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Development of Thin, Transparent Oxo-Biodegradable Film
with Antibacterial and Freshness Agent
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Abstract This article described the development of transparent antimicrobial oxo-biodegradable (AOB) film with the
function of enhanced freshness of food by employing oxo-biodegradable masterbatch (MB) and antimicrobial MB
together with organic metal salt, organic acid, or unsaturated fatty acid. Antibacterial test of the AOB film with the dif-
ferent contents of the antimicrobial MB resulted in the significant freshness extension of plum. Tensile strength and elon-
gation rate of the AOB films before UV treatment were similar to those of polyethylene films used as control. The
reduced mechanical properties of AOB film after UV treatment (340 nm) suggested that the AOB film could be degraded
by oxo biodegradation. The developed AOB films can effectively prevent decomposition of food by providing anti-
bacterial function and preserving freshness.

Keywords Bio plastics, Food Packaging film, Eco packaging, Oxo-biodegradable plastics, Freshness

M =2 AR == A3l Es] Z2}22E (oxo-biodegradable plastics)
2 2EA] vlo] 0] FU|EA J|EO R 25% ol $Hr

g0 st TS A AlRkelEA], S o F H o] wlo]A Zgk2E (bio based plastics) S & T8
AF1A] = 71sde] B4 Ad8toltt, -] Aol 2 Atk B4FY(Carbon neutral)d 21 EA| Hlo] Q=
TEO| © STEEE A o} s e ge] Fo] HIL 7] ¢ ol tsteAas o] &3 JY Ao AYdHrh
U, FH2 Aol ZallEe Sk 7o) ghs)A] wpEhx] Ag7g71el olitstetas 7Hasly] wEe] BAnES
F9lem, a2 e wek A& Flela Qlrh!) AJAlshe a7t Slar, PgE AR Aol RS =Y
}010 E2F2E(Bio plasticsy> ZA] AEZ Q.2 tiH] 678 T k. 53] AsEs] B vlo] @ o]k ZTAHLES =
oltiell 90% o A&slEle el ZTE(Bio deg- NV R 77 A SR, 2SE AR A2 2t
radable plastics), AEE 22 the] 71 ool 60% ©)4 Sl LA R
o[FA e AR FES WAL Qe o] o)A &
*Corresponding Author : Young-Sun You BReEE VIE ARs) SEksEe] 9o AAHe 2 =
Division of Biotechnology, The Catholic University of Korea, 7] AR EA|, EAAE), 7P, A H%% O]E%F =

Bucheon 14662, Korea

Tel : +82-2-6238-6283, Fax : +82-32-344-6283 i _
E-mail : tawake@catholic.ac.kr ole ZTfAES 01]177]‘7(] /‘]“g- 2171 AskE Aol ¥vt



i

134 £
g0 7% ST AFel Bl 3~50 7Fg ¥,
AAE B AAEE SelM s el B4, 7c}
fAsks 2 & sidsior she w7t dot vk 53] ¢
ket i%}zﬁi AHEEl] 19 B FEE AR 73%
AxE AFe] Ze]F AdHo] "ol wxdo] Akt
A71olehe A 8=, A, QAQRER o]F]
A slow, A Al a7 olR AlEe] Bt
alel] o277 g, B, sl v, ARE- 5ol At
AN AlEL] 7] B EE BEska diE 8]
Flell AT A5 871 T2 ARl AELRA TS

Folake W EE 7)ES weth
b 7S ARiEE SRel e | 24, 714
o] T grlo)7] mel odl X33t AshEs
FoE AN % 38spE ettt 58] QmvA]
of, Zello|Alol, HIEW & sdol % UAE, ARp-tlofho}
T & A9 A *Jﬁwv‘i’«‘ﬂ EetEe) ARis} 28]
vl sty E=3k Sdol A qelis Al E Ao
o= YR e A= 5% A fres wal7kedel =
oL, ot S, e Se) el et HE ARE] 71t
o] 1-2d A= sy %a} gol| F71402 P4,
AAE 7150 FofE Al tig 877 S7HEAL Sl
AR AT A e TSl A R AE9A
9] ofejo] FiHL, 7 FE Fel WEEe] FRol
et wEp a3 23 sl W82l tiE ols)
7k o TR, A Al B A|4jo] dasiA =

rlo m{m r

r°1'

ol
=

Ack”
7IEdllE fral vidE BS Sola AFe AES <
%6‘} | S8l 7rdely Az, ¥, %‘r%}, aelal 9%

Fo] W97 olg3i] gont, o
g o] RG] B3 W
7S ORI 50 HEH 4] 46 A e
el ols) AR=Iol Sulehs 2g Agont A

A A AR 03 FRedel e Eo me ol
3 BAHS Bt A2 /154 T4 e 97t B

o

¢

k] MY Aot 7154 E(Active packaging)o] T 2]
F9 7] F4E FAEH SAlOl A B Fn) B
FIANTNAG Ae A Sl xS #HsA
AR 2AFee|th? olgje 24 Helole i, 9
Ao, v, 71, rlokd R, dgdl 7is 537 e i

8], MA (Modified Atmosphere) =+ CA (Controlled
Atmosphere)?} 7+ 7|H| AWM}, SR, Lx5o] kY
B AfME 27] S AT T B0l
&wgﬁﬂ A7 9 f%»& AAE "7 289
S A Zy z

7Fstsict.

rSL‘

oX

CSAION - 0u Fh L 25t | K|

XHE al dlud

1. 42 SMNE A28 Moy 2 e OFAEHIA] RIZR
2kl 2304d (oxo-biodegradable) 7152 Zh= PIAEHIX|
(masterbatch, MB) A ZZ 913t HEE3} vi=S Table 1
o YeRlth #7] "2(IT CaCO,, Omiya Korea, Ham-
baek, Korea), 2F8}4122 (Fe*', Naram, Seoul, Korea), &
3R KOleic acid, APS, Ansan, Korea), <2~(LC- 102N,
Lion chemtech, Daejeon, Korea), -7]4¥(Citric acid, Han-
naeum Co. Ltd., Ansan, Korea), €7}44 ZHE(TPS, Bio
Polymer, Bucheon, Korea) 3 HIQIE @xoz AEx £
A€ #A(LDPE 5321, Hanhwa, Seoul, Koreays A (JTM-
500, Henschel mixer, JinsanPRM, Korea)ol] ¥<¢i3F o}
500 rpmeZ 100+£10°Co| =2 wj7px] &3 & 5 7
g YA o] & tho] 7 58mm, L/D 40:1, 237
]‘jz I, EHEE ), X WEE] ViRl EY o=
7](JTE-58HS, Tween extruder, JinsanPRM, Korea)s ©]8
slo] HlE £ 170°C, 235 JFASE 500pmoE £
ks §].61—24 HkSo] ok #F&A FARS WEQl Y 3, 28 7Y
I A HAE Q8] TR Wkek b, olF 2-3
mm 7|2 Hasle] AsPEs]Ad vR~Eu]X] (OB M/B)
5 Az

op

2. %7 MME OIAHWA HZE

A A9l A% SA(EH-X Soln, Biopolymer Co.
Ltd., Buchon, KoreayS ©]-8-3t &A14% nf2E Hl X] (anti-
microbial MB) A|Z= Atslg4 T oXksl EJERE(TIO,,
Swct Co. Ltd.,, Seoul, Korea), < |(Bactoster-alexin,
Biochemkorea Co. Ltd., Bucheon, Korea), AF5-2FES
(Sodium tetrabarate, Swct Co. Ltd., Seoul, Korea), &3}v}
1v]5(Magnesium chloride, Ynct Co. Ltd., Seoul, Korea),
AU Z2]odHA(LDPE 5321, Hanhwa, Seoul, Korea),
ZAZ-(Mustard oil, Indoshop Co. Ltd., Seoul, Korea)<]
AFZE Ao FYs o2 500 rpm, 100£10°CE A5

Table 1. Composition of OB M/B

Function Recipes Materials
Inorganic filler 10.0% CaCO;, Talc
Metal salt 2.0% Fe, Al, Mn
. . Low density polyethylene
0,
Binder resin 75.0% (LDPE)

Unsaturated fatty
acid
Lubricant 2.0% Waxes
Oxidation acceler- 2.0% Organic a.cids .(Citric acid,
ator Malic acid etc)
Plant Biomass 7.0%

2.0% Oleic acid, Linoleic acid

Starch, Cellulose etc.




02

AN

Vol. 23, No. 3 (2017)

= 800 ipmlE E3lEEE 58 A|AA EETE EFE
N3, EETE Uoe &S 4 o] 2EH=E o)
o] MEES B3l o]&atHA Wz 9 7AXAIZ] ¥, 2-3 mm
2 Ausie] g AAE vEEIX(A MB)YE AZ3IAT
A M/Be] %732 o} Table 29} 7t}

Nl

3. 37 MME 5 BO% 2o £ MoYR T
B9 MZ
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Co. Ltd., Seoul, Korea) 80~90% % A@FAU= ZZod
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Lotte Chemical Co. Ltd., Seoul, Korea) 10%Z &%3l &
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Hanam, Korea)Z =3te] 7 20 m o] t 2 AA=
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I (control filmye ZZ|dES |83l A|=3tAtt. A
Z3t AE9 A=, A18E-E UTM (Universal Testing
Machine) (DTU, Daekung Tech, Incheon, Korea)s ©|-&
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Table 2. Composition of A M/B

Item Recipes Materials

Oxidized metal 1.0% SiO, TiO, ZnO, KHSOjy

Antimicrobial

3.0% Bactoster-alexin
agent
Sodium bicarbonate,
Catalyst 6.0% Sodium tetraborate,

Magnesium chloride

Low density polyethylene

. . )
Binder resin 77.0% (LDPE)

EH-X Soln 10.0% -

Essential oil 3.0% Mustard, cinnamon etc.

Table 3. Compositions of AOB and control films

Composition (%)
OB MB | A MB HDPE | LLDPE
AOB Film 1 0.5 5.0 84.5 10.0
AOB Film 2 1.0 5.0 84.0 10.0
AOB Film 3 1.5 5.0 83.5 10.0
AOB Film 4 2.0 5.0 83.0 10.0
Control film - - 90.0 10.0

Table 4. Evaluation of film degradability by fungi

The growth in a sample of observed Grade

None 0

Signs of growth and development (10% less)

A little bit of growth and development (10~30%)

A medium of growth and development (30~60%)

AW | —

Overcrowded growth and development (60~100%)
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2 thz DS (Control filmyS ASTM D 882'% Wl o
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A= A8 91.19%, OB M/B 1.5% #2]3 AOB film
39] THAE2 9428%= YEREO™, OB M/B 2.0% *2]3t
AOB film 4= 100A7F A2 3 AAA=E 24T 5 ¢l
S AT oRlE o, B2 Al e 2 ¥
3tk Control filme] 17T TAE&S 34.68%°1 AT

TS UV AAIRPEE A17go] A3 7HAasislon, AOB
film 12 100717 2] Tl 34.16%Z A& 7t =2

Table 5. Tensile strength and elongation of AOB and control
films

Tens‘g&;f;)e“gth Elongation (%)
AOB film 1 2020 998.97
AOB film 2 37.68 980.78
AOB film 3 37.58 960.56
AOB film 4 40.76 958.72
Control film 39.56 987.54
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Fig. 1. Effect of UV radiation time on tensile strength of AOB films.

12c0

1000

\ r\\ +

Elongation rate (%)

GChr

B80hr 100hr

UV treatment time

—+— ACB film 1{0B M/B 0.5%)
- ACB film 2 (OB M/B 1.0%)
~— AQBfilm 3{OB M/B 1.5%)
== ACBfilm 4 (0B M/B 2.0%)
=== Control film

137

Fig. 2. Effect of UV radiation time on elongation of AOB films.
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Table 6. Growth rates of fungi on AOB films

Table 9. Colony count result of films by adhesion method

Table 7. Weight changes of the films by fungal biodegradability

. Weight change (%)
Material
40days 80days 120days
Control film 0.1 0.1 0.1
AOB film 1 2.8 13.7 38.6
AOB film 2 3.8 18.2 41.5
AOB film 3 5.5 33.8 47.9
AOB film 4 6.7 41.9 56.7

Table 8. Antibacterial test of A M/B by shaking flask method

Corie]r\l/tzzion Antimicrobial rate Remark
0 -
3 42.7%
3 99.99% MIC
7 99.99%
Control AOB film 2

24hrs

Fig. 3. Antibacterial test of AOB film 2 prepared by film adhe-
sion method.

ZAAE S 2HT o Adsl)] 7 A oz Ay
k. AOB film 19 7% 7H4 AAHL -F3pA| 9t 4
SRS 7]5o] kst ©do] Uit

3. 50191 ot E Y25

Z3o] ASAEE Table 6o YERNRATE. Control filme]
745 gL Aol wEp o] Aol A HA e
HhHe AOB film 1~4% %07t ASES & ATk
o]24 AOB film 1~4% control filmol] H]&}] =& F39]
AENES 7HeS € F UG B3 F3e] ASAHE

= AOB film 4>3>2>19] AR AJSo] ehlsie] 4tshay

Growth rate Control AOB film 2
40days 80days 120days Ohr 24 x 10° 24 x 10°
Control film 0 0 0 24hr 22 x 107 <10
AOB film 1 1 2 3 Antimicrobial rate - 99.9%
AOB film 2 1 3 4
AOB film 3 2 3 4
AOB film 4 3 4 4 Control AOB film 2

Fig. 4. Freshness test of plums for 30days at room temperature.
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9] MIC(Minimum Inhibitory Concentration)gh-2 5%21 7l
o2 gtk A M/BE 5% H7I8F AOB film 27HS
w2 dE WAAJIS 72801:20005S Sl IS sle] F
THo= IRlstditt. L A3}, Fig. 33} Table 994 YEL
W A izl vls) A g derEhge]
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Table 10. Safety analysis on the AOB film 2 as food packaging materials

Content Unit Test result Criterion
Lead (Pb) Not detected
Cadmium (Cd) Not detected <100
Mercury (Hg) mg/ke Not detected (Summation 0£+
Pb, Cd, Hg, Cr%)
Chrome (Cr®") Not detected
Heavy metals
( AZ Pb) <1.0 <1.0
Potassium permanganate 2 <10
4% acetic acid mg/L 3 <30
Leftovers water 4 <30
after drying n-heptane 6 <150
20% ethanol 4 <30
Table 11. Safety analysis on the AOB film 2 as RoHS standard
Content Unit Test result MDL Test Methods
Lead(Pb) Not detected 5 *
Cadmium(Cd) Not detected 0.5
Mercury(Hg) Not detected 0.5 *2
Chromiun(Cr) Not detected 0.5 *3
Total-PBBs Not detected -
Mono-BB Not detected 10
Di-BB Not detected 10
Tri-BB Not detected 10
Tetr-BB- Not detected 10
Hexa-BB Not detected 10
Hepta-BB Not detected 10
Octa-BB Not detected 10
mg/kg
Nona-BB Not detected 10
Deca-BB Not detected 10 *4
Total-PBDEs Not detected -
Mono-BDE Not detected 10
Di-BDE Not detected 10
Tri-BDE Not detected 10
Tetr-BDE- Not detected 10
Hexa-BDE Not detected 10
Hepta-BDE Not detected 10
Octa-BDE Not detected 10
Nona-BDE Not detected 10
Deca-BDE Not detected 10

*1. IEC 62321-5 Ed.1.0 : 2013 (AAS), *2. IEC 62321-4 Ed.1.0 : 2013 (AAS), *3. IEC 62321 Ed.1.0 : 2008 (UV/Vis), *4. IEC 62321
Ed.1.0 : 2008 (GC/MS).

3l 2L 3ol control film @ AOB film 2| A+ 4O7HM‘ M 33
o2, 30U 5t Aol AAPHA St AAE A}

[PME YA T control filmel] 243 AT AA 407) 5 S A2 A3
AOB film 29| AA = 7|7F A7 HE dolRr] fsie, = 1370, <R 233 107l, Hds] e 1R e =
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