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Preparation and Characterization of Antimicrobial Composite Film
Containing Calcined Oyster Shell Powder

Kitae Park, Sadeghi Kambiz, and Jongchul Seo*

Department of Packaging, Yonsei University, 1 Yonseidae-gil, Wonju, Kangwon-do, 26493, South Korea

Abstract In this study, ethylene vinyl acetate (EVA) and low density polyethylene (LDPE) composite films (EVA/
LDPE-OSP) containing calcined oyster shell powder (OSP) were prepared using twin-screw extruder as an antimicrobial
packaging material. The OSP composite was initially prepared and then incorporated into an EVA/LDPE blend at dif-
ferent ratios (0, 1, 3 and 5%) to develop the EVA/LDPE-OSP composite films. The as-prepared EVA/LDPE-OSP com-
posites films were evaluated using FT-IR, DSC, TGA, OTR, WVTR, SEM and UTM as well as antimicrobial activity
was examined using JIS Z 2801:2000 standard. OPS endowed the antimicrobial potency to the composite films against
Gram-positive (Staphylococcus aureus) and Gram-negative (Escherichia coli) bacteria. In addition, the incorporation of
OSP remarkably enhanced the thermal stability. OSP as a natural biocidal agent can be used as a multifunctional additive
in packaging industry such as improving the thermomechanical properties and preventing the microbial contamination of

packaged products.
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EVA(pellets, grade E18L; MI 2.0 g/10 min)®} LDPE
(pellets; grade 310S; MI 0.8 g/10 min)> e+3}% 3} s}
(Hanhwa Chemical Co., Ltd, Seoul, South Korea)ol 4]
TFulaisich & AFelA ARE AR olEkE, Nutrient
broth, MacConkey agar, Tryptic soy broth, Tryptic soy
agar® 2 U143} (Duksan Pure Chemicals Co., Ltd., Ansan,

South Korea)ollX] w3}tk Escherichia coli DH5a(E.
coliy &= wAE HZAE (Korean Culture Center of
Microorganisms, Seoul, South Korea)ol|A] #<¢F #tor,
Staphylococcus aureus ATCC 29213(S. aureusy> W=+ A|:E
F-23Y(American Type Culture Collection, Manassas, VA,
USA)IA] &% 1ol ARg-3kd Tt

2. 2 I} 2% (Oyster shell powder, OSP) H| T

= 72 Sl FHEN e AFH F dES Al
Ast7] S8l SRl 397F JAs A AFE = sz
105°Ce] QBoflA 24X 7HE<t A= § 71 Z(JSMF-30T,
JS Research Inc,, Gwangju, South Korea)E ©]-& 35}
900°CellM 6X17HEet 28t 24 Aeld = iz
£ Z2j(Ball mill MM400, Retsch Co, Hann, Germany)
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45°Ce] QEOA 24717t A3 TE EVASE OSP= 2
#H2] &3] (Internal mixer T.500.KGs, Daeil Machinery
and Electric Industries Co., Seoul, South Korea)s ©|-&
3led 50 rpmollAl &8 F o] UE71(CWT-40, L/D=40,
Cowell Ltd, Hongkong, China)E °]-&3}4] 105, 106,
144, 177, 168, 180, 170, 179, 172 ¥ 172°C &= =7
oAl EVA-OSP PI=EHiXE A|Z=3813ict. EVA/LDPE-OSP
23 HEL o]EUE7](Twin screw extruder L40/D29,
Bautek, South Korea)= 129, 150, 165, 170, 170, 170,
170, 160°C &%= Z7o)A AZstch 52 F7= 80
+5 um= FEoH, OSPEsHol wWe E3 5] =
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Table 1. Compositions of the EVA/LDPE-OSP composite films

Sample name EVA | LDPE | OSP
(Wi%) | (Wt%) | (Wt%)
EVA 100 0 0
LDPE 0 100 0
EVA/LDPE-OSP 0% 80 20 0
EVA/LDPE-OSP 1% 80 20 1
EVA/LDPE-OSP 3% 80 20 3
EVA/LDPE-OSP 5% 80 20 5
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3l JIS Z 2801:2000 2l wie} g A1ES AASHA
o} 23 "2 el E coli DH502 S, aureus ATCC
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Fig. 1. ATR-FT-IR spectra of OSP and EVA/LDPE-OSP com-
posite films.
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Table 2. Thermal and barrier properties of the EVA/LDPE-OSP composite films

Sample DSC TGA Barrier properties
Tm 1 AHm 1 TmZ AHmZ le 0% TdSO% Residue OTR WVTR
cor | Wt | coF | W' | coF COf (%) | (co/m™day)| (g/m™day)
OSspP - - - - - - 97.5+1.0 - -
EVA 88+ 2 20.1+£2.2 - - 362+2 452+2 02+0.2 | 4462+85 97+3
LDPE - - 115+£1 [ 91.0+£1.0| 426+2 452+3 0.1+£0.2 | 2663+90 14+1
EVA/LDPE-OSP 0% 87+1 243+14 | 110x2 52+0.2 414+3 472+£5 0.1+0.1 | 3968+ 82 5142
EVA/LDPE-OSP 1% 87+2 239+1.6| 110£1 5.0£0.3 471+2 512+2 09+0.1 | 3662+ 88 65+1
EVA/LDPE-OSP 3% 88 +2 245+1.1 110£1 5.1£02 474 +£2 512+3 2.6+0.5 | 3588+92 69+ 1
EVA/LDPE-OSP 5% 87+1 |244+13| 109+2 | 49+0.1 | 47243 513+£2 | 43403 |3621+95| 7243
# Melting temperature of EVA phase in EVA/LDPE-OSP composite films
b Melting enthalpy of EVA phase in EVA/LDPE-OSP composite films
¢ Melting temperature of LDPE phase in EVA/LDPE-OSP composite films
4 Melting enthalpy of LDPE phase in EVA/LDPE-OSP composite films
¢ Temperature where 10% of EVA/LDPE-OSP composite films decomposed
© Temperature where 50% of EVA/LDPE-OSP composite films decomposed
£ Weight percentage of residue remaining at 800 °C
100 —— EVA/LDPE-OSP 5% 49 HF F9S AT ¢ Aol 53 e &
—— EVA/LDPE-OSP 3% _
; — EVA/LDPE-OSP 1% AL AL = A0, 0SPE 600°C ©)42] IL-2001A
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il \——Eva B3 w=
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Fig. 2. TGA curves of the EVA/LDPE-OSP composite films.
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Fig. 3. SEM images of the EVA/LDPE-OSP composite films.
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Fig. 4. Stress-strain curves of the EVA/LDPE-OSP composite
films.
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