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Abstract In this study, we prepared methyl cellulose (MC) and hydroxypropylated methyl cellulose (HPMC) films with
polyethylene glycol (PEG) or polyphosphates as elongation enhancing materials, and with lipid layers as moisture bartier
materials. We then determined their physical properties and compared the data with target physical properties such as a
tensile property of 13.0 MPa, elongation of 130%, and water vapor permeability of 3.47 x 107 ng - m/m*- s - Pa. The PEG
and polyphosphates were required for enhancing elongation, while the coating method seemed better than the emulsion
method when applying the lipid layers. With respect to elongation, the MC films were better than the HPMC films.
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Fig. 1. Preparation of MC and HPMC films using emulsion
method and coating method.

Ztz} 10mLe] ethanol® €3 homogenizer(Heidolph Instruments
Co., Schwabach, Germany)Z 2,000 rpmollA] 587+ £4RA)1F)122 1}
A, B 190mLE 718l hot plate oA 85°C7HA] 7143 o
30°C incubator®l 4] 218} teflon(Norton, Akron, OH, USA)2.Z =
B8 30cmx30em 2719 frEjdel] AL A-2(SF 25°C)0A 24
AlZk ol zg T vojd) dEoE AMSEgion, & 2059
ZEE A=At
A MeX s AdLaAE JAriskA] 42 &3 3oy =
71 2o o] BES AR RV A
d 2SR Azt f3he] 39 MC 3.0
g I HPMC 3.0g9 PEG 3.0g3% Bg<l4td 005g 10mLe]
ethanol& 23 homogenizer 2,000 rpmolA 587 BAAI7) 2,
=% sucrose fatty acid ester 0.5g, AMG 0.15g, stearic acid
0.1g9] EEL 1g F 15mLe 71522 ethanol 715} hot
plate dollA 85°C7H] 71 mAHKEH =<1 H, o]§ MC Ee=
HPMC £9d] £33 & 190mLE 718 hot plate ol o
Al 85°C7HA 7183 T 30°C incubatoroll Al 43 teflon 2 3
Y&t 30cm x30cm 2719 o] B AL(@F 25°CelA 24
AZY ol AxRS F wol FEoE AMSIeH, & 3%
ZEE Axsiark. Y A9ele MC 30g = HPMC
3.0g°l PEG 3.0g% EE14E 005g 10mLe| ethanol P37
homogenizerZ 2,000 pme| A 5EZF B4HAIZIAL, & 190mLE 7}
3] hot plate AJollA 85°C7A] 71€3} T} 30°C incubatorollA] 2]
3] teflon® 2 FEE 30cmx30cm 2719 Fej¥o] B A&
(&F 25°C)ell A 2477 ol AZF F dojulo] 7|4 FEL
E ¥, ¥EZ sucrose fatty acid ester 0.5g, AMG 0.15¢g,
stearic acid 0.1 g9 EFE 1g F 15mLe] 7|F 2= ethanolS
715t hot plate “dollA] 85°CTHA] 718 mwHEle] =<9l Ao 9

LI

t

o

o ot
[ o} > o
L%

d
i

o} 717 BEL gol FA coatingdt F T A2elM Az}
o WEow AMgEGon, & 3% BES AxsH.

7N TEo| EM=F

=7 24 98¢ FAE 1ume] FYEZE 7H micrometer
(Mitutoyo Co., Kawasaki, Japan)2 413} FHFEE 1084 &
Ao, 2343 7 599 AU} 5% o] dETE
EAEAA AR

ARZE R A3e 34: I59 AP = (tensile strength)o}
A 2E (elongationy2 ASTM D882-88 EEAI AW (18) uwlet &
254 mm x Z4o] 100 mmZ LI 25°C, 50% RH FZ0A 48
A7 YA Z) T texture analyzer(TX-HD, Stable Micro System,
Surrey, UK)E AMg-3to] E43ch 9 o cross head speed
= 83 mm/sec(500 mm/min), grip separation® 50 mm= 3Lt
03] W A¥sle] P B BFHAE &G L SHE I
BT 3 MPaZ, AFES %2 EA ST

537 T 24: U9 $57) FIE(water vapor perme-
ability: WVPYe F54W(19S d&3ld F51 M7 46 mm, 9
7 87mm, o] 21 mm)SE 25°C, 50% RHoIA Z3314t) &
4% (water vapor transmission rate, WVTR)E A7t @& F7
74 oz 18718 F57 dHALE o] FETh
WVPE AXte w A1) &8st WVIREHS B35t 73
ATH20). ZE HolEE 38 bk A8 F2ps FsHrh

WVP = WVTR x L/AP @

o714 WVPE $%7] B3 (ng - m/m’ - s - Pa), WVTR2
FE(gm?-s), LS & F7m), APE ZE ¥ BFE
Z7] B AolPayelth.

A o

A A=): SigmaPlot ver. 9.0 A&l HHIARAMT F
2)2Hp <0.05) AL AT

2 o

)]

PEGe} S¢!
o dlm

22X MC Ex= HPMC 989 B3 242 A%
¥EF LLDPE 3 BE9 E4X(Table 2)5 7102
F B4 IAE sl o3 o] AAsAT &,
=9 A% PVC § BEY AAAE 3 4RMPad 7IELE
MPag EXE Agth 2eu A1%4E¢] %9-= LLDPE § Z
o) AAE # 377.81%= 7 BE FolA P AFEC
Dgluten 29 AgL0] 237.9%2 He AeklE o, =237
o olg]-¢ BEFoluZ, cudlan EFFE EEEGQNS L
3o, AR W 2o S 260%(22)2] AWt A=l 130%
£ BE2 4435 $EIFAT 9A A0 TR 2E
9 FAE 7Iske] 2549 LLDPE 3 BE9 $27|83%
347x 107 ng - m/m’ * s - Pa2) 1080%) 347X 107 ng - m/m? - s -
Pa2 MA S

AE [Table 12} MFH] F=X)ME MC 30g E= HPMC
30g0) BAMNA 0.05 ¢S Ut 23 AtEA L #oE
W, of7)0 PEG 4002] H7FFE 0.0, 1.0, 2.0, 3.0, 40g0 =
ZA43] 2L A% F F§ E4L vzsiitk. Mol PEG

olated &7l0l TE MCe} HPMC SEEEe]

i ol

X
s
3.

i
3 r
2
oL O

N
2,
ol

N
o

i)

v



MCs} HPMC 2E9] B4 523

Table 1. Experiments for preparing MC and HPMC films

Method of lipid MC

HPMC PEG Polyphosphate

Experiments Samples application (@ @) @ @) Lipid layer*
I-M, 0.0
M, 1.0
M, 2.0 - -
I-M, 3.0
I-M, 4.0
3.0 -
-MP, 0.0
I-MP, 1.0
-MP, 2.0 0.05 -
-MP, 30
I-MP, 4.0
! I-H, i 0.0
I-H, 1.0
I-H, 2.0 - -
I-H, 3.0
I-H, 4.0
- 3.0
I-HP, 0.0
I-HP, 1.0
I-HP, 2.0 0.05 -
I-HP, 3.0
I-HP, 4.0
1I-M, -
I-M, Coating 3.0 - 3.0 0.05 0.75
I-M, Emulsion
11 h, -
II-H, Coating - 3.0 3.0 0.05 0.75
II-H, Emulsion
*Lipid layer: stearic acid 0.1 g+ AMG 0.15 g + sucrose fatty acid ester 0.5 g.
Table 2. Physical properties of commercial cling films
Commercial cling films Tensﬂ(f/[;t;)ength EIor(l(%non Wa’gg \{arll)](/)rrn ?t.:r:l'ela;ghty
Film A (PVC film) 13.48+0.09 543.57+ 6.77 2.66x10°£1.16X10™
Film B (LLDPE film) 18.19+028 377.81£15.21 3.59%x10° £ x10™*

4002 0.0, 1.0, 2.0, 3.0, 40g Arlsty BIAAG L HUksHH
2L 7o BT 4342 uim-45+4 ymBA] PEG 400 H7 ek wh
2 FA9A7F 9y, BERAES A7 7o FAE 442 um
4615 um=zA EIRIME vl wWE foapt fle Aoz
Bt} Turhand} Sahbaz(h)E ©]81dt AL Bwd ul Qo)
HPMC®| 7Z-$-%= PEG 4002 00, 1.0, 2.0, 3.0, 40g H7}sl
ERINA S AR B2 9 FAE 4644 um-48+4 um=
A PEG 400 FH7Fgoll M fo2t sz, EiEs #7)
g 29 FAE 4643 um-49+4 umBA] BIAE Hrl] e
freA7t Qe ez vegth 3 MC9 HPMC 289 F
A Aleld= fo37t fle RoE Yehgtt

Fig. 20 E&elated A71odf el PEG Avbgel wa Q1g7s
o] ¥gls Yepdo). HEelade drleR ¥ W, PEG
@722 A9 MC 492 MPa, HPMC 60.7 MPa®] =& 9147}
=8 Ad Ao ey, MCEY HPMCe| AT o 2
Aoz Ueytt ol B Axd A2E MCe At 400 P,
HPMC9 HE 4000 cP2l oz ol Bale] xlolof 7]¢]

#H Aoz wolW Kim S(10)= HZY A we Q477
7t 7Rt A7AAS Basigid), 3 Turhan) Sahbaz(4)
£ PEGE #H718HA) 2%S W MC EE9| A7 =E 33 MPa
2 Ry, gy PEGE 7K we A Es 7H4E)
o] PEG 4.0g A7 A== MC 7.7MPa, HPMC 8.1 MPa
7R Zagro sy BE AALE 13.0MPalth MC 52 MPa,
HPMC 4.9 MPa 2+ F<E317] Wil PEGE 4.0 g 27181 <
e FHN B8 Aoz AZEQth PEG H7HFe] 2¢
g o SIANEE MC 175 MPa, HPMC 152MPaEA EX <l
A7¥= 13.0 MPait} 01, PEG #H7leko] 32 vl MC 122
MPa, HPMC 10.5 MPaZ4] X 2A7}E 13.0 MPa BT} Bgko
1} 2 zpol= MC 0.8 MPa, 2.5 MPagl HE& Zheksl & o %
Ae o)9je B, & AAEI $FIEHEE LTtk B
3 2 Zart 98 AeR AAHYrk Turhandt Sahbaz(4)= MC
o] PEG 132g(&" 100mL 715) A7 989 AAA=E 18
MPaZ B3t u} sith

Bl H71etee W, PEG w7 7S] 7§ MC 55.6
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Fig. 2. Tensile strength of edible films of MC or HPMC with
PEG and/or polyphosphates.
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A7NE B2 NAEL 74 %2 BiE v ok

HatgS 78IS W, PEG w172 B MC 3.2%,
HPMC 29%9] 2388 Ad Aoz vehstal, MCSH HPMCS
AZE 7L Aol foArt gllon, B3RIME v Y] A
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ok a3 BEAMNE k] AE mEvkEE iR R
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Fig. 3. Elongation of edible films of MC or HPMC with PEG
and/or polyphosphates.
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Fig. 4. Water vapor permeability of edible films of MC or
HPMC with PEG and/or polyphosphates.

FEL MC 101.4%, HPMC 73.9%7kA Z718te] HUIAE Eel
Z PEG 40g HA7H] ABES MC 86.6%, HPMC 70.3%= 7+
& WA FAske A RAFAL 53] MCol B3NNGS
A7k 29 AS$ UmA A 21 AREe] A RIS
w, UeA Al Z Aol AZE wsle f2A7) fidith MC
o B3-S H7ISIE PEG 3.0gS A71e A9 Bx A%
E 130%KET} 28.6% HEIXAT AFES P £ F de Wl
W71 Rez ekt weiA JA3AEY F57)FAES
BB BEsHs £ Ao 71 Farlshe ARE
< TEEle] dds] B o ERIAES A7 PEG 3.0g8
A7kke o] f218 Aog AAHU

Fig. 40 g4+ Hriedfel PEG #A7Hgel me 3715
ol e JepAch ERINE S A7 @k o,
PEG " &7129) A 75715455 MC 938x 107 ng-m/m’*
s * Pa, HPMC 8.56 x 107 ng - m/m’® - s - Pa®] 3, MC9} HPMC At
oo Fexpt gl ALE JUEHA, BE FF7FHAE 347 x
102 ng + m/m® * s + Pa B0} 5.09x 102591 x 107 ng - m/m* - s -
PavtE £ 7+2 Bth Turhand} Sahbaz(4y& PEGE 371814
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EUE W MC 59 5715 HAEE 509x 107 ng-m/m? - s -
Pa® B3} v Qir}. J2y PEGE H7Hgel w5753
E& F7Hsle] PEG 40g H7H] 371534 %= MC 1.96x 10
ng - m/m’ - s - Pa, HPMC 2.09x 10 ng - m/m® - s * Pa7}A] =7}
FozN EF 5715 AE 347x102 ng - m/m’ - s - Pa BT}
MC 161 x 10" ng - m/m’ - s - Pa, HPMC 1.74 x 10™ ng - m/m® -
s-Pa ¥ 2] dFo PEGE 40g Fvleid £3589 =
HellA B 2eE ATk PEG H7HEe) 3 W
MC 1.85x 10" ng - m/m’ - s - Pa, HPMC 1.79x 10" ng * m/m’ -
s PaZX EX $5753% 347%102 ng - m/n’ + s - Pa Kt}
MC 1.50x 10" ng - m/m? - s - Pa, HPMC 144 x 10™ ng * m/m? -
s*Pa i & AE AR & o £3/8A=E a2 &
Ve AF A9 WPt Bedde AL ¢ & AT

EAASE S AUERS W, PEG W MRS A$ MC
8.80x 10 ng - m/m’ + s - Pa, HPMC 891x 102 ng-m/m? - s - Pa
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71FHE g Aol ot figleH, Ba1A vz
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72 PEGE 37139 we} 57153 Ee $71810] PEG 4.0¢
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1.92x 107" ng * m/m? - s - Pa7kA] S71ge 20 BEX $57|53%
% 347x107 ng-m/m*-s - Pa 20} MC 1.77x 10" ng* m/m? -
s+ Pa, HPMC 1.57x 10" ng - m/m’ s+ Pa T2 7] w4
PEGE 4.0g A7PIH +3571F 3% ZHA 28 Aoz A
Z+E k. PEG A7HFol 3gd wol= MC 1.77x 107 ng » m/
m’ - s+ Pa, HPMC 1.70x 10" ng - m/m’® - s - PaZA] B3 4%7)
FI4% 347x 107 ng - m/m’ + s+ Pa BT} MC 142x 107 ng - m/
m’ s Pa, HPMC 1.35x 107 ng-m/m’-s-Pa T8 Z A& 7
Al & o HIRIFA H7F Fe} FARC) $FEAES
2N F ' A LAY ZArbt gedide e 9+
Ak, E3IGE ] A7 mH KR Alele] PEG F7tell wh
TE71FAEY sl FolAt fle Ao wEA.

o3& T3 & wW MCY HPMC ¥g9 Q34 EE =7
SRAINA e HY WelA Fa8 A AREE S
7171 feiME B3aEe A7k PEGE 3.0g F7Rke A
o] Fou FHIIFHEE FAANE F e AR o}eH
H7Elor & Zlog #slo),

i 3o 0¥

Xa|dol e MC = HPMC XIE S8fEEe| 84 Hin

A9 (Table 19} HRZHH] FZ)M= MC 3.0g E= HPMC
3.0 PEG 3g, E3R14A 0.05gS 71Eugre2 33 oo A
A2AE frepolv ZEHoE HAvkek #3 FAszeE U
Fol 958 AXST F UE A4S vsidoh. Mol AR
AL coatingd O = F71e 29 FAE 4744 pm, FIHOZ A
7V 9] FAlE 464 umBA F Z Alolo] £t QA
HPMC®] 7%= coating®©] 50%4 um, F3PE%E 50+4 pm=A
T 2 Ateloll oAt fleH, MC9F HPMC Aolol= #-9|
27F P AoR vErEth

Fig. 59 AAA=E Jehliied MCe A$ Ade Hrtst
A %S W 11.7MPaoll A coatingH 2] -9 129 MPa® §-2]3}
7t Y2t emulsionh o] A= 238 72MPaZ HAFIT)
HPMCS] 4% A4S FA7BIA 43k W 11.6 MPaollA] coating
Hel A9 129MPaZ2 Fo37t Ao emulsiond 2] A=
23] 53MPa2 FA| 743} Songd Kim(5)% MCY| PEG
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Fig. 5. Tensile strength of edible films of MC or HPMC with lipid
applied by coating or emulsion methods.
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Fig. 6. Elongation of edible films of MC or HPMC with lipid
applied by coating or emulsion methods.
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Fig. 79 U 5715329 A9 MCe AEE 78R
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£ 130x 107" ng-m/m’-s-Pa® 24392, emulsiond 9] 7
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Fig. 7. Water vapor permeability of edible films of MC or
HPMC with lipid applied by coating or emulsion methods.
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