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Quality Characteristics of Sponge Cakes Containing
Various Levels of Millet Flour

Hak-Gil Chang*
Department of Food and Bioengineering, Kyungwon University

Effects of normal (non-waxy) and waxy millet flours on properties of sponge cake were examined. Total dietary
fiber contents of normal and waxy millets were 5.04 and 5.72%, respectively, while that of soft wheat flour was
2.23%. Alkaline water retention capacity value generally increased with addition of normal and waxy millet
flours, whereas peak, minimum, and final viscosities decreased. Mixing time and mixing height decreased with
addition of millet flour. Lightness of cake crust increased with addition of normal millet flour, whereas it
decreased with addition of waxy millet flour. Lightness of cake crumb decreased as the amount of normal and
waxy millet flours increased. Increasing proportions of normal and waxy millet flours resulted in significantly
decreased loaf volume. Replacement of 10% wheat flour by both normal and waxy millet flours did not
significantly affect characteristics of sponge cake, but addition of more than 20% millet flour resulted in
significant differences in quality characteristics.
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� �

�� ����� ��� ��� ��� ��� �����

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

� ��, ���� �� � ����� 
���� ����


� �� ��� ���� ��� ���� � ��� ��

�(1-3). �� hardness gene� � ��� ���� �� ��


��� ��� ��� ��� ��� ��
�. � ���

hardness quality� ���	 ��� ��
 ���, �� ��

� ����� ��� ����. �, grain hardness texture� �
� 1� ����� ���, ��� 2� ����� ����

��� ��� ��� ���(4).
Kohn(5)� ��� �� 40�� ��� ��� ����� �

�� ���� ��
 �� ���� �� ��(��) ���

� ��� ���� ���� ��� ����. �, pies, cakes,
cookies, crackers, pretzels, doughnuts, cones, snack foods ��

� ���� �� ���� ��� ���� ��� 	��.

Sponge cake system� ����� ���, �� � ��� �
���, sponge cake� ��� ���� �� � ���� 

��� ��� �� ���(6,7). Pierce� Waker(8)� sponge
cake �� � sucrose fatty acid ester� ������ ��� �
��� ����� ���� ���� ��� 
 ��.
��, ��� ���� ���� ����� �� �� ��

�� �� ��. ��� 
� �� ���� 		�� 
��

�
��� ��� ����� ���� ��(9). ��� ��

� �� ��� ����� �
��� Cowgill� Sullivan(10)
� �	 ����� wheat bran� ��� ��� 
�, Hipsley
(11)� ���� “dietary fiber”� ��� ���	�. � �
Burkitt(12)� Trowell �(13)� �	 ��, ���, ��� ��

���� �
��� ��� �	� �
� ��
 ����

� 
� �� ��� �� � �� �� �� ���� �


���(14-16).
�� �
��
� ���� ��� �� bakery products�

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

��
 ���� ��
�. Pomeranz �(17)� �� � oat hulls
� wheat bran� 7% �� � ����	� ������ ��

� ������ 	��. Jeltema �(18)� oat bran, soy hulls,
navy bean �� ��� sugar-snap cookie� spread factor� �
�� �� �� ���� ��� ���� ����. � ��

��� ��� ���� 
��� ������ sponge cake
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�� � � �	� ��� �� ���� 
��� ����

� sponge cake ���� �� ��� 
 � 	�� ����.

�� � ��

��

� ��� ��� ��� 2001��� ��� ��(�� �
��)� ��(�� ���)� ���� ���(IKA MF10, IKA-
WERKE GMBH & Co. KG, Staufen, Germany)� ����

���	�. ��� �� � �� �	� ����� 100-140
mesh 
��.

��� ���� ��

����� �	� AACC �
(19)� ��� ���	�.
�, �� ��� ������
, ��� ��� soxhlet ��


, ��� ��� ����
, ���� ��� micro-Kjedahl
method� ���	�. ��
��(total dietary fiber, TDF)� �
�� Prosky �(20)� �
� �� dietary fiber assay kit(Sigma
Chemical Co., St.Louis, USA)� ���� �	�	�. Alkaline
water retention capacity(AWRC)� AACC�method(19)� ��

� 
����� �� 1.000 g� ���� �� �, 0.1 N
sodium bicarbonate �
 5 mL� ���� voltex shaker� 	�

� ��, 1000�G�� 15�� 
���� �, ��
� ��

�� �� ��� ��� 
��� � ���� �� ��	

� ���	�. ��� 	���� Rapid Visco Analyser(RVA,
Model 3d, Newport Scientific, Narrabeen, N.S.W., Australia)�

��� �� 3.50 g� ���� test canister� �� ���

25.0 mL� ���� ��
� �� �, 25oC�� 95oC�� �
�� �� 50oC�� 5oC/min� 
�� �� � ���� initial
pasting temperature, maximum viscosity, minimum viscosity �
final viscosity� ���	�(21,22).

Mixograph ��

Mixograph ��� AACC Method(19)� ��� 10 g Mixograph
(MIXSMART Version 4.0, National Mfg. Co., Lincoln, NE,
USA)� ���� ���� �� ����	� �� ��, �
��� ���� ���� ���� ���� ��� �
 peak
time, peak height �� ���	�(Fig. 1).

Sponge cake� �� � ��

Sponge cake� ���� Table 1� ��. ��(fresh whole
egg) 700 g� mixing bowl� �� 2 �� �� 
��� 
�

� �� ��(fine-granulated sucrose) 700 g� ���	�.
Sponge cake� ��� ��� ���� ����� ��� �
	�� ����� ��� ��� �� �� 
�� 53oC� �
� ���� mixing bowl� 40oC� ����� hot mixing
method� ���	�(6,7). �, sponge cake batter� �
�� 30
�, �
�� 8� 	� 
�� ��, ��� 140 mL� ���

� 2 � 	� 
���, �
�� 30�� 
��� cream
mass(egg-sugar batter)� ����.

Cream mass 240 g� bowl� ��� ��(���, � �	


��� ���) 100 g� ��� ��, wooden spoon�� 40 �

��� 
�� �, �� 40� ��� 
�� cake batter� cake
pan(inside dimensions, 14.8 cm; depth 6.9 cm; inside volume,
1260 mL)� 330 g ��, 180oC�� 30 � baking �	�.

�
��
��� � �	(normal millet, waxy millet)� ��

�� 0, 10, 20, 30, 40, 50%�� cake batter� pH� ���

���	�. �� 
�� �� sponge cake� 30�� pan��

���� �, ��, ��, ���� ���	�, volume index,
symmetry index, uniformity index� AACC �
(19)� ���

�� ��� �
 ���	�(Fig. 2). Sponge cake� crust�
crumb� ��� ��
(Model CR-200, Minolta Co., Osaka,
Japan)� ���� L, a, b value� ���	�.

Sponge cake� ����� ����� ���� 
�� cake
� LDPE Zipper bag((�)�
�)� �� 25oC�� 6�� ��

��� Texture analyzer (TA-XT2, Stable Micro Systems Co.,
Haslemere, England)� hardness� ���	�. 
� ���

probe� �� 2.5 cm, �� 
�� 1.0 mm/sec
��. ��
�

� 15 �� ���� ��� 	��� � 
�� ���� �
	��, ��, �� � ��� �	�� 9-point scale scoring
test �
� �� ���	�.

Fig. 1. Mixogram of typical soft wheat flour.
Peak time (min): MP, Peak height (cm): Height at MP, Width at peak:
Band width at MP, Height at 8 min: Height at TX

Table 1. Sponge cake formula and ingredient specifications

Ingredients Amount % (flour basis)

Flour (sifted) 100
Sugar (fine-granulated) 100
Fresh whole eggs (with shell) 100
Distilled water 40

Fig. 2. Measurement of volume, symmetry and uniformity index
on sponge cake.
Volume index = B + C + D
Symmetry index = 2C − B − D
Uniformity index = B − C
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�� � ��

��� ���� ��

����� ����� Table 2� �
 �� ��� ���

3.44%, ��� 3.20%�� ��(��) ���� 0.40%� ���

8 � 
� ���, ��� ��� ��� �� ����, ��

��� ��, ��� ���� ��� 
�� ���. �� �

��� �� ���� 2.23%�� ��� �� 5.04%, ��

5.72%�� 2� 
� ���. Chung �(23)� � ��� ��

� ��
��(TDF)� 64.00-73.2%� �
�, 
 ��� ��

�
��(NDF)� 67-73%�� ���
 ��� �
����

�	�, �
��� 
� ��
�� ��	 ���� TDF�
11.02%�� �� ��� �� ����, ���� 31.69%��

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

� �, �� ��� �� � ��� ��� ��� gluten-
forming protein� �� ��� �
� �� ���(24), �� �
� ��� ���� ���� alkaline water retention capacity
(AWRC)� �� cookie spread� �	�� ��� ��� ��

(25). �
��
��� � �	� ���� 10-50% ���	

� �, AWRC� ��� �� Table 3� �
 ��, �� ��

���
 ���� ��� AWRC� ���	�. �, ���


10-50% ���� ��� ��� 5.1-21.3%, ��� 7.6-31.7%
�� �����.

Rapid Visco Analyser(RVA)� �� ��� 	���� Table
4� ��. Initial pasting temperature� 71.6-77.8�� ��� �
��� ���
 ������ ���� ��� �	��, �
�� ��� ��� �
� 
���, ���� �� ����

�
� ���. Maximum viscosity� ��� ��� ���


���� ��� �� ����� ���� ��� �	��,

� ���
 ������ TDF� ���� ��� ��


��� 	��� � � ��. Minimum viscosity� final viscos-
ity� �� � ��� ���
 ���� ��� ���� �
�� �	��, �� ��� ��� � ���
 
� ��. 

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

� �� ���� ��� ���	�� break-down ��
 �
� ��� ��� ��� ���(26), Song �(27)� ����

� Amylograph ��� 
�� 
 ��� break-down ��


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

� ��� ��� ��� ���. ������� ���� 

�� �� Mixograph� �
 
����, � � ��� ��

Table 2. Proximate composition of tested flour samples

 Flours Moisture (%) Ash (%) Protein (%) Fat (%) TDF1) (%)

Soft wheat 2)13.64�0.56a2) 0.40�0.03a 09.39�0.14b 1.51�0.04b 2.23�0.14c

Normal millet 11.58�0.52b 3.44�0.03b 10.01�0.08b 2.86�0.16a 5.04�0.27b

Waxy millet 11.28�0.40b 3.20�0.03b 10.68�0.27a 2.63�0.03a 5.72�0.66a

1)Total dietary fiber.
2)Means in a column sharing a common superscript letter(s) are not significantly different (p>0.05).

Table 3. Alkaline water retention capacity (AWRC) of millet and
wheat flour blends

Flours Blend (%) AWRC (%)

Soft wheat 45.6�0.85f1)

Normal millet 10 47.9�1.13ef

20 49.5�0.71de

30 50.1�0.71de

40 52.1�1.56cd

50 55.3�1.70b

Waxy millet 10 49.0�1.41de

20 50.8�1.13cde

30 53.4�1.41bc

40 56.0�2.12b

50 60.1�1.41a

1)Means in a column sharing a common superscript letter(s) are not
significantly different (p>0.05).

Table 4. Rapid Visco Analyzer pasting characteristics of wheat and millet flour blends

Flours Blend (%) Initial pasting
Temp. (oC)

Maximum viscosity
(RVU)

Minimum viscosity
(RVU)

Final viscosity
(RVU)

Soft wheat 72.3a 114.5a 81.0a 165.0a

Normal millet 10 75.3a 110.5ab 73.5b 155.5bc

20 74.7a 104.5bc 68.0c 152.5bc

30 76.2a 102.5bcd 62.5d 151.0bc

40 76.6a 102.5bcd 60.0de 150.5bc

50 77.8a 095.2d 57.5e 147.0c

Waxy millet 10 72.4a 100.5cd 67.0c 139.5d

20 76.2a 087.0e 53.0f 113.5e

30 73.4a 075.0f 44.0g 094.0f

40 72.3a 065.5g 39.0h 086.0g

50 71.6a 061.0g 36.0i 077.5h

1)Means in a column sharing a common superscript letter(s) are not significantly different (p>0.05).
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���� ��� ��� ��� Mixograph pattern� �� �
�(28). �� � �� �	 ���� �� Mixograph ��� �
� Table 5� ��. Peak time� �� ���
 ���� ��

� ���	��, �� �� 40% ���� ���� Mixograph
pattern
 ���� 
��. Peak height� peak time� �� �
�� �	�. Pomeranz �(17)� Mixograph �� �� cellulose
� wheat bran� ���� ���	� � �� ��	
 ��

����, oat hulls� ���	� �� ��� �� ��	


64.2%�� 62.5%�� ���	�� ���	��, 
� ��

��� ��� Mixograph pattern
 �
� ��� ���� �

�. � ���� �� � �� �	� ���
 ���� �
�� peak time, peak height, 8 minute height� ��� ���

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

Sponge cake� �� � ��

�� � �� �	� ��� sponge cake batter� pH � �
�� ��� ��� �� Table 6� ��. �, cake batter� pH
� �� ���� ��� ���	��, ��� ���� ��

� �	�. Johnson� Harris(29)� yellow shortened cakes� �
�� cake batter� pH� 7.46��� cream of tartar � glu-

cono-δ-lactone �� � �� pH� 6.90 � 6.76�� ���	

��, ��� ���� ��� �	��, Chun(30)� ����

sponge cake �� � ���	� ���
 ���� ��� �
�
 ���� ������, 
� ���� ��� ��� �
��� � � ��.
�� � �� �	� ��� sponge cake� ��, �� �

���� Table 7�� �� 
� ��. Sponge cake� �� �
�� � ��� ���
 ���� ��� ��� ���
 �
��� ��� �	��, �� ��� ��� �� 40% ��

�	� �, ��� ���� ���� ���� �
� ���.

� �� ��� Pomeranz �(17)� �� � cellulose, wheat
bran � oat hulls �� �
��
� ������ �� � �
��
 ����� ��� �� ���, cake weight� ���

� ��� cake� ���
 ����� �� 10% 
� ���

� �� ��� cake
 ��� � � ��.
�� Sponge cake� volume, symmetry � uniformity index

� �� Table 8� ��. Volume index� ���
 15.35��

�� �� �� �	��, �� � ��� ���
 ����

��� ���� ��� �� cake� ��� �	�� � �
���. Symmetry form� cake� 	�� �� ���, ���

��� ���
 ���� ��� ���� ��� �	��,

Table 5. Mixograph characteristics of wheat and millet flour blends

Flours Blend (%) Peak time (min, sec) Peak height (cm) Width at peak (cm) Height at 8 min (cm)

Soft wheat 3.00 4.6 0.9 4.1
Normal millet 10 2.40 4.2 0.8 4.1

20 1.55 3.7 1.1 3.6
30 1.10 3.2 1.0 3.2
40 - - - -
50 - - - -

Waxy millet 10 2.30 4.0 0.9 4.1
20 1.43 3.5 1.0 3.6
30 1.30 3.4 1.1 3.3
40 1.00 3.2 0.9 3.0
50 0.58 2.8 0.8 2.7

Table 6. pH and specific gravity of sponge cake batter in wheat
and millet flour blends

Flours
Blend 
(%) pH

Specific gravity
(g/mL)

Soft wheat 7.43a1) 0.59d

Normal millet 10 7.40a 0.68cd

20 7.23b 0.71abcd

30 7.17c 0.72abcd

40 7.10de 0.86abc

50 6.93f 0.87ab

Waxy millet 10 7.39a 0.70bcd

20 7.25b 0.69bcd

30 7.14cd 0.82abc

40 7.05e 0.86abc

50 7.05e 0.89a

1)Means in a column sharing a common superscript letter(s) are not
significantly different (p>0.05).

Table 7. Sponge cake properties prepared with wheat and millet
flour blends

Flours
Blend
(%)

Volume
(cc)

Weight
(g)

Specific loaf 
volume
(cc/g)

Soft wheat 830a1) 281e 2.96a

Normal millet 10 780ab 284cd 2.75ab

20 745abc 285bcd 2.62abc

30 705abcd 283de 2.49abcd

40 640bcd 287ab 2.23bcd

50 630bcd 288a 2.19bcd

Waxy millet 10 750abc 288a 2.62abc

20 745abc 287ab 2.59abc

30 680abcd 288a 2.36bcd

40 605cd 286abc 2.12cd

50 570d 288a 1.98d

1)Means in a column sharing a common superscript letter(s) are not
significantly different (p>0.05).
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� cake� ��� ��
 ���� ��� dome� ����

� � � ��. �� �� �	� ��� ���� ‘-’�
 �
� sponge cake� ��� ��
 ���� ��� �
�� �
�. Uniformity index� sponge cake
 ��� �� �� ��

�
 ���� �� ���, �� ���
 ������ ��

�
 �
� ���� ��� � � ���.
Sponge cake� crust � crumb color� ��� �� Table 9

� ��. Crust color� L �� ������ �� �� ���

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

� ��� ���� ��� �	�. a, b �� ��� ���

�� �� ���� ��� �	�. ��� crumb color� L
�� ��, ����� �� ����� ����, ���
 �
��� ��� ���� crust color� L ��� ��� ���

�	�. Crumb� a �� ���� ��� �	�, b �� �
� ���� ��� �	�. ����� �� � ��� ��

�	
 ���� ��� crust color� L �
 ��� �� �
�� ��� �� ��
 sponge cake� ��� � ��� �
��� � � ��.

���� � �� � ��

�� � �� �	� ��� sponge cake� ��
� 	��

Fig. 3� ��. ���� �	�� �� ����� ��� �
� �
� ��� �� 10-20% ���� ���� ����

�
� �
� 
���, ������ 20% �� � ����

��� �
� ���(Table 10). �� ����� ��� ��

� ��� ��� �� ��� sponge cake� ��
 ����


�� ���. 
�� 	��� ���� � �, sponge cake
�� � �� � �� �	� ���� 10%� ��� ���

����.
�� sponge cake� �� � 25oC�� ��� ��� ��

(Fig. 4), �� ��� ��� ����� ��� ����� �
�� ��� �	�. ��� 30%�� ��� ��� ����

���� �
� ����, �� 50% ��� sponge cake� �
�� ���� ��� �
� �	�. 30% �� ��� ��

� ���� �� ���� ��� ��� �	��, �� 50%
���� �� ���� ���� �� ��� �	��, ��

4� 
��� ���� ���	�.

Table 8. Volume, symmetry and uniformity indexs of sponge
cakes prepared with wheat and millet flour blends

Flours Blend
(%)

Volume
index

Symmetry
index

Uniformity
index

Soft wheat 15.35d1) -0.15c -0.05c

Normal millet 10 14.35cd -0.20cd -0.05c

20 14.00bcd -0.55g -0.05b

30 13.60bc -0.70h -0.10b

40 12.60abc -0.80i -0.10b

50 11.65a -0.85i -0.20a

Waxy millet 10 13.55bc -0.25de -0.05c

20 12.60abc -0.30e -0.05c

30 12.45ab -0.45f -0.10b

40 12.20ab -0.05b -0.15d

50 11.70a -0.45a -0.15d

1)Means in a column sharing a common superscript letter(s) are not
significantly different (p>0.05).

Table 9. Crust and crumb color of sponge cakes prepared with wheat and millet flour blends

Flours
Blend
(%)

Crust color Crumb color

L a b L a b

Soft wheat 54.9d1) 16.5a 35.4a 81.2a -3.5c 24.5cd

Normal millet 10 59.5bc 15.1b 35.5a 79.3b -3.2c 25.0c

20 60.1bc 14.1bc 35.1a 77.8c -3.0c 26.1b

30 59.5bc 13.7c 33.7b 76.0d -2.7bc 26.8b

40 60.1bc 11.0d 33.7b 75.2d -2.1bc 27.3b

50 63.3a 10.8d 32.1d 73.2e -1.9abc 30.0a

Waxy millet 10 61.6ab 14.4bc 34.9a 78.4bc -2.1bc 23.9cd

20 60.3bc 13.7c 33.0c 73.8e -1.8bc 23.6d

30 58.7c 10.1de 31.6d 70.3f -0.5ab 23.8cd

40 58.7c 9.2ef 30.8e 68.3g -0.7ab 24.2cd

50 56.4d 9.0f 29.9f 64.5h -0.2a 26.1b

1)Means in a column sharing a common superscript letter(s) are not significantly different (p>0.05).

Fig. 3. Overall acceptability of sponge cake prepared with
normal (�) and waxy millet (�).
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Table 10. Sensory characteristics of sponge cakes prepared from wheat and millet flour blends

Flours Blend
(%)

Color
Grain Texture Flavor Taste

External Internal
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