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Rheological Properties of the Wheat Flour Dough with Olive Oil
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Effects of olive oil on rheological properties of wheat flour dough were investigated through farinograph,
amylograph, and extensograph, and by measuring wheat flour dough fermentation volume. Farinogram showed
development time, stability, elasticity, and valorimeter value of olive oil-added wheat flour decreased, whereas
water absorption and stability were similar to control (shortening 4%). Gelatinization temperature and
maximum viscosity of wheat flour dough with olive oil decreased more than those of control as revealed by
amylogram. Extensogram showed wheat flour area increased, whereas dough volume decreased in olive oil-added
wheat flour dough.
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� �

����� ���(Olea europaea L., Oleaceae) ���� �
�� ���� ����(����), ���(���)�, �� 0.914-
0.929(15oC), ��� 1.4654-1.4683(25oC), �� 3.6, ��� �
185-197, ��� � 70-90� ��� ���(1), ���, ���,
���, ���, ���� ��� �� ��� �� ����

�� ����(2).
������ �� �� ���� �� ���	 ��� �

��� ���(oleic acid)
� 82%� ���� �
� �� �
�� ��� ����� �� ��� ���� ��. �� �
��
�� ����(palmitic acid)� 9%� �� ��, ���

��� ��� ����(linoleic acid)� ��� 6%� �� �
�� �� ����� ��� ��� ����(3).
����� �� ��� �� ��� ��� �	 ����

��
� ���� ��� ����, ��� �� ��� ��

�� �� � ���� �����. ����� ���� ��

� 	�� ��� ���� ���� �	 �� ��� ��

�� �
��� �� 
��� �� ����� ��� ��

���� �
�(4) �� ������ �� ����� ��

�
�� ����� �	�(5). 
������ ����� �
� � ��� ������(low density lipoprotein, LDL) ��

���(cholesterol)� ���� � �� 
� �� �� ���

� ��� �� �� ��(6) �� ���� ��� ����

��� �� ���� ����� ��� ���� ��
�

���� ��� ����� �� ��� Kim(7)� ����,
����, ���, ������ ��� ��� ��� ���

�� ��, Kim �(8)� �� ���� ����� ����

���� �� ��� �� � �� 	�� ����. �� �
� ����� 	
 “extra virgin”� “pure” ��
� ����

���� ��� �� ��� ��	 �� ����� �� �
� 
���(6,9-11). �, “extra virgin” ��� 	
 ��� �
� � �	 ����� �� ��� ����� ��� 1% �
�� ��� ����, � � ����� ��� 1%�� �	

����� “fine” �� “semifine”
� ����. ��� � �
���� ��� ��� �� 
�� ��� 
�� ����

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

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

�� ��

���(����) ��� �� �	�� �� �
� ���

���� ��� 4%(flour basis, (�)����)� �	�, ��

��� 0%, 4%, 6%((�)���)� �	�. �� ���� ��

� 1�� ���(����), ��(���	), ���((�) ��

�), ����(��
�
���), L(+) ascorbic acid(Kanto
Chemical Co., Inc., Tokyo, Japan)� ���	�.

Farinograph ��

������(M81044, Brabender Co., Ltd., Duisburg, Ger-
many) ��	 AACC ��(54-21)(12)
� Table 1� ��

AACC 10-10b(12) 	��� ���� �� ��� 	 ��(�
�� ��� 4%, ��(����) ���, ���� 4%, 6%)�
���� 300 g� ���� 
� ��� ��� 30�0.2oC�
����	 �	�. ���� �� ��� �
� 500�10 BU
(Brabender units)� �� � ��� ���� ���	�. ��

���
��� �	� �	 ��(development time), ���

(stability), ���(elasticity), ���(weakness), ���(valorimeter
value), ���(water absorption)� �� 3� ���� � ��

�� ����� ��	�.

Amylograph ��

������(ASG-6, Brabender Co., Ltd., Duisburg, Ger-
many) ��	 AACC ��(22-10)(12)
� Table 1� ��

AACC 10-10b(12)� 	��� ���� �� ��� 	��(�
�� ��� 4%, ��(����) ���, ���� 4%, 6%)�
���� 65 g� ��� 450 mL ���� ����� ���

�� ��� �	 ��� 75 rpm
� ��
�. ���	 1�
� 1.5oC� ��� 30oC�� 95oC�� ������ paste� 	
�����(gelatinization temperature), �� 
� � ��(max-
imum viscosity temperature), ��
�(maximum viscosity)� �
� 3� ���� � ���� ����� ��	�.

Extensograph ��

�������(EXEK/7, Brabender Co., Ltd., Duisburg, Ger-
many) ��	 AACC ��(54-10)(12)
� Table 1� ��

AACC 10-10b(12)� 	��� ���� �� ��� 	��(�
�� ��� 4%, ��(����) ���, ���� 4%, 6%)�
���� 300 g� ���	� �� �	 ������ ���

�� 2% �� �	�. �	� �� �� 150�0.1 g� �� �
� ��
�� 20� ������ 
��
� ���� 30oC
����� 45�� ���� 1� ��� �� � �� 30oC�
� 45�� ���� 2� ��� �	�. �� �	 ��
�

45�, 90�, 135��� �� ��� ���	�. ��� �	�

��� ��� ��� �� ���� ��(area), ���� �
� ���(resistance)� 5 cm��(BU)�, ���(extensibility)�
��� 	� ��(mm)�, ��� ���(R/E, proportional num-
ber)� 3� �� ���� 
�� ���� �� ��� ��	�.

��� �� ��� ��

�	� ��� ��	 Fujiyama(13) ��� �� ��� �
�
� �	�. � Table 1� �� AACC 10-10b(12)� 	��

� ���� ��(��� ��� 4%, ��(����) ���,
���� 4%, 6%)� �� ���� 
��
� ��� �	

100 g� ���	
� ��, ���(Fresh proofer, Daeyung Bak-
ery Machinery Co., Ltd., Seoul, Korea) �� 27oC, ����

75%�� 0��� 30� ��
� 180��� ��� �� ��

�� �� 3� �� ���� 
�� ���� ����� �
�	�.

�� ��

�
 ��	 Statistical Analysis System(SAS)(14) �
 pack-
age� ���� ����(one-way ANOVA)� ���	�, �
���� ��� ��	 p < 0.05 ��
� ��� ��
��


�(Duncan’s multiple range test)� ���	�.

�� � ��

Farinogram ��

��� �	� ����� ��� farinogram �	 Table 2�
��. ��� �	� �	 ��	 2.07�0.07���
�, ��

�� 4%� 6% �
�� 1.47�0.05�
� �	 ��� ��

��
�, ���� ���� ���	�. ���� ����

�
� �� 30.00�0.00�
� ���� ���. ���� �
��� 159.33�0.94 BU��
�, ��� ���� �	 �	

	 170.00�0.82 BU� ���	
�, ���� 4%� 6% ��

� �
�� �� 149.67�1.25 BU, 140.00�0.82 BU� ��

�� �� �� ����. �� ���� ��, ����� �

Table 2. Farinographic characteristics of wheat flour with olive oil

Treatments Development time 
(min)

Stability
(min)

Elasticity
(BU)

Weakness
(BU)

V. V.1) W. A.2) (%)

Shortening 4% (control) ,02.07�0.07a,3) 30.00�0.00a 159.33�0.94b 09.97�0.12c 62.33�0.47a 45.50�0.41c

Olive oil 0% 2.00�0.00a 30.00�0.00a 170.00�0.82a 10.07�0.05c 63.17�0.24a 50.40�0.43a

Olive oil 4% 1.47�0.05b 30.00�0.00a 149.67�1.25c 14.67�0.47b 60.00�0.82b 46.40�0.43b

Olive oil 6% 1.47�0.05b 30.00�0.00a 140.00�0.82d 24.67�0.47a 59.33�0.47b 45.30�0.22c

1)Valorimeter value (units). 2)Water absorption. 3)Mean�S.D. based on 3 samples.
a-dMeans with different superscripts in a column are significantly different at p<0.05 by Duncan’s multiple range test.

Table 1. Wheat flour dough formulation

Ingredient Flour basis (%)

Bread flour, 14 mb 100.000
Water 65.00
Yeast, compressed 3.0
Sucrose 6.0
Non-fat milk powder 3.0
Salt 2.0
Fat & oil, non emulsified Variable
Ascorbic acid 30 ppm
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� ����(���)� 	� ������ 
��� ��� �
��� ��� �
� ����. ���� ���� 9.97�0.12
BU��
� ��� ���� �	 �		 10.07�0.05 BU, �
��� 4%� 6%� ��� �
�� �� 14.67�0.47 BU,
24.67�0.47 BU� ���� ���� ����	 ��� ��

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


�� ��� � �� �	 �� 	�, ���� 
����

���� ���� 
�� ����.
�	 �	��� �	� �� ���� ��� � valorimeter

�	 ���� 62.33�0.47��
�, ��� ���� �	 �
		 63.17�0.24� ���� ���� ���	
�, ����

4%� 6%� ��� �
�� �� 60.00�0.82, 59.33�0.47�
���� ���� ����	 ���� 		���. �	�

���	 ���� 45.50�0.41%��
�, ��� ���� �
	 �		 50.40�0.43%� ���� ���� 4.9% ���	


�, ���� 4%� ��� �
�� 46.40�0.43%� 0.9%
��� ��� 6%� ��� �
�� 45.30�0.22%� ���

� ���� ���	�. ��� ��� ���� �	 �	�

���� 4%� ��� �
�� ���� ���� ����

��� ���
�, 6%� ��� �
�� ���� ��� �
��� ���. Nakae(15)� ��� �	� ��� ���� �
��� ����, Chung �(16)	 farinograph�� ���� �
��� ���� �	 �		 65.9%, ��� 3% �� ���

63.4%� ���	�� �	��, �� � �� 
�� ���

	�.
��� �
�� ��� ���� �	 �		 ���� �

�� ���, ��� � ����� ��� ��� �����

��� �		 �	��, ���, ���, ���� ����

�� � � ���. �� �� ��� ��, ���� �� �
��(����)� ���
�� �	� lipid binding� ���

� ���� 
��� ����.

Amylogram ��

��� �	� ����� ��� ����� �	 Table 3
� ��. ��� �	� ����� ��� �
� �	� 	
������ 64.00�0.00oC� �� ���	
�, ���� �
��. �� 
�� ��� ���� 90.00�0.82oC��
�, �
�� ���� �	 �		 89.17�0.24oC� �� ��� ��

� ���� 4%� 6% ��� �
�� �� 90.33�0.47oC,
90.67�0.47oC� ���� ���� �� ���	
�, 6% �

�� ���� ���� ���	�. ��
�� ����

355.00�4.08 BU��
�, ��� ���� �	 �		 386.67
�2.36 BU� �� �	 �� ���� 4%� 6% ��� �


�� �� 333.33�4.71 BU, 296.67�4.71 BU� ���� ��

�� �� ���	
�, ��� �
�� ���� ����

���	�. ��� �
�� ����� ��� �	� ��


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

��� �� ��, ���� �� ��� �	 �� ��� �
� ���	 	� �
-��� �� ���� ��� �� �
��� 
��� ���, �� �� ���	 
 �	 	� �

� ���� 	�� 	�� ���� ����� 	���

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

� ��� ��� ����(17), Chung(18)	 ���� ���

�� ��� �	� ���
�� lipid binding� ���� �
��� 	�� 	�� 
��� ��
�� ����� ��

�	�. � ����� ����� ���� ���� �� �
� 
�� ����� �� ���� 6% ����� 296.67�
4.71 BU� �� �	 �� �����. �� Xu �(19)	 ��

� 0%� ��� ��� �	� �� 
�� 428 BU��
�,
3%� 321 BU� ����
�, � �
� �� 
�� 0%�

319 BU��
�, 3%� 309 BU� ������ ���	�.
�� � ��� 
�� �	 		���.

Table 3. Amylographic characteristics of wheat flour with olive oil

Treatments
Gelatinization temperature

(oC)
Maximum viscosity temperature 

(oC)
Maximum viscosity

(BU)

Shortening 4% (control) b),64.00�0.00a,1) b90.00�0.82ab 355.00�4.08b

Olive oil 0% 64.00�0.00a 89.17�0.24b 386.67�2.36a

Olive oil 4% 64.00�0.00a b90.33�0.47ab 333.33�4.71c

Olive oil 6% 64.00�0.00a 90.67�0.47a 296.67�4.71d

1)Mean�S.D. based on 3 samples.
a-dMeans with different superscripts in a column are significantly different at p<0.05 by Duncan’s multiple range test.

Table 4. Extensographic characteristics of wheat flour with olive oil

Time
(min)

Treatments

Area (cm2) Resistance (BU) Extensibility (mm) R/E ratio

45 90 135 45 90 135 45 90 135 45 90 135

Shortening 4% 
(control) 101.4�6.8bc,1) 111.1�6.9a 095.9�4.7ab857.3�14.3a 1,000< 1,000< 088.3�0.5c 88.3�3.7ab 83.0�11.4a 9.7�0.1a - -

Olive oil 0% 099.2�4.0c 105.4�6.3a 082.8�7.3b 752.3�6.1c 1,000< 1,000< 105.3�1.2b 95.0�3.3a 84.7�3.7a 7.1�0.0c - -
Olive oil 4% 110.1�0.1b 106.0�6.2a 098.0�5.8a 814.3�18.2b 1,000< 1,000< 111.3�2.9a 83.0�4.1b 75.7�3.7a 7.3�0.3bc - -
Olive oil 6% 122.3�1.7a 118.6�1.5a 109.5�7.2a 840.0�16.3ab 1,000< 1,000< 108.3�0.5ab 85.3�1.2b 80.0�4.9a 7.8�0.2b - -

1)Mean�S.D. based on 3 samples.
a-cMeans with different superscripts in a column are significantly different at p<0.05 by Duncan’s multiple range test.
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Extensogram ��

��� �	� ����� ��� extensogram �	 Table 4
� ��. ��� �	�� ���� �� ���� ��	 �
��� 45�, 90�, 135��� �� 101.4�6.8 cm2, 111.1�6.9
cm2, 95.9�4.7 cm2� 90�	 45�� ���� ��� ���	


�, 135��� ���	�. ��� ���� �	 �		 �
��� ���� 	��
� ��� ���	
�, �� ��

� �� �� � ���� 		� ���	�, ���� ��

�� 45�� 135�	 ���	�. ��� ���� 6%� ��

� �
�� 45�, 90�, 135�� ��� �� 122.3�1.7 cm2,
118.6�1.5 cm2, 109.5�7.2 cm2� ��� ���� �� ���

�� ���	
�, �� ���� ���� ��� 
�	�.
45��� ��	 ���� ���� ���� 4%� 6%� �
��	
�, 90���� ���� ���. ���� ����

45��� 857.3�14.3 BU��
�, ��� ���� �	 �	

	 752.3�6.1 BU� ��� ���	
�, ���� ����

���	�. �� ���� 4%� 6%� ��� �
�� ��

814.3�18.2 BU, 840.0�16.3 BU� ���� ���� ���	


�, ���	�. ��� 90�� 135�	 ���� �
��

1,000 BU ��
� ����. �� � ���� ascorbic acid�
30 ppm ��� �� ��� ��� �� ���� -SH�� �
��� �� disulfide(S-S)�� ���� ���� ��� �


� ����. �� ��� ascorbic acid� �	 ��� ���

� dehydroascorbic acid� ������ � ��� ���� �
��� ���
� ��� � ��� ��� ����
� �
���. � �
�� ��� 45���� ���� ���� �
� ���� �
� ����. Tsen(20)	 �	��� ���

� ��� �� ���� ��� azodicarbonamide 20 ppm �
� �� � extensogram��� ��� �� 1,000 BU ����

�� ���	�� � �� 
�� �	 ��� ���� �
��� ascorbic acid� 30 ppm ����� ��� 
�� ��

���.
���� ���� 45� 90�, 135��� �� 88.3�0.5 mm,

88.3�3.7 mm, 83.0�11.4 mm
� 135��� ���	
�, �
�� ���� �	 �		 45��� 105.3�1.2 mm���, �
�� ����	 ���� ���	
�, 45�	 ���� �
��� ���	�. �� �	� ��� ���� �
���

��� 
�� ��� �	� ���� ��� �
� ���

�. ���� 4%� ��� �
�� 45�� 90��� ��

111.3�2.9 mm, 83.0�4.1 mm, ���� 6%� ��� �
��

�� 108.3�0.5 mm, 85.3�1.2 mm� ��� ����	 ��

�� 		��
�, 45���� �	 �� ����
�, 90�
��� �	 �� �����. �� ����� ����� �
��� �� �	 �� ����
�, ���� ���� ��

�	�. ��� 135���� ���� �� �
�� ����

���.
�� ���� ���� �� �� ���� ���� 45�

�� 9.7�0.1��
�, ��� ���� �	 �		 7.1�0.0,
����� 4%� 6% ��� �
�� �� 7.3�0.3, 7.8�0.2
� ���� ���� ���	
�, ���	�. ��� �


�� ����� ��� �		 45�, ���� 6% ����

��� ���� ����, ���� ���� ���� ��

� � ���. �� ��(����) 6%� ���
�� ���

� ��� ��� ���� ���� 
��� ����.
Nakae(15)� extensograph�� �� ��� 3-6% � � ���

��� ����, ��	 90��� 135�� ����� �	

�. �� Hoseney �(21)	 ��� �		 ��� ���� �
� ���� 
�� ����, ���� ����� ���	

��, �� � ��� 
�� ���	�.

��� �� ��� ��

��� �	� ����� ��� �	� �� ��� �	

Fig. 1� ��. ���� �� �� 30�� 180���� ��

193.3�4.7 mL, 370.0�4.1 mL��
�, ��� ���� �	

�		 �� 176.7�4.7 mL, 333.3�4.7 mL� ���� ���

� ���� ��
�, ���� 4%� ��� 	
�� ��

186.7�4.7 mL, 366.7�4.7 mL� ���� ���� �	 ��

����
�, �� �� ��� ���	�. ���� 6%�

��� 	
�� �� 180.0�4.1 mL, 338.3�2.4 mL� ���

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

�
�� ���� 4% �� �		 ��� 4%� ���� �
��
�, �� ��� ���� �� ���� ��� ���

�. �� extensogram� ���� 		� ��� ����. �
� extensogram	 ���� �	� ��� � �� ����

�� ���� ����, �	� �� ���	 ��� ��

���� CO2 ��� ���� ���� �� �� ��� �
���� ������ �� � ���� ��� 
	 �� �
��� ���� �� ����� ��� ��� 
� ���

���� hydrophobic� ��� �� �
� ���� ���

�	�� ���� �� �� ��
� ����.
Chung(18)	 �	 �� � ��� ���	 ���� 
�

�� �	�� �� �	� ���� ���� ��� ��,
Junge �(22)	 �� �� 180��� ���� ���� �	

��� �	� �� ��� 75 mm��
�, ��� 3% ��

�� 76 mm� ������ ���	��, �� � ��� 

�� ��� 		� �	�. Bell �(23)	 ��� 0.7% ���

��� �		 118 mm, ���� 110 mm, ��� ���� �
� �		 107 mm� �� ��� ������ ���	��,
�� � ��� ���, ���� � ��� ���� �	 �
	� 
�� ���	�. �� Moore �(24)	 ��� �		

���� �� � �� 11�� 10.4�10−5 moles CO2/�
� �

Fig. 1. Effect of olive oil on wheat flour dough volume with time.
�-�; Control, shortening 4%, �-�; olive oil 0%, � -� ; olive oil
4%, �-�; olive oil 6%. Mean�S.D. based on 3 samples.
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�� �����, ��� 3%�� 0% �� �� ���	��

���	�. �� � ���� ��� ���� �	 �	�

���� ��� �	 CO2 �� ��� ��� ��� ���

�� ����.

� �

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

� �� ��� �	� ��� �	� �� ���� ���

	�. ������� ���� 4%� 6%� ��� �		 �
��(��� 4%)� ���� �	 ��, ��� � ����

��� ��� ���� ���	 ���	�. �������

�� 
�� ���	
�, 	������ ��
�����

���	�. �������� ��	 ���� 45��� ��

�� 6%� ���	� �� ���(��� 4%)� ���� �
��	
� �� �
�� ���	�. �	� �� ��� �
�	 ���� 4%� ��� 	
�� ���� ���� �
	 �� ����
�, �� �� ��� ���	�. ���

� 6%� ����� �	 ���� ����
�, ��� �
��� �	 �	� ���� ���� �� ����.
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