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Soy protein isolate (SPI) film was laminated with corn zein or wheat gluten to improve functional properties.
Both SPI/corn zein-laminated film (Film B) and SPI/wheat gluten-laminated film (Film C) showed increased
tensile strength by 150%, compared to control (Film A). Film C showed significant 253% increase in percentage
elongation. Water vapor permeability (WVP) of Films B and C decreased slightly compared to Film A. Solubility
values of Films B and C were lower than that of Film A. Hunter color values of Films A and C were not
significantly different, while Film B showed yellowness due to presence of corn zein. These results suggest SPI/
wheat gluten-laminated film is suitable as packaging material.
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���� ��. �� ���� ���� ���� �� ���

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

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

�� ��

�� ��(soy protein isolate, SPI)� Dupont Protein Technol-
ogies(SUPRO 500E IP, St. Louis, MO, USA), ��� ��(corn
zein)� � ��(wheat gluten)� Sigma�(St. Louis, MO, USA)�
�� ���
�. ���� glycerol� polypropylene glycol(PPG)
� Aldrich�(St. Louis, MO, USA) ��� ���
�.

�� ��� ��

�� �� ��� �� �� ��� 5%(w/v, film solution)�
��� �	�� �� ����� glycerol� 2.5%(w/v) ���

� ��� � �� �� �� ��� pH� 1 N NaOH� 	�

�� pH 10�� �	�
�. pH� �� ����� 70oC, 20
�� �� ���
�. ��� �� ��� ��� �� ��

� 10%(w/v, film solution)� ��� 95% ethanol� �� ��

�� glycerol� polypropylene glycol� �� 3%(w/v)� ���

� �� � 70oC�� 20�� �� ���
�. � �� ��

� Gontard �(17)� �	� �� � �� �� 10%(w/v, film
solution)� ��� ethanol(45%)� ����, glycerol� 3%(w/
v), ���� sodium sulfite� 0.3 g� �� 5�� �� � �	

�� �� ���� 70oC�� 5�� ��� � �� ����

���� ���
�.

�� �� � ��

�� �� �� ��� cheese cloth� 	��� teflon ��

�� ��� ��� ���(24�30 cm)� ��� �
�� �
� �� �� �� 80 mL� �� � ���� 48�� 	��

� � 
� ��� �� �� �� 80 mL(�� B)� � ��

�� �� 80 mL(�� C)� �� �� ���� 24��� �
	����. �� A ���� �� ��� 	
� ��� �
��� 
� �� �� �� ��	 � 160 mL ��� ��

���
�. 	�� ��� ���(2�2 cm), �� ���(2.5�
2.5 cm), �� 
�(2.54�10 cm), ��(7�7 cm) �	��� �
��� ��� �� 
��
�.

��� ��


�� �� ��� 25oC, 50%� �� ��� �
� 
�


���� 2
� ���� �� ��� �
� � �� ��

�	� ���
�. � �� ��� ��� micrometer
(Mitutoyo, Model No. 2046-08, Tokyo, Japan)� ���� �	

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

�� 4� �
 ��� ��� �	�� � ���� ����

����� ��� ���
��, ��
�(tensile strength, TS)
�	� �� 
� 5� �
� ��� �	�� � ���� �
��
�.

�� �� � ���

��� ��
�(tensile strength, TS)� ��
(elongation at
break, E)� ASTM Standard Method D882-91 �	(18)� ��

Instron Universal Testing Machine(Model 4484, Instron Corp.,
Caton, MA, USA)� ���� �	�
�. 
�� �� ���

25oC, 50%� ����� �
� 
�
���� 2
� ���

� ����� �
� � Kim �(19)� �	� 	��� ��

grip�� 
�� 5 cm, cross head� ��� 500 mm/min� ��

�
�. ��� ��
�� ��� �� �
 � ��	 
�

� ��� ��� �� � �� ��� �� ����� ��

� ���
�, ��� ��
� ��	 
�� ��� ���

grip�� 
�� �� grip�� 
�� �� ���� �����.

����

��� ����(Water vapor permeability, WVP)� ASTM
E 96-95 �	(20)� �� polymethlyacrylate cup(20 mL)� ��

�� ������ �	�
�(21). 25oC, 50%� �� ���

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

WVTR = Slope/Film Area
WVP = (WVTR�L)/∆p

	 �, slope� ��� �� �� �� ���, film area�
�� 			 
��� �� ��� �	, L� ��� �� �
�, ∆p� ��� �	� � cup ��� �� ��� ��	�

�		�.

���

��� ���(Water Solubility; WS)� Rhim �(22)� �	

� �� �	�
�. 25oC, 50%� ����� �
� 
�


���� 2
� ���� ����� �
� 
�� �� �
�(2.5�2.5 cm)� 100oC 	���� 24�� 	��� ���

	� ��� �	��, 50 mL ��� �	� 
 30 mL� ��

��(2.5�2.5 cm)� �� 25oC 	���� ��� �� 24��

	� ���
�. 24�� �� ��	 ��� ��� 
� �
��� 100oC� 	���� 24�� 	� 	��� � 	��

��� �	�
�. ��� ���� �� 	�� �� ��

��� �� ���� �����.

��

��� ��� ���(CR-300 Minolta Chroma Meter, Minolta
Camera Co., Osaka, Japan)� ���� Hunter L, a � b��

�	 �
�. ���� L�� �� ��� ���� ���

L = 0(black)�� L = 100(white)� ����, a�� a = −80
(greenness)�� a = 100(redness)� ����, b�� b = −80
(blueness)�� b = 70(yellowness)� ����(23).

�� ��

�� ���� �� ��� ��� �	� SAS program(SAS
Institute Inc., Cary, NC, USA)� 	��� ���� � Duncan’s
multiple range test� �� ���
�.

�� � ��

�� �� � ���

��� �� �� ��� �� 
�� Fig. 1� ��. ��

�� �� A� ��
�� 3.76 MPa, ��� �� �� ��

(�� B)� 6.21 MPa, � �� �� ��(�� C)� 5.98 MPa
�, ��� �� B� C� ��
�� �� A� �� 1.5� 	
� ��
�� ���
��, �� � �� �� ��� ��
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�� ��� �	 ��
�� � �� ����. 
����

��� �� ��� ��
�� 9.4-10.9 MPa �
� ���

LDPE(low density polyethylene)� ��
� 9-15 MPa� ���

� LDPE�� �� 
� �� 
 � ��(24). ���, �� �
�
�� �� ��� ��� �� �� ��� ��� B��

	 ��
�� �� �� �� ��� ����. Pol �(25)�
�� �� ��� ��� �� ��� �� � ��
�� �
��� �� ��
� ����� ���
�� 	�� 	�

�� ��� 
���. 
���� �
� ��
�� ��


�	�� ��� ��� �� ��� ��
�� ���� �
� ��� ��
	 ���� ��(24). ��� ��
� Fig.
2�� �� 
� �	 �� A 136.58%, �� B 40.60%, ��

C� 253.28%� � �� ���� �� � �� ��
� �
����. � ���� �� ���� �� ��� ����

��� �� �� �� ��� ��� �� C� ��
	

253.28%� �� �� ����. ��� �� ��� �� �
� 
�� ��� �� ��
� ��� �� �� �� ��

� �� ��� �� C� ��
	 40.60%� �� �� ��

� ��� ����. ����, �� A� ��� ��� ��

B� �� C� ��
�� �� �����, �� B� ��


	 ��� ����� �� B� �� �� C� �� ���

��� ��	 ����� ����.

����

����� �� ��� �� � �� �	 ���� ��

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

�. ��� ��		� �� �� �	 �� �� ���� 	
		 �� capillary diffusion� ��� 
���� 
�� ��

(26). �� A� ����� 9.28 ng�mm/m2
�s�Pa , �� B

� 8.79 ng�mm/m2
�s�Pa, �� C� 8.95 ng�mm/m2

�s�Pa
	��. �� B� C� ����� ���� �� A� ���

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

Fig. 1. Tensile strength of SPI laminated films.
Tensile strength values are average of 5 replicates. Bars indicate
standard deviations. A, control (SPI film); B, SPI/corn zein
laminated film; C, SPI/ wheat gluten laminated film.

Fig. 2. Elongation of SPI laminated films. 
A, control (SPI film); B, SPI/corn zein laminated film; C, SPI/ wheat
gluten laminated film.

Fig. 3. Water vapor permeability of SPI laminated films.
A, control (SPI film); B, SPI/corn zein laminated film; C, SPI/ wheat
gluten laminated film.

Fig. 4. Water solubility of SPI laminated films.
A, control (SPI film); B, SPI/corn zein laminated film; C, SPI/ wheat
gluten laminated film.
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�� �� ��. ���, �� ��� �� ����� ���

�	 �� ��� �� ���� ����. Rhim �(27)� �
�� ��� cross-linking agent� ��� �� �� ��� �
	 cross-linking agent� ��� �� ��� 
 50% 	�

WVP� ���
�� ��� �
 ��� ���� ���


�. ��, Lee �(28)� ��� ��� �� �� ��� ��

��� ��	 ����� ����� ���
�. � �� �
�� �� Rhim �(27)� Lee �(28)� �� ��� ����

����� �	� �� ���.

�� ���


���� �� �� � �� ��� �� ���� ��

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

���� �� ��� �� ��� ��� ���� ����.
��� �� �� ��� ���� �� A� 53.29%� ��

�� �� C� 41.77%, �� B� 35.92%� �� �� ���

�(Fig. 5). 	, �� B� �� A� ���� 32.6%, �� C�
21.6%� ��
�� �����. ���, ��� �� �� �
��� ��� �� �� ��� ���� ��� ����,
�� ��� �� ��� �� ��� ���� 
��� �
		� ����.

��

��� ���� �� �� ��� �� ����� ���

��� 
 � �� ��� ��	�. Hunter L, a, b�� ��

(∆E) � ���(YI)� Table 1� �����. �� A� Hunter
L, a, b�� 95.92, −1.20, 7.10�� Gennadios �(29)� ���

���
�. � �� ��� ��� �� C� �	 �� A�
���� L, a, b�	 � �	� �	� ���� 	� 65oC�
� 4� 	� ��� ��� ��� L�	 89.41, a�	 −1.03,
b�	 9.61, ��(∆E)� 10.70� ���� � �	� �	� �
�� ��	� ����(30). 	�� ����� �� �� �
�� ��� �� ��� ��� �� B� �	 ��	 ��

�
�. 	, �� B� Hunter b�	 53.05� ���
� ��

�(YI) 
� 84.77� �� A� C� ���� � �� ���

��. 	�� ��� Lee �(31)� ����� �	 ��� �
� ��� b�	 76.62� ��� �� ��� ���� ���

�� B� ��� ���� �	�� ����. ��� �� B
� ����� 	��� 
��� ���� ���	� �	

	 ����� ���. Lee �(32)� �� ��� ���, 50
kGy� ��� �� � ��� �� ��� ���(YI) �	 

3� 	� 
���� ��� ��� ��� �� �� ���

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

� �

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


�. ��� ��(�� B)� � ��(�� C)�� ��� ��

�� ��� ��
�� ���� �� 1.5� 	� �� �


� �� C� �� �� B� ��
�� � �� �����.
��, �� C� �	 ��
	253%� ��
�� ��
 �
� �� �
�. ���� �	 ��, ���� �� A� ��

�� �� B�C� � �	� ���� ����� ���


�. ��� ��� ��� ������ � ��� ���. �
� ���� �� B� C� ��� �� ���. ��� ��

A� C� � �	� �	� ���� ��� ���� ���

�� B� b�� YI�	 � �	� �	� ��� ����. �
�� ��� � �� ���� ��� �� C� �� �� �
� ��� ��� ����� 
��	�� ����.

��� �

� ��� �	��� �	��������� ��� ��

� 	��� ����.
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