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Abstract

This study was to investigate the effect of physical properties of composite films manufactured from soy
protein isolate(SPI) solution and corn starch solution. For all types of films, tensile strength(TS), percent
elongation at break(E), water vapor permeability(WVP), Hunter color values and puncture strength were
determined. TS of composite films was higher than SPI film, but not significantly different(p<0.05). E
and WVP of composite films decreased significantly(p<0.05) as the concentration of corn starch
increased. Puncture strength of composite films was more significantly increased(p<0.05) than that of
SPI film.
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� �

������ �������� ��� ����

��� ��� ����� ���� �� � ��
(Kester� Fennema, 1989). ��� ���� �� �

� ���� ���� ��� ���� ��. ��
�� ��� ��� ��� ���� �� ��	
� ��� �� ����� ��, ��� ��� �

�� � ��� ����� ��� �� ���
(Garcia et al., 1992). 	�� ���� ���� �

� ������� ���� ����� ����
��� ���� �� � 
� ��� ��� ��

� ���� ���� ��� �� ��� ���

���� ��(Park� Chinnan, 1995). ���, ��,
���� �	 �� �� �	�� ��� ���


�(edible films)� ��	 ���� �� ���
�� �� ��� �� ���� 	�� � ��

(Rhim, 1998; Cho et al., 1998). �� �� ���
����� ��� ��� ���� ��� ���
������ ���� ��� �� ��� ���

�� ��� ��, �� � ��� 	�� ���
� ��� ��(Gennadios� Weller, 1990). ���

���� ���� �� ��� ��� �� ��
� ��� �� ��.
��� 
� �� ��� �� ������ �

��� ��	 90% 	�	 ��� ��� �� �
��� ��� ��	 �� �� ���� ��	

�� ��. �� ����� 
�� �� ����
� ��� �� ���� ���� �� ��� �
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� ��� ���� ��� �� ��� ��� �

�� �� ��� �����, ��� �� ���
���� �� �� ��� ��� ��. ��� �
��� �� ��� ���� ��, ��� ���

�� �� ����(Guilbert, 1986; Krochta, 1992;
McHugh et al., 1993).

��� ���� ��� ���� �� ����
�� ��� � ���, �� �� �� ��� �
��(Rindlav-Westling et al., 1998; Hermansson�

Svegmark, 1996). �� ��� ��� ��� ���
�� ���� ��� ��(Forssell et al., 2002).

� ���� ��� ��� ��� ��� ���
�, �� �� ���� �� �� �� �� ��

��. ��� ��� ��� ���� �� �� �
���� ����� ���� �� 	� ��. �
�� ��� �� ��� ��� ��� 	���

(Yook et al., 1991).
� ����� �� ������ ��� ��

��� ���� ��� ��� ������ �

��� ��� ����� ��� ��� ����

� ���� ���� ��� ��� 
����
� ���� ��, ���� � ��
, ��� �
�� �� �����.

�� � ��

��

� ��� ��� �� �����(soy protein

isolate, SPI)� ADM Company� PRO FAM 974�
������, ��� ��(corn starch, CS)� Sigma

��� ��� S-4126� �����.

SPI ��� ��
�� ����� ��� ��� Gennadios �(1996)
� ��� ���� �����. �� 5 g� 100 mL

� ���� 2.0 g� glycerol� ���� �, 1 N
NaOH��� ���� pH� 10� ��� �	��

�. � ��� 85oC� water bath�� 30�� ���
� ���� � ���� �, � �� 8 el� ���

�� 8.7 cm� ETRI dish� ��� �
�� ���
�	 � 45oC�� � 12�� �� 
����.

��� ��
� ��� ��� microcaliper(Mitutoyo, Japan)�

���� �
���. ��� �
� ��� ��

�� 4
� �� ��� ��� �
�� � ��
�� ��� ��� ��� ������, ���
� �
� �� 
� �� �	�� 5��� ��

� �
�� � ���� ��� ��� ����
��� �����.

�� ��� ��
5%(w/w)�� ����� ��� ����� �

� 5, 6%(w/w)� �� 1 : 1 �
� ����, �
���� 100 mL� glycerol 1 g� ���� 85oC

� water bath�� 30�� ��� � ���� �
��� 
� �����.

��� conditioning
�� ��� 25�2oC, 50�2% RH� �	� 


�
���� 48�� �� �� ����� ���
� � � ��� ��� �
� � �����

(Gennadios et al., 1994).

��� ���
��� ��� ���� ��� ����(ASTM,

1991a)� �� cup method� ���� �����.

�� �� �� ��� ���� �� �� O-ring
� ������, ��� 2.4 cm, ��� 1.7 cm, �

�� 7.9 cm� �� � ��� ���� �� ��
���� �� �, ��� ��� �� ��� �
� ��� �� � �� � ���� �� 1.7 cm

� �� �� �� ���� ��� ����� �
��. �� 25�2oC, 50�2% RH� ��� �� �

���� 2�� �� ����� �, 2�� ���
� �� �� ��� 0.001 g� ���� ����

�. ��� ���(water vapor transmission rate,
WVTR)� ��� �� �� ���� ��� ��
��� ��� �����, � �� ������

��� ���(water vapor permeability, WVP)�
�	 �� �� �����.

WVP=(WVTR�L)/∆p

��� WVTR� ��� ���(g/m2 · s), L� �
�� ��(m), ∆p� �� ��� �����(Pa)�

����. 	 ��� ��� ���� 3� �� �
��� ��
�� �����.
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���� � ���
��� 
���(Tensile strength: TS)� ���

(Elongation at break: E)� ��� �����(ASTM,
1991b)� �� �����. ��� � 2 mm���

70 mm� ���� conditioning �� � texture
analyzer(TA-XT2, UK)� ���� �����. �

� ��� grip�� ��� 5 cm��, crosshead�
��� 500 mm/min�� ������, 10� ��
���� �� � ����� �����. 
��

�(TS)� ��� ��� ��� ��� ��� �
�� ��� �� ����� ���� 
���


� MPa� �����, ���(E %)� ��� �
�� ��� ��� ��� ��� grip� ���

�� ���� �����.

��

��� ��� color and color difference meter
(model TC-3600, Tokyo Denshoku CO., LTD)�

���� Hunter� L
(lightness), a
(redness), b

(yellowness)� �����, � � ��� �� ��

�� L, a, b
� 		 96.77, -0.3, -0.14 ���.
�� L, a, b
���� ��(Total color difference;
∆E)� �	 �� ��� �����.

∆E=[(∆L)2+(∆a)2+(∆b)2]0.5

Puncture strength
��� puncture strength� �� 8.5 cm
 ��

��� �� 5��� ����� 3 cm ��� ��
2��� texture analyzer(TA-XT2, UK)� 3� ��

�����. �� �
� load cell� 5kg�� deformation
rate� 10%�� �� speed� 1.0 mm/sec� ���

probe diameter� 2 mm� �����.

����

� ��� ���
 ��� 3� ���� ���
�� �����, 	 ��
� ���
 ��� SPSS
program� ����(ANOVA) � Duncan’s multiple

range test� ���� �����.

�� � ��

��

�� ����� ��� ��� �� ��� �
��� ��� ��� ��� �� ���� ��

� ������, ��� ��� ��� Table 1�
��. ���� ���� L
�� 6% ��� ��

��� 30.13�� �� ���. �� ��� ���
�	�� �	��� ���� �	 �� ����
����. SPI� ��� ��� ��	� ��� �

���� ��� L
� ��(p<0.05)� � � 
�
�� SPI ����� ���� ���� � � �

��. ���� ���� b
��� ������
� ��(p<0.05)� 
��� ��� �� ��� b


 0.84 ��� 
��� �� 2.82� 2.84� 
�
�����. �� ��� ��� ��� ��
 �
	�� SPI� ��� ��� ��� ����. ∆E


��� ����� ������� ��� 
�
��, ��� �� ��� 66.64 �� ��� 69.42

� 69.40� 
� ���. ���� ∆E 
� ��
�
� b
� ��� ��� ����.

���� � ���
����� 
��� ��
� Fig. 1� ���


� ��. SPI� 6% corn starch ��� 
���
� 		 2.49, 3.18 MPa��, SPI� 5% ��� �

� � 6% ��� ��� ��� ����� 
�

Table 1. Color value and total color difference of composite films made with SPI and corn starch(CS)

Films
Color

L a b E

SPI 21.90a±1.551) -0.31a±0.22 3.34a±0.56 74.84a±1.54

6-CS2) 30.13b±1.82 0.03b±0.06 0.84b±0.19 66.64b±1.82

SPI/5-CS3) 27.39c±1.35 -0.12b±0.10 2.84c±0.15 69.42c±1.50

SPI/6-CS4) 27.45c±1.50 -0.11b±0.13 2.82c±0.20 69.40c±1.50
1)Mean tandard deviation
2)6% corn starch film
3)Composite film using 5% SPI solution and 5% corn starch solution
4)Composite film using 5% SPI solution and 6% corn starch solution
a-cMeans with different superscripts in each column are significantly different(p<0.05)
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��� �� 2.84, 2.70 MPa� ����. �� 6%
��� �� ��� ����� �� ����, �

���� ��� ����� ��(p<0.05)� ���
� ���. SPI ��� SPI� 6% ��� ��� �

�� ��������� ��� ��(p<0.05)� �
���, SPI� 5% ��� ��� ��� ����

����� ��� ��(p<0.05)� ����. ��
������ ��� ��� ��� ��� ���
�� ��� ��� ���� ��� � ����

SPI �� ��� � ��� ����� �� � �
	� ��� � ���.

� ��� ���
 Fig. 2� �� ����. �

�� ��
 ���� ���� � ����� �
��� �
 �� ����. ��� ��
 �� �
�� ���� ����. � ����� ����

� ��� �� ��� �� ���� �� ���
�� 16.22%� �� ���. ������ ���


 SPI� 5% �� �� ��� ��� ����

52.98%, SPI� 6% ��� ��� ��� ����

 59.79%� �����. ��� �� ���� �

��� ��(p<0.05)� ���.
Pol �(2002)� ����� �� �� ����

��� ���� ���� ��� ���� ���
��� ��� 	� ���
 ����� ���


�
 �� ���. � ����� ���, ����
�� ���� 	�� ���. �� Jagannath �(2003)

 starch� �� �� ��� � gelatin, albumin,

casein	 ���� ����� ���� ��� �
�� 	� TS �
 �� 3.4, 3.4, 4.0 MPa ��

���.
� ��� 	�� �� ������ ��� �

�� ���� ��� ��� �� SPI ��� �

 ����� ��� ��� �
 ���� ��
�
 � � �	� �� � � ���.

Puncture strength
�� ����� ��� puncture strength� Fig.

3� ��� �� �� � 0.35 gf� ��� ���
�� ��� �� ����� ���. SPI� 5% �

Fig. 2. Elongation at break (E) of composite films made
with SPI and corn starch (CS).
a-bMeans with different superscripts in each column are
significantly different (p<0.05), Abbreviation are the same as
at Table 1.

Fig. 3. Puncture strength (PS) of composite films made
with SPI and corn starch (CS).
a-cMeans with different superscripts in each column are
significantly different (p<0.05), Abbreviation are the same as
at Table 1.

Fig. 1. Tensile strength (TS) of composite films made with
SPI and corn starch (CS).
a-bMeans with different superscripts in each column are
significantly different (p<0.05), Abbreviation are the same as
at Table 1.
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�� ��� ��� ����� 6% ��� ���

��� ������ ��� PS �
 0.42, 0.48
kgf� ���	 SPI� 6% ��� ��� ��� �
���� PS �� � �
 
�� ����. ��

� �� ��� SPI� 6% ��� ��� ���
���� ��� PS ���� ���� ��(p<0.05)

� ���� ���. ��� �� ������ �
�� ��� ��� ����
 ����� ���
����� SPI� ��� ����� ���� �

� � � ���.

������

�� ������ ��� ��� ��� ���

��� ��� ��� ���
 Fig. 4� ��. SPI
� ��� �� ��
 �� ���� �� �

��� ��� �� ����. � � SPI ��� �

�� ���(�10-11g · m/m2 · s · Pa)� 5.61� �� �
��, ��� �� ��� ��� 2.94� SPI ��

�� �
 ��� ��� �� �����. ���
��� ��� ��� �
 �� 3.38� 3.54� �

��� ��(p<0.05)� ���. ��� �� ���
����� ��� ��� ���� ���� ��
(p<0.05)� � � ����, SPI ��� ���� �

�� ���(p<0.05)� �� �	� �����. �
� ���� ��� ���� � ��	�� 
	

� �
� �� �� � �� � ��� �� ��
� ���� ����. ��� SPI �
 ����
� SPI/corn starch� ���� ����� ����

� ��� ���� �� � �	� �� � � ��

�. Jagannath �(2003)
 starch� �� �� ���
� gelatin, albumin, casein� ���� ��� ��
� ��� ���� ��� 	� �
 ��� ��

� �� ���. � 	�� � ��� �
 �	�
��.

� �

�� ������ ��� ��� ���� ��
�� ���� ��� ���� �� ��� ��

� ��� �����. �� ������ ���
�� 2.49 MPa� ������, �� ��� ��

�� ��� ��� ��� ����� �� 2.84,
2.70 MPa� ����� ������ ��� ��
� ���. ������ �� ����� ���

49.07%� �� ����, ��� �� ��� 16.22%
� �� ���. �� ��� puncture strength� �

���� ����� �� ����� ��� �

puncture strength� �
�� � �	� �����. �

� ������ ��� ���� 5.6�10-11g · m/
m2 · s · Pa� ��� ���� � �� �����
��� ���� �
 ����. �� ��� ��

�� �� 3.38, 3.54�10-11 g · m/m2 · s · Pa� ��
����� ���� ����� ��
� ���

��. �� ������ ��� ��� ����
��� ���� �� ������ ���� ��
��� ��� ��� �
 ����� ��� �

��� �� ������ ��� ���� ��
� �	� 
 � ���.

��� �

� ��� 2004�� ����� �������
� ��� ������ �� �� ������.

����
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Fig. 4. Water vapor permeability (WVP) of composite
films made with SPI and corn starch (CS).
a-bMeans with different superscripts in each column are
significantly different (p<0.05), Abbreviation are the same as
at Table 1.
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