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C	#L��� �  �	��,�#�	�&"#$�����,�	��#� �	�C	� �	��;	���$<��,��� �	��#���#;	� )�&� 
                         &��� ����$�,�����" 
 
C	#L��� �1  �	��,�#�	�&"#$�����,�	��#� 
 
1.   �	��,�#�	�&"=�,	�#�	BDI� )��@B;�,K���@��<;��*>>g	 (A.O.A.C., 2000) 
�$=���" 

1. �+5,�,��/�+���
	�,��/�+���05 
2. ����/����-�� (45��,��+��!�����
5,�g) 
3. 640+0����-�� 
4. !�
-%, �	% �CCh�"���� 4 �.#/�$  

�,K��	� 
 1.  ,������./
	�/����-�����+5,��CCh��%,��/�+�� 105 , "!*�!*��� 

�� 2-3 ��. �.,,&�&�+5,���$��5��640+0����-�� ��$,���� ��5 ��&
��	% ,��/�+��', ����
�0� !�$&	�,��/�+��/5,  #�5��	% ��./�	& 

2.  &
��.!�$�!0���&	�'5, 1 *�.  ���05���$ ', ��./�	&��%�	% �	� �, �
	� 
��0�$,&	���$!&�� 1-3 �&. 

3.  �	% �	�,�$ ,/
��%�5, &
/����-���/5�05��./�	&��%#�$�,� 1-3 &. ��$� 
������/����-��*(% �
���./�	&0�#�5� �.��,����+5,��CCh��%,��/�+�� 105 , "!*�!*��� 
�� 5-6 ��. �.,,&�&�+5,���$��5��640+0����-�� �	% ��./�	&�����
5,��	�,�$ �	�� �&�	��
�.&�	���!'5�+5,�,�& #��&
��.!�$�!0�����05���$ ', ��./�	&#/5 ��%�	% �	� �, �
	� ��0�$,&	���$
!&�� 1-3 �&. 
�	�#�	��� 
   M =   (W1-W2)   x 100   

         W1 
60���% M  = �
�������-�� (%) 

                      W1 = ��./�	&�	�,�$ &$,�,� 
    W2 = ��./�	&�	�,�$ /�	 ,� 
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2.   �	����#%	����B (AOAC., 2000)  
�$=���" 

1. ��!,���!�,
� 
2. ��&!&,
� '�0 250 ��. 

�,K��	� 
 1. �	�,�$ ��%!�2�', #'d  (�
�&	0&
�!��3��#0 � ) �	% �	�,�$  1 &. � ��     

��&!&,
�#�5�!�����.&�	%��
"�&,�,,� 100 ��. 
 2.  �	0���!�2�&
00$ 60���5��!,���!�,
���%�$�&
�
	�05���
����

�	C!C,
���
Y� ��!,� 4.0 #�� 7.0 
 3.     �	�,�$ *,�&
�!��3��#0 �	0���!�2�&
00$ 60���5��!,���!�,
���%�$�&


�
	�05���
�����	C!C,
���
Y� ��!,� 4.0 #�� 7.0 
 
3.   �	����=�,	�'���'N���I�&�������	�*�; (A.O.A.C., 2000) 
�$=���" 

   1. Hand refractometer 
�,K��	� 

1. �	�,�$ ��%!�2�', #'d  (�
�&	0&
�!��3��#0 � ) �	% �	�,�$  1 &. � ��      
��&!&,
�#�5�!�����.&�	%��
"�&,�,,� 100 ��.�.�	�,�$ �	005�� hand refractometer ,$��
���
', ', #'d �	� /�0��%�����05��/�$��, "�
�&*� 

2. �	�,�$ *,�&
�!��3��#0 �.���	005�� hand refractometer ,$��
���', 
', #'d �	� /�0��%�����05��/�$��, "�
�&*� 
 
4.   �	�&	=�,	������I�&�@��<=���	�,� (A.O.A.C., 2000) 
�$=���" 

1. ���!
� 
2. '�0
+����+$'�0 125 ��. 

�	��#� 
1. C)�,��C���� 
2. �
������
Y�6*!0����X0
,&�*0� 0.1 �,
��,� 
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�	�&	#�	�';';������%���'���	����	�)+����*h����*+�" 0.1 ���"�� 
1. �.6�#��!*���#,*�0��!�� (KHC8H4O4) ��$&
��&�§�&��,���% 110 

, "!*�!*��� �� 1-2 ��. ��$,��/5!�d��� desiccator 
2.  �	% ��./�	&�/5�05#�$�,� 0.8 &. ��$��'�0
+����+$'�0 250 ��. 
3. !�����.&�	%��5� 25 ��. (�.*�. 3 '�0) 
4. ��!�
�&	��
����6*!0����X0
,&�*0� 0.1 �,
��,� 60���5C)�,��C-

����!�2�,��0�!�!�,
� 
�,K��	� 

1. �	% ��./�	&�
�&	0&
�!��3��#0 �  1 &.��������.&�	%� 100 ��. 
2. �R!���
������%�05 10 ��. ��$��'�0
+����+$'�0 125 ��. !�����.&�	%�� 

�� 30 ��. #��!���C)�,��C���� 1-2 /�0 !'�$�/5!'5&	� 
3. �.����!�
�&	��
������
Y�6*!0����X0
,&�*0� 0.1 �,
��,� ��

�05��0����!�2������+ 
�	�#�	��� 
   �
���&
0�	� /�0��
+�&
0���& (%) 
   M   =                ��!�,
� (��.) x N x 70 x 100    

1000 x ��. �
�&	0&
�!��3��#0  (&.) 
!�-%, N  =  ���!'5�'5�', 6*!0����X0
,&�*0� (�,
��,�) 
 70 =  ��./�	&&
	����+�', &
0���& 

 
C	#L��� �2  �	��,�#�	�&"#$�����,�	��	�C	� 
 
1.   #%	 Bulk Density (Al-kahtani and Hassan., 1990) 
�$=���" 
 &
��,&�� '�0 25 ��. 
�,K��	� 

1. �	% ��./�	&', &
��,&��   �	��(&�
���
 
2. ��$�	�,�$ � ��&
��,&��  !'�$!� 1 �	% ��./�	&#���	��(&�
���
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�	�#�	��� 
  �.���/���/�#�$��&�+�
 D = M/V  
   !�-%, D  = ���/�#�$� (&./��.) 

  M = ��� (&.) 
  V = �
���
 (��.) 

 
2.   �	����#%	#�	�		�Q@��	����	� (�	������ !7�������, 2538) 
  �	% ��./�	&�
�&	0&
�!��3��#0 �  4 &.��$� ����&!&,
�'�0 50 ��. ��%����.&�	%�
�

��,�+$ 100 ��. &���
����05��05��!�
-%, &����%���!
d�
�0	� 5 !�2�!�� 90 ����� �.
�
�����&
, �$�&
�0e&
, ��%�
���./�	&� ��%#�5� �.��,�#/5 ��% 105 , "!*�!*��� 
�.��	% ��./�	&���05��./�	&� ��% �$&
����!�
���!�����& �.�����&,���%!/�-,,�+$/�	 �&
/	&��./�	&&
�0e&
, ,,&#�5� 
 
3.   �	����#%	��  
�#�D���D� 
 ��5!�
-%, �	0�$�� ��%/5, Hunter Lab 
�$� ColorFlex  
�,K��	� 

1. !�-,&6�
#&
� Hunter Lab (L* a* b*) illuminate=D65 #�� observer=100 
2. �.&
�
	���
Y���60���5#�$�!������0.��
Y� #�$�!������'�

��
Y��./
	��	�,�$ � #����.&�	%��./
	��	�,�$ ', !/�� 
3.     !��	�,�$ � /
-,
���	�,�$ *,�&
�!��3��#0 #�5��.��� ���.#/�$ ��%

�	0�$���$��%�	0�05!�2� L* a* b* 
 
4.   �	����#%	#�	&�D� (0	0#�� �&Heureux-Calix and Badrie, 2004) 
�#�D���D� 
 !�
-%, �	0���/�-0 ��%/5, Bostwict consistometer 
�,K��	� 

�.!����!
$&
�!��3��#0 /
-,*,�&
�!��3��#0  �

�����$, �

���	�,�$ �/5!�d� 
��0�d,��$, !�R0�	�,�$  �
5,�&	��	�!�� 30 ����� ,$��$
���� ��%�	�,�$ !��-%,���%�05��
/�$�� *�./30����� 
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C	#L��� �3  �	��,�#�	�&"#$�����,�	��;	���$<��,��� 
 
1.   �	������ �K,m�;	���$<��,���)���,K� DPPH scavenging assay (Yamasaki, et al., 1994) 
�$=���" 

1. ��6�
�R!��'�0 10-200 #�� 20-1000 ��6�
���
 
2. Microplate '�0 96 /��� 
3. Micro plate reader 
4. /�,0/���!/��%� '�0 15 ��. (�./
	�!�-,� �	�,�$ ) 
5. /�,0!&d��	�,�$ g!&����'�0 15 ��. 

�	��#� 
1. Absolute ethanol 
2. BHT (Butylhydroxytoluene) 
3. DPPH (1,1-diphenyl-2-picrylhydrazyl) 

�,K��	� 
 1.  �	�������	����	�'�� DPPH @� Ethanol 

1.1 !�
��� DPPH �/5�����!'5�'5� 6x10-5 6��
� �.��� 100 ��. 60��	% ��./�	& 
DPPH 2.4 �&. ����#���
	��
���
�/5�
� 100 ��. 05�� absolute ethanol #�5�!&d���5��'�0��
�  
/��!/�� ��
!�
����	���&$,���5 !&d���% 4 , "!*�!*��� ��5�05�
��� 3 �	� 
 1.2 &
�.������!'5�'5�',  DPPH (��./�	&6�!�&��',  DPPH = 394.32)
��./�	&�
 (&.) = 6x10-5 6��/�. x 394.32 &
	�/6�� = 0.024 &./�.  
  45�5, &
!�
��� DPPH �/5�����!'5�'5� 6x10-5 6��
� �.��� 100 ��. 
���5, �	%  DPPH = (0.024 &. x 100 ��.)/1000 ��.= 0.0024 &. (2.4 �&.) 

2.  �	�������	����	�	��O	� 
 �
��
Y���%��5�-, BHT !�
����/5�����!'5�'5� 100, 50, 25, 10 #�� 5 

��6�
&
	�/��. (���!'5�'5���0�5��-, 200, 100, 50, 20 #�� 10 ��6�
&
	�/��. ���.0	�) 
���!'5�'5��� 2 ��. 60���5 absolute ethanol !�2��	��.���� 

3.  �	�������	������%	� 
 !�
����
����', �
�	�,�$ �/5�����!'5�'5� 200, 100, 50, 20 #�� 10 
��6�
&
	�/��. ���!'5�'5��� 2 ��. �./
	��
�&	0��%!�
���05���	��.����,���
��� !�$� 
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acetone extract, chloroform extract #�� alcohol extract ����5 absolute ethanol !�2��	��.���� 
�$���
�	�,�$ ��%!�2� water extract ����5��.&�	%�!�2��	��.���� 
 4.  �,K��	������ 

4.1  �R!���
�����	�,�$  100 ��6�
���
 ��$��/��� microtiter plate ��#�$
�����!'5�'5� 
  4.2 !����
����',  DPPH �� absolute ethanol 100 ��6�
���
 (���!'5�'5�
��0�5�', �	�,�$ �-, 100, 50, 25, 10 #�� 5 ��6�
&
	�/��. ���.0	�) 
  4.3 �.��!'�$�/5�
���!'5&	�0� �	� ��� ��5 30 ��� 

4.4 �.���	0�$&
0+0&�-�#� ��%�������-%� 520 �6�!��
 60���5�
����
�	�,�$ ��%���!'5�'5��$  1 100 ��6�
���
 ���&	� absolute ethanol 100 ��6�
���
 !�2� blank 
', �
�����	�,�$  

4.5 �	0�$&
0+0&�-�#� ', �
������
Y� BHT #�� control ��% 520 �6�
!��
 60���% control �
�&,�05����.&�	%� 100 ��6�
���
 #�� DPPH 100  ��6�
���
 #����5 ��.
&�	%� 100 ��6�
���
���&	� absolute ethanol 100 ��6�
���
 !�2� blank ',  control 
/��!/�� ��#�$�����!'5�'5����0�,�*�. 3 �
	�  (Triplicate) 

5.  �	�#�	���&	 % inhibition  
% inhibition =  [ OD.control � OD.sample ]   x 100 

        OD.control 
 �.����$!7��%�',  % inhibition ��#�$�����!'5�'5� #�5��.��/��� 
�	��	�:���
+�#��� ����"��
� ��%�/5�$�	��
����:�;#�0 ����	��	�:���!�� !�5��
  (R2) ��%��
�$�+ ��%��0 !�-%,/�
���', �
�	�,�$  (��6�
&
	�) ��%��
4�0�
��� DPPH �05 50 % �$,
�
���� 1 ��. ', �
����!
�%��5� (EC50)  
 
2.  �	��,�#�	�&"&	=�,	� Total phenolic compound (0	0#�� �& Miliauskas et al., 2004) 
�$=���" 

1. ��6�
�R!��'�0 10-200 #�� 20-1000 ��6�
���
 
2. Microplate '�0 96 /��� 
3. Micro plate reader 
4. /�,0/���!/��%� '�0 15 ��. (�./
	�!�-,� �	�,�$ ) 
5. /�,0!&d��	�,�$ g!&����'�0 15 ��. 
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�	��#� 
1. Folin-Ciocalteu phenol reagent: !�
���60�!�-,� �
���� 10 ��. �
	�

�
���
�/5�05 100 ��. 05����.&�	%� 
2. &
0#&���&  
3. Sodium carbonate anhydrous (Na2CO3): !�
���60����� Na2CO3 7.5 &. ��

��.&�	%��
	��
���
�/5�05 100 ��. 
4. !,��,� 

�,K��	� 
1. �	�������	����	�	��O	� 

 !�
����/5�����!'5�'5� 80, 40, 20, 16, 8 #�� 4 ��6�
&
	�/��. ���!'5�'5�
�� 2 ��. 60���5!,��,�!�2��	��.���� 

2.  �	�������	����	������%	� 
 !�
����
�����	�,�$ �/5�����!'5�'5� 1000, 500, 250 #�� 100 

��6�
&
	�/��. ���!'5�'5��� 2  ��. 60���5!,��,�!�2��	��.����  
3.  �,K��	������ 
3.1  �R!���
�����	�,�$  20 ��6�
���
 ��$��/��� micro plate ��#�$��

���!'5�'5� 
 3.2  !����
����',  Folin-Ciocalteu phenol !�-,�  10 !�$ 100 ��6�
���
 
��#�$��/���   

3.3  !����
���� Sodium carbonate anhydrous 80 ��6�
���
 �.��!'�$�/5
�
���!'5&	�0� �	� ��� ��5 30 ��� 

3.4  �.���	0�$&
0+0&�-�#� ��%�������-%� 765 �6�!��
  
3.5  �	0�$&
0+0&�-�#� ', �
������
Y�&
0#&���& ����:�&


�0�,�'5, 3.1-3.4 60�!���%���&�
�	�,�$ !�2��
������
Y�&
0#&���& 
 4.  �	�#�	��� 

 4.1  �.�$ OD. ��%�	0�05 ���.&
C��
Y�', �
������
Y�&
0#&���& 
#��/�$ linear regression 

4.2  /�$���!'5�'5�', �
�����	�,�$ �&&
C��
Y�&
0#&���& 
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3. �	��,�#�	�&"=�,	����)�*+�	�,� (Fuleki and Francis, 1968) 
�$=���" 
  1. !�
-%, �	0�$�� Hunter Lab 
�$� ColorQuest XT 
�,K��	� 
  1. �.�
�&	0&
�!��3��#0 �  0.5 &. ��������.&�	%� 100 ��. 

2. �.�
������%�05���	0�$&
0+0&�-�#� ��%�������-%� 520 �6�!��
  
�	�#�	��� 

1. / Dilution factor (DF) =  (TV/SV)*DV 
      =  (800 ��./0.5 &.)*100 ��. 
      =   160000 ��.2/ &. 

2. �.���#,�6��*����
�� =  (OD520*DF)/90 
      =  (0.139*160000 ��.2/ &.)/(90 ��./�&.) 
      =   226.476 �&.#,�6��*�����$,  

      &
�!��3��#0 #/5  100 &. 
&	��&�$  TV  =   �
���
�
�&	0&
�!��3��#0 ��%�&	0�05�&&
�!��3��#/5  100 &. 
     SV  =   �
����
�&	0&
�!��3��#0 ��%��5!�
���!�2��
����!�-%,/�$ OD  
     DV  =   �
���
��.��%��5!�2��	��.�����	�,�$  
     90    =    �$�	��
����:�;!7��%�', #,�6��*�����	� /�0 (extinction coefficient)  
 
C	#L��� �4  �	��,�#�	�&"=�,	��	��#���#;	� (Steinwandter, 1985) 
�$=���" 
  1. !�
-%,  Gas Chromatography 
�,K��	� 

1. �.&
�!��3��#0 �0 10-50 &. !�����.&�	%��/5�,0�&	�&
�!��3���0� ��'�0    

+����+$'�0 500 ��.  

2. !���,�*�6�� 200 ��. �R0�&'�0
+����+$ #�5��.��!'�$ 05��!�
-%, !'�$�� 
1 �-� 

3. !���6*!0�����,�
0� 30 &. #�� !X&!*��
���
 150 ��.  
4. �.�
������!'�$�$,05��!�
-%, !'�$!�2�!�� 1-6 ��.  
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5. �.�
������%�05����!�
�/��
����
!����&�5 ��&��$�,,
�&6�C,�!C�
05��!�
-%,  Gas Chromatography 60�!����&	��
��
Y� (�$ �
����!�
�/� � /5, ����	��&

&� �
���,������	���!&e�
#��,/
 ,./0�/8$) 
 
C	#L��� �5  �	��,�#�	�&"=�,	�)�&�&��� (A.O.A.C., 2000) 
�$=���" 
  1. !�
-%,  Inductively Couple Plasma-Mass Sprectrometry (ICP-MS) 
�,K��	� 
  1. �.&
�!��3��#0 �0��!,��0 1 &. !���&
0���
�&!'5�'5� 8 ��. 
  2. �.���&	005��!�
-%, �&	0��%��5
	 ����6�
!�C!�2�#/�$ �/5���
5,� 
  3. �.�
��������%�05���
	��
���
05����.&�	%��
"�&,�,,� �/5�05
�
���
 25 ��. 05��'�0�
	��
���
 
  4. �.�
������%�05����!�
�/��
���6�/�/�	&05��!�
-%,  Inductively 
Couple Plasma-Mass Sprectrometry (�$ �
����!�
�/� � /5, ����	��&
&� �
���,�
�����	���!&e�
#��,/
 ,/0�/8$) 
 
C	#L��� �6  �	��,�#�	�&"�	��$�,�����" (USFDA, 2001) 
 
1.   �	��,�#�	�&"=�,	��$�,�����"��I�&� (total viable count) )���,K� pour plate  
�	&	����I���BDI� 

1. Plate count agar (PCA) 
2. �
����!��6�� 0.1% (0.1% peptone solution) 

�,K��	� 
1. !�R0g'�0', *,�&
�!��3��#0  /
-,��5&

�&
�	0�&4� *,�&
�!��3��#0 

�

��4� �����
5,��+  05��!�������,0!�-�, 
2. �.&
!�-,� �	�,�$ �/5!�2� 1:10, 1:100 #�� 1:1000  ���.0	� 60���5

�
����!��6�� 0.1% 
3. 0+0�	�,�$ �&'5, 2 ,�$ �� 1 ��. (�. 2 *�.) � ����!��!�-�,��%f$!�-�,#�5� 

!�,/
 PCA �
��� 15 ��. � �� 
4. /�����!��!�-�,!� 1 !�2�� &�� #�5��	� ��5�/5��5�#'d �	��
��� 15 ��� 
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,�!��!�-�,��%,��/�+�� 35 , "!*�!*���  ���	&e������%.!�2�!�� 24 ��. 
5. �
���	��.���6�6����&��!��!�-�,��%���.����
��� 30-300 6�6��� 


� ���!�2��.���6�6����$,��. �	�,�$  (CFU/��.) 
 
2.   �	��,�#�	�&"=�,	�����"����	 )���,K� spread plate  
�	&	����I���BDI� 

1. Potato dextrose agar (PDA) ��%�$�&
�
	���!,� (3.5) 05��&
0�
��
�& 10% 
2. �
����!��6�� 0.1% (0.1% peptone solution) 

�,K��	� 
1. !�R0g'�0', *,�&
�!��3��#0  /
-,��5&

�&
�	0�&4� *,�&
�!��3��#0 

�

��4� �����
5,��+  05��!�������,0!�-�, 
2. �.&
!�-,� �	�,�$ �/5!�2� 1: 10, 1:100 #�� 1:1000  ���.0	� 60���5

�
����!��6�� 0.1%  
3. 0+0�	�,�$ �&'5, 2. ,�$ �� 0.1 ��. (�. 2 *�.) � ����,/
��%��,/


!���� !�-�,*(% #'d �	�#�5� ��5#�$ #&5��
"�&!�-�,!&��%��	�,�$ �/5�	%����/�5,/
 
4. ,�!��!�-�,��%,��/�+�� 25 , "!*�!*���  ���	&e������%.!�2�!�� 3-5 �	� 
5. �
���	��.���6�6����&��!��!�-�,��%���.����
��� 30-300 6�6��� 


� ���!�2��.���6�6����$,��.�	�,�$  (CFU/��.) 
 
3.   �	��,�#�	�&" coliform bacteria  
�	&	����I���BDI� 

1. Brillient-green lactose bile broth (BGLB) 
2. Lauryl sulphate tryptose broth (LST) 2X #�� 1X 
3. EC broth 
4. Eosin methylene blue agar (EMB) 
5. Nutrient agar (NA) 
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�,K��	� 
�	����������	���'�I���� (Presumptive test) 
1. !'�$�	�,�$ ,/
�/5!'5&	� 0+0�	�,�$ ��$/�,0,/
 LST (2X) /�,0�� 

10 ��. �.��� 5 /�,0 �$��/�,0,/
 LST (1X) 0+0�	�,�$ /�,0�� 1 ��. �.��� 5 /�,0 
#�� 0.1 ��. �.��� 5 /�,0 

2. �$�/�,0,/
�	� /�0��%,��/�+�� 37±1 , "!*�!*���  24 #�� 48 ��. 
3. �	 !&�&
!&�0&�*��/�,00	&&�*��/�,0,/
#�$��/�,0/�	 �&�$�!�-�,

��5 24 ��. /&/�,0�0��$!&�0&�*�/5�$�!�-�,�$,,�& 24 ��. �
����!�$�!0���&	� 
4. �	��(&�.���/�,0��%!&�0&�*��#�$��/�,0 �.��!�R0�
  MPN 
� ���

!�2� MPN ', #����!
��6���C,
��'	��#
&/��. 
 �	����������	���'�I��D���� (Confirm test) 

1. 4$�!�-�,�&/�,0��%!&�0&�*��'	��#
&#�$��/�,0� ��,/
!/�� BGLB 
/�,0�$,/�,0 

2. �$�/�,0,/
��5��%,��/�+�� 37±1 , "!*�!*���  !�2�!�� 48 ��. 
3. �	��(&��/�,0��%!&�0&�* �.��!�R0�
  MPN 
� ���!�2� MPN ', 

#����!
��'	���-��	�/��. 
 �	����������	���'�I���<��" (Complete test) 

1. �./�,0��%!&�0&�*��'	����%�, �!'�$!� 1 ��5�+���%�$�&
f$!�-�,#�5� 4$�
!�-�,�&/�,00	 &�$����&#����,/
#'d  EMB ���	&e��6�6���!0�%��/�	 �&�$�!�-�, 

2. �.���$���%,��/�+�� 35-37 , "!*�!*���  24 ��. �
��0+6�6�����%��
�	&e��!7��', 6���C,
�� 60�6�6�������#0 !'5� /
-,�$� !'5� 

3. 4$�!�-�,�&6�6�����%���	&e��!7��0	 &�$� � ��,/
!/�� BGLB /
-, 
LST #����,/
 NA  

4. �$�!�-�,��%,��/�+�� 35-37 , "!*�!*���  24 ��. 0+&
!&�0&�*��,/
!/�� 45
��&�*!&�0'(���/5�.!�-�,�&,/
 NA ���5,���#&
� 0+05��&�5, ����

"�� 45��0��#&
��� 

+�
$ �$,��	�� ��$�
5 ��,
� #�0 �$!�2�6���C,
��#����!
�� 
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4.   �	��,�#�	�&" Stapphylococcus aureus 
�	&	����I���BDI� 
  1. Peptone Water 
  2. Trypticase Soy Broth (TSB) 
  3. Baird Parker Agar (BPA) 
  4. Mannitol Salt Agar Egg Yolk (MSAEY) 
  5. Nutrient Broth (NB) 
 
�,K��	� 
  �	����������	���'�I���� (Presumptive test) 
  1. �	% �	�,�$ *,� 1 &. !��� Peptone Water 9 ��. �	�,�$ ���4+&!�-,� �05!�2�    
10-1 !�$ 
  2. !�-,� �	�,�$ ��'5, 1. �/5��
�0	�&
!�-,� !�$&	� 10-2 #�� 10-3 05�� 
Peptone Water 
  3. 0+0�	�,�$ ��%
�0	� 10-1 10-2 #�� 10-3 �
���
 1 ��.!���� �� Trypticase Soy 
Broth �. 3 /�,0��#�$��
�0	�&
!�-,�  
  4. �$�!�-�,��%,��/�+�� 35 , "!*�!*���  48 ��. �	��.���/�,0��%��!�-�,!�
�8 60�
�	 !&��&/�,0��%�����'�$� �	��(&��!�-%,!�R0�
  MPN 
  �	����������	���'�I���<��" (Complete test) 
  1. ��5�+���%�$�&
f$!�-�,#�5� !'�%�!�-�,�&/�,0��%'�$��.���&#����,/
#'d  
Baird Parker agar #�� Mannitol Salt Agar Egg Yolk 
  2. �$�!�-�,��%,��/�+�� 35 , "!*�!*���  24 ��. �	 !&��	&e��6�6�����%!�
�8��
,/
 Baird Parker agar �����	&e��6�6���!
��� �+� ��0. #����%',�6�6����� (clear zone) 
�./
	�6�6�����%!�
�8��,/
 Mannitol Salt Agar Egg Yolk �����	&e��6�6���!
��� �+� ��
!/�-, �,  #����%',�6�6����� 
  3. ��5�+���%�$�&
f$!�-�,#�5� !'�%�!�-�,��%�0�$!�2� S. aureus � ��,/
 Nutrient 
Broth #���$�!�-�,��%,��/�+�� 35 , "!*�!*���  24 ��. 
  4. 0+0!�-�,�&'5, 3. ��$/�,0�0�,� �
���
 0.5 ��. !��� rabbit plasma 1 ��. 
!'�$�/5�	�,�$ ���&	� �$�!�-�,��%,��/�+�� 35 , "!*�!*���  6 ��. /�,0��%��&
#'d �	�',  
plasma !&�0'(�� #�0 �$��&
!�
�8', !�-�, S. aureus 
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5.   �	��,�#�	�&" Salmonella 
�	&	����I���BDI� 
  1. Nutrient Broth (NB) 
  2. Selenite Cysteine Broth (SCB) 
  3. Xylose Lysine Decarboxylase (XLD) Agar  
  4. Salmonella Shigella (SS) Agar 
 
�,K��	� 
  1. �	% �	�,�$ *,� 10 &. !��� Nutrient Broth 50 ��. �	�,�$ ���4+&!�-,� �05!�2� 
10-1 !�$ �$���5��%,��/�+�� 35-37 , "!*�!*���  24 ��. 
  2. 0+0,/
�&'5, 1. � 10 ��. !����� Selenite Cysteine Broth �
���
        
100 ��. �$���5��%��%,��/�+�� 35 , "!*�!*���  24 ��. 
  3. ��5�+���%�$�&
f$!�-�,#�5� !'�%�!�-�,�&'5, 2. #�5��&#����,/
#'d  
Xylose Lysine Decarboxylase Agar #�� Salmonella Shigella (SS) Agar 
  4. �$�!�-�,��%,��/�+�� 35 , "!*�!*���  24 ��. ���	&e������%. �	 !&��	&e��
6�6���',  Salmonella ��%!�
�8��,/
 Xylose Lysine Decarboxylase Agar �����	&e��6�6���
�����+ &� 6�6�������0. #���	&e��6�6���',  Salmonella ��%!�
�8��,/
 Salmonella 
Shigella Agar �����	&e��6�6��������+  
 
6.   �	��,�#�	�&" flat sour bacteria  �./
	�,/
��%���$��!,��%.&�$ 4.6 
�	&	����I���BDI� 

1. Acid broth  
2. Malt extract broth 
3. Nutrient agar 
4. Potato dextrose agar ��%�$�&
�
	���!,� (3.5) 05��&
0�
��
�& 10% 

�,K��	�  
1. ��$�	�,�$ ,/
� ��,/
!/�� Acid broth �.��� 4 /�,0 #�� Malt 

extract broth 2 /�,0 ��5�	�,�$ ,/
 2 ��.//�,0 
2. �$�,/
!���� !�-�,���
 ��% &6-1  
3. 45��#����!
����& flat sour ,/
!���� !�-�,��'�$� 
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4. �
���,�60���5&�5, ����

"�� 60���5 loop ��$��	�,�$ ,/
�!&��%���
���0� 
,�/5#/5 #�5��
( !*��� �.&
�5,�#&
� �$, 0+05��&�5, ����

"�� �	��(&�	&e��
+�
$ 
#��&
��0��', ������
��� 
 
�	�	�C	#L������ �6-1 &
�$�!�-�,!�-%,��5 Acid broth #�� Malt extract broth �./
	�,/

�
�!��&
0 (��!,� 4.6) 

Incubation of acid broth and malt extract broth used for acid food  
(pH 4.6) 

Medium No. of tubes Temperature (°C) Time of incubation (hr.) 

Acid broth 2 55 48 
Acid broth 2 30 96 
Malt extract broth 2 30 96 

 
�	�	�C	#L������ �6-2  #���	 &
#�&!�-�,�/5�
����:�;�./
	�,/
�
�!��&
0 (��!,� 4.6) 

Pure culture scheme for acid foods (pH 4.6) 
 

 
 
 
 
 
 
 
 
 
 
 
 



 150 

C	#L��� '  �	�!̀��	&	�$�&C<,������	����&	��@��	�L�,�+������������������$'��
��;�f	�������N�# ���+������������������$Q$���#�	�;���<� 
�	�	�C	#L������ '-1  &
"(&e,��/�+��#��!����%!/������&
����*,�&
�!��3��#0      
                                       �

��'�0#&5�g!&�����d,���!�,
��
�� 1 

,��/�+������*,��

��'�0#&5�g!&�����d,�                
(, "!*�!*���) 

!�� 
(�����%) 

probe 1* probe 2 probe 3 probe 4 probe 5 probe 6 

,��/�+������
!�
-%, f$!�-�,  

(, "!*�!*���) 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

23.6 
23.7 
23.7 
23.9 
24.5 
25.4 
27.2 
29.8 
33.0 
36.9 
41.1 
45.3 
49.9 
54.3 
58.6 
62.1 
65.5 
68.8 
71.9 
74.6 
77.2 
79.5 
81.4 

24.3 
24.4 
24.5 
24.5 
24.8 
25.5 
26.8 
28.7 
31.5 
35.1 
39.6 
44.5 
49.7 
54.4 
58.8 
62.9 
66.6 
70.0 
73.1 
75.8 
79.2 
80.5 
82.5 

26.3 
26.3 
26.3 
26.4 
26.7 
27.7 
29.3 
32.8 
35.1 
39.1 
43.6 
48.4 
53.0 
57.6 
61.9 
65.8 
69.4 
72.7 
75.6 
78.3 
80.7 
82.8 
84.8 

26.5 
26.4 
26.4 
26.4 
26.7 
27.3 
28.5 
30.5 
33.1 
36.4 
40.4 
44.6 
48.9 
53.3 
57.5 
61.5 
65.1 
68.5 
71.5 
74.2 
76.6 
79.1 
81.2 

24.9 
24.9 
25.0 
25.1 
25.6 
26.5 
28.1 
30.4 
33.3 
36.8 
40.9 
45.1 
49.6 
53.9 
58.1 
62.0 
65.6 
68.9 
72.0 
74.7 
77.2 
79.4 
81.5 

24.7 
24.7 
24.9 
25.4 
26.3 
27.8 
29.9 
32.7 
36.2 
40.1 
44.4 
48.9 
53.5 
57.9 
62.0 
65.9 
69.4 
72.5 
75.3 
77.8 
80.2 
82.2 
84.1 

27.5 
30.0 
43.2 
53.4 
66.0 
77.7 
85.5 
92.4 
97.9 
100.2 
101.3 
101.4 
101.5 
101.8 
101.6 
101.4 
101.3 
101.3 
101.4 
101.3 
101.7 
101.2 
101.3 
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�	�	�C	#L������ '-1  (�$,) 
,��/�+������*,��

��'�0#&5�g!&�����d,�               

(, "!*�!*���) 
!�� 

(�����%) 
probe 1* probe 2 probe 3 probe 4 probe 5 probe 6 

,��/�+������
!�
-%, f$!�-�,  

(, "!*�!*���) 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

83.3 
85.0 
86.5 
87.9 
89.2 
90.4 
91.4 
92.3 
93.2 
94.0 
94.6 
95.2 
95.8 
96.3 
96.8 
97.1 
97.2 
91.7 
89.5 
85.9 
74.3 
66.5 
57.5 
52.8 
51.7 
50.2 

84.2 
85.9 
87.4 
88.7 
89.9 
91.0 
92.0 
92.9 
93.7 
94.4 
95.1 
95.6 
96.2 
96.7 
97.0 
97.2 
97.2 
96.8 
96.1 
94.9 
93.4 
91.5 
89.9 
82.4 
77.3 
71.1 

86.5 
88.0 
89.4 
90.6 
91.7 
92.7 
93.6 
94.4 
95.1 
95.7 
96.3 
96.8 
97.3 
97.7 
98.0 
98.2 
98.1 
97.5 
96.5 
95.2 
93.4 
91.7 
87.7 
83.2 
77.8 
68.5 

83.0 
84.8 
86.3 
87.7 
89.0 
90.2 
91.2 
92.1 
93.0 
93.7 
94.5 
95.1 
95.7 
96.2 
96.6 
97.0 
97.2 
96.9 
96.2 
95.1 
93.7 
91.7 
87.5 
81.6 
73.4 
65.3 

83.3 
85.0 
86.5 
88.0 
89.2 
90.4 
91.4 
92.3 
93.1 
93.9 
94.6 
95.2 
95.8 
96.3 
96.8 
97.2 
97.3 
97.0 
96.4 
95.3 
93.8 
91.1 
86.4 
81.9 
75.6 
68.7 

85.8 
87.3 
88.7 
89.9 
91.0 
92.0 
93.0 
93.7 
94.5 
95.1 
95.7 
96.3 
96.8 
97.2 
97.6 
97.8 
97.8 
97.5 
93.8 
90.4 
86.9 
82.7 
78.1 
72.4 
67.5 
61.7 

101.3 
101.3 
101.4 
101.3 
101.3 
101.4 
101.3 
101.3 
101.3 
101.3 
101.3 
101.3 
101.3 
95.6 
87.5 
81.3 
76.4 
69.9 
60.7 
54.2 
50.6 
49.8 
48.2 
47.6 
45.4 
44.3 
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�	�	�C	#L������ '-1  (�$,) 
,��/�+������*,��

��'�0#&5�g!&�����d,�                 

(, "!*�!*���)  
!�� 

(�����%) 
probe 1* probe 2 probe 3 probe 4 probe 5 probe 6 

,��/�+������
!�
-%, f$!�-�,  

(, "!*�!*���) 
49 
50 
51 
52 
53 
54 

49.3 
48.5 
47.7 
46.4 
45.3 
45.1 

62.3 
54.5 
53.7 
50.4 
48.3 
47.1 

59.8 
56.5 
53.1 
52.4 
51.7 
48.4 

59.3 
57.2 
54.4 
53.4 
52.2 
49.6 

62.1 
57.3 
52.1 
51.2 
50.3 
48.1 

58.4 
52.9 
50.4 
49.1 
47.7 
46.2 

43.2 
42.8 
41.5 
40.4 
40.4 
40.3 

&	��&�$   1  #�0 ��&
�	��(&!��#��,��/�+��', &
�0�, *�.��%1 �&&
�0�,  2 *�. 
   &
�0�,  
* �-,,��/�+��',  probe ��%�.���5!'���&
C#�0 &
�$ �$����
5,� 

 
�	�	�C	#L������ '-2  &
"(&e,��/�+��#��!����%!/������&
����*,�&
�!��3��#0 �

�� 
                                       4� ���
5,��+ ��!�,
��
�� 1 

,��/�+������*,��

��4� �����
5,��+                        
(, "!*�!*���) 

!�� 
(�����%) 

probe 1 probe 2 probe 3 probe 4* probe 5 probe 6 

,��/�+������
!�
-%, f$!�-�, 

(, "!*�!*���) 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

36.6 
36.2 
35.7 
36.1 
41.1 
43.6 
57.1 
66.4 
74.5 
81.6 
87.9 

37.4 
37.3 
37.0 
37.2 
39.5 
43.9 
52.1 
62.0 
71.7 
80.5 
88.7 

36.4 
36.5 
36.3 
36.2 
37.7 
41.9 
48.7 
56.0 
64.5 
73.4 
84.9 

37.1 
37.2 
37.0 
36.8 
37.3 
38.7 
41.7 
46.4 
52.3 
58.9 
66.7 

36.6 
36.6 
36.4 
36.4 
37.2 
39.3 
43.7 
50.9 
60.0 
69.7 
79.3 

36.7 
36.5 
36.1 
36.3 
39.8 
44.0 
52.4 
62.5 
71.3 
79.8 
87.4 

37.7 
32.5 
34.7 
39.6 
52.8 
65.3 
77.2 
86.9 
92.4 
98.3 
102.3 
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�	�	�C	#L������ '-2  (�$,) 
,��/�+������*,��

��4� �����
5,��+                        

(, "!*�!*���) 
!�� 

(�����%) 
probe 1* probe 2 probe 3 probe 4* probe 5 probe 6 

,��/�+������
!�
-%, f$!�-�, 

(, "!*�!*���)  
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

91.3 
96.2 
96.1 
97.4 
98.4 
99.1 
99.6 
100.0 
100.2 
100.4 
100.6 
100.7 
100.8 
101.5 
100.1 
98.2 
96.1 
94.2 
91.5 
88.6 
85.7 
81.7 
76.4 
72.8 
66.4 
59.9 

91.9 
94.4 
95.8 
97.1 
97.8 
98.3 
98.6 
98.9 
99.1 
99.2 
99.3 
99.4 
99.5 
101.5 
101.5 
100.9 
97.4 
88.9 
86.2 
82.1 
77.5 
73.1 
67.7 
60.0 
55.5 
51.4 

88.0 
92.6 
94.2 
96.7 
97.9 
98.7 
99.4 
99.7 
100.0 
100.2 
100.4 
100.4 
100.5 
100.3 
100.1 
99.3 
91.0 
87.6 
81.7 
76.5 
70.7 
64.8 
61.1 
57.3 
54.2 
52.6 

74.7 
80.5 
85.5 
89.0 
91.7 
93.7 
95.3 
96.6 
97.6 
98.3 
98.9 
99.4 
99.7 
100.6 
100.6 
99.9 
96.7 
92.1 
89.7 
81.4 
76.5 
72.4 
68.3 
62.7 
57.1 
53.2 

87.0 
91.5 
94.1 
95.9 
97.2 
97.9 
98.5 
99.0 
99.3 
99.5 
99.7 
99.8 
100.0 
100.1 
100.1 
97.9 
96.4 
91.7 
86.5 
82.4 
76.7 
71.3 
66.6 
60.9 
57.3 
53.4 

93.6 
95.5 
97.3 
98.5 
99.4 
99.8 
100.1 
100.4 
100.5 
100.6 
100.7 
100.8 
100.8 
100.3 
100.4 
100.9 
99.7 
96.4 
92.2 
88.7 
84.1 
80.8 
72.3 
68.5 
61.1 
57.7 

101.1 
102.0 
101.5 
101.6 
101.6 
101.5 
101.5 
101.4 
101.5 
101.5 
101.5 
101.5 
101.5 
101.4 
94.6 
91.5 
85.2 
80.3 
76.8 
71.5 
63.7 
58.1 
52.4 
45.7 
44.6 
43.2 
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�	�	�C	#L������ '-2  (�$,) 
,��/�+������*,��

��4� �����
5,��+                        

(, "!*�!*���) 
!�� 

(�����%) 
probe 1 probe 2 probe 3 probe 4* probe 5 probe 6 

,��/�+������
!�
-%, f$!�-�, 

(, "!*�!*���) 
37 
38 
39 
40 

54.3 
50.5 
46.2 
42.7 

46.1 
44.4 
43.2 
42.8 

50.1 
48.7 
46.3 
44.7 

51.5 
48.4 
46.8 
44.7 

50.0 
48.2 
46.5 
44.3 

53.4 
50.1 
48.4 
46.2 

42.0 
41.7 
40.3 
39.9 

&	��&�$   1  #�0 ��&
�	��(&!��#��,��/�+��', &
�0�, *�.��%1 �&&
�0�,  2 *�. 
   &
�0�,  
* �-,,��/�+��',  probe ��%�.���5!'���&
C#�0 &
�$ �$����
5,� 
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�	������ Sterility test (��	����	�	��O	�L�,�C��M"�$��	&���, 2523) 
 �,K��,�#�	�&"�	&	����=v���	��$�B���,��	 

1. �
���,������0�&�����,&', &
���, !�$� ��� ��� !�2����� !�2��5�  
(45&
���, �����$�5, �$�#����$�5, ��!�
�/� 4-,�$��$!�2�������
Y������	��� 
,���/&

����) 

2. !&d��	�,�$ ��5��%,��/�+��/5,  2 &
���,  
�.�	�,�$ �����	�����%!/�-, *(% �$�&
�
��'5, 1. !'5�$�!�-�,��%,��/�+��    

35-37 , "!*�!*���  !�2�!�� 14 �	� 
/��!/�� �	�,�$ ��%�$�#�$��,��/�+���5, ��$�5,�&�$ 3 &
���,  

   3.    ��&
����%&
���, ���/
-,���	&e����0�&��!&�0'(��
�/�$ &
�$�!�-�, ��$
�5, ��!�
�/� 4-,�$��$!�2�������
Y������	���,���/&

���� 
   4.    /�	 �&�$��
���&./�0#�5� �/5�
���,�0	 ��� 

   4.1 �5 �	�,�$ &
���, �/5��,005����+$#����. !�d0�/5#/5 05���5��,0 
!�d0g&
���, 05���%��$��
/	��/5�	%�05��!,��,� #�5���05��!����C�&��!&��  ��5!�
-%, !�R0
&
���, ��%���C
5,��	0!�-%,f$!�-�, !�R0&
���, ,,&�/5&�5 �,��%���.,/
,,&���!�
�/��05 
45!�2�', !/�� �/5!��
+��'�0!�5��$�"+���&� �
��� 1 4(  2 *�. 

    4.2  0+�	&e��,/
�	%�����/�	 &
�$� �-, �� &��%� �	&e��,/
 ���
!�2�&
00$  45,/
���	&e��0	 &�$�'5 �5�!���%�����&!0������0�&��,�$ !/d��05�	0 �/54-,
�$��$!�2�������
Y������	���,���/&

���� 
   5.  45,/
�$�&
�
���,���'5, 4. #�5� ��$��0�&�� �/5�.����!�
�/��  
������
����$,�� ��:���!�
�/�� ������
����./
	�,/
��%�����!�2�&
0�/5��!�
�/�0	 ��� 

1. Flat sour spoilage bacteria �	�  mesophiles #�� thermophiles  
2. Coliform bacteria  
3. �
���������
����	� /�0 (total plate count) 
4. �
��������#��
  
5. �
��� S. aureus (��!&�����
Y������	���,���/&

�*,�) 
6. �
��� Salmonella (��!&�����
Y������	���,���/&

�*,�) 
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C	#L��� #  �	�=���,�#$�C	��	�=���	���L�� 
 
������������������*= �� �����,����L�,�C��M"+�������������� 
 
BD��-��$� L<;����� ..............................................������ .........................���	........... 
 
#�	�K,�	�  &
���
�������#������	�,�$ ��%!��,�/5�&*5���'� #�5��/5��#����#�$��
����	&e����%�&�5!��� &	����
+5�(&', �$��&��%��0 60�&./�0�/5 
   4      = 0��& 
   3      = 0� 
   2      = �,��5 
   1      = �5, �
	��
�  
 

�&�������%	� ���������
������� 

���M"�����	&�� 
................ ................ ................ 

����������*= �5, ��!,��0!�2�!�-�,!0���&	� ��$'5�/
-,
!/��!&���� 

 
................ 

 
................ 

 
................ 

�� �5, ������%0���:

����', �$��    
�
�&,���%��5 #����%.!��, 

 
................ 

 
................ 

 
................ 

��,���� �5, ��&��%�
���%0���:

����', 
�$���
�&,���%��5 �
"�&&��%�
�,-%�
��%��$�( �
�� �� 

 
................ 

 
................ 

 
................ 

 
';�������� ªªªª.......................................................................................................................   
............................................................................................................................................................. 
          ',�����$� 
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��������B,�	�=���	���L����� 9 - point hedonic scale   
 
L�,�C��M" *,�&
�!��3��#0   
 
BD��-��$� L<;����� ..............................................������ .........................���	........... 
 
#�	�K,�	�  &
���0�,�����	�,�$ ��%!��,�/5�&*5���'� #�5��/5��#������,�', 
�	�,�$ ��#�$������	&e����%�&�5!��� &	����
+5�(&', �$��&��%��0 60�&./�0�/5 
  9 = �,��&��%��0 4 = ��$�,�!�d&�5,�  
  8 = �,��&  3 = ��$�,���&�   
  7 = �,���&�  2 = ��$�,��&   
  6 = �,��5,���%��0 1 = ��$�,��&��%��0 
  5 = !7� 1    
   
#����#�	B����'�������%	� 
 
����	&e��/
/	��	�,�$   ªªªª ªªªª ªªªª ªªªª 
���!�2�!�-�,!0���&	�  ............... .............. ªªªª ªªªª 
���'5�/�-0   ............... .............. ªªªª ªªªª 
��    ªªª... ªªªª ªªªª ªªªª 
&��%�
�    ªªª... ªªªª ªªªª ªªªª 

����    ............... ............... ............... ............... 
����	&e��60�
��  ............... ............... ............... ªªªª 
 
';�������� ªªªª.......................................................................................................................   
............................................................................................................................................................. 
          ',�����$� 



 158 

C	#L��� �  L��	��,�#�	�&"#�	�=�=����	��Q,�, 
 
�	�	�C	#L������ �-1  &
��!�
�/����#�
�
��������	��� &���', �
�&	0&
�!��3��#0  
                                      �  
                                      Analysis of variance in physical properties of powdered roselle extracts. 
 Sum of 

Squares 
df Mean 

Square 
F Sig. 

Total soluble solid 
          Between  groups 
          Within    groups 
          Total 

 
.000 
.000 
.000 

 
3 

20 
23 

 
.000 
.000 

 
.000 

 
1.000 

L* 

          Between  groups 
          Within    groups 
          Total 

 
.972 

7.229 
8.200 

 
3 

20 
23 

 
.324 
.361 

 
.896 

 
.460 

a* 

          Between  groups 
          Within    groups 
          Total 

 
22.062 

.002 
22.065 

 
3 

20 
23 

 
7.354 
.000 

 
58833.156 

 
.000 

b* 

          Between  groups 
          Within    groups 
          Total 

 
2.084 
.001 

2.085 

 
3 

20 
23 

 
.695 
.000 

 
10043.273 

 
.000 

Solubility 
          Between  groups 
          Within    groups 
          Total 

 
.605 
.028 
.635 

 
3 

20 
23 

 
.202 
.001 

 
142.515 

 
.000 
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�	�	�C	#L������ �-1  (�$,) 
 Sum of 

Squares 
df Mean 

Square 
F Sig. 

Bulk density 
          Between  groups 
          Within    groups 
          Total 

 
1.738 
.001 

1.740 

 
3 

20 
23 

 
.579 
.000 

 
9030.541 

 
.000 

 
�	�	�C	#L������ �-2 &
��!�
�/����#�
�
��������	��� !���#��&
�5�,���+�,��
�', �
 
                                     �&	0&
�!��3��#0 �  
                                     Analysis of variance in chemical and antioxidant properties of powdered    
                                     roselle extracts. 
 Sum of 

Squares 
df Mean 

Square 
F Sig. 

pH 
          Between  groups 
          Within    groups 
          Total 

 
.057 
.001 
.058 

 
3 

20 
23 

 
.019 
.000 

 
271.111 

 
.000 

Moisture content 
          Between  groups 
          Within    groups 
          Total 

 
129.848 

3.429 
133.277 

 
3 

20 
23 

 
43.283 

.171 

 
252.423 

 
.000 

Total acidity  
          Between  groups 
          Within    groups 
          Total 

 
.125 
.277 
.355 

 
3 

20 
23 

 
.042 
.049 

 
3.783 

 
.027 

Total anthocyanin      
         Between  groups 
         Within    groups 
         Total 

 
6792.853 

5.752 
6798.605 

 
3 

20 
23 

 
2264.284 

.288 

 
7872.896 

 
.067 
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�	�	�C	#L������ �-2 (�$,) 
 Sum of 

Squares 
df Mean 

Square 
F Sig. 

Total phenolic 
          Between  groups 
          Within    groups 
          Total 

 
328.429 
13.146 

341.575 

 
3 

20 
23 

 
109.476 

.657 

 
166.559 

 
.000 

EC50  
          Between  groups 
          Within    groups 
          Total 

 
242.159 
39.325 

281.885 

 
3 

20 
23 

 
80.720 
1.986 

 
40.639 

 
.000 

 
�	�	�C	#L������ �-3  &
��!�
�/����#�
�
��������	��&
�5�,���+�,��
�', �
�&	0 
                                      &
�!��3��#0 � ��%!&d�
	&e 9 !0-,� 
                                      Analysis of variance in antioxidant properties of powdered roselle extracts       
  keep for 9 months. 
 Sum of 

Squares 
df Mean 

Square 
F Sig. 

Total phenolic 
          Between  groups 
          Within    groups 
          Total 

 
15.625 
4.848 

20.472 

 
3 

20 
23 

 
5.208 
.242 

 

 
21.488 

 
.000 

EC50 
          Between  groups 
          Within    groups 
          Total 

 
3.437 

61.794 
65.231 

 
3 

20 
23 

 
1.146 
3.090 

 
.371 

 
.775 
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�	�	�C	#L������ �-4 &
��!�
�/����#�
�
�������', !����!
$&
�!��3����%,	�
�$��', && 
                                     &
�!��3���$,��.#��
���!����&
 autoclaved ��%#�&�$ &	� 
                                     Analysis of variance in quality of roselle puree at various ratios of the 
                                     residue to water and   autoclaved time. 
 Sum of 

Squares 
df Mean 

Square 
F Sig. 

Consistency 
          Between  groups 
          Within    groups 
          Total 

 
231.353 

2.564 
233.917 

 
5 

30 
35 

 
77.118 

.128 

 
601.471 

 
.000 

L* 

          Between  groups 
          Within    groups 
          Total 

 
4.080 
.892 

4.971 

 
5 

30 
35 

 
.816 
.030 

 
27.454 

 
.000 

a* 

          Between  groups 
          Within    groups 
          Total 

 
5.049 
1.949 
6.998 

 
5 

30 
35 

 
1.010 
.065 

 
15.539 

 
.000 

b* 

          Between  groups 
          Within    groups 
          Total 

 
12.166 
2.678 

14.854 

 
5 

30 
35 

 
2.433 
.090 

 
27.165 

 
.000 
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�	�	�C	#L������ �-5 &
��!�
�/����#�
�
�������', !����!
$&
�!��3����%��5���0#����� 
                                     !'5�'5�', �
�/5���� �	���%#�&�$ &	� 
                                     Analysis of variance in quality of roselle puree using stabilizer with  
                                     different types and concentrations. 
 Sum of 

Squares 
df Mean 

Square 
F Sig. 

Consistency 
          Between  groups 
          Within    groups 
          Total 

 
94.633 
15.001 

109.634 

 
5 

30 
35 

 
18.927 

.500 

 
37.850 

 
.000 

L* 

          Between  groups 
          Within    groups 
          Total 

 
72.499 
11.493 
83.993 

 
5 

30 
35 

 
18.927 

.500 

 
37.848 

 
.000 

a* 

          Between  groups 
          Within    groups 
          Total 

 
72.903 
19.566 
92.469 

 
5 

30 
35 

 
14.500 

.383 

 
22.356 

 
 

 
.000 

b* 

          Between  groups 
          Within    groups 
          Total 

 
248.280 
29.845 

278.126 

 
5 

30 
35 

 
49.656 

.995 

 
49.913 

 
.000 
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�	�	�C	#L������ �-6 &
��!�
�/����#�
�
��&
�0�,�� �
����	��	�����	&e��05�                              
                                     ��', *,�&
�!��3�� 
                                     Analysis of variance in color attribute of roselle sauces. 

Source Type III Sum 
of Squares 

df Mean Square F Sig. 

Corrected Model 
Intercept 
Treatment 
Replication 
Error 
Total 
Corrected Total 

4.600a 
231.200 

1.800 
2.800 
8.200 

244.000 
12.800 

10 
1 
1 
9 
9 

20 
19 

.460 
231.200 

1.800 
.311 
.911 

.505 
253.756 

1.976 
.341 

.849 

.000 

.193 

.937 

a. R Squared = .359 (Adjusted R Squared = .352) 
 
�	�	�C	#L������ �-7    &
��!�
�/����#�
�
��&
�0�,�� �
����	��	�����	&e��05� 
                                        &��%�
�', *,�&
�!��3�� 
                                        Analysis of variance in odor attribute of roselle sauces. 

Source Type III Sum 
of Squares 

df Mean Square F Sig. 

Corrected Model 
Intercept 
Treatment 
Replication 
Error 
Total 
Corrected Total 

15.000a 
168.200 

7.200 
7.800 
2.800 

186.000 
17.800 

10 
1 
1 
9 
9 

20 
19 

1.500 
168.200 

7.200 
.867 
.311 

4.821 
540.643 
23.143 
2.786 

.013 

.000 

.001 

.071 

a. R Squared = .843 (Adjusted R Squared = .668) 
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�	�	�C	#L������ �-8  &
��!�
�/����#�
�
��&
�0�,�� �
����	��	�����	&e��05� 
                                     �	&e���
&�', *,�&
�!��3�� 
                                     Analysis of variance inappearance attribute of roselle sauces. 

Source Type III Sum 
of Squares 

df Mean Square F Sig. 

Corrected Model 
Intercept 
Treatment 
Replication 
Error 
Total 
Corrected Total 

18.000a 
156.800 

9.800 
8.200 
3.200 

178.000 
21.200 

10 
1 
1 
9 
9 

20 
19 

1.800 
156.800 

9.800 
.911 
.356 

5.063 
441.000 
27.563 
2.563 

.011 

.000 

.001 

.089 

a. R Squared = .849 (Adjusted R Squared = .681) 
 
�	�	�C	#L������ �-9  &
��!�
�/����#�
�
��&
�0�,�� �
����	��	�#�� 9-point  
                                      hedonic scale ����	&e��05����!�2�!�-�,!0���&	�', *,�&
�!��3�� 
                                      Analysis of variance in smoothness attribute with 9-point hedonic scale of                            
                                      roselle sauces. 

Source Type III Sum 
of Squares 

df Mean Square F Sig. 

Corrected Model 
Intercept 
Treatment 
Replication 
Error 
Total 
Corrected Total 

246.187a 

7547.307 
2.693 

243.493 
112.507 

7906.000 
358.693 

33 
1 
4 

29 
116 
150 
149 

7.460 
7547.307 

.673 
8.396 
.970 

7.692 
7781.651 

.694 
8.657 

.000 

.000 

.597 

.000 

a. R Squared = .686 (Adjusted R Squared = .597) 
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�	�	�C	#L������ �-10  &
��!�
�/����#�
�
��&
�0�,�� �
����	��	�#�� 9-point  
                                        hedonic scale ����	&e��05����/�-0', *,�&
�!��3�� 
                                        Analysis of variance in consistency attribute with 9-point hedonic scale  

             of roselle sauces. 
Source Type III Sum 

of Squares 
df Mean Square F Sig. 

Corrected Model 
Intercept 
Treatment 
Replication 
Error 
Total 
Corrected Total 

211.220a 
7196.807 

3.027 
208.193 
124.973 

7533.000 
336.193 

33 
1 
4 

29 
116 
150 
149 

6.401 
7196.807 

.757 
7.179 
1.077 

5.941 
6680.062 

.702 
6.664 

.000 

.000 

.592 

.000 

a. R Squared = .628 (Adjusted R Squared = .523) 
 
�	�	�C	#L������ �-11  &
��!�
�/����#�
�
��&
�0�,�� �
����	��	�#�� 9-point  
                                        hedonic scale ����	&e��05���', *,�&
�!��3�� 
                                        Analysis of variance color attribute with 9-point hedonic scale of roselle  
                                        sauces. 

Source Type III Sum 
of Squares 

df Mean Square F Sig. 

Corrected Model 
Intercept 
Treatment 
Replication 
Error 
Total 
Corrected Total 

118.280a 
9157.227 

3.907 
114.373 
84.493 

9360.000 
202.773 

33 
1 
4 

29 
116 
150 
149 

3.584 
9157.227 

.977 
3.944 
.728 

4.921 
12571.859 

1.341 
5.415 

.000 

.000 

.259 

.000 

a. R Squared = .583 (Adjusted R Squared = .465) 
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�	�	�C	#L������ �-12  &
��!�
�/����#�
�
��&
�0�,�� �
����	��	�#�� 9-point  
                                        hedonic scale ����	&e��05�&��%�
�', *,�&
�!��3�� 
                                        Analysis of variance in odor attribute with 9-point hedonic scale of  roselle  
                                        sauces. 

Source Type III Sum 
of Squares 

df Mean Square F Sig. 

Corrected Model 
Intercept 
Treatment 
Replication 
Error 
Total 
Corrected Total 

238.680a 
6507.627 

.307 
238.373 
125.693 

6872.000 
364.373 

33 
1 
4 

29 
116 
150 
149 

7.233 
6507.627 
7.667E-02 

8.220 
1.084 

6.675 
6005.766 

.071 
7.586 

 

.000 

.000 

.991 

.000 

a. R Squared = .655 (Adjusted R Squared = .557) 
 
�	�	�C	#L������ �-13  &
��!�
�/����#�
�
��&
�0�,�� �
����	��	�#�� 9-point  
                                        hedonic scale ����	&e��05�
����', *,�&
�!��3�� 
                                        Analysis of variance in flavour attribute with 9-point hedonic scale of   
                                         roselle sauces. 

Source Type III Sum 
of Squares 

df Mean Square F Sig. 

Corrected Model 
Intercept 
Treatment 
Replication 
Error 
Total 
Corrected Total 

218.813a 
6560.427 

4.440 
214.373 
226.760 

7006.000 
445.573 

33 
1 
4 

29 
116 
150 
149 

6.631 
6560.427 

1.110 
7.392 
1.955 

3.392 
3356.013 

.568 
3.782 

.000 

.000 

.686 

.000 

a. R Squared = .491 (Adjusted R Squared = .346) 
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�	�	�C	#L������ �-14  &
��!�
�/����#�
�
��&
�0�,�� �
����	��	�#�� 9-point  
                                        hedonic scale ����	&e��60�
��', *,�&
�!��3�� 
                                        Analysis of variance in overall attribute with 9-point hedonic scale of    
                                        roselle sauces. 

Source Type III Sum 
of Squares 

df Mean Square F Sig. 

Corrected Model 
Intercept 
Treatment 
Replication 
Error 
Total 
Corrected Total 

168.987a 
7294.107 

3.893 
165.093 
160.907 

7627.000 
329.893 

33 
1 
4 

29 
116 
150 
149 

5.121 
7294.107 

.973 
5.693 
1.387 

3.692 
5258.430 

.702 
4.104 

.000 

.000 

.592 

.000 

a. R Squared = .512 (Adjusted R Squared = .373) 
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C	#L��� �    �	�#�	����;��$��	�L�,�L�,�C��M"+������������������$'����;�f	�������N�#  
          ���L�,�C��M"+������������������$Q$���#�	�;���<� (���+��� :

�
	������&

#�����, 2541) 
 
�	��	��;��$�@��	�L�,� 

�5������&
���������	���*,�&
�!��3��#0 �

��'�0#&5�g!&�����d,� #��
�����	���*,�&
�!��3��#0 �

��4� �����
5,��+  �
�&,�05���	�4�0�� �$#
  #���$��5�$�
6
  � (6�/�5�&
����) 
 1. �	�4�0�� �05#&$        
� (��) 

-  &
�!���� 
� &&.��  35  
-  �
�&���Ch 
� &&.�� 50  
-  ��.���
� 
� &&.�� 15  
-  !&�-, 
� &&.�� 10  
-  ��.�5����+ 750 ��. 
� '�0�� 20  
-  #*�#��&	� 
� &&. �� 1,080  
-  ��.0-%� 
� ���
�� 5  
-  �����

�� '�0#&5��
5,�g!&�����d,� ����� 200 ��.(
���$'��$ )  

 
�'�0�� 2.50** 
                                  -  �����

�� 4� �����
5,��+  ����� 85 &. (
���$'��$ ) 
 
�����  4 ** 
 2.  �$#
  �05#&$ 
  -  �$#
 '	���%. �	%�6� �� 18 �� 
     (&
�#
  � �	 /�	0� '�, 2549) 

3. �$��5�$���&
��5!�
-%, �-,�$ 1 �05#&$ 
-  �$!�
-%, �,��,�0������                
-  !�
-%, f$!�-�,#�� steam water spray automated batch 

&	��&�$ : ** /��4( 
���%�.����5�.����5����&
���������	���*,�&
�!��3��#0 ��  
                       �
 �����&��% �-2 
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�	�#�	����	��������#%	@B;�%	�@��	�L�,�+��������������  
1. #%	@B;�%	����Q$�,�@��	��=��<=+�������������� 
 1.1 �	�4�0����%��5��&
����*,�&
�!��3��#0 �

��'�0#&5�g!&�����d,�'�0
�

�� 200 &
	� �
�&,�05�� 
                              ��/'�0 

- &
�!���� 6.00  &. 
�&&.�� 35 �� !�2�  0.21  
- �
�&���Ch  6.00 &. 
�&&.�� 50 �� !�2�  0.30 
- ��.���
� 29.92 &. 
�&&.�� 15 �� !�2�  0.45  
- !&�-, 2.86 &. 
�&&.�� 10 �� !�2�  0.03  
- ��.�5����+ 8.20 &. 
�&. �� 0.03 �� !�2�  0.25  
-  #*�#��&	� 0.44 &.
�&&.�� 35 �� !�2�  0.48   
-  ��. 122.5 ��. 
� �. �� 5 �� !�2�  0.61  

                                           ��   2.33 ** 
 1.2 �	�4�0����%��5��&
����*,�&
�!��3��#0 �

��4� �����
5,��+ '�0�

�� 
85 &
	� �
�&,�05�� 
                   ��/4�  

- &
�!���� 2.55  &. 
�&&.�� 35 �� !�2�   0.09  
- �
�&���Ch  2.55  &. 
�&&.�� 50 �� !�2�  0.13  
- ��.���
� 12.72 &. 
�&&.�� 15 �� !�2�  0.19  
- !&�-, 1.22 &. 
�&&.�� 10 �� !�2�  0.01  
- ��.�5����+ 3.49 &. 
�&. �� 0.03 �� !�2�  0.22  
- #*�#��&	� 0.19 &. 
�&&. �� 1080 �� !�2�  0.02  
- ��. 52.07 ��. 
� �. �� 5 �� !�2�  0.28  

                                           ��   0.94 ** 
&	��&�$ : ** /��4( 
���%�.����5�.����5����&
���������	���*,�&
�!��3��#0 ��  
                       �
 �����&��% �-2 
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2. #%	@B;�%	�@��	�@B;�#�D���#������",��" 
2.1 �$
�!�
-%, �,��,�0������   260,000   ��     

��5 ��05 5 �) (60 !0-,�) �� 1 !0-,� ��0&
�. � 24 �	� (1 �	�0/��. � 6 �	�) �	��� 8 ��.
#�0 �$ 5 �) �. � 24 �	� x 8 ��. x 60 !0-,�   =    11,520 ��. 
 2.2 �$!�-%,�
�', !�
-%, �,��,�0������  
         =   �5����!�
-%, �,��,�0������ / ��.&
�. ���
��� 5 �) 

 =   260,000 ��/11,520 ��. 
=    22.56 ��/��.  

2.3 �$�.
� 
	&e!�
-%, �,��,������ (��0�&15%', !�
-%, �,��,�0������) 
=  [(15x�5����!�
-%, �,��,������)/100] / �.����	%�6� �. � 60 !0-,� 
=  [(15 x 260,000 ��) / 100] / 11,520 ��. 
 �$�.
� 
	&e!�
-%, �,��,�0������ !�$&	� 3.39 ��/��. 

2.4 
���$!�-%,�
�#���$�.
� 
	&e!�
-%, �,��,�0������ 
=  22.56 ��/��.+3.39 ��/��.  =   25.95 ��/��. 

2.5 �$�CCh�./
	�&��&
'�0!�d& (&
�CCh��
/�� ) #
 0	��%.&�$ 12     
       &�6�6���� ��,	�
0	 ��� 

/�$����% 1 � 150 /�$����          1.8047 �� 
/�$����% 151 � 400  /�$����          2.7781 �� 
�	� #�$  400 /�$��'(���� /�$����          2.9780 �� 

                                  &.�	 �CCh', !�
-%, �,��,�0������!�$&	�  5.5    &�6��	���/��.   
                                  �$�CCh   =  &.�	 �CCh x �$��	  ��CCh 
             = 5.5 &�6��	���/��. x 1.8047 �� 
                                      =  9.93     ��/��. 

  2.6 �$#
 0.!���&
�.��� 1 �	%�6�  18 �� 
  2.7 �$0.!���&
�	� /�0 
                        = �$#
 0.!���&
+ �$�CCh+ �$
	&e  

                                                   = 18��/��. + 9.92��/��. + 25.98��/��.  
                                                   = 53.90   ��/��. 
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�� 1 �
	� &
������5!�
-%, �,��,�0������ !�2�!�� 10 ��� ��0!�2� 8.98 ��/�
	�  
�� 1 �
	� &
������
4����!����!
$&
�!��3��#0 �05  5600  &
	� 
*,�&
�!��3��#0  1 '�0��5!����!
$  147  &
	� 0	 �	�� �� 1 �
	� &
�����( ����*,��05    38   '�0 

��#%	@B;�%	��#�D���#������",��"   0.24     �	�/'��**                 
*,�&
�!��3��#0  1 4� ��5!����!
$  52.06  &
	� 0	 �	�� �� 1 �
	� &
�����( ����*,��05   107    4�  

��#%	@B;�%	��#�D���#������",��"   0.08     �	�/Q$�**               
 
&	��&�$ : ** /��4( 
���%�.����5�.����5����&
���������	���*,�&
�!��3��#0 ��  
                       �
 �����&��% �-2 
 
3. �#�D���e%	�BDI���� steam water spray automated batch 
 3.1 �$
�!�
-%,  retort (,��&
��5 � 20 �)) 3,000,000 �� 
        *** ��&
�.����5����&
���������	���*,�&
�!��3��#0 ��� #��
&.�	 &
����/�) 60��.&
!0��!�
-%,  retort 4 �
	� /�	� #��&.�	 &
���� 6 �	�/�	�0/� �( ��&.�	 
&
����!�2� 1,152 �
	� /�) 
&	��&�$  (1) �� 1 �
	� &
�. �', !�
-%, f$!�-%, retort ��
4f$!�-%,�����	���*,�
&
�!��3��#0 �

��'�0#&5�g!&�����d,��05 216 '�0 

(2) �� 1 �
	� &
�. �', !�
-%, f$!�-%, retort ��
4f$!�-�,�����	���*,�
&
�!��3��#0 �

��4� �����
5,��+ �05 208 4�   
 3.2 �$!�-%,�
���0�& �+��$����
	���4�
/�.����)&
��5 � 60��$!�-%,�

�!�
-%,  retort !�$&	� 3,000,000 ��/20 �) /
-, 150,000 ��/�) 0	 �	���$!�-%,�
�!�
-%,  
retort �( !�$&	� 150,000 ��/1,152 �
	�  !�2�               130.21   ��/�
	�  *** 
 3.3 �$�.
� 
	&e!�
-%,  retort (��0�& 15% ', !�
-%,  retort) 

                            = [(15x�5����!�
-%,  retort)/100] / �.����	%�6� �. ��$,�
	�  
                            = [(15 x 3,000,000��) / 100] / 1,152 ��. 
                                �$�.
� 
	&e!�
-%,  retort !�$&	� 390.63 ��/�
	�  
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3.4 
���$!�-%,�
�#���$�.
� 
	&e!�
-%,  retort 
             = 130.21  ��/�
	�  + 390.63 ��/�
	�  
             = 520.84  ��/�
	�  
 3.5 �$��	  ��CCh', !�
-%,  retort 

3.5.1 &.�	 �CCh ���$���
�&,���%�.�	8 0	 ��� 
   1)   !�
-%, &.!��0�,��. (boiler) �
�&,�05�� 
   - !�
-%, ��������. 2 !�
-%, ���. ���	�&	� #�$��!�
-%, ��&.�	 �CCh
!�$&	� 2,200 �	���/��. 
    0	 �	��!�
-%, ������. 1 !�
-%, ���. � 30 ��� �( ��&.�	 �CCh!�2� 
1,100 �	���/30 ��� 
   - Burner ��&.�	 �CCh!�$&	� 1,408 �	���/��. burner  
   !
�%��. ���!�
d�����&
����&
f$!�-�,��5!���	� /�0 2 ��.  
   &.�	 �CCh   =  1,408 �	��� x 2 ��. 
     =  2,816 �	���/ 2 ��. /
-, 704 �	���/30 ��� 
   60��5, !�R0!�
-%, &.!��0�,��.�/5�. �&$,���!
�%�!'5�+$'	���,�&

f$!�-�, 30 ��� #��&
����&
f$!�-�,��!�
d�����&
����&
��5!���	� /�0!�$&	� 90 ��� 
   2) �	�������.!'5!�
-%, f$!�-�, ���.��� 2  �	���&.�	 �CCh!�$&	� 286 #�� 
220 �	��� 
��!�2� 506 �	���/��.  
    �	�������.��&.�	 �CCh
�� =  506 �	���/2  
      = 253 �	���/30 ���  
   3)    !�
-%, f$!�-�, ��&.�	 �CCh!�$&	� 1,500 �	���/��.  
     0	 �	����&
����&
f$!�-�,!�
-%, f$!�-�, (!�� 90 ���) ����
&.�	 �CCh!�$&	� 1,500 �	���/2 = 750 �	���/30��� &.�	 �CCh�	� /�0��%��5��&
����&
����0	 
#�0 ���
 �����&��% �-1 
 3.5.2  �$��	  ��CCh 60���0��&
��5�CCh���
�!����% 2 &��&
'�0
!�d&��,	�
�&��*(% ��#
 0	� 22-33 &�6�6���� (&
�CCh�$���+����, 2549) 2.46  ��//�$�� 
60���% 1 �+��� /
-, 1 /�$�� = 1 &�6��	���/��.  (&
��$ !�
��,���/&

�, 2549) 
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3.5.3 &.�	 �CCh
���	� /�0 (4 �
	� &
����/�	�) 
  = 20,450+16,842 = 37,292 �	��� /
-, 37.292 /�$�� (&�6��	���/��.) /4 

�
	� &
���� ��0!�2��$&.�	 �CCh!�$&	� 9.32 /�$��/�
	� &
����/�	�  
 60��$��	  ��CCh 1 /�$�� !�$&	� 2.46 ��  
  �$��	  ��CCh�	� /�0!�$&	� 9.32 /�$�� x 2.46 ��//�$�� 
  ��0!�2� 22.93 ��/�
	�  

�$��5�$���&
!�
-%, f$!�-�,#�� steam water spray automated batch ��0!�2� 1152.1 ��/�
	� *** 
3.6 �$#
   

        ��5#
  ��.��� 3 �� �. ����� 2 ��./�
	�  0	 �	��!��&
�. �
�	� /�0 3 �� x 2 ��.=6 ��. 1 �� 18 �� !�2�   108        ��/�
	� *** 

3.7  �$��.�
�� #���$��.�	�0�!*� 
        �$��.�
����%��5��&
����&
f$!�-�,!�2�
���/���!���� ����� 1,000 

���
 60���5 2,000 ���
/�) ���
�� 3 �� !�2� 6,000 ��/�) 0	 �	���$��.�
�� !�$&	� 6,000 ��/
1,152 �
	�   5.21        ��/�
	� *** 

        �$��.�	�0�!*���5�	� /�00	 ��� �����
	� ��% 1 #�� 3 ��5���	� /�0 53+53= 106 
���
 �����
	� ��% 2 #�� 4 ��5���	� /�0 26.5+26.5=53 ���
 
��!�2� 106+53=159 ���
/4 �
	� &

���� /
-, 39.75 ���
/�
	�  
����
�� 25 �� ��0!�2�   993.75  ��/�
	� *** 

3.8 
���$��5�$���&
��5!�
-%,  retort 
 -  �$!�-%,�
�#���$�.
� 
	&e 520.84 ��/�
	�  
 -  �$��	  ��CCh 22.93 ��/�
	�  
 -  �$#
  108.00 ��/�
	�  
 -  �$��.�
�� 5.21 ��/�
	�  
 -  �$��.�	�0�!*� 993.75 ��/�
	�          
          
��  1,650.72��/�
	� ***  

@�1 #��I��		�Qe%	�BDI�L�,�C��M"+��*�;  216 '�� #,��=A� 7.64 �	�/'��** 
@�1 #��I��		�Qe%	�BDI�L�,�C��M"+��*�;  108 Q$� #,��=A�    15.28 �	�/Q$�**  
 
&	��&�$ : ** /��4( 
���%�.����5�.����5����&
���������	���*,�&
�!��3��#0 ��  
                       �
 �����&��% �-2 
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�	�	�C	#L������ �-1    &.�	 �CCh��#�$��'	���,�', &
����*,�&
�!��3��#0  
  Electric power in each stage of production of roselle sauces 

!�R0!�
-%, &.!��0�,��. &
����&
f$!�-�, '	���,� 
 (�����
	� ��%1 /
-, 3 �� 1 �	�) 30 ��� 30 ��� 60 ��� 90 ��� 
Boiler 

Water pump (watt) 
Burner (watt) 
Diesel oil (litre): ��$
����
�$&.�	 �CCh 

 
1,100 
704 
26.5 

 
1,100 
704 
- 

 
1,100 
704 
26.5 

 
1,100 
704 
- 

Water system (watt) - 253 253 253 
Operated retort (watt) - 750 750 750 
Total (watt) 1,804 2,807 2,807 2,807 
Total (watt) 10,225 x 2 �
	� &
���� (�
	� ��% 1 #�� �
	� ��% 3) = 20,450 

  

 
 
 
 
 
 

!�R0!�
-%, &.!��0�,��. &
����&
f$!�-�, '	���,�  
(�����
	� ��% 2 /
-, 4 �� 1 �	�) 30 ��� 30 ��� 60 ��� 90 ��� 

Boiler 
Water pump (watt) 
Burner (watt) 
Diesel oil (litre): ��$
����
�$&.�	 �CCh 

 
- 
- 
- 

 
1,100 
704 
- 

 
1,100 
704 
26.5 

 
1,100 
704 
- 

Water system (watt) - 253 253 253 
Operated retort (watt) - 750 750 750 
Total (watt)  2,807 2,807 2,807 
Total (watt) 8,421 x 2 �
	� &
���� (�
	� ��% 2 #�� �
	� ��% 4) = 16,842 
Total per day (watt) 20,450+16,842 = 37,292 
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�	�	�C	#L������ �-2    &
�.����5����&
���������	���*,�&
�!��3��#0  
  Cost calculation of roselle sauces 


� (��) / �

���	��� 

�&
 '�0#&5�g!&����

�d,� (200 &
	�) 
4� �����
5,��+  

(85 &
	�) 
�$��5�$��	�4�0�� 
�

���	��� 
�$��5�$���&
��5!�
-%, �,��,�0������ 
�$��5�$���&
��5!�
-%, f$!�-�, 

2.33 
2.50 
0.24 
7.64 

0.94 
4.00 
0.08 
15.28 


�� (��/�����	���)  12.71 20.30 
 



 176 

C	#L��� |  )#����;	�'������,�����+������ 
 
 

 
 

 
 
 

 
C	�C	#L��� |-1   6�
 �
5 ', !�&��� 
���	  :          www.lsbu.ac.uk/water/hypec.html 

 
 

 

 

 
C	�C	#L��� |-2   6�
 �
5 ', #*�#��&	� 
���	  :             www.lsbu.ac.uk/water/hyxanh.html 




