.

¢ Weight percentage of residue remaining at 800°C.
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Fig. 4. Stress-strain curves of the PLA/PBAT-OSP composite films.
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Table 3. Antimicrobial activity of PLA/PBAT-OSP composite films

OSP 0%

OSP 1%

OSP 3% OSP 5% OSP 10%

E. coli Digital images

Concentration (cfi/mL 9.93 x 108

1.18 x 108 1.16 x 10° 473 x 10°

R (%)

88.1 99.9

S. aureus|  Digital images

Concentration (cfu/mL

9.00 x 10*

R (%)

99.9
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