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ABSTRACT 

Palm kernel meal, a by-product from palm kernel oil milling process, is 
composed of fiber, fat and protein (14-18 % dry weight). It can be used as an animal feed 
ingredient. This project had two aims; to increase the nutritive value of palm kernel meal in the 
presence of pigment and protein from Monascus. This substance was used for cultivation of 
maggot (Diptera: Calliphoridae) for feasibility studies on using it as an alternative protein source 
to substitute fish meal by composition analysis of their composition. In the first experiment, solid-
state fermentation on palm kernel meal was carried out using three strains of Monascus; M. 
purpureus TISTR 3002, M. purpureus TISTR 3090 and       M. ruber TISTR 3006, with 2 ml 

inoculum (1x104 spores/ml) cultivated at 60% moisture content, initial pH 7.5 at 30 °C. It was 
found that M. ruber TISTR 3006 produced the highest pigment. The optimum initial moisture 

content was 60 % after 6 days cultivation at 30 °C and initial pH 7.5. Under this optimum 
condition, M. ruber TISTR 3006 could increase the red pigment nearly 2 folds (from 11.0 to 
20.16 OD units/g substrate).Thermal stability tasting revealed that the red color of Monascus 
pigment was very stable after autoclaving (121 zC) for 15 min., and keeping at 30 zC, 4zC and -20 
zC for 28 days. Biological activity of Monascus pigment was tested and found to possess the 
antibacterial activity against Escherichia coli, Bacillus subtilis and Staphylococcus aureus with 
the inhibition zone of 7.5, 7.12 and 6.17 millimeter, respectively.  

The palm kernel meal with the red pigment of M. ruber TISTR 3006 was used 
for cultivation of maggot. The blow fly (Chysomya megacephala) generated 138 eggs each time 
with the survival rate of > 57%. After applied the palm kernel meal with red Monascus pigment 
11111111111111111111111111111111111111111111111111111111111111111111111111



 
(6) 

1as a feed for culture the blow fly (Diptera: Calliphoridae), growth development from egg to 
maggot took 4 days under the optimum initial moisture content of 65 % and produced the blow 
fly maggot meal (magmeal) at 53% (% dry weight). Proximate composition of the maggot meal 
(magmeal) was determined compared to the fish meal. The magmeal was brown with <10% 
moisture content, protein, crude fiber and ash content were 40.06 - 51.97, 8.84 g 12.51, 8.75 g 
24.58 and 4.67 g 3.28 (% dry weight), respectively. The protein was rich in the essential amino 
acids (with arginine, lysine, leucine and phenylalanine being very high). Results obtained 
indicated that pigmented palm kernel meal has no effect on the proximate composition of maggot 
which was similar or higher than those previously reported. 
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 (�	�
��  �1T�J�U, 2551) 

1.1 �	
���
 
	
��
���

�H������! �
�
���

�H�&���
	!.��+!
"�R
+ 6-8 
�
����/�R  

0 
���
��� ���.%�����1�����.���!��	
��� )��0	� ���1 (����
+ 31) 0
+7�
. (����
+ 15) /'%��
!
�,
�
���

�H�)��!
	��;������� 1 0
+������ 2 &���
	�
!
G
��� �G
 �����+���)����;��������.% 
4 &���
	 �

�.%��;����,���� 
�	��	
��
���

�H� )��0	� �

0���7�.% /
���.� 0
+�

7���
�6%�: (Miles and Chapman, 2006) ��������)��!.����
��

�H���+!
" 133 ����
� ��%���+��� 
-
#��� !.��+!
" 91 ����
� ��� ����.%!.�
�
��!
	)��0	� ��&

 �+��� �!����
#� ����
�. 
�#���.J��!�
7 ���-
$��!��+���)���
!
�,�
���

�H�)���R
+��+!
" 400,000 S 
500,000 ��� (����
!, 2550) 

�
��-�"k��

�H��.%)��!.	
��G
)��7���;��
 
������ 

	7��� �
	�
��
�&�� 
Miles 0
+ Chapman (2006) $���
���R 2002 !.	
��7��

�H���	
��
���
 
�������(G
�1����,'�
����
+ 46 0
+#
�	
�"���
���R 2010 �+!.	
��7��

�H���	
��
���
 
�������(G
�$�%!&'(��.	,'�
����
+ 56 ������������Po	���6%�: !.�
��
�	
��7��

�H���;����������
�!
 )��0	� ��	� (����
+ 
20) ������R	 (����
+ 12) ������#.(����6(�� (����	��
����
+ 1) 0
+�6%�: (����
+ 12) �G
 ���	��!��J.
	
��
���

�H� 0����� Figure 1 
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Figure 1.  Process flow diagram of fish meal and fish oil production 
�.%!
: Anonymous (2010) 
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1.2 ����	 !����	��� 

  ����	���

�H�#�"-
$�1��+!.����.�����
+ 60 0
+����
+ 72 &'(�)� /'%��+
��;��.%����	
�&������
 	��!�
 
������ 0
+���,�����.%��
�7���	�����!�+� ����!
"����.��.%
0�	��
�	�� ��	
��$
+�
.(���

7�����
�: ����	
����!
"����.����1���
 
�����
+ 32 S 45 
0
+�
��1�,'�   ����
+ 55 �G
 ���	
��$
+�
.(���

���
�� �

�/
!��0
+�

�.%�G
#���
�
���Po	��7����6%�: ��	�
	����.�0
���

�H�#�"-
$�.������!.���!
"&��)&!������
+ 4 S 20 
��(��.()&!���.%)���
	�

!.���!
"&��	��)&!���G
��;���(� PUFA (Essential polyunsaturated fatty 
acids) DHA (Docosahexaenoic acid) 0
+ EPA (Eicosapentaenoic acid) (Miles and Chapman, 
2006) �
	�
��
�&�� Hardy (1996) $���
 �

 Herring �
���

�H��.%� �����.��1�,'�����
+ 70-
72 ���������
�!
��;��

 Anchovy �.%� ��

�H�#�"-
$����.�����
+ 65 �G
 �����#���+	��
&��	���+!����.%�G
��;����

�H� )��0	� �
�����.� ~���.�.� )��/
��/.� 
��/.� 0
+7����6%�: /'%�
�+!.#�
!0�	��
�	��)�	������.��.%)���
	0 
���6%�: �7�� ��6(��H� �
$
��)���
	������R	�H� 
�
6���H� ,�%�� 
6���H� ��;���� (Table 1) ��(��.(#��#G
�'�������
�����0��
+7����+!.&���G
	����	
�
�7��
���+	��)��������
		���+!����.%0�	��
�	�� (Miles and Chapman, 2006) 

�����%�)�	
��
6�	�7��

�H���	
��
���
 
��������!,'��
 
�������(G
 !�	�7�
�+���&������.����

�H���;�������7.(#�"-
$ ����+���)��!.	
����
G
���#�"-
$�

�H� �
!
��+	
�	�+�����	P��0
+� 	�"� (��6%��	G
 ��76%� ��+�-� 7���  �6��
��&������� #�"-
$
 �6�!
��o
�&��-
7�+0
+	
��7�-
7�+����� (*����.% 8) $.�. 2538) �
!����
����&��
����.���;� 3 �	�� #6� (7���!
 0
+#"+, 2548) 
   (1) ����.�)!�����	��
����
+ 60 
   (2) ����.�)!�����	��
����
+ 55 
   (3) ����.�)!�����	��
����
+ 50 

��	�
	�.(�!
#!�1��
���

�H�)�� (2550) )��	G
 ��#�"-
$�

�H�0�	�
!
�+�������.���
�: ��;� 5 �+��� ������)��.( 
   (1) ����.�����
+ 63 &'(�)� 
   (2) ����.�����
+ 58-62.9 
   (3) ����.�����
+ 55.57.9 
   (4) ����.�����
+ 52 - 54.9 
   (5) ����.��%G
	��
����
+ 52 
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Table 1.  Percentage of essential amino acids (EAA)1 in fishmeal (FM), rendered meat meal 
(MM), poultry by-product meal (PBM), blood meal (BM), soybean meal (SBM). 
Percentage of crude protein in the meal (in parenthesis) 

Essential Amino Acid 
FM 

(64.5%)2 
MM 

(55.6%)2 
PBM 
(59.7%)2 

BM 
(89.2%)2 

SBM 
(50.0%)2 

Arginine 3.82 3.60 4.06 3.75 3.67 
Histidine 1.45 0.89 1.09 5.14 1.22 
Isoleucine 2.66 1.64 2.30 0.97 2.14 
Leucine 4.48 2.85 4.11 10.82 3.63 
Lysine 4.72 2.93 3.06 7.45 3.08 
Methionine + Cystine3 2.31 1.25 1.94 2.32 1.43 
Phenylalanine + Tryosine4 4.35 2.99 3.97 8.47 4.20 
Threonine 2.31 1.64 0.94 3.76 1.89 
Tryptophan 0.57 0.34 0.46 1.04 0.69 
Valine 2.77 2.52 2.86 7.48 2.55 
1The percentage values for the EAA composition of each feedstuff were taken from the 1993   
NRC (National Research Council, Nutrient Requirements of Fish, National Academy of Sciences, 
Washington, DC). 
2Percentage of total crude protein in feedstuff. 
3Cystine can be synthesized from methionine. 
4Tyrosine can be synthesized from phenylalanine. 
�.%!
:  Miles and Chapman (2006) 
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2. �	����"��#�$%&��	�'# 

2.1 ��	#(#	) 
	
	��6(��!
�����

�! (Palm kernel cake  �6� Palm kernel meal; PKC  �6� 

PKM) ��;�	
	�

�!�.%)���
		
���
�*$
+��6(���&���!
��!
��
�	�+���	
��	���(G
!�� �
	
����
��	���(G
!���

�!0��!
��o
�0
+!.	�+���	
��
��0��0�	���� ��+	����������
&����6(��!
�����.%��
�	
�0�	��
�(G
!���
	��6(��!
������	)�0
����;������ �� �
�!.7�(�����
&��	+

�

�!�+����
��
�	���� ���0��-1!�0����
�
��0
+�
$
��)���
		
��	���

�!
�(G
!���
	��6(��!
�����

�!������J.	
��7��#�6%��	
0
+��J.	
��7��
��#!.��� Figure 2 (Aspar, 2009) 

 

 

 
Figure 2.  Extraction of palm kernel oil 
�.%!
: Aspar (2009) 
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2.2 ����>	�	��	(	
!���	����"��#�$%&��	�'# 

	
	��6(��!
�����

�!�(G
!��!.����.���+!
"����
+ 14.5 S 19.24 ��(��.(&'(���1�	��
7���&��$��J���

�!0
+	�+���	
��	���(G
!�� (Table 2) 0
+!.���!
"��6%����1�,'�����
+ 17.96 
�'�� !
+�.%�+�7���;��
 
��G
 ���������#.(����6(�� (Ezieshi and Olomu, 2007) ��	�
	�.(	
	��6(�
�!
�����

�!���!. 	���+!����.%�G
��;��
�7��� �7�� �
�����.� (0.89 g/100 g PKC) 0
+)��/
��
/.� (0.93 g/100 g PKC) 0
+7����6%�: 0��!.�����!
"�.%������� /'%� 
	����	
��7���;��
 
������
������0
+��0���

�H� �G
��;���������!	���+!����.%�G
��;��$�%!���! (Iluyemi et al., 2006) 
���!
"	���+!�����	
	��6(��!
�����

�! !.	���+!������L���L�������� #6� ����
+ 0.17 
0
+!.	��	
1�
!�#!
	�.%��� #6� ����
+ 3.15 ����	���+!���7����!�)J���.� )
/.� 0
+/���.� 
/'%�!.#�
!�G
#��0
+��;��.%����	
��G
 �����������Po	�� �7�� )	� ��	� ��;���� ���!.�����!
"���� 
(Yeong et al., 1983) 

 
Table 2.  Nutrient Composition of solvent extracted and expeller pressed palm kernel meal 

Solvent extracted Expeller pressed 
Components 

1 2 3 1 2 3 

Dry matter (%) 89.0 91.0 91.0 92.7 93.0 89.1 

Crude protein (%) 15.3 15.2 15.0 14.6 14.8 16.0 

Crude fibre (%) 14.3 16.0 15.6 12.1 15.7 16.8 

Crude fat (%) 2.9 1.8 0.9 9.1 9.8 10.6 

Ash (%) 4.1 3.8 3.5 4.3 4.2 4.1 

Calcium (%) 0.20 0.25 - 0.21 0.20 - 

Phosphorus (%) 0.54 0.52 - 0.52 0.32 - 
 

�.%!
:  Chin (2009) 
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2.3 �	
&@��	����"��#�$%&��	�'#&��	
���
�	(	
�A
�' 

�
		
��'	P
	
��7�	
	��6(��!
�����

�!��;�0 
����0��$
���
����
 
�
&���.%�7�����!� �0	��#�����
� $���
�
!
�,�7�)��,'�����
+ 50 ���
 
���!���)!�	�+�����	
�
����������� 0
+�
!
�,
�������	
��
��
�)���.	0���
� �'%� (�!$�P� �����+���J�, 2526) 
��	�
	�.(���!.�
��
�	
��7�	
	��6(��!
�����

�!���
 
�)	�	�+������
+ 20-30 0
+���
 
�
��	�&������
+ 0-50 $���
������.%)������
 
��.%��!	
	��6(��!
�����

�!�+�����
�: )!�!.�
���
����
	
������������������ 0
+��+���J�-
$��	
��7��
 
� ��(�7�����	
�
�������#�
�
 
�)��
�.	���� (����� ��+
!$�	
���� 0
+#"+, 2526; ����� ��+
!$�	
���� 0
+#"+, 2528) 

3. B(�>�C�

���	�(���B#���A� 

 0!
���������1��������� Diptera /'%���;�	
��!�.%� �������� 4 &��0!
� ��;�0!
�
&�
��
�	 0�	��
��
	0!
��6%�: #6� !.�R	�$.�� 1 #1� !.
G
����������!  

�7����
!
�,�1��
6��
������
.(��
1	�����! 0
+ 

�7����
!
�,	��	�� �6��G


�$67�.%�
1	�G
� ��
�
����.� 
�  

�
7�������
! �
�7���!.
��

�0�
	�
 �
�7�����;���� (G
  �6���!�	�� (-�". ������ �, 2551; 
Borror et al., 1976; CSIRO, 1991) 
 3.1 ���
@���
!��B#���A� 
 0!
����!.	
������������0���!�1�"� (Complete metamorphosis) ��+	������ 
4 �+�+ )��0	� �+�+)&� �+�+������� ( ���  �6� maggot) �+�+��	0�� 0
+�+�+������!��� (-�". 
������ �, 2551) 
 3.1.1 
D)DE!> 0!
�����
!
�,��!$��J��)�� 
���
	��;�������!���)���$.�� 18-30 7�%��!�
���
��(� 0
+��!$��J���$.��#��(���.��  
���
	��(�	��+ 
0 
���.%� !
+�!��	
��
�)&� #�� 
0 
��
�
�)&�����
���	
�%���;�����G
�
� 0
���
�)&����.%
���
0��0������)!�,'�0
+!.#�
!76(��1� ���
�
���;�	
��!: 
+��+!
" 120 L�� 0!
��������!.� 1 ��� �
!
�,&�
�$��J��)�� 200-1,000 L�� )&�
0!
����!.�+�+L�	-
��� 6-12 7�%��!�  
 3.1.2 
D)D
A��>�� ��;��+�+������� �6���� ��� !.�1���
���.���
� �

���
������ �� 
 �� �6��
	��.��0 
!0
+0&�� ��������+	��&��	G

�����
� !��0
+!�	7��	
�%�0�!�!��.� �6�
	
�%�&���.�����;�$���P ��������+	���
 
�!
	���&�
�	
��+�+��	0���'� ���	���
 
� �+�+�.(�7�
��

 6-7 ��� 
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 3.1.3 
D)D%A�B%� ��;��+�+�.%��� ��� ���	��0
+���%!#

�)��1��.%0 ��: �$6%����%!
������
.%����
�	
� ��� �������� ���(�
� ��!.
�	P"+������(� ����
G
����+0&��&'(��$6%� �� ��!���
 ��� �+�+�.(�7���

 3-4 ��� 	��+�&�
�1��+�+��������!��� 
 3.1.4 
D)D
A�C
�
$#�A) ��;��+�+�.%��	0��$�V�
��
�	
���!.�1���
�#���!�1�"� 0
+���%!
��	�
	��	0�� /'%�&"+�.%��	�
	��	0��� !�: ������)!�)��������. �+�����7���J.���� 	�+��� �!6%�
��

��
�)���+!
" 15 �
�. 
G
���0
+�R	���%!0&��0��&'(��
!
�,���)�� 
 3.2 �G��A)���#���
>��	
��
�H!��B#���A� 
 3.2.1 ���(�I#� 
  ��" -1!��.%� !
+�!���	
������������&��0!
������1��+ ��
� 21-37.8 ���

�/
�/.�� (Anderson, 2000; Grassberger and Reiter, 2002; Lefebvre and Pasquerault, 2004; 
Berkebile et al., 2006) ��	�
	�.( Adams 0
+ Reinecke (1979) ����
��
��$�%!���!��
�.%��" -1!� 
32.2 ���
�/
�/.�� � !
+�!���	
������0
+7���� �)&�&��0!
���� (Cochliomyia hominivorax) 
�����0
+$�V�
�&�
�1��+�+��� ���)�������.%���-
�����

 8 7�%��!� 
 3.2.2 ��	#@�"� 
  #�
!76(��.% � !
+�!���	
��������������;���� ���&��0!
���� !.#�
��1�
�+ ��
�����
+ 60-95 (Abou Zied et al., 2003; Lefebvre and Pasquerault, 2004) ��	�
	�.(���
$���
	
��
.(���.%#�
!76(�����
+ 60 0
+��" -1!� 35 ���
�/
�/.�� )&��+$�V�
��;�������!���)��
��������.%���-
����+�+��

 9.19 ± 0.3 ��� (Grassberger and Reiter, 2002) 
 3.2.3 �	(	
��	(
A�B#���A� 
  Abou Zied 0
+#"+ (2003) ��
���7�7�(���6(�������$6%�� �0!
���� ���&.�� 
(Lucilia cuprina) �7���	
��
�)&�0
+����������� ��(��.(�$6%��'	P
�G
�����+7
	�0
+�-
�+�.%
� !
+�!��	
������������-
��� ����������	
� ���#��#�!��" -1!�� ���1���7��� 29-32 ���

�/
�/.�� $���
)&� ���0!
���������0
+$�V�
�&�
�1��+�+������!���-
�����

 20 ��� 
��	�
	�.(���$��
��
�	
��7������� /
	����� 0
+���0	+��(��.%����� 07�����0
+07���6�	0&�� 
(Grassberger and Reiter, 2002; Day and Wallman, 2006) 0
+	
������&�� ���0!
���� 
Calliphora augur ���
 
��.%��;����0	+��(��.%����� 07�����0
+07���6�	0&��)!�)��!.#�
!0�	��
�
	�� (Day and Wallman, 2006) 
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3.3 B#���A�(A��!�)� (Blow fly) 

3.3.1 �A�O�D�A��E�!��B#���A�(A��!�)� Chrysomya megacephala (F.) 
0!
���� ���&.�� C. megaphala (Figure 3) ��;�0!
��.%!.�R	#1���.�� (Dipteran) ��

���� Calliphoridae �����.(��+	������0!
���� ���&.�� 0!
�����.%7�����!�	�� 0!
�����.%	��/
	
����� (carrion flies) 0
+�������&��0!
�����.%��;������7����6%�: 

������!���&��0!
���� ���&.�� C. megacephala �����%�)�!.�.�&.�� �6��(G
����
��+	
�0���
� �� ��
&��0!
�����+!.�.� 
6�� 0
+!.&�����&�
��
�	�.� 
6�� #�
!�
�&��
������!�����1���7��� 7 - 12 !�

��!�� 0���0&���.%$���
� 
��&���
������� (abdominal tergites) !.
0,�0#�: �.�&�! 0
+&
!.�.�G
 �6��(G
�

�&�! �.%o
�&���R	���
��(��.%!.�.�(G
�

&��� ���������"�R	
�+!.
�	P"+��� !6��	�+�	 7��� 
�����
� ��
 (anterior spiracles) !.�.�
	�(G
�

�&�!,'���! ���
�1�!.	�+�	�
 (eye facet) !.&���&�	�(��+ ��
�������0
+
�
� �
��+	��������!.&�
�� ��
	��
�
��+	������
�
�  ��
�
	&��0!
���� !. frons �������"���	

�0#����
�� ��)��7����� 
!�	�
����������"��
�0
+��!��%����	1
��;��
 
� (����
!, 2552; Jame, 1976; Lane and 
Croskey, 1993) 

3.3.2 �	
�
D�	)�	��I#�Q	�

' 
0!
���� ���&.�� Chrysomya megacephala !.	
�	�+�
�������
�	��
�&�
���

$6(��.%�&��1����1�� �6��&�����&��/.	�
	�+�����	0
+��+����&������� (����
!, 2552) 0
+
�����;��
�$��J�������.%�������+���)�� (����� �����+��,.�� 0
+ �����
 �������$��, 2005) 

3.3.3 ���
@���
!��B#���A�(A��!�)� (Chrysomya megacephala) 

0!
���� ���&.��!.	
������������0�� Complete Metamorphosis ���!.	
�
�������������
.%��0�
��1���
���;��+�+: ��#���!�1�"� 4 �+�+ ��+	������ �+�+)&� �+�+���
���� ( ���) �+�+��	0�� 0
+�+�+������!��� (Figure 4) ����7.���&��0!
������(�0��)&�����;����
���!���	����

��+!
" 8-10 ��� 0
+������!���!.�
��&����+!
" 14-70 ��� (����� �����+��,.�� 0
+ 
�����
 �������$��, 2005) 

0!
���� ���&.��������!�������!.��
�)&���;�	
��!��+!
" 50-100 L�� ��+!
" 
12 7�%��!� )&��'�L�	��	��;� �������.% 1 (1st stage larva  �6� 1st instar larva)  ���0!
����
!�	�+�7�#G
��.�	�*$
+��
 maggot 
�	P"+&�� ���0!
����#6� ���� ��!.&�
��
�	!.�����+�.%�7�
	���
 
���.�	��
 hook ��1� 1 #1� ������
�&�� ���!.
�	P"+�9
����!.��� 
�����1� 1 #1���.�	��
 
posterior spiracle  �1���
�
�	P"+&�� posterior spiracle �.(�7�7�����	
��G
0�	7���&�� ���
0!
����)�� (Figure 4)  ����+
�	#�
� 2 #��(���;� �������.% 2 0
+ 3 �
!
G
���  �������.% 1 
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�7���

��+!
" 12 7�%��!��$6%��������;� �������.% 2 0
+ �������.% 2 �7���

��+!
" 12-24 
7�%��!� �$6%��������;� �������.% 3 �!6%� �������.% 3 �����!�.% (peak feeding) !���+ ���	���
 
�
0
+ 
�.%!6�0
+0 ���$6%��&�
�1��+�+��	0�����)�  �������.% 3 �7���

��	�+��%���;���	0�� (pupa) 
��+!
" 4-5 ��� -
�����	0����� ����+!.	
���
.%��0�
��1���
��$6%���;�0!
����������!������
�7���

����	0����+!
" 5-7 ��� ��(��.(�+�+��

�.%�7���	
������������&�� ���0��
+�+�+
&'(���1�	�������� 

����
� �7�� ��" -1!� #�
!76(� ���!
"�
 
� #�
! �
0���&�� ���
0!
���� 0���������.%!.#�
!�G
#��!
	�.%���#6���" -1!� (����� �����+��,.�� 0
+ �����
 �������$��, 
2005) 

 

 
 

Figure 3.  Adult male and female Chrysomya megacephala (F.) 
�.%!
: Anonymous (2010) 
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Figure 4.  Life cycle of blow fly 
�.%!
: ����� �����+��,.�� 0
+ �����
 �������$�� (2005) 
 
 3.4 �	
&@�(���B#����S��	(	
�A
�' 
 !.	
��'	P
	
��G
�������&��0!
� ( ���) !
�7���;��
 
������ �7�� 
 3.4.1 Soldier fly  �6� Black Soldier fly (Hermetia illucens) �����1������� Stratiomyidae 
��;�0!
��.%!.&�
�
G
����
� 15-20 !�

��!�� !.�.�G
!���
�  �6��
�!.�.�&.�� !��� ���!.�.�G
��;��.
 
�	 ����	������!.��
�)&�#�
�
+��+!
" 500 L�� !.	
�0$��	�+�
���%�)���0,�/.	�
	�&�
���� 0
+�������
.� (����
!, 2552) /'%�!.�
��
�	
��G
 ���0!
�7����.()��7���+��7����	
�
���	
�	��&�+0
+!1
������R	 �
�� )	�)&� $���
�
!
�,
�	
��+�!&��!1
)	�)�����
������.%���
����
+ 50 (Sheppard et al., 1994) Pavia (2007 ��
���� Wikipedia 2010) 	
�
���
  ���0!
���� 
H. illucens !.0#
�/.�!�1�0
+��;���+��7�����������
6(��#

�0
+�����#�'%��	#�'%��(G
 �
�#��(��'�!.
	
��G
)���;��
 
�&��������
.(���G
$�	 	� �

 ��;���� 
   Bondari 0
+ Sheppard (1987) �
��
�	
��7� ����H��
	0!
�7����.(��;�
0 
������.��$6%���0���

�H� �����	
���
�� ���0!
��.%�7�!.��#���+	��&������.�
����
+ 38-40 )&!������
+ 18-28 0
+��6%�������
+ 5-7 �7���0���

�H����1���
 
��G
 ���
�

��	 (Ictalurus punctatus) 0
+�

��
 (Oreochromis aureus) 0
+$���
�
!
�,�7���0��

Pupae 

Second-instar larva 

Eggs 

Adult 

Fly Life 

Cycle 
First-instar larva Third-instar larva 
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0
+����
�.���	
������&���

��(����7��� ��	�
	�.(���!.�
��
�	
��7� ����H�7����.(
��0��	
	,�%�� 
6�����
 
��G
 �����	� $���
�
!
�,��0��)��,'�����
+ 20 ���)!��	��	
�
�����
�0
+�
��.������	� (Newton et al., 1977) 

 3.4.2 Housefly Musca domestica  �6�0!
������
� �����1������� Muscidae ��;�0!
�
����.%!.&�
�
G
����
� 7-9 !�

��!�� !.�.��
�G
 )!��+����0�� ����	������!.��
�)&���;�	
��!
��+!
" 120 L�� ���-
$J��!7
���
!
�,�
�)&�)�� 1-2 #��(� !.�
��&����+!
" 14-70 ��� 
��	�
	7�����!�	����	)!� 0$����
�0 ������7� ���0!
����7�����	
���	P
0�
���
���n��
��#� �G
� �0�
 
�����&'(� ��	�
	�.(�
!
�,7�����	
�7���1���$ ��+!
"�+�+��

�
�  �6�
	
� 
�
� ��&��	
��
����
�	�".)�� (	
�0	�� ��#�J���$�, 2552) ��	�
	�.(���!.�
��
�	
�
�7� ���0!
������;�0 
������.���0���
#
,1	 ���	
��G
��
 ���0!
������
��.%0�	)��
�
	!1
��	�!
��0 ��0
+�H��$6%��G
)��7���;���#���+	���G
 ����
 
������ ��	�
	�+
�
��������	
����/6(����,�����
 
������0
�� �����;� ��
� �'%���	
�	G
���!1
��	��$6%�
�!
-
�+ 
(������� ��
���J7����V��, 2551)  ���0!
������
���0 �������%�)���+	����������.�����

+ 37.5-45.13 )&!������
+ 19.8-25.3 ��6%�������
+ 5.90-7.5 0
+�,�
����
+ 6.25-16.09 (������� 
��
���J7����V��, 2551; Ogunji et al., 2007; Aniebo et al., 2008 ) 
   Ogunji 0
+#"+ (2007) �'	P
�
&��	
��7� ���0!
������
� M. domestica �.%
0�	)���
	!1
������R	����+���)��.��.� �G
!
�7� ��;���#���+	�����
 
��G
 ���
1	
�

0/
!�� (Oreochromis niloticus) �����	
���
�� ���0!
�����.%�7�!.��#���+	��&��
����.�����
+ 37.5 )&!������
+ 19.8 0
+$
���
���(� !�����
+ 20.3 �G
!
��0���

�H�/'%�!.
��#���+	��&������.�����
+ 70.7 $���

1	�

0/
!��!.����
	
�������.%��;��	�� )!�$�	
�
�
� 0������
	
���1�������%!
�
��!6%�0���.%���� ���0!
���������!
"�.%!
	&'(� (����
+ 66.2) 
�!6%���.��	��7��#��#�!�.%!.	
��7��

�H�����
+ 100 /'%�!.����
	
��������
+ 95.6  
   ��	�
	�.( Zuidhof 0
+#"+ (2003) )���'	P
��#���+	��&��	���+!�����
 ���0!
�����.%!.#�
!�G
#�����	
������������&��)	���� $���
 ���0!
������
� Musca 
domestica !.���!
"	���+!���7����!�)J���.� 0
+ /���.� �����!
"���� (4.6 	��!���
	��
	��!) �!6%���.��	��#�
!����	
� �!�)J���.� 0
+ /���.� &��)	���� (10.5 	��!���	��
	��!) 
�
���������!	���+!���7����.(�$�%!���!�.	�
�	���� 

 3.4.3 Emperor moth Cirina forda (Westwood) �����1������� Saturniidae ��;�0!
�
�G
$�	�.��6(� $�)����%�)��
�������&��)��.��.� !.&�
�
G
����
� 7-9 !�

��!�� !.�.��
�G
 )!�
�+����0�� !.��#���+	��&������.�����
+ 33.12-48.70 )&!������
+ 19.8-22.21 0
+��6%���
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����
+ 2.68-9.40 (Akinnawo and Ketiku, 2000; Ogunleye and Omotoso, 2005; Oluremi et al., 
2006; Omotoso, 2006) �����;� �'%���7���&��0!
��.%���!�G
������� (larva) !
����-#��;��
 
�
��
��
�������&����+���)��.��.� (Omotoso, 2006) ��	�
	��;��.%���!��	
�����-#�����%�)�
0
�� ���!.�
��
�	
��G
!
�7��
����;�����.��G
 �����0���

�H��G
 ���)	�	�+�� ���$���

�1���
 
��.%��0���

�H�����
+ 50 0
+����
+ 100 )	�	�+���
!
�,�7�0
+�����)���.��(����
�1��)!�0�	��
�	��0
+��.�����
	���1���.%�7��

�H���;�0 
������.� (Oyegoke et al., 2006) 
   Oluremi 0
+#"+ (2006) �
��
�	
��7� ��� Cirina forda meal ��0 ���H���
�
 
��G
 ���	�+��
� ����
!
�,�7���;���#���+	�����1���
 
�)�����+�������
+ 7.5 0
+
�!6%��7������!
"�.%�1�&'(��+����
� �$T��	��!	
�	���
 
�&��	�+��
�
�
� ��	�
	�.(���$�
�
��
�	
���
���7��� �1 /'%��
!
�,�7�)���.)!�0�	��
��
	�
 
��1��#��#�! (Ogunleye and 
Omotoso, 2005) 

	
��7� ���0!
�7�����
�: �G
 �����0���

�H����
 
������ ��	�
	
�G
!
0���1���;� ���0!
��H�0
�� ���!.�
��
�	
��G
 ���0!
�!
�7���;��
 
�������(G

������ ����
6�	�7����+�+	����&
��	0�� ��;��
 
�� ��

�G
$�	�

��	0
+�

��
 0
+$���

�
!
�,�������!	
������)���. (Hem et al., 2008) ��(��.(��6%���
	!. 

��
��
�$���
��#���+	��
&�� ���0!
�7�����
�: !.#�"#�
�
��-7	
��.%� !
+0	�	
��G
!
�7���;����,�����
#
,1	�G
 ���
��0���

�H����
 
������)���. (Table 3) 

 

Table 3.  Proximate composition of magmeals compare with fish meal 
 

Proximate composition 
Type of 
Meal Dry matter 

(%) 
Protein 
(%) 

Fat 
(%) 

Fiber 
(%) 

Ash 
(%) 

NFE 
(%)* 

GE 
(kJ g-1) # 

Reference 

Fish meal 91.0 70.7 7.8 - 18.3 3.2 20.6 Ogunji et al., 2007 

Soldier fly 
larvae meal 

- 42.1 34.8 7.0 14.6 1.4 - Newton et al, 
1977 

House fly 
larvae meal 

96.4 37.5 19.8 6.25 23.1 19.6 20.3 Ogunji et al., 2007 

C. forda 
larvae meal 

93.5 48.70 22.21 2.68 6.45 0.46 - Ogunleye and 
Omotoso, 2005 

*Nitrogen-free extract + fibre, (NFE) =100-(% protein + % fat + % ash) 
#Gross Energy (GE); Calculated by: CP = 23.9 kJg-1; CF = 39.8 kJg-1; NFE = 17.6 kJg-1 
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4. �	
��B�D�	) A�`�'!���@�"�
	C#B���A� 

4.1 �	
��C#B���A�B�D�	
&@��
DC)@�' 

&�
�0��  �6����#�	 ��;��
��-�"k��
��.�.%)���
		
��
.(���76(��
�!0��#����&�
�
�'%�/'%��1���		��!
7�
�
�����+���0,��+�����	 �7�� ��+����.� ��+���0,����7.���� �7�� 
)�� ��� !
�
�/.� ~���	� )�� 	�!$17
 �.%��H� L�
������� 0
+������.�/.� ��;���� �76(��
!.	
������
��&�
����	
���	&����������%���� ��
 0
+0��	�+
��&�
)����!
��&�
� �
	��(��+!.	
����
�
�
��.-
� 
��	
���!��;���

 3 ��� (��P�
 ���!��J�, 2542) 

�76(��
���	�
 Monascus �����1���7�(� Ascomycetes 0
+ ���� Monascaceae 

�	P"+������!.����	�(� !.	
��6�$��J��0��!.�$�0
+)!�!.�$� ������!.	
�0�		�%�	�
��
&

!
	!
�0
+!�	�����0��7���	
+0��������&���
 
�0&�� �������!6%��
������!.�.&
� 0���!6%��
��
!
	&'(��+!.�.0�� �6�0��!��� �76(��
7����.(��;�0 
��&���
��!�
��)
���o!-1!��.%�G
#��/'%�!.
�#�����
���;��
���+�-��$
.#.)��� (polyketides) (��P�
 ���!��J�, 2542) 

Monascus spp. �
!
�,�
���
��.0�����	��;�	
��!� �� 6 7��� )��0	� �
��.0�� 
(monascorubranmin 0
+ rubropunctamine) �
��.��! (monascorubin 0
+ rubropunctatin) 0
+
�
��.� 
6�� (ankaflavin 0
+ monascin) (Jůzlová et al., 1996) ��	�
	�.()��!.	
�#��$��
��.
� 
6���$�%!���!�.	 2 7��� )��0	� yellow II 0
+ xanthomonascin (Sato et al., 1992; Jůzlová et al., 
1996) 

	
��7���+��7��&���.J��!7
��7����.(!.!
�
�	��
$���R����+����.� 0
+!.
�
��
�	
��G
)��7���;��
����!0������
 
� �7�� )��	��	 0�!,�%�� 
6�� (Bean jam) ���
 1��.( 
(Chinese cheese  �6� sufu) ��6(���.�! (artificial meat products) �

0�9�0�� )��	�.! �! �!
���.(�� 0~! 0
+�6%�: �.	 

	 

�7��� (��P�
 ���!��J�, 2542) ��	�
	�.(���!.�
��
�	
��G
��

	
� !�	�76(��
�!0��#��!
�7����!	��	
� !�	�$6%��
����������#�  �6� Bacterial Cellulose-nata 
$���
7�(���������#��.% !�	�����76(��
 M. purpureus �
!
�,�
���
��.0��0
+�
��.!.#�
!#����
�!6%�������.%��" -1!��1� (121 ���
�/
�/.��) 0
+���!.#�
!#�����!6%������	
�07���6�	0&�� 
(Sheu and Shyu, 2000) 

�76(��
�!0��#�� ��	�
	�+�
���
��.�.%�
!
�,�G
)��7���;��
����!0�����
�
 
���+�-���
�:)��0
�� ���!.�
��
���
�
!
�,�
���
��.%!.#�"�!����7�����	
�
��+���
�#�
������
���
6�� /'%���;��
��!�
�#
�� �# (monakolin K) �.	��(����!.�
��
�	
��
���
��.%!.
#�"�!������	
������(��76(��
0
+0�#�.��.�	����#�
�7��� ����*$
+0�#�.��.�0	�!��	 �.%!.76%�
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��
 /������� (citrinin) (Hajjaj et al., 1999; Wang et al., 2002) �7�� Bacillus, Pseudomonas, 
Streptococcus 0
+�76(��
 Fusarium oxysporum ��;���� (Jůzlová et al., 1996; Wang et al., 2002) 

4.2 �	) A�`�'
>	�a !���@�"�
	C#B���A� 

��������!.	
������!�76(��
�!0��#��)���	6�� 20 �
�$��J�� !.��J.	
����0����
�
$��J��&���76(��
�!0��#����� 
�		
��.%0�	��
�	�� �7�� �
����!������"o
�����
0
+��.�����
 
�!��������
���)/!� �76(��
�!0��#����(� 4 �
�$��J�� #6� Monascus pilosus, M. purpureus,  M. 
ruber 0
+ M. floridanus ��	�
	�+0�	��
�	����
�
�	P"+�
���.�����
0
���
���
�����

���)/!������
�	���.	���� ����76(��
��	
��! M. pilosus $�	��	��!���)/!� β-galactosidase 0
+ 
α-glucosidase ���� M. purpureus $����)/!� polypectase 0
+ cystine arylamidase 0
+$�
���)/!������/

1�
��� M. ruber ���� M. floridanus ��;��
�$��J����.���.%$�	��	��!���)/!� 
trypsinase 0��)!�$����)/!� valine arylamidase � !6���
�$��J���6%� (��P�
 ���!��J�, 2542) 

4.3 �	
��B�D�#�	��E�
'�
D���
>	�a �	��@�"�
	C#B���A� 

Haws 0
+#"+ (1959) $��#�����
�&���1���$���
��� (rubropunctatin, 
C12H22O5) 0�	)���
	 M. rubropunctatus Sato /'%��
��.(�!6%��1����
�
+

�0�!�!��.��+)���1���
$���
!.� (rubropunctamine, C21H23O4N) /'%���;��.!��� ��	�
	�.()��!.	
��'	P
�#�����
��
��.
�
	 M. purpureus #6� �!�
��#�1���� (monascorubrin, C23H26O5) 0
+�!�
��#L

��� 
(monascoflavin) �
��.�
	 Monascus spp. �7�� �1���$���
��� �
	 M. rubropunctatus �!�
��#
�1���� �
	 M. purpureus 0
+�!�
�/�� �6��!�
��#L

��� �
	 Monascus spp. ��;��
�
��+�-��$
.#.)��� (polyketides) �
��.�.%)���
��&'(�!
#
�
�	�������
�����#�
+ �	��)&!�� 
(��P�
 ���!��J�, 2542) #�
!��;�)�)��&��	�+���	
�����#�
+ ��1���$���
���)���J��
�)����� 
Figure 5 0
+ 6 
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Figure 5. Biosynthesis of citrinin and red pigment in Monascus ruber 
�.%!
: Hajjaj et al., 1999 
 

 
Figure 6.  Probable mechanisms of the biosynthesis of rubropunctatin (C12H22O5) 
�.%!
 :  Juzlova et al., 1996 

6 CH3CO-SCoA 

Methylation 

Hydroxylation 

Aldole condensation 

Dehydration 

3-oxo-Octanoic acid 4 CH3CO-SCoA 
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5. �G��A)���#���
>��	
(#A��	
��C#B���A����	(	
B!$� 

5.1 �	) A�`�'�@�"�
	C#B���A� 

�����%�)��76(��
�!0��#�� �!6%���������!
��&�
����	
���	&����������(�
��� ��
 0
+0��	�+
��&�
)����!
��&�
���(�	��+!.	
����
��
��.)��-
� 
���
		
���!)�)���
� 
3 ��� �
��.� 
�
�.( �!6%��G
!
�	�������
�
+

����
��
 $���
� �&�
��.0��  �6� ���#�	 ��;��.0�� 
 �6�7!$10	� �7�� M. purpureus  �6� M. anka 0���
��
�$��J���
�� ��.0���&�!#
(G
 �7�� M. barkeri 
 �6� M. kaoliang (��P�
 ���!��J�, 2542) 

5.2 �A���


 

  ���������.%�7���	
� !�	�
��.�!0��#��0��0 ����(� �	���+��;�&�
�  �6�
�!
��J��$67�6%�: !.�
��
���
�������.%!.�
���	
����
��
��.�!0��#���!6%����.����.��	��	
��
��
��&�
� ���	
��7��!
��&�
��$� !����� !���G
�+ 
�� !��8��%� ,�%�&.�� ,�%�� 
6�� &�
�LH
� &�!��� 
0��&�
����	
������ 	
����
��
��. 0
+	
����
������ &�� M. kaoliang $���
&�!���� �#�
�.
0��!
	�.%��� ���
�!
#6�!��8��%� 0
+�

�&�
� �!!+
� ��	��(�� ��.)!��.��	 ����	
����
�
�����&�� M. kaoliang $���
	
	,�%�� 
6��� ����!
"������1���� ���
�!
#6� ,�%��&.�� &�!��� 
0
+�

�&�
� �!!+
� �
!
G
��� ��	�
	�.(���!.	
���
��	
��7�&�
����� &�
��

. 0
+&�
��
��
�
��� ��;���������0��&�
� $���
� ��
�.�7��	�� (��P�
 ���!��J�, 2542) ��	�
	�.(!.	
��
���
�
�.�!0��#������7�	
	�!
����&��� $���
	
��
���
��.0��&��  M. purpureus LPB97 � �
�
�
���1���� 25 OD Units/g dry fermented substrate (Babitha et al., 2007) 

5.3  ���@�
��#
�� 

  Babitha 0
+#"+ (2007) �
��
���
	
��
.(�� M. purpureus LPB97 �.%$.��7 
�+ ��
� 3.0-7.5 �76(��
!
�,���
��
��.0����!,'��
��.7����6%�:)���.	 

	 

� 0
+���$���
$.
��7 �+ ��
� 4.0-7.5 � � yield &��	
��
���
��.�.%�. 0���76(��
7����.()!��
!
�,�������$.��7�%G

	��
 2 

5.4 ���(�I#� 

  ��" -1!��.%� !
+�!���	
����
��
��.��1��+ ��
� 27-30 ���
�/
�/.�� 0
+
��" -1!� 35-37 ���
�/
�/.�� � !
+�!���	
������0
+	
����
����)/!�	
1�#�+!��
� 0��)!�
� !
+�!���	
����
��
��.&���76(��
�!0��#�� (��P�
 ���!��J�, 2542) 
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5.5 ��	#@�"� 

  	
� !�	&�
�0�����-
$�.%!.#�
!76(��1�!
	)���(� �76(��
�!0��#�����
�
���)/!�����0�9�)���1� 0���.	
������
� #�
!76(��.%�1��	��)��+�	��	
������0
+	
����
����)/!�
	
1�#�+!��
� !
	0
+�	��	
��+�!	
1�#������(�	
����
��
��.)�� �G
� �!.	
�$�V�
�
�$��J���.%
��	
1�#�)���1� �$6%��$�%!��+���J�-
$	
��
��&�
�0��  
	!.���!
"#�
!76(��.%�%G
�	��)��G
� �
�76(��
�����)��)!��. ����
� �	
����
��
��.)!��.���� !.�
��
���
#�
!76(����%!����.%�%G
	��
����
+ 40 
�+)���.���� 0��,�
#�
!76(����%!����.%����
+ 50-56 �+�G
� �)��	
��
���.�1����-
��� 8 ��� (��P�
 
���!��J�, 2542) ���� Babitha 0
+#"+ (2007) �
��
���
 M. purpureus LPB 97 �
!
�,�����
0
+�
���
��.)���.�.%#�
!76(����%!����.%����
+ 50-60 

 ��	�
		
� !�	���
 
�0&��0
�� 	
��
���
��.����76(��
�!0��#�����
�
!
�,�
��)�����-
�+0��	'%�� 
� ���	
��7�0�9��
#1��;�0 
��#
����� �76(��
 Monascus sp. 
B683 �
!
�,�
���
��.0��)�� 
���
	�
.(��)� 60 7�%��!� (�7��
 
��.%!.0�9��
#1 200 	��!���

���) � �#�
!�&�!&��&���
��.0�� 60 OD Units/g fermented substrate (Lee et al., 1995) 0
+���!.
�
��
�	
��
�����-
�+� 
�����7��(G
	�+����$7� (Prickly pear juice) 0
+�(G
07�&�
��$���;�
0 
��#
����� (Hamdi et al., 1996; Hamano and Kilikian, 2006) 
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�A
e��
D���'!���	
���A) 

 �$6%��
���
���0������.�&���

�H����	
��
�� ����H� 0
+���.����.��
#�"#�
�
��-7�
	
�0
+���!
"�
��.�+ ��
� ����H��.%)���
		
��
.(�����
 
��	�� 0
+��
	
	��6(����!
���

�!�.%��
�0
+)!���
�	
� !�	�����76(��
 Monascus sp. 	���

�H� 

�'	P
�
&��#�
!76(��.%!.���	
������������&�� ���0!
���� ��!��(��'	P
&��
��" -1!���	
���0 �����#�"-
$�
��-7�
	
� 0
+���!
"�
��.&�� ����H��.%�
.(����	
	
��6(����!
���

�!�.%��
�0
+)!���
�	
� !�	�����76(��
 Monascus sp. 

!���!
B�D
D���)���`����A) 

���#�
+ ���#���+	��&��	
	��6(��!
�����

�! �'	P
�-
�+�.%� !
+�!��	
�
�
���
��.�
	�76(��
 Monascus sp. ��	
	��6(��!
�����

�! 0
+�'	P
�-
�+�.%� !
+�!���	
�
�����������&�� ���0!
������	
	��6(��!
�����

�!�.%��
�0
+)!���
�	
� !�	�����76(��
 
Monascus sp. 0
+�'	P
�
&��#�
!76(����%!��� 0
+7���&���
 
����	
������������&�� ���
0!
����	�+��%�	
��&�
�1��+�+��	0�� ��!��(�	
��
����	0���H� 0
+���#�
+ �#�"-
$&�� ����H�
�.%�
��)����.��	���

�H��	��#�"-
$ 

 



�����  2 
 

��	
� ��
���� ���������� 

��	
� 

1. ���������� 
  �������	
���
����
�� Monascus purpureus TISTR 3002, Monascus purpureus 
TISTR 3090 �	� Monascus ruber TISTR 3006 ����

�� !"#$!�����%"�#�&�'�()#�*+,�+	!���-(, 
./�(,�+	!���-(, '0�"#�1!�#(1!�(�.�'$�,�	���23�3	(-��4������.5�( (TISTR) �	�����
��
��'
"8�*!9$
���"2�-��-(:
�'��'-'�#��������
�� Monascus sp. 5�
��4 Escherichia coli, Bacillus 
subtilis �	� Staphylococcus aureus 
2. ���������� �!"�� 

 ����
�� Monascus purpureus TISTR 3002, M. purpureus TISTR 3090 �	� M. 
ruber TISTR 3006 ��%"�#�&����	
�
����1+
��
-(� PDA (Potato Dextrose Agar) �	-�(�����
�-H

+I�J/K!�

� (30 
�.��L	�L-(') ��M���(��1	� 10-14 1#� �Q����04�(����
�+�R 3 '#����, �	���%"�-H

+I�J/K! 4 °C �K�H
$

������
21�04�(����
	41���
� 1 '#����, 
3. 	���$%� 
  '���2K-�-H��
�����1!�2����,��M�'���2K-����1!�2����, (Analytical grade) ��
��M�

�2,����
"��
�����	-�(�����
 
������'
"8�*!9���(#"(#������
�"2�-��-(:
�'��'-����-H5�
���
����
��3K��'2#' �	�1!�2����,K1	�L		, (Biomass) ��Q�$�	�-�!1L, �
�5LK,�
	]�
�5K�	' �L		/
�	' �	�5L	���' �	�1!�2����,8�*!9���(#"(#������
�"2�-��-(:
�'��'-����-H5�
�������
��
3K��'2#'  
4. �����"���%�'
(�
���% 
 �������
�K	%�����	,K 5�
�#"21�K
�+�2����,���"�!&#� .�-���!^ ��	,K 

(	, 
�Q��#� �#��1#����"-H "���+��0+�)	�'$!� ��%"�#�&��-H
+I�J/K!�

� �K�H
$

������
 �Q�K�"���

	��
-(��	��4
�_4��$�������4
��-HK-�/��`�:��� 40 - 60 mesh (40 mesh ��4��#" 400 5K2�
�) 
��%""���+��J�����`�'�!� ��5�
�������
�K	%�����	,K'Q���#"��
�������	
� 
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5. �$�"�� (�
��	
 
 �2��H
����	�'� 5�
�#"21�K
�+�2����,����
��2
��	�'���$	��'� 2I�
��#)(���*��K��$! K��1!�(�	#('�:	��2�!���, 1!�(��:$����� 4̂ ��M��2��H
����	�'���!�
�1K���14���	��/�	��	�����K%� �K�H
$

�����$�-(K��Q�	
���2��H
����	�'� �#H��2��H
����	�'� 
100 ��#K �$!K��Q�'�
�� 100 K!		!	!$� ��4�!��51
��M��1	� 10 ���- ����#����
��)�H
�(��
��b)��
'41���Q�	
���2��H
����	� _4��_
�:�1"�� ��5�
��Q�	
���2��H
����	��)�H
��
�������	
� 'Q���#"
�.&�2��H
����	��-H��	�
'�K��0�Q�5���
��M�$#1	4
'Q���#"�K	�1#�1��5:4$4
5�5�
 

��
���� 

1 �2��H
��:(4�21"2+K
+I�J/K! �+4� G25 (-H�

 New Brunswick Scientific  
2 �2��H
��jk���1-H(� �+4� 32 R (-H�

 Universal 
3 �2��H
�1#�24�����/��	���'� �+4� 200 rt (-H�

 Zenyth 
4 $/
04�(����
 �+4� V8 (-H�

 Clean 
5 �K

�qH�r4�����
 �+4� HV-85 (-H�

 Hirayama 
6 
4��21"2+K
+I�J/K! �+4� 29 (-H�

 Memmert 
7 $/

"21"2+K
+I�J/K! �+4� VD (-H�

 WTB binder 
8 �	

��+	���.�,
!�	%�$�
��""����'K!��#H� �+4� JEM-100CX II (-H�

 JEOL 
9 ����	-�(��K	� :��� 12×12×12 �!�1 
10 �	4
�)	�'$!�����	K:��� 7.5×4 �L�$!�K$� (�1
��×'/�) �����/3�(�
"

'Q���#"��
	4
�K	�1��5:4 
11 �	4
�)	�'$!�����	K:��� 7.5×4 �L�$!�K$� (�1
��×'/�) 'Q���#"��'
" 
12 �	4
�)	�'$!�:��� 12×20 �L�$!�K$� (�1
��×(�1) 
13 )/4�#��"
�, 0 'Q���#"�:-H(5:4�K	�1#� 
14 _
�:�1"�� 
15 �����&��
��"
�, 1 �	��"
�, 4 
16 �2��H
��#H�5]]~�
(4��	��
-(� (Analytical balance) 
17 �2��H
�1#�21�K��M������M��4�� �+4� 320 (-H�

 Mettler Toledo 
18 �-K�5L3$K!�$
�, (Haemacytometer) 
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������� 

����������$����� 

1. ������$�����	��	� 

�Q��������
���K	%���	,K�-H�K#�5�
K�'�#�'��'-�
1(�
���
	�

(	� 40 3�(��
 5 
K!		!	!$� �
���
	�

(	� 40% $4
 1 ��#K:
�'#"'�$�$ �����'�#�'��'- _'K��
�:
��#� ����#��
�Q�5��:(4��-H 200 �
"$4
���- 
+I�J/K!�

� ��M��1	� 3 �#H13K� �	
1�Q�K���1-H(��(��-H21�K��%1 7000 
g ��M��1	� 15 ���- �	��Q�5�1#�24�����/��	���'��
1(�2��H
�'���3$3]3$K!�$
�,�-H21�K(�12	�H� 
400 �	� 500 ��3��K$� �)�H
1#�'��'-��	�
� �	���� $�K	Q��#" (Lee et al., 1995 ) 

2. ������$�����!��%�� (Biomass) 

1#�������!^:
�����
���/��-1K1	 3�(���1!�2����,��!K�I�	/32L�K-� �$�-(K
$#1
(4���)�H
����!K�I�	/32L�K-� 3�(�Q��������
�K	%�����	,K�-H�K#��)!HK'��'-�
1(����
��
3K��'2#' 5�
"��
���$/

"
+I�J/K! 103 
�.��L	�L-(' �#H�$#1
(4��
"��
��-H"�	��
-(��	
1
��!K�I 0.25 ��#K �$!K���5�3��2	
�!��:
K:
� 5 K!		!	!$� 1���-H
+I�J/K!�

���M��1	� 20 �#H13K� 
��
��
1(�����&��
��"
�, 4 �	
1�/�'41��' 2 K!		!	!$� �'4���	
���	
��-HK-��Q��	#H� 1 
K!		!	!$� �Q�5�$
K�-H
+I�J/K! 100 
�.��L	�L-(' ��� 2 �#H13K� ��#")-�
�:
�'��	�	�(��
��M�
�	���
1(3L��-(K5���
�5L�,21�K�:
K:
��

(	� 30 �	���#"��!K�$��
1(��Q��	#H���
5�
 50 
K!		!	!$� �Q�'��	�	�($#1
(4���-H5�
 1 K!		!	!$��'4���	
���	
� �$!K'��	�	�( Acetyl acetone 
reagent 1 K!		!	!$� $
K����Q����
���� 20 ���- �$!K�
*��
	�

(	� 95 ��!K�$� 10 K!		!	!$� �	
1
�$!K'��	�	�( Ehrlich reagent 1 K!		!	!$� _'K��
�:
��#�1���!��51
 30 ���- �Q�5�1#�24�����/��	��
�'��-H21�K(�12	�H� 530 ��3��K$� ����!K�I�	/32L�K-�3�(��-("�#"���]K�$����:
��	/32
L�K-� �-HK-21�K�:
K:
�$#���$4 25-250 5K32���#K$4
K!		!	!$� (Van de loo, 1976) 

3. ������$�����
��%����2�3����
��4�
5������ Dinitrosalicylic acid (DNS) (Miller, 1959) 

 �Q��������
�K	%�����	,K�-H_4������K#�K��$!K�

(	� 0.1 Tween 80 ��!K�$� 10 
K!		!	!$�$4
 1 ��#K'#"'�$�$ �Q�5��:(4��-H 200 �
"$4
���- ��M��1	� 1 �#H13K� ����#���Q�5��jk�
��1-H(��-H21�K��%"�
" 7000 g ��M��1	� 10 ���- �Q�'��	�	�('41��'�-H5�
�������K+���1-H(�
��!K�$� 1 K!		!	!$� �'4���	
���	
� �$!K'��	�	�(�-�
%��
'��!K�$� 2.0 K!		!	!$� �	
1�Q�
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�	
��
	
�5�$
K����Q����
���M��1	� 5 ���- ����#����4�	
���	
���
4����Q��(%��#��- �$!K��Q�
�	#H� 20 K!		!	!$� 	����	
���	
� _'K��
�:
��#��	
1�Q�5�1#�24�����/��	���'��-H21�K(�1
2	�H� 520 ��3��K$� �������	
��+�21"2+K��
��Q��	#H����$#1
(4�� �	
11!�2����,��4���-(1�#� 
���-("��-("����!K�I��Q�$�	�-�!1L,������]K�$���� �)�H
��21�K�:
K:
�:
��	/32'��
'��	�	�($#1
(4�� 

4. ������$������ $�
�����D� ����
E����
��
E� 

1!�2����,�� proximate composition :
���
�����	��	���� 3�(1!�2����,��
21�K���� dry matter, 3��$-�, 5:K#� �	��0
� (�#���	���� A.O.A.C., 1999) �1K�#����24� 
nitrogen-free extract (NEF) �	� Gross energy (Ogunji et al., 2007) �1K�#�����1!�2����,��
��!K�I'���(�H
�( (�#���	���� Egan et al., 1981) 

5. ������$�����������%D� ���F4%� 

5.1 ���F4%����G���F%��	 

 3�(�Q�$#1
(4���-H_4������K#�'��'-�
1(����
��3K��'2#'K�'�#��
1(�

(	� 0.1 
Tween 80 3�(�:(4��-H 200 �
"$4
���- ��M��1	� 1 �#H13K� �	��Q�5��K+���1-H(��-H 7000 g 
+I�J/K! 
4 
�.��L	�L-(' ��M��1	� 10 ���- �Q�'��	�	�('41��'�-H5�
��!K�$� 0.25 K!		!	!$� �$!K�

(	� 1 
Soluble starch ��!K�$� 1.25 K!		!	!$� 0.1 acetate buffer (pH 5.0) ��!K�$� 0.25 K!		!	!$� �	���Q�
�	#H���!K�$� 0.25 K!		!	!$� _'K��
�:
��#�"4K�-H
+I�J/K! 50 
�.��L	�L-(' ��M��1	� 10 ���- �Q�
'��	�	�(�-H5�
5�$�1�'
"��Q�$�	�-�!1L,$4
�
1(1!*- DNS method 1#�24�����/��	���'��-H21�K(�1
2	�H� 575 ��3��K$� ��
�	/32'��M�'��	�	�(K�$���� �	���
 0.1 acetate buffer (pH 5.0) 
��!K�$� 0.5 K!		!	!$� �

(	� 1 Soluble starch 1.25 K!		!	!$� �	���Q��	#H���!K�$� 0.25 K!		!	!$� 
_'K��
�:
��#��)�H
��M� Blank (Ramachandran et al., 2004) (�
�5LK,�
	]�
�5K�	' ��M��
�5LK,
�-H�Q����J�(��3K�	�+	:
���~� ��$#�)#�*� α-1,4 �	/32L!�!� ���14��3K�	�+	�	/32'J�(��'41�
:
�
�5K3	'�	�
�5K3	�)2$!� _	_	!$�-H5�
����M�3
	!3��L22�5��, �	� α-limit-dextrins 
�
�5LK,�
	]�
�5K�	' 1 ��41( �K�(0q� ��!K�I�
�5LK,�-H��4�� !�!�!(����(4
('	�('��$#��$
�
��
��M���Q�$�	�	/32' 1 µmol ���1	� 1 ���-) 
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5.2 ���F4%��4��H��	 (Ghose, 1987) 

3�(�Q�$#1
(4���-H_4������K#�'��'-�
1(����
��3K��'2#'K�'�#��
1( 0.1% Tween 
80 3�(�:(4��-H 180 �
"$4
���- ��M��1	� 1 �#H13K� �	��Q�5��K+���1-H(��-H 7000 g 
+I�J/K! 4 
�.�
�L	�L-(' ��M��1	� 10 ���- ��%"'��	�	�('41��'�-H5�
51
 �Q������&��
��"
�, 1 :��� 1x6 
�L�$!�K$� �Q��1� 50 K!		!��#K 	����	
�:����	�� ����#���$!K'��	�	�( 0.05 M citrate 
buffer (pH 4.8) ��!K�$� 1 K!		!	!$� �	��$!K'��	�	�(�
�5LK,��!K�$� 0.5 K!		!	!$� �:(4���
�:
�
�#� �Q�5�
+4���
4��21"2+K
+I�J/K! 50 
�.��L	�L-(' ��M��1	� 1 �#H13K� �(+�� !�!�!(�����Q����
�
��M��1	� 5 ���- �(�$��
�

�3�(����jk���1-H(��-H 8000 g 
+I�J/K! 4 
�.��L	�L-(' ��M��1	� 20 
���- �Q�'��	�	�('41��'�-H5�
5�$�1�'
"��Q�$�	�-�!1L,$4
�
1(1!*- DNS method 1#�24����
�/��	���'��-H21�K(�12	�H� 575 ��3��K$� �	#�����#���Q�24� OD �-H5�
K����-("��-("�#"���]
K�$�����)�H
��21�K�:
K:
�:
��
�5LK,��'��	�	�($#1
(4�� (�
�5LK,�L		/�	' 1 ��41( 
�K�(0q� ��!K�I�
�5LK,�-H��4�� !�!�!(����(4
('	�('��$#��$
���
��M���Q�$�	�	/32' 1 µmol ��
�1	� 1 ���-) 

5.3 ���F4%�F4����	 (Xylanase activity) 

 3�(�Q�$#1
(4���-H_4������K#�'��'-�
1(����
��3K��'2#'K�'�#��
1( 0.1% Tween 
80 3�(�:(4��-H 180 �
"$4
���- ��M��1	� 1 �#H13K� �	��Q�5��K+���1-H(��-H 7000 g 
+I�J/K! 4 
�.�
�L	�L-(' ��M��1	� 10 ���- ��%"'��	�	�('41��'�-H5�
5�1!�2����,$�K1!*-:
� Tan �	�2I� (1987 


��3�( �#'	!��� "!�K��
, 2547) 3�(�Q�'��	�	�(�
�5LK,�-H���
���
(4����K��'K 0.5 
K!		!	!$� _'K�#" 0.5 K!		!	!$� :
�'��	�	�(5L�	� �:
K:
��

(	� 1.0 ��L!�$�$"#]�]
�,21�K
�:
K:
� 0.05 3K	��, )-�
� 4.8 "4K�-H
+I�J/K! 45 
�.��L	�L-(' �Q�'��	�	�('41��'�-H5�
5�
$�1�'
"��Q�$�	�-�!1L,$4
�
1(1!*- DNS method 1#�24�����/��	���'��-H21�K(�12	�H� 575 ��3�
�K$� �	#�����#���Q�24� OD �-H5�
K����-("��-("�#"���]K�$�����)�H
��21�K�:
K:
�:
��
�5LK,
��'��	�	�($#1
(4�� (�
�5LK,5L	���' 1 ��41( �K�(0q� ��!K�I�
�5LK,�-H��4�� !�!�!(����(4
(
'	�('��$#��$
���
��M���Q�$�	5L3	' 1 µmol ���1	� 1 ���-) 
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��������
��  

1. 	K��������%��	%3L����M��3	��	�����!"���� Monascus sp. (������"���%�'
(�
���% 

1.1 ������$������ $�
����� (proximate composition) D� �����"���%�'
(�
���% 
�������
�K	%�����	,K�-H5�
�#"21�K
�+�2����,���"�!&#� .�-���!^ ��	,K 

(	, 

�Q��#� �#��1#����"-H �Q�K�"�	��
-(� �	��4
�_4��$�������-HK-�/��`�:��� 40 - 60 mesh (40 mesh 
��4��#" 400 5K2�
�) ����#���Q�'4�1!�2����,
�2,����
":
��������
�K	%�����	,K 5�
��4 
21�K���� 3��$-� 5:K#� �(�H
�( �	��0
� (J�2_�1� �) �-H./�(,� !"#$!���1!�2����,�	�� 2I�
��#)(���*��K��$! K��1!�(�	#('�:	��2�!���, 

1.2 ���$�
��"��	��P�����D�  Monascus sp. ���	�%��Q����R���	�5� 	��	��������"���%�'

(�
���% 

�$�-(K�������
���K	%���	,K 5 ��#K �$!K	��� 250 ml Erlenmeyer flasks �	��$!K
��Q��	#H��)�H
��#"��
21�K���� ��#")-�
���!HK$
���M� 7.5 �
1( 1 N NaOH (3�(1!*-�����24�)-�
���
J�2_�1�) �	���#"��
5�
21�K����'+��
�(��M��

(	� 60 (3�(1!*-���2Q��1I�����24�21�K������
J�2_�1�) J�(�	#�����$!K��Q��	#H��	���#"24�)-�
���M��-H��-("�

(�	
1 �Q�5�
"r4�����
�-H
+I�J/K!    
121 °C ��M��1	� 20 ���- ����#���	4
(��
�(%�	��-H
+I�J/K!�

� �$!K'�
�,:
�����
�� Monascus 
purpureus TISTR 3002, M. purpureus TISTR 3090 �	� M. ruber TISTR 3006 �-H�$�-(K�
1(
'��	�	�(�

(	� 0.1 Tween 80 ��!K�$� 1 K!		!	!$� (�Q��1� 1x106 '�
�,$4
K!		!	!$�) ���
 
1x106 '�
�,$4
��#K'#"'�$�� �	-�(��-H
+I�J/K!�

� (���K�I 30 °C) ��M��1	� 7 1#� ��%"$#1
(4��
�Q�K�'�#�'��'-�
1(�
*��
	�

(	� 40 1#�24�����/��	���'��
1(�2��H
�'���3$3]3$K!�$
�,�-H
21�K(�12	�H� 400 �	� 500 ��3��K$� �)�H
1#�'��'-��	�
� �	���� $�K	Q��#" �	�1#�24�������!^
:
�����
�
1(���1!�2����,�-1K1	 �	�
�'�()#�*+,�-H��
���_	!$'��'-'/�'+��)�H
��
�������	
�
$4
5� 

1.3 M�D� ��������(�����%��  

�	-�(�����
 Monascus sp �-H'�
��'��'-5�
'/�'+� (���:

 1.2) ���������
���K	%�
��	,KJ�(�$
'J�1���-(1�#":
��$
� ��M��1	� 8 1#� ��%"$#1
(4���	�1!�2����,��4���-(1�#":

 1.2 �	�
�)!HK���1!�2����,��Q�$�	�-�!1L, �1K�#��1#�24��!����K:
��
�5LK,�
	]�
�5K�	' �	/32
�5K�	' 
�L		/�	' �	�5L	���' �1K�#���	�
���(��1	��-H��
���_	!$'��'-'/�'+��)�H
��
�������	
�$4
5� 
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1.4 M�D� $��%!"������%35� 
�Q������	
���4���-(1�#":
��$
� �Q�����K#�����
�����������
���K	%���	,K3�(

��#"21�K�����
1(��Q��	#H��	���#")-�
���!HK$
���M� 7.5 �
1( 1 N NaOH ��
5�
21�K����'+��
�(��M�
�

(	� 40, 50, 60 �	� 70 �	-�(�����
����(��1	��-H����
_	!$'��'-5�
'/�'+� (_	���:

 1.3) ��%"
$#1
(4���	�1!�2����,��4���-(1�#":

 1.2 �	�
��+������	
��-H��
���_	!$'��'-���'/�'+��)�H
��
��
�����	
�$4
5� 

1.5 M�D� 
��%���!"������%35� 
�	�
�'J�1��-H��K��'K$4
���_	!$'��'-������:

 1.4 K���
.q�&�_	:
�

��!K�I����
��!HK$
�3�(��
�#1����
����!K�I 0.5, 1, 2, 3 �	� 4 K!		!	!$� (�Q��1�'�
�,��!HK$
� 1x106 
'�
�,$4
K!		!	!$�) �	���#"��
5�
21�K����'+��
�(��M��

(	� 60 ��%"$#1
(4���	�1!�2����,
��4���-(1�#":

 1.4 �	�
��+������	
��-H��
���_	!$'��'-���'/�'+��)�H
��
�������	
�$4
5� 

1.6 M�D� P���!����%35� 
�	�
�'J�1��-H��K��'K$4
���_	!$'��'-���:

 1.5 K���
 .q�&�_	:
�)-�
�

��!HK$
�3�(��#")-�
���M� 5.0, 5.5, 6.0, 6.5, 7.0, 7.5 �	� 8.0 �
1( 1 N HCl ���
 1 N NaOH (3�(��
24�)-�
�)�

K�
1(�����#"21�K������
5�
�

(	� 60 ���+�R 24�)-�
� �Q������%"$#1
(4���	�
1!�2����,��4���-(1�#":

 1.5 �	�
��+������	
��-H��
���_	!$'��'-���'/�'+��)�H
��
�������	
�
$4
5� 

2. M�D� ����KH%������������3L�$��%$ 3��D� 	��	� 
  �Q��������
�K	%�����	,K�-H_4������K#� �	���
���_	!$'��'-'/�'+�������
��	
���:

 1 K�'�#�'��'-�	�1#�24�'��'-��!HK$
� ���-("��-("�#"
-��+������	
��-H(#�5K4'�#�
'��'-�	��Q�5���%"�-H 
+I�J/K!�

� (30), 4 �	� -20 
�.��L	�L-(' ��M��1	� 7, 14, 21 �	� 28 1#� 
��%"$#1
(4��'��'-�	�'�#�'��'-K�$�1�'
"�
1(���1#�24�����/��	���'� �	�.q�&������

+I�J/K!'/�3�(����Q�'��'-�-H'�#�5�
�	��������
�K	%�����	,K�K#��-H(#�5K4'�#�'��'- K���'
"
�-H
+I�J/K! 121 
�.��L	�L-('��M��1	� 15 ���- �Q�$#1
(4���-H_4�������'
"K�'�#�'��'- (�������

�K	%�����	,K�K#��-HK-'��'-) �	�'��'-K�$�1�'
"�
1(���1#�24�����/��	���'��
1(�2��H
�'���
3$3]3$K!�$
�,�-H21�K(�12	�H� 500 ��3��K$� �)�H
1#�'��'-������+�R �
":
������'
"  
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3. TU�V�	K��������%��	%3L��������RD� �����%� �������������R�D5�	HL����
���
5(����

��"���%�'
(�
���%���ML�����F%LML������%��
5���!"����  Monascus sp. 
3.1 ����3���%FDL�����%� ���  

�$�-(K5:4:
���
��K	�1#��#1�:-(1 Chrysomya megacephala 3�(�Q��2��H
���
�	��'4���	4
�)	�'$!��	�����
�#H1J�(���	4
�'Q���#"	4
��
�K	�1#�1��5:4 3�(��M��	4
�K-��
�`� :����'
�_4��./�(,�	�� 8 �L�$!�K$� �����/3�(�
" (���H
�����K	�1#����
"���'41��
�
1��5:451
$�K�4
��	%�R) J�(��"���+�2��H
����	��)�H
��
�	!H��	���M�$#1	4
�����1��5:4 ����#��
�Q�5�1��51
����-HK-�K	�1#��#���)._/
�	��).�K-(�-H_4�����_'K)#�*+,K��	
1 (
�(+:
�$#1�$%K1#(
���K�I 10 1#�) 1���!��51
  1-3 1#� �	�$�1��#"�Q��1�5:4�+�R 24 �#H13K� ��)"5:4:
���
�
�K	�1#� LqH�K-'-:�1 �/��4���-(�1 :������K�I 1.5 K!		!�K$� �(�5:4��
��K	�1#�

�����.&
�2��H
����	� �Q�5:4�-H5�
�)�H
��
�������	
�$4
5� 

3.2 M�D� $��%!"��D� �����"���%�'
(�
���% 
�$�-(K
����'Q���#"�	-�(���
��K	�1#��#1�:-(1 Chrysomya megacephala ��M� 

18 �+������	
� 5�
��4 �+��������
�K	%�����	,K (21�K������!HK$
��

(	� 6.66) �+��������
�K	%�
����	,K�-H��#"24�21�K������!HK$
� (8 �+������	
�) $#���$4�

(	� 50, 55, 60, 65, 70, 75, 80 �	� 
90 �+��������
�K	%�����	,K�-H_4������K#��
1(����
��3K��'2#' (��������	
��-H 1) �+��������

�K	%�����	,K�-H_4������K#��
1(����
��3K��'2#'�-H��#"24�21�K������!HK$
�$#���$4 (7 �+����
��	
�) �

(	� 55, 60, 65, 70, 75, 80 �	� 90 �	��+��2��H
����	�'� "���+�+������	
�	� 10 
��#K �'4���	4
�)	�'$!�:����'
�_4��./�(,�	�� 8 �L�$!�K$� ����#��.q�&�_	:
�21�K����:
�
�$4	��+�
������	
��-HK-$4
������!^:
���
��K	�1#� 3�(�Q�5:4:
���
��K	�1#��-H�$�-(K
���:

 3.1 �Q��1� 10 ]
�$4
�+������	
� �Q������	
��+�	� 3 L�Q� �	-�(��-H
+I�J/K!�

� 
(
+I�J/K!���K�I 28-30 
�.��L	�L-(') �	�
��+������	
��-H5:4��
��K	�1#�)#�����M�$#1
�#���
�-HK-
#$���
��	���Q���#�'/�'+��)�H
��
�������	
�$4
5� 

3.3 M�D� !��
�����3L��������R�3��W3 
�	�
��+�
���������	
��-H5�
'J�1�21�K�����-H��K��'K3�('�K��0)#�����M�

$#1�#���
 K-
#$���
��	���Q���#�'/�'+� (_	��������	
��-H 3.2) K�.q�&�_	:
���!�
�����-HK-
$4
������!^�$!"3$:
���
��K	�1#��#1�:-(1 Chrysomya megacephala .q�&���-("�#"�+���	
�
�������
�K	%�����	,K�-HK-'41�_'K:
��2��H
����	�'���
#$��'41� 1:0, 1:1, 2:1, 3:1, 4:1 �	� 
5:1 �+������	
�	� 10 ��#K �'4���	4
�)	�'$!�:����'
�_4��./�(,�	�� 8 �L�$!�K$� �Q�5:4:
�
��
��K	�1#��-H�$�-(K���:

 3.1 �Q��1� 10 ]
�$4
�+������	
� �Q������	
��+�	� 3 L�Q� 
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�	-�(��-H
+I�J/K!�

� (
+I�J/K!���K�I 28-30 
�.��L	�L-(') �	�
��+������	
��-H5:4��
�
�K	�1#�)#�����M�$#1�#���
�-HK-
#$���
��	���Q���#�'/�'+��)�H
��
�������	
�$4
5� 

4. ���M��3���� $�
�����D� 
���
5
E� 
4.1 ���M��3
���
5
E� 

�	�
��+�
������	
��-HK-'J�1��-H��K��'K$4
������!^:
���
��K	�1#� �	�
5:4��
��K	�1#�)#�����M�$#1�#���
�-HK-
#$���
��	���Q���#�'/�'+� (��������	
�:

 3) K���

�����.q�&����_	!$��
��#���
��� 3�(�)!HK��!K�I
������	
���M� 200 ��#K$4
�	4
� 
(��Q���#�J�(�	#������#"24�21�K�����-H��K��'K) �'4���	4
�)	�'$!�:��� 12×21×8 �L�$!�K$� 
�Q�5:4:
���
��K	�1#��-H�$�-(K���:

 3.1 �Q��1� 100 ]
�$4
�+������	
� �)!HK�+������	
�
�)�H
�	-�(���
5�
��!K�I�#���
K���-H'+� �	-�(��-H
+I�J/K!�

� (
+I�J/K!���K�I 28-30 
�.��L	�L-(') 
��%"�#���
�-H_	!$5�
 K�	
���
1(��Q�'�
�� 3 2�#�� �#H���Q���#��#���
 100 ��#K �'4���	4
�)	�'$!��)�H

�Q�5�
"�-H
+I�J/K! 40 
�.��L	�L-(' ��M��1	� 24 �#H13K� ����#��2#H1�#���
�-H
"51
�	
1��M��1	� 10 
���- ��5�
�#���
�K	�1#�
"��
� "#��q���Q���#��-H5�
J�(�	#�����Q���
� �$�-(K�Q�5������

	��
-(��)�H
��
�������	
�$4
5� 

4.2 ������$������ $�
�����D� 
���
5
E� ���������$�����	��	�(�
���
5
E� 
�	�
��#���
��
��K	�1#�
"��
��-H_	!$5�
���:

 4.1 K� 3 �+�
������	
� 

3�(K-�+���	
��	#���M��+��2��H
����	�'� K����	��
-(� �Q�'4�1!�2����,
�2,����
":
����
����
�K	%�����	,K 5�
��4 ��Q���#���
� 21�K���� 3��$-� 5:K#� �(�H
�( �0
� �	�24� NFE '4�1!�2����,
�-H./�(,� !"#$!���1!�2����,�	�� 2I���#)(���*��K��$! K��1!�(�	#('�:	��2�!���, �	�
1!�2����,'��'-�-HK-���#���
���3�(���'�#��
1(�
���
	�

(	� 40 �Q�5�1#�24�����/��	���'�
�
1(�2��H
�'���3$3]3$K!�$
�,�-H21�K(�12	�H� 400 �	� 500 ��3��K$� �)�H
1#�'��'-��	�
� �	�
��� $�K	Q��#" (Lee et al., 1995) 

4.3 ������$�����!��
D� ��
��%�W�(�����
E����
��
E� 
�Q��#���
��
��K	�1#�
"��
��-H5�
�	���M��+���-(1�#��#":

 4.3 K����	��
-(� 

1!�2����,����!����
�K!3��
1( HPLC 3�(��
 ACCQ. TAG Column ��
 Fluorescence ��M�$#1 
Detector �	���
 Acetonitrile �	���Q���M�$#1�Q�	�	�(�2	�H
��-H (A.O.A.C., 1995) 3�('4�$#1
(4��
1!�2����,�-H��41(�2��H
�K�
�	�� 2I�1!�(�.�'$�, K��1!�(�	#(K�!�	 �	��Q�K����-("��-("�#"
2+IJ�)�	�������3����� �-HK-3��$-����� 3 2�
 K-3��$-�5K4�

(�14��

(	� 50 (�+$!K� �	�2I�, 
2548) 
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 4.4 ����
	��X���Y35����$������D� 	��	�	��
����!"���� Monascus sp. W
����� disc 
diffusion (�#���	���� NCCLS, 1993) 

���H
����K-��(���14�����
�� Monascus sp "��'�()#�*+,_	!$'��'-�-HK-8�*!9$
��
�"2�-��-( (Ferdes et al, 2009) �#��#�� �q��Q������'
"2+I'K"#$!�-���'��'-����-H_4������	-�(���
�������
�K	%�����	,K�-HK- Monascus sp.3�(�Q�'��'-�-H'�#�5�
5�����(��
��
�J�(�$
�2��H
�����(
'���""	�21�K�#� �#H���Q���#��	���%"'���-H'�#�5�
51
�-H
+I�J/K! 4 
�.��L	�L-(' ����#���Q�K�
��'
"8�*!9$
���"2�-��-(3�(1!*- disc diffusion (�#���	���� NCCLS, 1993) 3�(�Q�����

�"2�-��-(�-H��'
" 5�
��4 Escherichia coli, Bacillus subtilis �	� Staphylococcus aureus K�
�)���	-�(�"� NA ��
5�
323	�-��-H(1R �	�
��:-H(����
K� 4 0q� 5 323	�- �)���	-�(��� MHB "4K�-H

+I�J/K! 35 
�.��L	�L-(' ��M��1	� 3 0q� 5 �#H13K� �)�H
��
5�
����
����(� Log phase ����#���Q�K�
��#"��!K�I����
�
1( 0.85% NaCl ���.�������
 ��
5�
����
��4��#" 1.5 X 108 CFU/ml 3�(��-("21�K
:+4��#" McFarland standard No. 0.5 ����#���$�-(K	�	�('��'�#��-H$

������'
"��
K-21�K
�:
K:
� 100 mg/ml 3�(	�	�(�
1( dimethylsulfoxide (DMSO) ��
�'��	�	�(_4�������&��
�
5�
����
:����/ 0.45 µm ����#���/�'��'�#�K� 10 µl �(�	�"��_4� disc 5�
����
 �-H1��"��_4�
$������	
1�Q�5���'
""�
���� MHA �-H�$�-(K3�(�����
5K
)#�'Q�	-���.�������
 �+4K����

��'
":
��$
�K�)
�K��R �	
1 streak ��
�#H1_!1��
�
���� MHA 3�( streak ����1 3 ����" 
3�(�K+�����)������
����1�Q�K+K 60 
�.� �)�H
��
����
�����('KHQ��'K
�#� 1���!��51
 3-5 ���- 
�)�H
��
_!1��
�
������
� �	#�����#����
 forceps 	�5]�	4
(��
�(%� 2-"�_4� disc �-H�+"'��'�#� 
�	��_4� disc �-H��M��+�21"2+K 1��"�_!1��
�
���� 3�(�$4	��_4�1���4���#����K�I 15-20 
K!		!�K$� �	��4�����:
"���
�����)������
���K�I 15 K!		!�K$� �Q�����)������
�-H1���_4� 
disc �	
15�"4K�)������
��$/
"4K����
�-H
+I�J/K! 35 
�.��L	�L-(' ���K�I 16-18 �#H13K� 3�(
��'
" 3 L�Q� �	�
4��_	3�('#���$1��'�
"�_4� disc (inhibition zone) �	�1#�:����'
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1.  Monascus sp.  

 1.1  (proximate composition)  
     Proximate 

analysis   

  

  16.56  22.44  6.66 NFE  56.08 

 18.70 (Table 4) 

 (  1.30-9.48) 

 (Ezieshi and Olomu, 2007) 

Table 4.  Proximate composition of palm kernel meal 

Comosition % dry weight 

Crude protein 16.56 

Crude fat 18.70 

Crude fiber 22.44 

Moisture content 6.66 

Ash 4.92 

NFE* 56.08 

Total N 2.65 

* Nitrogen-free extract + fibre, (NFE) =100-(% protein + % fat + % ash) 
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1.2  Monascus sp. 
 

   

  30  

 50-60  7.5  7   Monascus 
ruber TISTR 3006  11.03 OD Units/gds  46.271 

µg/gds    2   

Monascus purpureus TISTR 3090, Monascus purpureus TISTR 3002 

  M. purpureus TISTR 3002 

  M. ruber TISTR 3006 

  

 M. ruber TISTR 3006  (Table 5) 

Table 5.  Selection of Monascus spp. use palm kernel meal as a substrate for 7 days 

Stains of Monascus Biomass 

(µg/gds*) 

Red Pigment Yield 

(ODunit/gds*) 

M. ruber TISTR 3006 46.271 11.03 

M. purpureus TISTR 3090 38.476 3.4 

M. purpureus TISTR 3002      -**    -** 

M. ruber TISTR 3006+ M. purpureus TISTR 3090 44.447 11.00 

M. ruber TISTR 3006+ M. purpureus TISTR 3002 45.976 11.01 

M. ruber TISTR 3006+ M. purpureus TISTR 3090 

    + M. purpureus TISTR 3002 

46.112 

 

11.04 

 

* gds; gram dry fermented substrate  

** Not growth and no produced red pigment 
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1.3  
   Monascus  ruber TISR 3006 

  250 ml Erlenmeyer flasks  

 50-60  7.5  M.  ruber 

TISTR 3006  3    

(Figure 7) 

   

 6  11.03 OD Units/gds (

 6.8 OD Units/gds)  6  

  

 (Babitha et al, 2007)  25 OD Units/gds 
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Figure 7.  Pigment production at different incubation period by Monascus  ruber TISTR 3006 on 

palm kernel meal at pH 7.5, initial moisture content 60%, inoculums size 106 spore/ 5 

gram dry substrate and 30 C for 7 days 
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    (Biomass) 

 M. ruber TISTR 3006  

 Biomass  (Figure 8) 

 Lag phase  0-1  1  

 6 (0.1475 µg/gds)  4 

  Figure 6  4 

   227.2367, 14.69742  27.42721 Units/gds 

  

 (Figure 9) 

 4  4    2 

 4  

 

  (  

, 2542) Babitha  (2007)  M. purpureus LPB 97 

  5   
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Figure 8.  Pigment production at different incubation period by Monascus  ruber TISTR 3006 on 

palm kernel meal at pH 7.5, initial moisture content 60%, inoculums size 106 spore/ 5 

gram dry substrate and 30 C for 7 days 
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Figure 9.  Enzyme activities at different incubation period by Monascus  ruber TISTR 3006 on 

palm kernel meal at pH 7.5, initial moisture content 60%, inoculums size 106 spore/ 5 

gram dry substrate and 30 C for 6 days 

 

1.4  
   M. ruber TISTR 3006 

 1.2  45-70 

 (  6.6)  250 ml Erlenmeyer flasks  

7.5  6   1.3 

 M.  ruber TISTR 3006 

 45  45, 50, 55, 60, 65, 70 

  3.9, 7.6, 10.03, 19.77, 8.2, 4.67  2.2 OD Units/gds 

 60 (19.77 OD Units/gds)  Figure 10 

 60   Babitha  (2007) 

 60 

 M.  purpureus LPB97 

 M.  ruber TISTR 3006 

 65  
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Figure 10.  Effect of initial moisture content on pigment production by Monascus  ruber TISTR 

3006 on palm kernel meal at pH 7.5, inoculums size 106 spore/ 5 gram dry substrate 

and 30 C for 6 days 

 

1.5  
   M. ruber TISTR 3006   

 60 (  1.4)  7.5  6  

 20.06 OD Units/gds (Figure 11)  2 

 (1x104 / )    

 Babitha  (2007)  
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Figure 11.  Effect of inoculum size on pigment production by Monascus  ruber TISTR 3006 on 

palm kernel meal at pH 7.5, initial moisture content 60%, and 30 C for 6 days 

 

1.6.  
   M. ruber TISTR 3006  

 60  2  (1x104 / ) (  1.5) 

 5.5  8.0 (pH 5.5 ) 

 6   M.  ruber TISTR 3006 

 20.16 OD unit/gds OD Units/gds (Figure 12)  7.5 

  (2530)  M. 
purpureus CMU-KU  148   5.0  6.0 

 14    7  7 

  8.0  14   Babitha  (2007) 

  2.5  6.0  

 6.5  
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Figure 12.  Effect of initial pH of substrate on growth and pigment yield by Monascus  ruber 

TISTR 3006 on palm kernel meal at pH 5.5-8, inoculums size 2×106 spore/ 5 gram 

dry substrate, initial moisture content 60%, and 30 C for 6 days 

 
2.  
    M. ruber TISTR 3006  

(PKM)  60  7.5  30 C  6  

 121 C  15   30 C, 4

C   -20 C  28   (Table 6) 

   

 (Figure 13)  Sheu  

(2000)  M. purpureus 
 (121 C  15 )  -20 C 

 (pH 2.5  pH 12) 
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            (a)      (b) 

            

          (c)         (d) 

Figure 13.  Red pigment production by Monascus ruber TISTR 3006 on Palm Kernel 

Meal at 30 C for 6 days (a) Fermented Palm Kernel Meal at 30 C for 6 days 

(b) Red pigment after extracted by 40% Ethanol; (before diluted) (c) 

Dilution 1:1, 1: 5 and 1:10 of red pigment (from left to right) (d) Dilution 

1:1 and 1: 5 of initial pigment of Palm Kernel Meal (from left to right) 
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3.  
 Monascus sp. 

 3.1   
   Chysomya megacephala 

   8  

(Figure 14a)  

 (  10 )  

 24      1.53  

  (Figure 14b)  138 

  20-30   24  

 (

 6.66)  

 95.34  10  

  (Table 7)  

 

     
(a)     (b) 

 

Figure 14.  Cultured of Chrysomya megacephala (a) inside an insect cage (b) cluster of eggs 

inside egg-laying cup (1.5x) 
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 Table 7.  Egg batches and percentage of survival of Chrysomya megacephala eggs for 

experimental test; Control (palm kernel meal; PKM) and the fresh fish offal 
 

Survival (%) 

Days Number of eggs PKM (Control) 

(initial moisture 6.6%) 
Fresh fish offal 

1 80   -* 96.70a±0.50 

2 120 - 100a±0.50 

3 180 - 90.00a±0.50 

4 224 - 96.70a±0.50 

5 185 - 100.00a±0.00 

6 180 - 100.00a±0.00 

7 125 - 96.70a±0.50 

8 100 - 93.33a±0.50 

9 102 - 90.00a±0.50 

10 84 - 90.00a±0.50 

Mean 138 - 95.343a±0.50 

F-test ** ** ** 

   * No growth 

     ** Significantly different (P < 0.05) 
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3.2  
   

Chrysomya megacephala  (

 6.66)  (  65) 

 50 - 90 

 (  1) 

 55 - 90 (  55) 

 6.66 

  

 50  

  80 

  

 

  0, 78.00, 54.57  66.67  

 65  80 

 

 55  80  65 

 (Table 8)  Table 8  60-70 

 (p < 0.05) 

 

(0.028 )  

 (Table 9)  

  60 - 70  60  

65  

   65 

 80  (Table 8) 

   65 

 

 90   
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 (  50)  (  80) 

 C. megacephala  (Table 9) 

 

 60-95   80 

 (Abou Zied et al., 2003; Lefebvre and Pasquerault, 2004) 

 

Table 8.  The percentage of survival of Chrysomya megacephala pupae on several of initial of 

moisture content for experimental test; Control (palm kernel meal), fresh fish offal, 

fermented palm kernel meal and palm kernel meal with the rinse of fresh fish offal 
 

Percentage of survival of pupae (%) 
Moisture 

(%) PKM (Control) 

(initial moisture 6.6%) 

fresh fish offal Fermented 

Palm Kernel Meal 

PKM with the rinse of 

fresh fish offal 

6.6   0*     -# - - 

50 0 - - 66.67b±0.58 

55 0 - 40.33c±0.58 73.67b±0.58 

60 0 - 90.00a±0.58 90.33a±0.58 

65 0 100a±0.00 90.00a±0.58 90.67a±0.58 

70 0 100a±0.00 60.33b±0.58 90.33a±0.58 

75 0 100a±0.00 40.33c±0.58 80.33ab±0.58 

80 0 90.00a±0.58 20.67d±0.58 50.33c±0.58 

90 0 0b 0e 0e 

Mean 0 78.00 54.57 66.67 

F-test ** ** ** ** 

* No growth 

** Significantly different (P < 0.05) 

# No investigation; start with the initial moisture of each substrate. 
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Table 9.  The weight of Chrysomya megacephala pupa on several of initial of moisture content 

for experimental test; Control (palm kernel meal), fresh fish offal, fermented palm 

kernel meal and palm kernel meal with the rinse of fresh fish offal 
 

Weight of pupa (gram) 
Moisture 

(%) PKM (Control) 

(initial moisture 6.6%) 

Fresh fish offal Fermented 

palm kernel meal 

PKM with the rinse of 

fresh fish offal 

6.6   0*     -# - - 

50 0 - - 0.040c±0.001 

55 0 - 0.028a±0.003 0.045ab±0.001

60 0 - 0.028a±0.001 0.045ab±0.003

65 0 0.042a±0.003 0.029a±0.003 0.047a±0.001

70 0 0.042a±0.004 0.028a±0.003 0.045ab±0.004

75 0 0.038b±0.001 0.028a±0.003 0.045ab±0.001

80 0 0.036b±0.004 0.028a±0.004 0.040bc±0.004

90 0 0c 0b 0d 

F-test ** ** ** ** 

* No growth 

** Significantly different (P < 0.05) 

# No investigation; start with the initial moisture of each substrate. 
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3.3  
   

Chrysomya megacephala  (

 6.66)  (  65) 

 (

)  

  

 100  0.043  (

 4)  

1:0, 1:1, 2:1, 3:1, 4:1  5:1  4 

 30, 90, 90, 80, 70  30  0.044, 0.046, 

0.040, 0.045, 0.042   0.040   

 1:0, 4:1  5:1  

Rhizopus sp.    

   

 

  

  (Table 10)  

   

 3.2  

 

 

  65  

  

 55 

 

 0, 100, 40  80   Table 11 

 (p < 0.05) 
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 (Table 11) 

 0.028  

 (p < 0.05)  

  

 

 

  (Table 11) 
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4.  

 4.1  
   

 (  3) 

 

 

  3  

  100   5-10 

  

 40   48   

 100   53.33, 53.2  52.98  

  

   3 

  10  (p>0.05) 

(Table 12)  

Table 12.  Weight and percentage of moisture of magmeals production produced from different 

maggot rearing sources 

Magmeal 

Dry weight (%) Moisture 
Source 

(w/w) (%) 

Fresh fish offal (Control) 53.33a±0.17 6.55a±0.79 

Palm kernel meal 53.20a±0.17 5.92a±0.79 

Fermented palm kernel meal 52.98a±0.17 7.49a±0.79 

F-test * * 

* Significantly different (P < 0.05) 
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 4.2   
   3  4.1  

  1.1  

 (Figure 15)  3  

 10  40.06 - 51.97 

( )  

 50 - 60  

 51.97 (Table 

13)  3   

 50 

  33.12  48.70 (Ogunji 
et al., 2007; Newton et al, 1977; Ogunleye and Omotoso, 2005) 

 12 

 24.58 

 8.75  

  

 

 

  (monakolin K) (Jůzlová et al., 1996; Wang et al., 2002) 

 19.8  34.8  (Ogunji et al., 2007; 

Newton et al, 1977; Ogunleye and Omotoso, 2005)  Table 13 

 

 

 

 

 

 

 

 



  53

 

        

   (a)     (b) 

 

 
                (c) 
 

Figure 15.  Color appearances of magmeal production produced from (a) control (fresh fish offal) 

(b) palm kernel meal (c) fermented palm kernel meal 

 

 

 

 

 

 

 

 

 

 

 



  54

Table 13.  Proximate composition of magmeal production produced from fly pupae of different 

rearing media 

Components 

(% dry weight) 

Fishmeal 

(% dry weight) 

Magmeal 

(Control) 

(% dry weight) 

Magmeal 

(PKM) 

(% dry weight) 

Magmeal 

(FPKM) 

(% dry weight) 

Dry Matter 91.0 93.45 94.08 92.50 

Moisture < 10.00 6.55 5.92 7.49 

Crude Protein 50.00-60.00 46.84 51.97 40.06 

Crude Fat 7.80-12.00 20.45 24.58 8.75 

Crude Fiber < 2.00 8.95 12.51 8.84 

Ash < 30.00 3.28 4.67 4.72 

NFE* 3.21 13.93 0.35 30.14 

Calcium 5.00-7.70 0.25 0.43 0.40 

Phosphorus 3.00-3.80 0.62 1.08 1.20 

* Nitrogen-free extract + fibre, (NFE) =100-(% protein + % fat + % ash) 

 

 4.3  
   

 (Ogunji et al., 2007; 

Newton et al, 1977; Ogunleye and Omotoso, 2005)  

 HPLC 

  (Miles and Chapman, 2006) 
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 (magmeal) 

 (Ogunji et al., 2007; Newton et al, 1977; Ogunleye and Omotoso, 2005)  Table 14 

 

Table 14.  Amino acid profile (mg/100mg) of magmeals produced from different medium 

experimental test; control (fishmeal) fresh fish offal, fermented palm kernel meal and 

palm kernel meal with the rinse of fresh fish offal 

Type of Amino Acids 
Fishmeal** 

(Control) 

Magmeal 

(fresh fish offal) 

Magmeal 

(PKM) 

Magmeal 

(PKMF) 

Aspartic acid 4.32 4.28 4.67 2.63 

Glutamic acid 6.03 5.44 6.05 3.22 

Serine 2.13 1.70 1.96 1.18 

Histidine* 1.45 1.27 1.40 0.72 

Glycine 3.05 1.76 1.96 1.35 

Threonine* 2.31 1.91 2.12 1.25 

Arginine* 3.82 3.24 3.57 2.00 

Alanine 3.20 2.51 2.85 1.63 

Tyrosine 0.9 2.07 2.26 1.56 

Valine* 2.77 2.24 2.47 1.41 

Phenylalanine* 3.1 2.02 2.33 1.51 

Isoleucine* 2.66 1.62 1.78 1.07 

Leucine* 4.48 2.87 3.14 1.86 

Lysine* 4.72 2.96 3.35 2.21 

* Essentials Amino Acid (EAA) 

** Miles and Chapman, 2006; Folador et al., 2006 
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 4.4  Monascus sp.  disc 
diffusion (  NCCLS, 1993) 

   M. ruber TISTR 3006 (  1) 

  disc 

diffusion   Escherichia coli, Bacillus subtilis  Staphylococcus 

aureus  (inhibition zone)  disc (  5 )  7.5, 7.12 

 6.17   (figure 16  Table 15)  2  (E.a coli  

S. aureus)   B. subtilis 

  (Fritis et al., 
2000)  B. subtilis  

 

Ferdes  (2009) 

Monascus purpureus  Bacillus subtilis B1, Bacillus subtilis B2, 
Pseudomonas aeruginosa P1, Pseudomonas aeruginosa P2  Escherichia coli 

 8, 9, 8, 8  8  (  disc  5 ) 

  Bacillus cereus 

CCRC15323, Micrococcus luteus CCRC10452  

 Aspergillus niger CCRC30201 (Wang et al, 2002) 
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(a) (b) 
 

Figure 16.  Inhibition zones for bacterial strains grown on medium supplemented with disc of 

Monascus red pigment (a) the inhibition zones of Bacillus subtilis and (b) the 

inhibition zones of Escherichia coli 
 

Table 15.  Antimicrobial action of the antimicrobial compounds from  Monascus ruber TISTR 

3006 

Inhibition zone diameter, mm Bacterial strain 

1 2 3 X 
Bacillus subtilis 7.5 7.0 7.0 7.12 

Escherichia coli 7.0 8.0 7.5 7.5 

Staphylococcus aureus 6.0 6.5 6.0 6.17 
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��:�35G�3��!,��
�����:� 3$/  4% boric acid ��#�=���%�� F%: ��� 
. 40  /��/�/$� 	
���"��
���#�3��!,�����,�
4>,�F�&� *+,	����,�9�5#�&�:����
5=��3��!,�����,� 3$/  40% NaOH ��� 
. 20  /��/�/$� *�
�
�
���,�	��
����
5#�=���%�� F%:3��+,5�	
��+� F%3�@��+3=+5� '�&�
����
5*+,���,���/ 
$� 150 
 /��/�/$� ��
�
����
5#�=���%�� F%:*+,'�& 
'$3$�$������ 0.1 N HCl 	�'�&	-�5-�$/3�@��+� F% 
���*>���/ 
$����*+,#�& *�
 blank �&�5�/Q+3�+5�����$:' :#�:�
����
5$���5:
� ��
�:
*+,'�&'���
��.
��/ 
.'�9$�3	� (A.O.A.C., 1999) 

7. �����
��������������=�+�&�>/��%�/�� ��?> DNS (Miller, 1959) 

  ��
�
�3�!"�3 �G�#��
�E *+,<:
��
�� �� 
3$/  0.1% Tween 80 ��/ 
$� 10 
 /��/�/$�$:� 1 ��� ����3$�$ ��
'�3=5:
*+, 180 g 3�@�3��
 1 ��,�9 � 	
���"���
'��rs�3��+,5�*+,��
 
3�G���� 7000 g 3�@�3��
 10 �
*+ ��
�
����
5�:��#�*+,'�&	
��
�� -�3��+,5���/ 
$� 1 
 /��/�/$� #�:#�����*���� 3$/ �
����
5�+3�G�3����/ 
$� 2.0  /��/�/$� ��&���
����*����
'�$& #��"�
3�!��3�@�3��
 5 �
*+ 	
���"���:����*����#��:
��"�
35G�*��*+ 3$/ �"�
���,� 20 
 /��/�/$� ��#�����*���� <� #�&3=&
�����&���
'�����:
�
��%���!����*+,��
 5
���!,� 520 
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� ��&��/3��
��E3�:�3�+5���� 3��+5�3*+5�
�
��/ 
.�"�
$
��+�/�4E	
���
( 
$�t
� 3F!,��
��
 3=& =&�=����%9��#��
����
5$���5:
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8. �����
������ Biomass 

  9�5�
��/3��
��E��/ 
.��%9�4
 +� 3$�+5 $���5:
�3F!,��
��/ 
.��%9�4
 +� 
9�5��
3�&�#5'���#�&��&�#�$%&���-.��% / 103 ��2
34�34+5� ��,�$���5:
�����&�*+,����3�+5���&�
��/ 
. 0.25 ���  3$/ ���'P9������/�3=& =&� 5  /��/�/$� �
�*+,�-.��% /�&��3�@�3��
 20 ��,�9 � 
�����&�5����
H����3���E 4 ��&��%��:��#� 2  /��/�/$� #�:#�����*����*+, +�"�
���,� 1 
 /��/�/$� ��
'�$& *+,�-.��% / 100 ��2
34�34+5� �
� 2 ��,�9 � ����F+3��=���
����
5#�&3�@�
��
��&�5943�+5 'P����'4�E��
 3=& =&� 30% ���������/ 
$��&�5�"�
���,�#�&'�& 50  /��/�/$� 
��
�
����
5$���5:
�*+,'�& 1  /��/�/$�#�:#�����*���� 3$/ �
����
5 Acetyl acetone reagent 1 
 /��/�/$� $& #��"�
3�!���
� 20 �
*+ 3$/  95% Ethanol ��/ 
$� 10  /��/�/$� ��&�3$/ �
����
5 
Ehrlich reagent 1  /��/�/$� <� #�&3=&
����
�*/"�'�& 30 �
*+ ��
'�����:
�
��%���!����*+,��
 5
�
��!,� 530 �
9�3 $� �
��/ 
.��%9�4
 +�9�53*+5������
( 
$�t
�=����%9�4
 +� *+, +��
 
3=& =&�$�"��$: 25-250 ' 9����� $:� /��/�/$� (Van de loo, 1976) 
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Figure 17  Standard curve for reducing sugar analyze 
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Figure 18  Standard curve for xylanase activity analyze 
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y = 0.002x + 0.0008

R2 = 0.9749
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Figure 19  Standard curve for glucosamine analyze 
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