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Abstract

To examine the utilization of the soluble proteoglucan in oats as a nutraceutical ingredient, soluble com-
ponents were extracted from Oat Bran Concentrate (OBC) by varying the experiment factors such as
temperature (40�60oC), ethyl alcohol concentration (0~20%), and pH (5~9), and then analyzed for their
compositions and viscosity. The total yield of oat soluble extracts ranged between 6.4~17.9 and the con-
tents of β-glucan, protein, lipid, and ash in oat extracts were 21.4~38.3%, 23.2~29.0%, 8.3~11.8%, and
5.9~7.9%, respectively. The extraction yield increased with the extraction temperature, but decreased
with the alcohol concentration and pH. The β-glucan and protein contents increased with increasing tem-
perature and decreasing ethanol concentration. However, the pH level did not influenced those contents.
The viscosity of 2% oat extract solution ranged between 8.6~83.1 cp at different share rates, showing
the pseudo-plastic flow properties. Results suggested that extraction condition could be controlled the
purity of β-glucan and protein and applied commercially to the large-scale process. 

Key words: OBC (oat bran concentrate), extraction condition, composition, viscosity

� �

β-glucan� ��� ��� ���� �� ���
� ���� ���� ��� ����� ���

�� �� �� ���� ���, �� �����
��� ����� �� glucose ��� ��� �

	 ���� � ��� �
� �� �� ���
�� ��� ��� ��(Klofendtein, 1988). ��
� ��� ���� ����� � ��� ���

���� ��(Vachon et al., 1988), ��� β-

glucan ��� �� ��� �� ��� ����
���. ��� ��� β-glucan ��� �	 � �
��(Amen� Graham, 1987) ��� ��(groat)�

17.8~37.1%� ���(Wood, 1993), ���	 ��
�� �� ������ ��� �� ��� ��

� ������ ��� ��� ���� ��
(Pomeranz et al., 1973), ���� �� ��� �
� �� ������ � � ��. 

β-glucan� �� ��� Newman et al.(1992)�
�� �� ���� �� β-glucan	 ���� �

� � ����� ��� ���� ��� 	��
�, Anderson et al.(1984)� �� � �� � ��

��� �� � ��� �� ����� �� �
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����� ��� ����� ���. Wood et al.

(1990)� �� gum� glucose �� ����� in
vitro ��� ����� Kolata(1987)� ���� �
�� ����� ���� ��� ��� � ��

�, Eastwood(1987)� �� ��� ���� ��
���� ��� ��� �� ��� �����

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

��� ��� 	��� ���� ��(Ooi� Liu,
2000), �� �� ��� β-glucan� ���
 ��

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

��� ��� �� ��� ��� β-glucan ��

 ���� �� 	� � �� �� ��� ��
����
 �����(Wood et al., 1978; Bhatty,

1993), ���� ��� � ���� �� ����

�
 ����� β-glucan� ��� ��� ��

�� �	(Dawkins� Nnanna, 1993; Wood, 1989)

 ���� �
 � �� �� β-glucan� ���


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

�� �� ���
 ���� �� �� ����
�� 	��� ��� β-glucan � ���
 ��

��� ����
 ����� ��� ��

 �
� ��� ���� pH� 	�� ���� �
�
������ �� ���
 �� � ���� �

�
 �	� ��� ����� ��.

�� � ��

�� 
� ����� ��� β-glucan ��
 ����
�� OBC(oat bran concentrate, Finland) ��


(�)������ ��
� �����. �� 	 �
��� ����� ��
 ��� �
 �� ��

�� β-glucan ��� �� ��
 ���� ��
���, � ����� � β-glucan 15%, ���

22.9%, �� 7.8% � �� 6.4% ���.

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

(40~60oC), ����� ��
��(0~20%) � ��

��� pH(5~9)� ������ ��
 �����

�, ����
�	� ��� Table 1� �� 16�
�� �
�� �����. ���	� �� 500 g
� pH� ��
��� ��� ��� 10�� (5000

mL) �� �
 		�� (HB-205WM, ����)�
�� 1�
�� ��� (Eyela Mazela, Tokyo,

Rikakikai co. Ltd., Japan)� �� ���� 2000 ×
g�� 10�
 ����(VS-6000CHN, ����)�
� ���� ���� ���� �	� �
� �

�(95%, ����)
 ��� ��� ��� �
 �
	(0~4oC)�� ��
 �� ���� ����� �

�� ��� � �� ��� (VO 20X, JEIO
Tech., Japan)�� ��

 ���� �� ��(FD

5512, 	���)�� �� ��� ��� ���. 

�� ��� �� ��
� ���� ��� �� ���� ��� 3�
�� ���� �� ���
 ����� OBC��

� �� ���(%)�� �����.

 

Table 1. Values of independent variables and extraction
conditions by the centralb composite experimental design

Variables
Level

-2 -1 0 +1 +2
Extraction temperature, oC(X1) 40 45 50 55 60
Ethanol concentration, % (X2) 0 5 10 15 20

pH (X3) 5 6 7 8 9

Run Code variables Real variables
X1 X2 X3 X1 X2 X3

1 +1 -1 -1 55 5 6
2 +1 -1 +1 55 5 8
3 +1 +1 -1 55 15 6
4 +1 +1 +1 55 15 8
5 -1 -1 -1 45 5 6
6 -1 -1 +1 45 5 8
7 -1 +1 -1 45 15 6
8 -1 +1 +1 45 15 8
9 -2 0 0 40 10 7
10 +2 0 0 60 10 7
11 0 +2 0 50 20 7
12 0 -2 0 50 0 7
13 0 0 +2 50 10 9
14 0 0 -2 50 10 5
15 0 0 0 50 10 7
16 0 0 0 50 10 7
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����

�� � �� ��� �� ��� ��� �� ��
�(FD 600, Kett Electronic Lab., Japan)� ���� �
����, ��� ��� Kjeldahl ���, �� ���

soxhlet ���, ��� �� ����� �����
(AOAC, 1990). β-glucan� ��� McCleary� Codd

(1991)� ��� �� Megazyme β-glucan assay kit
(Magazyme Pty. Ltd., Australia)� ���� �����,
� ��� ��� 3� �� ���� � ���� �

�� ��� ��� �� ���(%)�� �����. 

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

� ��� 0.5~2.0% ����� ���� 100oC�
� 30�� �� ���� ����� �� 95oC �
����� (VS-12055SWI-C, ����)�� ���

�� ���� ����� ��� ��� � ��
��(2000 × g, 10 min)�� ��� � ���� �

� ��� ��� �����. 

����

�� ��� ���� �� ��� �� jacket� �
�� �� ��� adapter� ��� ��� (Brookfield

DV-II+, Brookfield engineering laboratory, Inc.
USA)� ���� spindle no. 18� �����, rpm

�� ���� 1.32� ��� ����� ����

�. ��� ��� ��� 4oC, 30 rpm� �, 0.5~
2.0% �� ���� �����, ��� ��� 1%
��, 30 rpm� � 4, 10, 20oC�� ������,

�� ��� ��� 4oC, 1% ��� � 12~100
rpm ���� �����. �� �� �� 3� �

� ��� ����� �����.

����

����� ����� SAS(Statistical analysis
system) program� �����. ��� �	� ��


��� ����(Anova)� Duncan� ��� 	�
�� �����, ��	�� ���� �	 � �

�� 
�� 	�� �������(response surface
methodology, RSM)� ���� �����. 

�� � ��

�� ��� ���
����� �� �� ���� ��	 ���

Table 2� 
�. �� ���� �	� Table 2��
�� �� 
� 6.4~17.9% ���� 
��� ��
����, 12�(50oC, 0%, pH 7)� 1�(55oC, 5%,

pH 6) ���� �
 ��, 9�, 8� � 11� ��
�� �
 �� ����. ��� β-glucan ���

Table 2. The yield(%) and chemical composition(%) of oat extracts isolated from oat bran concentrate under different
extraction conditions 

Sample No. Temp(oC) EtOH(%) pH Yield* Glucan* Protein* Lipid* Ash*

1 55 5 6 17.0a 22.9gh 23.2j 18.4g 5.9e 

2 55 5 8 15.2b 22.5gh 23.9ij 10.2cd 6.1de

3 55 15 6 10.2e 29.6cde 27.3bc 11.8a 6.8bcde

4 55 15 8 18.7f 31.7bcd 29.0a 10.9abc 6.8bcde

5 45 5 6 13.5cd 27.8def 25.3fgh 19.4ef 7.1abcd

6 45 5 8 14.6bc 26.7efg 25.7defg 11.5ab 7.3ab

7 45 15 6 17.1gh 38.3a 25.6efg 10.9abc 7.9a

8 45 15 8 16.6h 34.8ab 26.8cd 10.8bcd 7.9a

9 40 10 7 16.8h 32.8bc 26.4cde 10.9abc 6.3bcde

10 60 10 7 13.8cd 21.4h 24.6hi 10.8bc 6.5bcde

11 50 20 7 16.4h 35.3ab 27.8b 11.2ab 5.9e

12 50 0 7 17.9a 22.8gh 23.6j 18.8fg 6.7bcde

13 50 10 9 10.8e 28.2def 25.1gh 18.3g 7.2abc

14 50 10 5 13.0d 24.5fgh 25.4efg 19.9de 6.6cde

15 50 10 7 18.5gf 25.5efgh 26.1def 11.1abc 6.4bcde

16 50 10 7 18.6gf 25.4efgh 26.2def 11.0abc 6.4bcde

*Value with different letters in the same column are significantly different(p<0.001)
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�� ���� ��� ��� ��� ���� �

�����, ��� ����� �� ��� ���
����(Bhatty, 1993; Dawkins� Nnanna, 1993). 
����� �� �� ���� ��� ����,

��� �� � pH � � 3�� �� ��� ��
� ����� ��� �� ��� ����(Table

3). �, ����� �����, ��� ��� ��
��, pH� ��� ���� ������ ���
�� �� ��� ���� ��� ���. �� �

� ����� ����� ��� ���� ���
Wood et al.(1978)� ��� �� ��� �� ��

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

��� ���� ��� �� ��� � �� ��
����� �
�� �� ���� ���� ��
�� ��� ���� ���� ����(���,

2000). �� pH� �� �� ��� ��� ���
�� pH 5-7� � 52-78������ ���� �

���� �� � �� ����� �� ����
�(Leach, 1965), ��� ��� ���� ����

� � ��� ���� ���� ���� ���
�, �� pH 10� � �� ���� ��� 7� �
�� ���� Bhatty(1993)� ��� Dawkins�

Nnanna(1993)� 50~60oC ����� pH 8.0��
10.5� � �� gum� ��� ������ ���

� ��� 	���. 

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

�� Table 2� ��.
� β-glucan ��� Table 2�� �� �� ��

21.4~38.3% ���� ���� �� ��� ���
��, 7�(45oC, 15%, pH 6) ���� �
 ��,
10�(60oC, 10%, pH 7) ���� �
 �� ���

���. �� ��� �� ��� ����� ��

�� ��� ��� ���� ����� ����

��� ���� pH� �� ��� 
� 	� �
�� ����(Table 3). Wood et al.(1978)� ��
� ��� 
�� ��� �� β-glucan ����

� 45oC�� �� ����� �� β-glucan� �
�� ���� �� ��� � ���, Woodward

et al.(1988)� ��� ����� �� ��� β-
glucan� ��� �� ���� �� ����� �
� �� ��� β-glucan� 
�� � ��� ��

� � ��. �� Dawkins� Nnanna(1993)� 50�
�� ���� � �� ����� β-glucan ��

� pH 10� �� 77.8% ���� pH 8� ��
86%� ������ � ��� ����� ���

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

��� ��� Table 2�� �� �� �� 23.8~
29.8% ���� ���� �� ��� ���� 4

�(55oC, 15%, pH 8) ���� �
 �� 12�(50
oC, 0%, pH 7) � 1�(55oC, 5%, pH 6) ����

�
 �� ��� ����. �� ��� �� �
�� ����� ���� ��� ��� ����
����� ���� ��� ���, pH� �� �

�� 	� ��� ��� β-glucan� ��� ��
� 	�� ���(Table 3). �� Beer et al.(1996)

� �� �� �� ���� ���� ���� �
� �
�� �� ��� ��(17.55%)� �� �
� �� ��(22.7%)�� �� ��� � ����

� ��� ���� ���� ���� ��� �
���. 

�	 ��� �� ��� �� Table 2�� ��
�� �� �� 8.3~11.5%� 5.9~7.9% ���� �

��� ���. �	� 3� ���� �
 �� 1
�� 13� ���� �
 �� ����, ��� 7,
8� ��� �
 �� 11�� �
 �� ��� �

���. �	� �� ��� �� ����� ��

Table 3. Analysis of variance showing the significance of the effect of the extraction conditions

Factor DF
F-value

Yield β-Glucan Protein Fat Ash

Temperature(oC) 4 27.48** 11.82** 12.53** 2.87* 1.49

EtOH (%) 4 123.72** 21.84** 45.19** 20.01** 0.22
pH 4 11.76** 0.66 1.99 11.72** 0.59
*: p<0.05, ** p<0.001 
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� ���� � �� �����, ��� ����

� ��� ��� �� �� ��� ����(Table
3). 
��� 	���� ����, ��� �� � pH

� ��� ��� �� ���� ��, ��� �
β-glucan ��� ����� ��� � ��� �

� ���. �� ��� �	� �� ���� �
�� �� ����� ����� �� ����
� β-glucan� ��� ����� ���� ���

��� 20~30% ��� ����� ��� ���
� �� ��� �� 	�� ��� ��� � �

� ���. 
�� ��� �� ���� �� �
� ���

	� �� ���� ��� 63.9%� �
 ��	
7�(50oC, 20%, pH7) ���� ��� 7.1%� �
� ��� ���, �� ���� ��� 46.4%�

�
 ��	 12�(50oC, 0%, pH 7) ���� ��
� 17.9%� �
 �� ����. � ��� ��

��� �� ��� ��� �� 
 2.8
� 1.4

� �� ��� � �� ����. ��� ���

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

�� � ��� 
����(Ooi� Liu, 2000) � �
����� ���� � 	�� ��� ���	

	�� ����� ���� �� ���� ���. 

�� ��� ���� ��
	�� �	� β-glucan� ���� ���� �
�� ��� ���� 	�� 	� ����� �

	� ����� �� glucose ���� 	���
����� ��� 	� � ���(Jenkins et al.,

1978), �� ����� 	�� ���� ��� �
�� 
� �� �� ��� �	���� ���
��� �� ��� ��� ��(Krumel� Sarkar,

1975). ����� 	�� 	�� ����� ��
	��� ��� ���, ���� ��� ���

� S-S	�� 	��
� ���� ��� 	��
� ��	� ��� ��� ���� ��(���,

2000). ���, � ���� ��� �� ����
�� ������ �	�� � � �� 
�� �
� ��� 
�� ��� � ��� 	�� ���

���, � 	�� Table 4 � 5 � ��.
�� ��� �	�(1%)� ��� 	�� Table

4�� �� �� �� 4oC� � 3.9~13.0 cP ��

 

 

Table 4. The apparent viscosity of 1% oat extract solution
with different temperatures at the shear rate of 39.6(1/s)

Sample No.
Temperature(oC)

4* 10(NS) 20(NS)

1 5.2bc 4.4 3.5

2 4.2c 4.0 3.3
3 5.2bc 5.8 4.1
4 7.9b 7.4 5.3
5 5.7bc 6.4 4.8
6 6.0bc 3.5 3.0
7 8.1b 5.7 4.3
8 13.0a 5.5 4.0
9 6.1bc 6.6 5.1
10 3.9c 3.9 2.8
11 6.4bc 5.5 4.2
12 5.9bc 3.7 3.2
13 8.0b 4.4 3.4
14 4.9bc 4.4 3.7
15 5.3bc 3.7 2.9
16 5.3bc 3.7 3.0

NS: non-significant 
*Value with different letters in the same column are signifi-
cantly different(p<0.001)

Table 5. The apparent viscosity of oat extract solutions
with different concentrations at 4oC and the shear rate of
39.6(1/s)

Sample No.
Concentration(%)

0.5(NS) 1.0* 1.5* 2.0*

1 1.5 15.2bc 12.5cde 21.8c

2 1.6 14.2c 10.2de 10.3ij

3 2.0 15.2bc 10.0de 17.9def

4 2.7 17.9b 11.6de 17.4def

5 2.1 15.7bc 13.6bcd 20.3cd

6 1.9 16.0bc 12.0de 19.3cde

7 2.4 18.1b 18.5b 25.7b

8 2.3 13.0a 26.2a 83.1a

9 2.3 16.1bc 18.4de 16.5efg

10 1.5 13.9c 17.3e 18.6j

11 2.5 16.4bc 18.1b 15.1fgh

12 2.3 15.9bc 17.9de 12.6hi

13 3.0 18.0b 17.6bc 28.0b

14 2.2 14.9bc 19.1de 15.5fgh

15 2.5 15.3bc 17.7e 14.0gh

16 2.4 15.3bc 17.5e 14.1gh

NS : non-significant 
*Value with different letters in the same column are signifi-
cantly different(p<0.001)
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� ���� 20oC� �� 2.8~5.3 cP ��� ��

�� ��� ����� ���� ��� ���,
4oC� �� ����� ���� �����. ��
� ��� Table 5�� �� �� �� 0.5% ��

� � 1.5~3.0 cP� ��� ���� 2.0% ���
� 8.6~83.1 cP� ��� ���� ��� ���,

��� ��� 0.5% ��� ��� �� ����
���� ��� �� �	� �� β-glucan ��
� �� �� ��� � ��� �� ���� �

�� � �	� ����. �� �
 �� ���
Dawkins� Nnanna(1995)� ��� 0.5% β-glucan

(70~80%) ��� �� 0oC, 20 s-1 ���� � �
� ��(� 500 cP)�� �� �
 �	�, � �

�� β-glucan ��(� 20~40%)� �� � ���
Beer et al.(1996)� β-glucan ��� ������
����� ��� ���� ���� � ���

��� ����� ��� Wood et al.(1989)� 	
������� �� ��� �� ��� ����

��� �� �� �� � �� �� �� ���
��	� �	��. ��, ��� β-glucan � ��

� ���� �
� ����� 2% ���� �

��� �� 8, 7, 13	 ��� ��	� β-glucan
� ��� ��� ��� ��, β-glucan ��
 �

� �
 ��� ��	�, ��� ��
 ��� �

 ��� �� ���� ��� �� ��� ��

���� �
� ��	�� ���� 
�� ��
��� � ���.

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

�� ���� ���, 1% ��, 4oC� �� �

�� ����� 15.8~132 s-1� ������ ��

� �����, ��� ���� ����� Fig. 1
� �����. ��� 15.8 s-1� ����� �,
4.3~14.1 cP� ���� ����� 132 s-1� ��

�� � 3.0~11.9 cP � ���� ��� ��� �
�� �� ��� ���. ��� ��
 Autio et

al.(1987), Dawkins� Nnanna(1995) � Doublier�
Wood(1995)� �� �
 ��� � �� �� β-

glucan ���� ��� ��� ���� �� �
�� ���� ����� ����� ���� �
��� ��� � � �� ���. ��� ��	

� ��
 ���� ��� �� �� �� ��
��� �	�(Krumel� Sarkar, 1975) �����

	�� ������ �
 ������� ���

�� �� ���� 
�	� ��� ���� �
� ��� �� ��� ���� ��	��(Doublier

� Wood, 1995) �� �� ��(��, ���)��
���� ��� ���� 
�� ��� �� �

�� ��� 
�� �� �	� �	��. �� 20
s-1 ��� ������� ����� �
�� �
�� �� �� ��� ���(Dawkins� Nnanna,

1995) ��� ��� ���� ��� �����
� � �	�� �
 ������� �����

����� � ���. 

� �

�� �� ���� ��� �� ���� ��

��� ����(40~60oC), ��� ��(0~20%) �
pH(5~9) �
� ���� ����
��� ��

	
 �� ���� ��	� ��� �����.
�� ���� ��
 6.4~17.9% ��� ����
� ����� ��� ��� ����� ����

� ��� � �� ������ ��� � ��

���� ��� ���. β-glucan � ��� ��


 		 21.8~38.3% � 23.8~29.0% ���� ��
��� ���� ������ ���� ����

��� ��	� pH� �� ��
 
� �	� �
���. �� ��� ���
 	� � �����
� ��� ����	� ���	� �
 ���	

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

Fig. 1. The apparent viscosity of 1% oat extract solution
with different shear rates at 4oC
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