
KOREAN J. FOOD SCI. TECHNOL. Vol. 36, No. 2, pp. 262~267 (2004)

262

©The Korean Society of Food Science and Technology

��� ���� ����� ���� ��� ��

�������1
����2

����*
����� ������, 1���������, 2���������

Properties of Amaranth Flour Processed by Various Methods
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Processed foods were developed using amaranth starch and flours. Amaranth seeds were untreated (UT), defatted
(DF), germinated (GM), roasted (RT), popped (POP), and extruded (EX1 and EX2). Amaranth flours showed A-
type pattern on X-ray diffractograms, while crystallinity was not observed in POP, EX1, and EX2. POP and EX1
showed highest (740.3%) and lowest (38.5%) water-binding capacities, respectively. Transmittances of RT, POP,
EX1, and EX2 flour suspensions were higher than those of others. Transmittance of amaranth starch and flours
differed with processing methods. RT, POP, EX1, and EX2 showed higher transmittance at 60oC. Initial pasting
temperature of amaranth flours by RVA were 68.1-73.0oC, and peak viscosities of GM and RT were 31.6 and
401.1 RVU, respectively. Melting endotherms of POP, EX1, and EX2 were not observed in DSC thermograms.
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� �

����� �����(pseudocereal)�� �� �� �� �
�� ��� �����. � � ���� ��� 48-62% ��

� ��� ���� �� ��� �� ��	� ��� ��

(1). ����� ��� 
� ��� �� �� ���� ��

�� ��� �� ��� ��� ����� ���� ���

��	, ��	, ���� ��, ��� ��� ��� ���

�� �� ��(2-5). ��, ���� �� ��� ��� �


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

�� �� �	� ����(6). ����� �� ���� �
����� ���� ��� ���� ��� ����� �
��
 ���� �� �� � ��	 ���� ��. �	�

������ ��(popping)� ����	 ���� alegria �
�	 	��� �	� ����	 �� � �
��� ���

�� ��� �� atole��� ��	 ���� ��. ����

�� ����� ��� ���(chapattis)� �� ��	��

����	 ���� ��(7). �	� ����	 ��� ��

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

�� � ��� ��	� ��� �� �� �� �� ���


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

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

���� �	� �	 ��� ��� ��� ���� �� 	
���� ��� ����	 ��� �� ���(8). ����

	 ��	�� ���� ���� �	 �� ����� ��

� � ��� ����� �� ��� 	��� �� ���

���
�. Mendoza �(9)� 	���� ���� ��� �
�� �� ���� ���� ����� ��� ���� �
� � �� ����� ���, Sanchez-Marroquin �(10)� �
��� ��� ��(popping)��� � � ��� ���(toast)
� ���� PER(Protein Efficiency Ratio)� �� �����

���. ����� ���	 
���� �� �� ����

��� 	�� ���� ��� ���� ��� ���(roasting),
��(germination), �� �� ��� ����� ��(11-13),
� 	�� 	��� 10-15%	 ����� ���� �� ��

� 	� �
� �� ���� �����(14). �	�, ��

	��� �� ���� ��� ���� � ���� 
��

��� ��, �� 	�� �� �� �� �� ��� ��

��
� �� ���� � ���� ��� ���
 
�

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

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

�� � ��

���� ��� ��

������	��(��� ��)�� 2001�� ��� ��

��	 ��� �����. ���� ��� ��� ���(15)
� 
��� ������ �� ���� ��� 0.25% NaOH
��� ��� � �
�� �����, ��� ��� 45, 100,
325 �� �	 ��� ���� ���
 ���� �	��

�. �	 7,000 rpm�� 30� �� ������ ��� ��

��� ��� ����� 		�� ����� ���� �
� ��� 0.25% NaOH ��� ����� ��� ����

�. ��� ��� ��� � ��� 1 N HCl� �����.

�
 ��� �
�� 
�� � ���� 100 �� �	 �
��� ��� �����.

����� ���� ��� ��

���� ��� ���� ��� �� ��(defatting; DF),
��(germination; GM), ���(roasting; RT), ��(popping;
POP), 	���(extrusion; EX) ��� � ���� 	����.
������ �� ����(untreated; UT)� ��� �� �

�
�� �
��� �	 food mixer	 ���� �����.
���� ��� 45 �� �� ���� ��� �����.
�� ��� ���� ��� ���� 
��� ��� ��

hexane	� �����. ��� ��� 
��� ��	 ��

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

�� �� � �� �� �
�(25oC, 2�)�� �����. �
�� ���� ��� ������ �� ��� �� ��	

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

�(PROVAT, Germany)� 170oC�� 10�� ��� ��	� �
� � ������. �� ��� ��� ����	 �	 �
� ��� �� ����� �� �� � ���� 5� ��

���. ��� �� �� ���� �� ���� � ���

�����.
����� 	���� ��
 �� 	����(THK-31T,

Backsang Machine, Korea)	 ���� Table 1� �� ���

��� �� �
	� 2��� ��	 	���� �� ��

��	� ������.

�� ��

���� �� � ����� ��� ��� ����	�

�(Scanning Electron Microscope, JEOL JSM-5400, Japan)�
���� ��� �� �	 20 kV, 10,000�� ���, ���

5,000�� ��� �����.

�� ��

���� �� � ��� ��� ���(Minolta CR-300
Series, Japan)	 ���� Hunter� L(lightness)�, a[(+)redness/
(−)greeness]� � b[(+)yellowness/(−)blueness]�� �����.
� ��� ��� ���� ��
 ��� ��� ����	

� �� ���� L = 96.90, a = +0.21, b = +2.21� �����.

X-� ��� ��

X-� 

�� �� 
��� 
���� X-� 

�(D/
Max-1200, Rigaku Co., Japan)	 ���� target, Cu-Kα: filter,
Ni: full scale range, 3,000 cps: scanning speed, 8o/min: volt-
age, 40 kV: current, 20 mA� �
	� 

�� 40-5o�� 


�� �	���.

���� �� ��

� 
���� Medcalf� Gilles� ��(16), 60oC� 100oC�
�� ���� ���� Schoch� ��(17)� �� 
���

15,000 rpm�� 30�� ����� � �����.

�� �� ��

���� ��� ��� ����� 0.1% 	��� 60oC�
100oC�� �� 10�� �
� � �
�� 2�� ��� �
� �����(8452A, Diode array spectrometer, Hewlett-Pack-
ard, USA)� 625 nm�� ���� ����.
��� ��� �� �� 
�� Maher(18)� ��� ��

�����. �� 3 g� 50 mL ������ ��� ���	

�� 1�� 	��� �� 1.0 N NaOH ��� ��� �� �
�� 0.27 N NaOH� 6% �� 40 mL� ��
 ���. ��

� 30� �� 	�� � Brookfield ���(Brookfield viscome-
ter, model LVF, USA)	 ���� 30� ��	� 30�� ��


�	 �����. � � ���
� spindle No. 4, 
���

12 rpm�
�.

Table 1. Extrusion conditions of amaranth flours

Sample

Extrusion 1 Extrusion 2

Pre extrusion Moisture content (%) 13 13

Extrusion conditions

Screw speed (rpm) 250 250
Feed rate (rpm) 24 24
Water injection 5 15
1(set/melt temp., oC) 129 118
2(set/melt temp., oC) 128 117
3(set/melt temp., oC) 81 73
Die hole shapes (φ) 3 mm 3 mm

Post extrusion Dough moisture content (%) 16 21
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��� �� ���� �� ��� �� �� ���(Rapid
Visco-Analyzer, Newport Sci., Australia)	 ���� �����.
���� ��� 3 g(14% ���� ��), ��� 4 g� RVA�
canister� �� 25 mL� ���	 �� ��� � ��� �
� ����	� �����. 0-4�� 50oC, 4-12�� 95oC�
���� 95oC�� 2�� ���� 14-22�� 50oC� ��, 22-
26���� 50oC	 �����. �� �� ���� ����

� �� ��(P), 95oC�� 2�� ��� �� ��(H), 50oC
��� �� ��(C)	 ���� ���� consistency(C-H),
setback(C-P), breakdown(P-H)� �����.
���� �� � ��� � �	� �������(DSC,

Differential Scanning Calorimeter, 2920 DSC, TA Instru-
ments, USA)� �� �����. ���� �� ��� ���

��� 1 : 2� ��
 ���	 �� �� 	����. ���


� �	 10oC� 15-150oC�� �	��� ���� �� �
��� ��
(∆H), ��
� (TO), 
�
�(TP)	 ����.

�� � ��

���� ��� ��� ��, �� � ���

����	��	� ��� ���� �� � ��� ��

� Fig. 1� ��. ���� ����� ��� ��� ���

��� ���
�, ���� ��� ���� � ��� ��

� ��	� ��� ��(C)� ��� �� ��	� ���

�� ��(F)� 	��� ��(G, H)� �� ��� ��� �
� 
�� ��� �� �� ��	 ���.
�� Lara� Ruales(19)� ���� ��� ��(popping)�

�� � ��� ��� ���� � � �
�� ��� �	

��� 
	� � �
�.
���� ��� ��� Table 2� �� �� �� �� �

���� �� ����� �� �� 	� 		�
� ���

L�� 96.84� �� ���, a�� b�� �� 	��. ���

� ��� ��� ����� L�� �� ��, a�� b��

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

a�� ��� � ��� �� �
	� ���
�. Paredes-
Lopez �(20)� ���� ��� 0-36���� 12�� ��	

� ����� � ��� ����
 L�� ����� ��

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

Fig. 1. Scanning electron microscopy (SEM) of amaranth starch
and flours processed by various methods.
A: Starch, B: Untreated, C: Defatting, D: Germination, E: Roasting,
F: Popping, G: Extrusion 1, H: Extrusion 2.

Table 2. Color values of amaranth starch and flours processed
by various methods

Sample L a b

Starch 96.84�0.0 -0.64�0.0- 00.95�0.0
Untreated 77.51�0.0 12.88�0.00 15.96�0.0
Defatting 83.38�0.1 0.77�0.0 10.94�0.0
Germination 77.16�0.1 1.22�0.0 16.41�0.0
Roasting 72.19�0.0 4.85�0.0 24.70�0.0
Popping 75.91�0.0 2.38�0.0 18.37�0.0
Extrusion 1 74.95�0.1 1.36�0.0 16.66�0.0
Extrusion 2 77.14�0.0 0.98�0.0 15.53�0.0

Fig. 2. X-ray diffractograms of amaranth flours processed by
various methods.
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�	�� � � �� �� ��� �� � 
� ��� ��

�� �� 
�	 ��� � �
�.
X-� 

�� �� ���� ��� 
��� ���
 A

�� ��� ��, ��, ��� ��� �� 
��� 
��

�� 
�� �
�. �	� �� ��� 	���� ����

����� 
��� ��� ��� ����� � � �
�

(Fig. 2).
Muralikrishna �(21)� ����� ��� �� ��� ��

� millet ��� ��(popping)��� � ��
�� ��� �
��
�� ���� � 	�� 
��� �����.

���� ��

���� ��� � 
���� Table 3� �� �����

�� ��� �
�. � � �� ��� � 
���� 740.28%
� �� �� ��� �� �
�� 	���� ��(EX1)�
38.53%� �� 	� � 
���� ��
�. ��, ����

�� ���� ��� �� ��, ��, ��� �� ��	�

��� ��� � 
���� �����, 	����� ��

	����
� �� � �� ��� � 
���� � ��

	 ���. Marero �(22)� ��� ���	� �� ��� �
��� 	�� � ��� �� �� ��� 	� 
�� ��

����(�	��	), 	���, �� �� ��� ���� �
� �	� � ���� � 
���� 	���� ���. �
	�, Mendoza� Bressani(9)� 	���� ���� ��� �
��� �� �� ���, �� ��� �� ���� ���

� � ���� �� �
� ���
�. �� ���� ��

� extruder� barrel� 
�, feed� ����, screw �� ��

�� ��	� ��� ���� ����� ����(23).

60oC� 100oC�� ��� ���� ��� �� �����

�� ��� �
�. ��� ��� �

 ���, ��, ��

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

�� 	��. ���� ��� ��� ��� �� �� ��

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

��� ���(21). ��, ��� ��� �� 100oC��� �
��� 12.60%� �� 	� �� �� �� ���� ���

� ����� �	 �	� ���
�.

�� ��

����� �� ���� ��� ��� ����� Table
4� �� 60oC��� ����� ���� ��� �� 	�

�� ��� ����� �� ���, ��, �� �� �� �
���� 	��. ���, ��, 	��� 1, 	��� 2� �
� 60oC��� ����� �� ����� �� ���� �
�� �� ���	� ��� ��� �� �
��� ���


�. ��, ��� ��� X-� 

� ���� 
��� 

���� 
�� 	� �
	� ������� ��� ��

� �� �� ��� ���
�. Saklar �(24)� ��� ��

�� 
�� ��, ��� �� �� �� ��� �	� ��

Table 3. Physicochemical properties of amaranth flours processed by various methods

Sample Water binding
capacities (%)

Swelling power Solubilities (%)

60oC 100oC 60oC 100oC

Starch 205.67�4.4 3.86�0.2 9.25�2.0 15.30�1.3 90.05�1.9
Untreated 199.49�3.9 5.13�0.1 9.50�1.3 20.05�0.1 67.14�6.5
Defatting 190.88�13.0 5.72�0.2 10.87�0.80 23.93�0.1 70.86�1.2
Germination 174.66�12.6 3.54�0.0 9.35�0.2 21.15�1.1 65.16�1.1
Roasting 197.55�10.1 4.03�0.4 13.77�0.10 09.80�0.7 12.60�0.4
Popping 740.28�4.30 10.99�0.70 13.95�0.00 11.08�1.4 34.43�1.1
Extrusion 1 38.53�8.2 4.61�0.8 8.59�0.8 60.74�7.5 74.10�2.3
Extrusion 2 134.36�6.40 5.61�0.4 7.58�1.0 46.73�0.9 62.46�0.4

Table 4. Transmittance patterns of 0.1% amaranth starch and
processed amaranth flour suspensions

Sample
Transmittance at 626 nm (%)

60oC 100oC

Starch 0.40�0.0 38.14�0.3
Untreated 5.62�0.3 36.41�0.7
Defatting 7.57�0.3 32.63�6.4
Germination 2.09�0.1 31.24�3.3
Roasting 31.99�3.10 32.94�4.6
Popping 25.36�0.90 25.79�4.0
Extrusion 1 22.80�0.30 22.72�2.7
Extrusion 2 12.09�0.10 12.14�1.7

Fig. 3. Alkali gelatinization patterns of amaranth starch and
flours processed by various methods.
-�-: Starch, -�-: Untreated, -�-: Defatting, -� -: Germination,
-�-: Roasting, -�-: Popping, -�-: Extrusion 1, -	-: Extrusion 2.
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� �� � �� �� ���� ��� ���� ��� ��


���� ���	� ���� ��� �(protein body)� �
�� ����. �	�� � ����� X-� 

� ����

���� ���� ��� �� � ���� �� 
�� �
��
 ��� 
� �� ��� ��� �	� ���
�.
100oC��� ����� ���� �� � ���, ��, ��

��� � �� ����� �� ��� �� 
��� ��

� ��� ��� ����� ��� ����� � � �


�, ���, ��, 	��� 1, 	��� 2� 60oC��� ��

��� 	� ��� �� ���.
6% ���� �� � �� 	��� 0.27 N NaOH ��	

� ��� ������ ��
�	 ��� 
�� Fig. 3�
��. ��� �� ���� �� ��� ��� ���� 4�
��� �� ��� ���� 	� ��� ��	 �����

���	�� ��� �	��� ��� � �
�. ��� �
� ��� ��� ���� �� ����� 	� ��� �
�� ����� 30� ��� 16.80
103 cp	 ��
�. ��

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

� ��� �
� ��� �� ��� �� ��� ��� �
� �� �� ��	 ��� ��� �� �� ���
�. �
��� �� ��� ��� ��� ��� �� ���� �
� �� ��	 ��
�. 	��� 1� 2 ��� �� ���

	� ���� ���� �� ����� �� ��� ���

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

��� Table 5� ��. ��� 
�	 ���� ��
�� �

� ��� 	��� ��	 	��� 68.05-72.95oC�
�. �
��� ��� ��� ��� ��
�� 	� ����	�


� ��� ��� 140.67 RVU, ��� 93.92 RVU� ���

� 	��. �� �� �� ���� ��� ��	 ����

����� ����. �� ��� 	��� ��� ��
�

� ���� �� �� ��� ����� �� �� ���

���� ��� ��� �
� ����, �� X-� 

��


��� �����. ��, 	��� ��� �� ��� 

�� �� ���� ���. �	�, popping ��� �� 	
��� ���� �� ��� ���	� 
� �	�� ��

�� ���. �� ��
�� ���� ��	� ��� ��

�	� ���� �� ����� �� ��� ��� ���

�. Mendoza� Bressani(9)� ��� 	���� ���� ��

2�� Brabender amylograph� �	� 
�, ��� 
�� 	
� �� 	� ��	 �� � ��� �� �
� ��
�.
Ilo �(25)� 	���� ���� ���� �� ��� ��

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

��� 93.92 RVU�
�, ��� �� � 401.08 RVU� ��

��	� �� ��� 31.58 RVU� �� 	��. �����

�� 
���� ��� �� ��� 
��� ��� ���

���� ����� �� ���� ��� ���. Griffith �
(11)� ��� ��	 ��� ���� �� ���� ��, �
��, �� � ����� ���� ��� �� �
� ��

�� ���. � � ���� ��	 ��� �� �� ���

�� ��� 	��� ����� ��� 	�� �����

� �����. ��� ����� ��� ��� ��� ��

� 
���, 95oC��� ��, ���� �� �� �� ��

��. ���� �� �� ���� ��	 ���� ����

��� 	�� ���
 � �� ����� ��� 
 ��

(11). ��� ����	 ����� ��
 50oC��� ��

��� setback(C-P)� �� <��� < �� <�� < ��� �
	� �����. ��, ����	 ������ �� ���

��� ���� �� ��� � setback� 	�� ���� �
� �� ��� ��� �	� ���� ���
�.
�������� �� ��� �� � ��� ��� Table

6� ��. ���� �� � ��� ����
�� 57.6-78.5oC
� ��� ����� �� ��� �
�. �� ��� 	�

�� ��� �� 
�� ���� ���� �� RVA 
�

�� �����. ���� ��� ��� ����
�� �

Table 5. Pasting characteristics of amaranth starch and processed amaranth flours by Rapid Visco-Analyzer

Sample Pasting
temperature (oC)

Viscosity (RVU)

Peak
(P)

Holding at 95oC
(H)

Cold
(C)

Consistency
(C-H)

Breakdown
(P-H)

Setback
(C-P)

Starch 68.75 140.67 85.33 106.50 21.17 55.34 -34.17-
Untreated 68.80 093.92 78.08 100.92 22.84 15.84 -7.00
Defatting 68.05 104.75 76.42 096.75 20.33 28.33 -8.00
Germination 70.00 031.58 - 045.42 - - 13.80
Roasting 72.95 401.08 314.750 339.42 24.67 86.33 -61.66-
Popping - 194.33 124.830 160.17 35.34 69.50 -34.16-
Extrusion 1 - - - - - - -
Extrusion 2 - - - - - - -

Table 6. DSC data of amaranth starch and flours processed by
various methods

Sample
Melting endotherm

To (oC) Tp (oC) ∆H (J/g)

Starch 78.5 82.1 3.6
Untreated 70.4 73.0 4.2
Defatting 57.6 58.3 4.8
Germination 60.1 62.4 1.2
Roasting 62.1 66.1 13.90
Popping - - -
Extrusion 1 - - -
Extrusion 2 - -



����� ���� ��� �� 267

� 	�
�� �� �	� ��� ����� �� ����


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

� �

����	 ����� ����� ���� �� ����

��� 1� ����� � ��� � ��� ����� ��

���. ����� ��, ���(UT), ��(DF), ��(GM), �
��(RT), ��(POP), 	���(EX1, EX2)�� ��� ���

��. ���� ��� 
��� ���
 A�� ��� ��,
��, ��� ��� �� 
��� 
���� 
�� �


�. �	� �� ��� 	���� ���� 
��� ���

�. ��� � 
���� ����� �� ��� �� POP
��� � 
���� 740.3%� �� ��, EX1� 38.5%� �
� 	��. ���� ��� ���� ��� 60oC�� ���

�� RT, POP, EX1, EX2 ��� ����� �� ����.
RVA� ��� ���� ��� ��
�� POP� EX1, EX2
	 	��� 68.1-73.0oC�
�, 
���� GM� 31.6 RVU,
RT� 401.1 RVU� � ��� �
�. DSC 
� �� RVA 

��� ���� POP, EX1, EX2� melting endotherm� ��

�� ���.
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