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Abstract

In this study, we prepared curdlan composite films and determined their properties in order to select the most

appropriate setting methods, moisture barrier materials, and viscoelasticity enhancing materials. High set curdlan films with
polyethylene glycol (PEG) showed higher tensile strength and moisture barrier properties than low set films. Films with
oleic acid as a moisture barrier material had greater tensile strength, elongation and moisture barrier properties than films
with acetylated monoglyceride (AMG). Lastly, films using polyisobutylene (PIB) as a viscoelasticity enhancing material

showed higher elongation than films with polybutene (PB).
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Table 1. Experiments for preparing curdlan composite films
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Low set®t high set WAlo2 X|=El curdlan SEZES| =
A H|m
Curdlan 3.0 g9 7F2AZA PEG 4002 0.0, 1.5, 2.0g H7}3H
o o= low setdt 799} high setdh 73-?—3 TSt g9g &
/& BB Table 3). Q1474=2] 749 high set FEo] 15.51-

S48 chitosan, $-FEhE 2 %l gluten)2] &4 v]wa} 39.13 MPa2. 24 low set ZE2] 7.00-17.85 MPaXit} 2uf 7}7}o]
Aok AFZAANE AF 2ol F44 LDPE BE9] 4 =2 J02 UBE, F ¢ BF /IaAE Az 937
(23)2 S1A7E 8.6-17.3 MPa, Jé}g 500%, T57]1%F5% 0.08 E7F 50% vlRke 2 ZFAEllE], high set BEL 71AAE #
Table 2. Physical properties of various films
Physical Properties
Samples Tensile strength Elongation Water vapor permeability References
(MPa) (%) (g * mm/m?* * 24 hr - kPa)

LDPE 8.6-17.3 500 0.08 23

Cellophane 48.4-110 15-25 127 24

Methy! cellulose 33 14 4.44 25

Corn starch 53.19 272 4.82 26

Chitosan 39.10 10.84 13.22 27

Milk protein 6.3-9.1 22.1-38.5 80.1-86.1 28

Wheat gluten 2.6 2379 4.8 29

Table 3. Physical properties of composite films of low set and high set curdlan with PEG

Ingredients

Physical properties”

Samples Setting methods Curdlan PEG Tensile strength Elongation Water vapor permeability

(& (9] (MPa) (%) (g * mm/m?® - 24 hr - kPa)
I-L, 0.0 17.85 + 1.82* 7.54+0.12° 14.25 + 0.35?
I-L, Low set 3.0 1.5 7.00 £ 0.36 68.42 +0.29° 19.73 £ 0.25°
I-L, 2.0 8.15+0.21° 67.42 +0.67° 19.52+0.33"
I-H, 0.0 39.13+ 1.41° 1.94 + 0.06° 7.88+0.17¢
I-H, High set 3.0 15 15.51 * 035 62.21 +0.74° 16.85 + 0.38¢
I-H, 2.0 16.04 +0.20" 63.35+0.80° 16.61 + 0.43¢

"Mean + standard deviation of nine determinations.

?Means sharing no common superscript in the same column are significantly different with each other (p < 0.05).
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Table 4. Physical properties of composite films of high set curdlan with PEG, AMG or oleic acid

Ingredients Physical properties"
Samples Curdlan PEG AMG Oleicacid  Tensile strength  Elongation Water vapor permeability
(8) () () (2 (MPa) (%) (g - mm/m?* « 24 hr « kPa)
II-A, 0.0 0.0 16.04 +0.20*” 63.35+0.80" 16.61 +0.43*
I-A, 0.1 - 13.95+0.63" 73.66+ 1.33" 15.69 + 0.65°
II-A, 0.2 - 1359+ 1.07"  75.60+1.24° 15.59 +0.81*
I-A, = 0.3 - 13.58 £0.54" 75.98+ 1.54° 15.19 + 0.54*
11-0, 340 40 0.0 0.0 16.04 £0.20" 63.35+0.80" 16.61 +0.43*
11-0, - 0.1 1544 +0.28" 74.32+1.77° 15.50 + 0.30°
11-0, - 0.2 15.14+£0.25*  79.31+0.40° 15.13+£0.25°
11-O; - 0.3 14.51 £0.64* 80.30+1.02° 13.09 + 0.39°

"Meantstandard deviation of nine determinations.

Means sharing no common superscript in the same column are significantly different with each other (p <0.05).
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Table 5. Physical properties of composite films of high set curdlan with PEG, oleic acid, polyisobutylene or polybutene

Ingredients Physical properties”
Samples  Cyrdlan PEG Oleic acid PIB" PB? Tensile strength ~ Elongation Water vapor permeability
(2) (8) (&) ® (8 (MPa) (%) (g * mm/m?® * 24 hr - kPa)
1I-A, 0.15 0.0 14.28 £0.10® 11428 + 1.83" 11.96 + 0.66°
11I-A, 3.0 20 030 0.30 ' 14.33 £ 0.28* 83.87+0.87° 12.43 £ 0.29°
111-B, ’ ' ' 0.0 0.15 14.15+0.88"  103.19+ 1.73¢ 1227 £0.32*
11I-B, d 0.30 14.68 £ 0.20° 82.00+ 1.27° 12.57 +.0.25*
"Polyisobutylene
YPolybutene
IMeanzstandard deviation of nine determinations.
YMeans sharing no common superscript in the same column are significantly different with each other (p < 0.05).
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Fig. 2. Comparison of physical properties of curdlan composite
films. TS1=tensile strength for curdlan + PEG, TS2 = tensile
strength for curdlan + PEG + oleic acid, TS3 = tensile strength for
curdlan + PEG + oleic acid+polyisobutylene; E1 = elongation for
curdlan - PEG, E2 =elongation for curdlan+ PEG + oleic acid,
E3 =elongation for curdlan + PEG + oleic acid + polyisobutylene;
WVPI1 = water vapor permeability for curdlan+PEG, WVP2 =
water vapor permeability for curdlan + PEG + oleic acid, WVP3 =
water vapor permeability for curdlan+ PEG +oleic acid +
polyisobutylene.

curdlan + PEG + oleic acid, 4] E.(3) curdlan+ PEG + oleic acid +
PIBS] Al 714 A2 o] A4S vwdin) QA Ee} 4
F71FFHEe] A AE(1), AEQ), AEE)E SAME AR
A &)t A13(3) Alolole Felat gl ALR Yo, 4l
Fgol A9 AR, ARQR), AEE)E ©AR2 2318 7R
Ji= Aoz Yehith olF T8 & o curdlanell 7144 PEG
o} W52 oleic aicd®} FAAF AEE EA7) %A PIBE
HolA & of {28 Zler

7Fele o] s AEE 4
Hag = A
2 o

B d3= curdlan BZLES Axsla BAL vasty] Slsl
S8 ek 4 low set W4T} hlgh set B2 F HAEF 4
S HAEG A, #xH o2 AMGY oleic acid % Oﬂ’\“l A v
FaAE AAsleien], PR PIB FolA HAd E4MNBAE
MAstAl s19ick. 2 A3 high set ZE°] low set ZEHT} 2l
AeL i A AR} 22 5715 EsE Wl dE

23 E AZolE high set WHo] T A o]
20g H7ishe Aol A2 Aoz st Ed

o] curdlan
| PEGE

A3, 73715
g Ae AgE
A oleic acidE 03¢
PIB H7ktolu PB 37 BF
sl Agge] A9+ PIB

§ w& Holn 53] oleic acid 03¢ H7F
7] A "ollA] fElslER HEFAKRE
H7ksks Aol HFPY Aoz B3I

B} £57|153%E o
e #H71°] PB 7&71—31\:} o &R
o2 Jeiernz {fAdd #EE BN FHAME= PIB
A7 9 feE 2o= Adsidn SRR curdland] 7k
Al PEGS} WaAl oleic aicd2t 247 FA] PIBS ZH7lshk= A
o] A THE B4 WM 7 Rl 2= s

HAtel =2

£ A7 20064 7HEskL wuldTe|e] AASE ol
Folge
2

1. Jezequel V. Curdlan: A new functional B-glucan. Cereal Food
World 43: 361-364 (1998)

2. Takeda Technical Information. Curdlan Properties and Food
Application. Takeda Chemical Industries, Ltd., Tokyo, Japan, pp.
1-19 (2001)

3. Funami T, Funami M, Yada H, Nakao Y. A rheological study on
the effects of heating rate and dispersing method on the gelling
characteristics of curdlan dispersions. Food Hydrocolloid 14: 509-
518 (2000)

4. Funami T, Funami M, Yada H, Nakao Y. Rheological and ther-

mal studies on gelling characteristics of curdlan. Food Hydrocol-

loid 13: 317-324 (1999)

Hirashima M, Takaya T, Nishinari K. DSC and rheological srud-
ies on aqueous dispersions of curdlan. Thermochim. Acta 306:
109-114 (1997)

6. Tada T, Matsumoto T, Masuda T. Dynamic viscoelasticity and
small-angle X-ray scattering studies on the gelation mechanism
and network structure of curdlan gels. Carbohyd. Polym. 39: 53-
59 (1999)

. Zhang H, Huang L, Nishinari K, Watase M, Konno A. Thermal
measurements of curdlan in aqueous suspension during gelation.
Food Hydrocolloid 14: 121-124 (2000)

Nakata M, Kawaguchi T, Kodama Y, Konno A. Characterization
of curdlan in aqueous sodium hydroxide. Polymer 39: 1475-1481
(1997)

9.Kim YT, Kim EH, Cheong C, Williams DL, Kim CW, Lim ST.
Structural characterization of B-D(13,16)-linked glucans using
NMR spectroscopy. Carbohyd. Res. 328: 331-341 (2000)

.Renn DW. Purified curdlan and its hydroxyalkyl derivatives:
preparation, properties and applications. Carbohyd. Polym. 33:
219-225 (1997)

. Funami T, Yada H, Nakao Y. Thermal and rheological peoperties

b

~

o



20.

Curdlan ZE-9]

of curdlan gel in minced pork gel. Food Hydrocolloid 12: 55-64
(1998)

. Kanke M, Katayama H, Nakamura M. Application of curdlan to

controlled drug delivery. Il. /n vitro and in vivo drug release stud-
ies of theophylline-containing curdlan tablets. Biol. Pharm. Bull.
18: 1104-1108 (1995)

. Kanke M, Tanabe E, Katayama H, Koda Y, Yoshitomi H. Appli-

cation of curdlan to controlled drug delivery. III. Drug release
from sustained release suppositories in vitro. Biol. Pharm. Bull.
18: 1154-1158 (1995)

.Bair S. The high-pressure, high-shear stress rheology of poly-

butene. J. Non-Newton. Fluid 97: 53-65 (2001)

. Choi HIJ, Vinay III SJ, Jhon MS. Rheological properties of parti-

cle suspension in a polymer liquid. Polymer 40: 2869-2872
(1999)

.van Nieuwkoop J, Muller von Czernicki MMO. Elongation and

subsequent relaxation measurments on dilute polyisobutylene
solutions. J. Non-Newton. Fluid 67: 105-123 (1996)

. Sawaguchi T, Seno M. Thermal degradation of polyisobutylene:

effect of rotational motion around C-C bond on the [ scission
leading to monomer formation. Polymer Degrad. Stabil. 54: 23-32
(1996)

. Grimbley MR, Lehrle RS. The thermal degradation mechanism of

polyisobutylene. Part 1: comparison of results with statistical pre-
dictions provides a general interpretation of the mechanisms of
decomposition. Polymer Degrad. Stabil. 49: 223-229 (1995)

. Sawaguchi T, Seno M. Effects of the molecular weight of molec-

ular chains constituting the reaction medium on the thermal deg-
radation of polyisobutylene. Polymer 39: 4249-4259 (1998)

Castle L, Nichol J, Gilbert J. Migration of polyisonutylene from
polyethylene/polyisobutylene films into foods during domestic

2

22,

27.

28.

29.

30.

=4 163

and microwave oven use. Food Addit. Contam. 9: 315-330
(1992)
.ASTM. Annual Book of ASTM Standards, American Society for

Testing and Materials, Philadelphia, PA, USA (1989)

ASTM. Standard methods for water vapor transmission of materi-
als. Destination: E96-80. In: Annual Book of ASTM Standards.
Philadelphia, PA, USA (1989)

23. Salame M. Barrier polymers. pp. 48-54. In: The Wiley Encyclo-

pedia of Packaging Technology. Bakker M (ed). John Wiley and
Sons, New York, NY, USA. (1986)

. Taylor CC. Cellophane. pp. 159-163. In: The Wiley Encyclopedia

of Packaging Technology. Bakker M (ed). John Wiley and Sons,
New York, NY, USA. (1986)

5. Turhan KN, Sahbaz F. Water vapor permeability. tensile proper-

ties and solubility of methylcellulose-based edible films. J. Food
Eng. 61: 459-466 (2004)

. Han YJ, Kim SS. Relationship between RVA properties and film

physical properties of native corn starch and hydroxypropylated
corn starch. Korean J. Food Sci. Technol. 34: 1023-1029 (2002)
Srinivasaa PC, Rameshb MN. Tharanathan RN. Effect of plasti-
cizers and fatty acids on mechanical and permeability characteris-
tics of chitosan films. Food Hydrocolloid 21: in press (2007)
Maynes JR, Krochta JM. Properties of edible films from total
milk protein. J. Food Sci. 59: 909-911 (1994)

Gennadios A, Weller CL, Testin RF. Modification of physical and
barrier properties of edible wheat gluten-based films. Cereal
Chem. 70: 426-429 (1993)

Ryu SY, Rhim JW, Kim SS. Preparation and physical properties
of zein-coated high-amylose corn starch film. Lebensm. -Wiss.
Technol. 35: 680-686 (2002)



