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Abstract

Antimicrobial packaging is one of the promising applications of active packaging. Besides antimicrobial pack-
aging, there are several other available applications such as O, scavenger, CO, emitter/absorber, ethylene ab-
sorber, ethanol emitter and extra. Mass transfer model in multilayer transfer media was established by mod-
ification of heat transfer model to predict the controlled release mass transfer profile of active substances. An
overall diffusion model for the preservative release in a plastic film/cheese packaging system was suggested
and simulated by computer programming for predicting the shelf-life of cheese. The low density polyethylene
(LDPE) film containing antimicrobial substance was produced by using a single screw extruder after mixing
LDPE powder and potassium sorbate powder. It released the preservative and inhibited the yeast growth on
agar plates. Therefore, it is possible that the antimicrobial polymer could prevent microbial spoilage of food
products and prolong the shelf life of the products when it is used as a packaging material during food pack-
aging. Step-by-step development processes of an overall project for the antimicrobial packaging and the re-
quired background knowledge were suggested.
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1997). 18ju} okt AFEA elujg 7edEY
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(head space)] A& FFFoR8 FE FHPo|{
A3t Avre] Ao E  whA| g (Rice, 1988).
Table 2= u]=3} HidollA B3 & Y53 g4ttt £

AANEE DAt vk AtagS whgr|Fe F2



72

AAANETS A 1B A 1E (1997)

Table 1. Types of active packaging systems (Floros ef al., 1997)

System/action

Substance

Company

O, absorbing

CO; emitting/absorbing

Ethylene absorbing
Ethanol emitting
Moisture absorbing

Antimicrobial releasing

Antioxidant releasing

powdered iron oxide, ferrous carbonate, iron/sulphur,
platinum catalyst, glucose/oxidase, alcohol oxidase,
0, absorbing sachet

powdered iron oxide/calcium hydroxide,
ferrous carbonate/metal halide, sachet and tablet

active carbon/potassium permanganate

alcohol spray, encapsulated ethanol

polyvinyl alcohol blanket, silica gel

sorbates, benzoates, propionates, Zeomic, Mitsubishi Gas Chem,
sulphur & mercury compounds, bacteriocins, zeolite system,

submicrometer cell wall penetrants

BHA/BHT, TBHQ, vitamin C or E

Mitsubishi Gas Chem.Co
(Ageless)

Mitsubishi Gas Chem.Co

Kuraray/Nippon Greener

W.R. Grace & Co

Mircoban Products Co

Flavor absorbing baking soda

Flavor releasing many food flavor
Anti-sticking/Anti-fogging

UV-blocking/Light regulating  hydroxybenzophenone
Stabilizing tocopherol, food stabilizers

Temperature sensitive

compression rolled oriented HDPE

Tredegar Film Products

Hoffman la Roche

non-woven & microperforated plastics,

polyethylene terephthalate containers

Temperature sensing time/temperature indicators

3M, Lifeline, I-point
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a2 AREY, A HEXY, A 2R &5
7, &a AsfAl(inhibitor)BHr Y, 7] WA X
BA, MR & (anti-fogging) FHEGFA, HAE
(resealable) ¥, F2 F A (indicator) £7, o] 22 &4
HH=] (temper proof) £}, o} lo} B F(child resistant)3E
2, AR LA Fol ok

&M ZA (antimicrobial packaging)
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Table 2. US and Europian patents for oxygen scavenging systems (Floros ef al., 1997)
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Company

Substance

Patent number

Freund Industrial Co Ltd
Mitsubishi Gas Chemical Co
Mitsubishi Gas Chemical Co
Mitsubishi Gas Chemical Co
Multiform Desiccants Inc

Oleofina SA

Oxyrace Inc

Philips Petroleum Co
Pilisbury Co

Toppan Printing Co Ltd
Willium Wrigley Jr. Co
W.R Grace & Co

W.R Grace & Co

Ernst

Freund Industrialmetal Co Litd
Gist-Brocades NV
Mitsubishi Gas Chemical Co
Mitsubishi

Gas Chemical Co
Nippon Steel Corp,
Suntory Ltd

Phillips Petroleum Co
Pillsbury Co

Soken Co Ltd

Toray Industry Inc,
Kirin Brewery Co Lid

Yhtyneet paperitehtaat OY,
Stabra AG

metal powder (+ethanol vapor generating agent)
unsaturated FA+oil containing PUFA+metal (for dry foods)
metal powder+Fe salts+reducing compounds

deoxidant (+CO; generating agent)

O; attracting compound+aqueous electrolyte compound+H.O
attracting compound

oxidase (eg. glucose, oxalate or lactate)+catalase+superoxide dismutase
(for alcohol and acid foods)

alcohol oxidase-+ethanol

metal+radical O, scavenger

Mn-salt+metal+alkali compound+sulphite

polymeric beads with antioxidant/O, scavenger

oxidizable organic compound+metal catalyst

organic compound+metal catalyst

glucose oxidase

powder+alkali metal+polyallylamine

immobilized yeast

organic nitrogen compounds+metal+phosphoric compounds

0, absorber {(eg. iron powder/ascorbic acid)
(+ethanol emitter and acetaldehyde remover)

metal

alcohol oxidase
metal (Cu or Fe)+radical O, scavenger
rice extract (for ground fish & sweet beverage)

O, absorbent between an O, permeable film and
an asymmetric porous membrane

an oxidase (eg. glucose oxidase)

1989
1990
1988
1988

1991
1990
1991
1990
1994
1983
1991
1994
1993
1990
1987
1989
1993

1992
1990

1989

1989
1993

1991

1991

US 4820442
US 4908151
US 4756436
US 4762722

US 4992410
US 4957749
US 4996073
US 4954354
US 5284871
US 4384972
US 5064698
US 5310497
US 5211875
DE 3902921A1
EP 0229380A1
EP 0305005A1
EP 0542512A1

EP 0505726A1
EP 0349662A1

EP 0345812A2
WO 89/02709A1
EP 0542398A1

EP 0466515A2

WO 91/13556

Tabie 3. Patents on CO, absorbers/emitters, ethylene absorbers, and ethanol generators (Floros ez al., 1997)

Company

Function & substance

Patent number

Freund Industrial Co 1.td

J. Velasco Perez

K K. Nasa (Japan)

Kyoei Co Ltd

Mitsubishi Gas Chemical Co

Mitsubishi Gas Chemical Co
Mitsubishi Gas Chemical Co
Toppan Printing Co Ltd
Toppan Printing Co Ltd

ethanol-vapor generator: several different

substances mentioned (+0O, scavenger)

ethylene absorber/CO, generator: sepiolite and KMnO,
ethylene absorber: far-IR radiating ceramics

ethylene absorber: zeolite (for apple) (+0: scavenger)

ethanol emitter: eg. active carbon, SiO», clay, celite, zeolite,
paper, cotton, +acetaldehyde remover (+0, absorber)

CO, generator/O, scavenger
CO, absorber/O, scavenger: hydrous alkali (eg. Ca(OH).}
CO, generator/O; scavenger: Mn-salt+metal+alkali compound+sulphite

ethylene absorber: zeolite+bentonite+active carbon

1989

1990
1990
1988
1992

1988
1982
1983
1982

US 4820442

US 4906398
US 4927651
US 4759935
EP 0505726A1

US 4762722
US 4366179
US 4384972
US 4337276
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7HA Y (Rice, 1995), 2:el7| %, A&7 Eukg7],
E844], A&AA, 8x), AE Tl FHAeA A&
24Ut dwtd o R A ZHEA V] FTEAR ALE
Hed gEgde TAANSG Eejdez A
U gekR oz ZAfEo] Aoyt £AFE HFF 2
AteE S I AFREAZA FFA T
AgE e Qe FHEAZE A, Ve dREH,
A 281 A (sorbates), A4 (benzoates), I 211 24k
F(propionate), A& (bacteriocins), ZHH3E
(sulphur)e] lcH(Floros, 1997). 1ol A A2HIALE 7]
A EE R ER 71 KU AFHEAJY &
2NALFZE 42494 ZhE(potassium sorbate)o] il
A} E §(sodium benzoate) ¥ ¥}z}ul 21 Ak(paraben)a}
A 71 Beol ole AFHER 0T 1945 v]F
E5 2 &7 o] 32 T FPo|gt g A
ot EApgo} WA]g 0 2 solx gle}, A2 M4k (sorbic
acid)} £2I4 &L v|Ielr gk oz b
ol 213 H 31EE (GRAS)EZ AIWANA =4 of
A2 E B8l R8s "t (Sofos, 1989). o}z A
&3 713 g UA govt 2 FFe| 4
A, AdF =48 (mycotoxin)e] YA AA|, FFol
FEzprolel A FEo] Holu o5 A FHo| AlF
7ol ARF 4394 wEHEY 84 Fsivy A2d
A AEE F2 oAE AP E(cida)ETh e 447
A 2} 8-(static)o] o FHFA A A daF F
Holo} B Z}FE LS oot V| Fo g oA
3t} Han (1996)2 W& ETE o| &3l 4264t
ZEe FEHA AAGANL 712 st
AEula 2 ge Y] MEDLFEHRE s
Brje ddg ol FFEF are A A28
£ 3le FAPA F W2 A (uncompetitive inhibit-
iom)E 3h= Aoz Jeldow AydaA IPEA
7} o] AEHYALZ Wt 7)o ARGES

7V ER| 2 FA 02% (wiwyhR] AHE- 87171 So] 9o
¥ F2 0.1%~0.2%7} 32 F R/l FHEA gitF
2 .S JebAck(Davidson 2} Juneja, 1990).
SZHIERTL 2| 200 ALR-E7| AlRFEHEA o7 vt
A vlefst o2 o)l Alert ATk Mel-
nick3} Luckmann (1954a, 1954b)e 4 EElA B2g-g
A2 @ =¥l ¥AEAY GAag el &2
HAbg A =ZAZFHF A7IHA @5 XA S
243 Hie AEF ot 1% L2 B
o2 HE Xz2URE AR ste RS HHAY F

(Melnick 5, 1954) 2¢ AFHule] Smithe} Rollin

(1954)l o3} BrtaAdsA FRWYE ol 83l &
ZR4bo] =X E WA S AAEE o F
22 A 2% g9 IFAE AxsQc). 2204F
R A deF TAAE e FHRe Al
= 1970 S ebA] A2 WAL Zh4g(calcium sorbate)
I ABAEAER A EFS] IR EAE e
% A%AQ ASY7IAE ALeste] Fol9ld] =3
Fo g Hxol AL FRe A AN Al zE
A tH(Ghosh &, 1973, 1977). 48 WEo|9dE 4
ZR4 Y A S4edl E(com zein)yE £
gle] F7h4E-2] E(intermediate moisture food)d] 8%
aYsia A FEEAL R 4¥ol Ut
(Torres &, 1985). 22414} o] 9o & AFA FH3E
¢l imazalil-S AEx Fe|dA(LDPEN] E§3lo
YES A2 F YFHel AFMiller 5, 1984)3} 3]
Z A % (Weng2} Hotchkiss, 1992)0.2 A1-&3F o7} 3]
on imazalil € ©}o] 2 =™ (ionomeryd & 2HZAE
AA BREY EAAE NE3r|= & ch(Halek 9}
Garg, 1989).
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FHAZEE AEZoR A3 WEEHEe I
3t Ee] BAAY 548 st e 2 iy
£ o] &3l Lol UEH BAE o]FEAe] F
iAW T a2 <ldle] o] F &t ddol
t}. ol B2 #1E4S dHdle BHAGAT=
A 42 (diffusion coefficient S+ diffusivity)2 §huj
HA NN ol F&EE dEFu ey Hzs &
T3 FiHAl] ol g Tte R EAA 9} 2 EY P
F7he) g wiZRAlAtol 9] Bd 4 (interface)ol A 2
olve AGELE Ao FF3ich. FoR| o
E 7 Ede] HAHY e AL dE5we] EAA
gEAL OE & v/l &elMde] EdAGo] F3ke
o). 22Age EAS e Qe A2 &
AHAIS o)l ol A 22] -8l = (solubility),
i 7h A Apo]oliM 2] K2 A 42 (partition coefficient), 3
3} % (affinity), AlHoIAM 2l &2 3H(interfacial
resistant) 52 47 & 5 Uk B4 Ael(ap)z2
AGAGE dod)e 7|Ae A% FA4 18] dlAAE
Evey &4 wifHle) TH vialele] M3
s galxrt A At 7159 71A 9 £t
s AH EH EF2E 7)HY FE(O9%e LRkl
7] 276l A l2i(Henry)e] M2 & we} 2 MAAE
7HAH oju] Mo 718718 Vel el A4
(H)e] A7t £3l=rt do weld] Bz (p), Al

Al

4t
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Alg(D), FH=(S), FHHAFT BAAGEE (flux, J)
ol A1) @A AREY Faze i
ez o] Fol ot

FAA AN FEFHECOE AHOS <l EAR
xpPl ot 4@ HolRdg 4 (Crank, 197508
Ay 2](2)e Ficke] A2y 3 o]2} 2o}

aC 92C

ERE @

£ d7=fdre FulAddAe 22HE |4
< 2dYE 3 ZAFE A geeldd 7129 dHdiA
e A REE o] 43ty dHERe] HEd
i FEEELE dolr gt w3 HeZelaE UE
= o] 83l A 2EAS W& ALE THH ] g
SHo2RE <hAdE BALSF e AFVINE A
3t £3 FRAY TN ol Brte S FE
71980 AA gt TFAE AR F gz ol
A ZRe] A S Holdte Bkl

s U gy

BH2Ee =L 2EE AT SEUNY YD AlE
#Ho|M
BEPOZ GG AEER sx¥IY o8N
2 ztztel gE39 IS Ee JEE FA)6
bk qekd gedt AE/ZAAAN] 25 72 A
o x 4% B5o EaAlgrt A e W
Z FERREXA Bl &S Fo| 55 BFE 2ol
Adsl Eade 5 Ay dHee mdo]
g g &),

A5 AAZRDE BE B vd g 713k
@2l 271z2dslA 4 (3)2] Hu| B A& 1
8}l th(Fig. 1).

ac, ¥ C,

on:: oﬁ

= - 1
% ek S
C, ¥
——+Dye— 3.2
ot e lex G2
0<x<1, Cx, 0)=C, (4. 1)
I<x< 00, C(x, 0)=0 4. 2)
aCl

— =0, all t>0 1
ox | x=0 nallt= S

5.3 _p 3,
ot Pox|x=

Col, )=m C,(l, ) at >0 (5. 2)

o7l A 1& g FAolH C, C, CE 27t 1
B 2gdEde ¥, 239 dHEAY v,
A FW 239 Fxeolvh DI D2 Zzt HEY
oMot A Z ol M o) EatAlFol me HEW A E
o] JEHdA e grEde] EHASA 18 713
Eipia=y

E4A2EdLS Luicov (1968)2] o] 5304 e]
Exgrd g ulgo g Eaxgde ReE s)aFsle
2)(6)e} Zo] patsich

G 1
et e _h n—1
C, K X
(2n—1)l—x (n-1)l+x
rfi + erf 6.1
et D7 T 2y | €1

G _ K erfe_ X=! _ K(1+h)
C, K 2% 14K

o ~1+2nl(D/D)V
Fear [_._.__ ;;;);)fL] @

o 7)ol A K=(D/D»)'?, h=(1-K)/(1+K)o| 11 erfc =
AN} 2o] Bt

erfc (x)=1-erf (x) (7

4 (O] S5 FREI) e TANY AF
BEo|M) SAASD, Dyollzh EAlel £
Dol M= FEFE et 9 $AZ 0 m
sk Q’ﬂ-ﬁ]—?(Dh Dz)‘g‘ dpiro] 7hm 2 (6)’% FOR-
TRAN Z2 13§ o] &3] A Baoj M st}

Jo,n=0
Cy0sxslv=Cp
|

Dl D;

Cl Cz

\ Cax>1,0y=0

x=0 ! 90

Fig. 1. Structure of a composite semi-infinite model for
a homogenious material.
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oA ZEIYe| M=

24 Adx Fegoddl (LDPEYRUT BH71&
B 424 RS EETF JEY S "4%_3 Ea
AF ¢+&7](single screw extruder)Z LDPEH &8 7t
Ect. &4 LDPEE &Y 42814 ZE 9 %Ec
1% (wiw)2 Zd&3ch Fig. 2& 3d4 LDPEEE
o] AZFRE HAFm o} 2 _oe #e
Az 2] 22¥ BEE TSR] ¥ B
LDPEE £& & Mgt 4&7] 2 =2
2 %}'57]“}] R 90°C, %}'37] g—?‘(dle) e
85°C, A% £ 70 rpm, YZ4E HEE 17 rpm,
g7 £33 5 1502 A}

B ZEA e EREHTUE

a & Yutdo g FRv Al FHT &
3712 A& st &7 ZcH(Sofos, 1989). ul
g4M ZERE 01‘9‘5}‘4 PgieHAST 4¥S 34 &
Q,J 74_3.52_ \;HA] Q-’F— olq. /\154
of] 291 }L‘?_t AWE 7HF & ¥ (Saccharomyces
cerevisiae)Z YM (yeast extract-malt extract)dl] x| ¢kol
Al 1241708 dAF 243 A% ’\}%3}"3@. 24
3lE ANE 1010 B2 AFge FMTE YM
g Aol 1mL JFEF 244 2.5cem, 1%1.27)1]
0.04 cme] vty g4 A LDPEZ &S gt s
Adge sz ZES 1% (wiw) 8380 S’JL
A& AHEstg e d2Ago R ghitg o] ¥iy
o] AAYL B&AV|Y) LDPEEEE AHE3tith
(Fig. 3).

" Eol 9ol e A & 30°CellA] wl st A
FAlR BRe] QA o T 3 ek (colony)e}

raw LDPE preservatlve
oo o
!
i -
| a J'
‘ extruder
I e
| ;Lnaatgher | \pelletlzer
. R 7process for masterbatch
l process for film making
. X |
T " L,,,V Tcooling ~
mixing 3 extruder film
feeding

Fig. 2. Scheme for a proposed for manufacturing the
matrix layer of a preservative-releasing film.

e FHsA. old dhio] FHujx|FelM HE
o] W9A FeREFAT)H LENA TEol £
Exlo] YAl ¥ WEoE 93 e ZEERAED)
I FAag FEoz 9 Ue EEEH DA 7
z+ 3~579) R eg st o Y38 3 ed.
B 2o A& T (growth rate)y tE 37w 2
8o 2ldle] ERAYHTARAX)Y dlagtat AlZHnel
g 71&7] HoR FakRen 271 JRARA 7] (lag
period)y= Adgo] dolvbA] gx €3 7 Bes
A g AP R Pt weld dAETe o
2 A7 27| REE 27 A% AA7]E xE
HozYH 7+& 4 9ot
dx _AlnX

I TIRE

®

AR

B AdEe Ziae vt Md¥ Zd(general
linear model)S ©] £-3}a] SAS (Li[tell et al., 1991) X
2a3¢ Agstd B 43EEe Aol
SNK (Student-Newman-Keuls) T} uﬂzj g o| &3}
ack A 9 EE"J%“”Q"H AMEgE dikdEeda
Ye AEEE b, x2 AFFY dE Helgd gig
A =5 % (integer code)o] 3L + A& @ x}o|t}.

Y =B0+B.x:+€ )

g2 Aol AR gelA stAelEE 3~5714
EF @ AYrl= A2 2tol o} BU Tl 2
ARAAT Aol 9 FAA wald] oo w5
Aoz i Ay oz FaEYT)

2 3 g

SENE 2 é-‘ll AlEafo|4
Yoz FHEAL IFNETE 4 F A

W mo% AR 20 BFY ST

LDPE filn for rd .
control test \<‘ % " YMagarplate
/ N\

i -
[T T

yeast colony "XV’A& mﬁ\\
\ ®

e

preservative-
releasing film

Fig. 3. Growth of yeast with and without a preser-
vative releasing film.
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Dy=1x10%

|
0 0.001 0.002 0.003 0.004 0.005 0.006

Dy=1x10%

0.2 ~
Dy = 1 x 10"“_ "~

0 0.001 0.002 0003 0.004 0.005 0006

Dy;=1x10"°

Dy=1x10%

0 0.00L 0002 0003 0004 0005 0.006
distance, x (cm)

Fig. 4. Releasing profile with various diffusivities and
time. The unit of diffusivity is em’/sec, numbers on
lines prepresent time (mim), and /, is 30 um.

- X

E ZalAggolA] 1x10™ em¥secold] Bl3la] 2=
WoellAl = 1x10% A 1% 107 cm’/seco] tH(Han, 1996).
Fig. 49} 5% 4] (6)2 A Edo|A s Al vi7fA)
1014 25 St 2§ EdAgo] dojd A Sl
A Ztzte] gabAFE7E FAl FRE e ddF
Zo}. oA 12] FAAIE DE 1X 10" cm¥/secE

B & v 2049 BAA T Dol whel uf Ay
A 16149 FEEECY} A Hates A ¢ 5 U
tHFig. 4). Whdol vj7iA] 28 4] Folg} MFetn ¥
A DE opm2)7F ZaA A 222 gl 1.3X10°
cmifsecE 1A RSl v A 1oAY FEEFE(C)
= #84Ae D YEg won dA AFEH(=30
pm) D A Ffo M9 FEEF(C)E IS D2
9 &S o] W Ao vehort EAA H) 6}

HETA A
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1
1 Dy =1x10" cm/sec American
08 | Processed
2 Checse
o
o 0.6
~
O o4 t3
02 l 6
|10
0
0 0.007 0.002 0.003 0.004 0.005 £006
1
American
08 Processed
Cheese
2 0.6
(&)
~
O o4
0.2
Dy=1x 10 em’sec
0
0 0.001 0.002 0.003 0004 0005 0006
1
American
0.8 Processed
: ! Cheese
< 0.6
(&)
~
O g4}
0.2
Dy =Ux 10" em/sec

0 0.001 0002 0.003 0.004 0005 0.006

distance, x (¢m)

Fig. 5. Simulation of the releasing profile of potassinm
sorbate into american processed cheese from pack-
aging materials of various diffusivities. /, is 40 pm and
the numbers on the lines are time in months.

of gt whE o Qs B TETuE A
3hA) okStThFig. 5). EAo| ushAl 104 2 o] E
A% wiAN A 27} SAEA s wE Eho)E2 A
& A2 A oA 13 24}o] Aol N EAHEA
ol Hatglol wiHA 22 o) TH 3oL} w2 uf
A 27} s AA 180 =@ BA|EZAS B
thd AR AL ARl 23S W vl 10)
W 22] 917 €ch wp2hA Fig. 4ol A]shzto] e ghat
A% Dg 7 HeE SHHAI4 D7) u)$ Eo} whe
gate] dojubd viZHA 1kell N AT =Tl
FRR A Do, BAHAIS Dt ol Gol m@l gakel
dodehd i 1 oA Wl g e FEFulR
£ 7})A) "o},
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xX|=9| MAE7zt ol F

FFolol g AR BEY A9 dAF:
€ % 0.1% (wiw)elth. wabA A FHEAA 0.1% ©]
e FEE FAXNA £ F A V1L uAEY 2
FozRE BEES e A7l sk
Table 4v= EAAYNM L2204 L FE V%
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Table 4. Predicted shelf-life of American processed cheese

Reservoir | hpp HDPE PP PET
Matrix

Diffusivity 1.83x 10" 4.26x10™ 4.65x10™ 547x 10"

(cm’/sec)

Predicted < 10 min 6 month 5.3 month 4.5 month

Shelf life

# Thickness of film is 40 pm, diffusivities are for potassium
sorbate at room temperature and shelf life is estimated by
simulation of models (Eq. 6) until 0.01 of fractional con-
centration >f potassium sorbate on the surface of cheese.
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g without
&8s film
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E 0,
82 0% film (control)
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0 24 a3 72 96
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Fig. 6. The effect of a preservative releasing film on
the growth of yeast on agar plates.
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Table 5. Statistical analysis results for verification of
antimicrobial activity
5-1. Analysis of Variance (r’=0.6464)

Sum of Mean F

Source DF Squares Square  Value P>k
Model 2 5.5469036 27734518 25.59 0.0001
Error 28 3.0347185 0.1083828

Corrected Total 30 8.5816221

5-2. SNK Multiple Range Test

Variable Average Growth Rate Grouping*
x,=0 (without film) 1.7829 A
xi1=1 (0% sorbate film) 1.1639 B
x:=2 (1% sorbate film) (.7618 C

*Same letter means the same group
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