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������� �  

�
���

������������������
������ 
 

1. ��������

��������
������
������������  

 

1.1 �	
��	
���������� 25 ��	� ���� dilution (peptone 1%) &������ 225 ��''�'��� ()�*�+�,+�
�	-./��0�1
�� stomacher  

1.2 �81�8������� 1:10 /+
� dilution (peptone 1%) 8-:/+0
���81�8��;<
�+����� 
1.3 &>�&�)��'?'���	
�����;<
0
���81�8�������	-&������ 1 ��''�'��� '�*-8�-�@�?��1A�

./�;B�0
���81�8��'? 2 8�- 
1.4 �;������'<A����1A� plate count agar (PCA) ;<
�'��H'?;�A�:
+8-�<�IJ�KL��&�?��J 45 

��M��N'�N<�) '�*-8�-�@�?��1A� 8�-'?&�?��J 15 ��''�'��� �,���*�+�,+��	O�	
�����;�A�:
+8-H,P� 
1.5 O��;<
�IJ�KL�� 37 ��M��N'�N<�) �&Q-�
'� 48 �	

.�� 
1.6 ���-('./��'1��8�-�@�?��1A�;<
�<.0.'-<,SA-��L��?�
��� 25-250 .0.'-< 
1.7 ��0���U'<
�,��8B�-
-;<
-	O:/+0LJ/+
�0�� dilution factor ,��0
���81�8��;<
-	O8B�-
-:/+ 

0B�-
J�&Q-8B�-
-.0.'-<;<
@O*-�	
����� 1 ��	� 
 
2. ��������

��������
�����"��#���� 

 
2.1  �	
��	
���������� 25 ��	� ���� dilution (peptone 1%) &������ 225 ��''�'��� ()�*�+�,+�

�	-./��0�1
�� stomacher  
2.2 �81�8������� 1:10 /+
� dilution (peptone 1%) 8-:/+0
���81�8��;<
�+����� 
2.3 &>�&�)��'?'���	
�����;<
0
���81�8�������	-&������ 1 ��''�'��� '�*-8�-�@�?��1A�

./�;B�0
���81�8��'? 2 8�- 
2.4 �;������'<A����1A� potato dextrose agar (PDA) ;<
�'��H'?;�A�:
+8-�<�IJ�KL��&�?��J 

45 ��M��N'�N<�) &�	O pH 8-:/+ 3.5±1 /+
�)��'?'�� 10% tartaric acid '�*-8�-�@�?��1A� 8�-'?
&�?��J 15 ��''�'��� �,���*�+�,+��	O�	
�����;�A�:
+8-H,P� 

2.5 O��;<
�IJ�KL�� 25 ��M��N'�N<�) �&Q-�
'� 3-5 
	- 
2.6 ���-('./��'1��8�-�@�?��1A�;<
�<.0.'-<,SA-��L��?�
��� 10-150 .0.'-< 
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2.7 ��0���U'<
�,��8B�-
-;<
-	O:/+0LJ/+
�0�� dilution factor ,��0
���81�8��;<
-	O8B�-
-:/+ 
0B�-
J�&Q-8B�-
-.0.'-<;<
@O*-�	
����� 1 ��	� 

 
3. ��������

��������
���%��
&'��� % ��
�� Most Probable Number (MPN) 

 
3.1  �	
��	
���������� 25 ��	� ���� dilution (peptone 1%) &������ 225 ��''�'��� ()�*�+�,+�

�	-./��0�1
�� stomacher  
3.2 �81�8������� 1:10 /+
� dilution (peptone 1%) 8-:/+0
���81�8��;<
 10-2 H'? 10-3 
3.3 &>�&�)��'?'���	
�����;<
0
���81�8�������	-&������ 1 ��''�'��� '�*-������'<A����1A� 

Laurly sulphate tryptose (LST) broth ;<
�<�'�//	��`�N 0
���81�8��'? 3 �'�/ 
3.4 O��;<
�IJ�KL�� 35 ��M��N'�N<�) �&Q-�
'� 24-48 �	

.�� 
3.5 *�+��
��,<
���1A� (loop) 8���'�/;<
���/�`�NK��*-�'�/a�����1A�'�*-����� 2% Brilliant 

green lactose bile broth (2% BGLB) K��*-�'�/;/'��;<
�<�'�//	��`�N 
3.6 O��;<
�IJ�KL�� 35 ��M��N'�N<�) �&Q-�
'� 24-48 �	

.�� 
3.7 -	O8B�-
-�'�/;<
�<�`�N*-�'�//	��`�N,�� 2% BGLB -B�(':&���-0�� MPN 0��;<
:/+

�&Q-0�� MPN ,�� coliforms 
 
4. ��������

��������
��� B. cereus (cfu/g) 
 
4.1  �	
��	
���������� 25 ��	� ���� dilution (peptone 1%) &������ 225 ��''�'��� ()�*�+�,+�

�	-./��0�1
�� stomacher  
4.2 �81�8������� 1:10 /+
� dilution (peptone 1%) 8-:/+0
���81�8��;<
�+����� 
4.3 &>�&�)��'?'���	
�����;<
0
���81�8�������	-&������ 0.1 ��''�'��� '�*-8�-�@�?��1A�;<


�<����� Mannital-egg yolk-polymyxin (MYP) agar ./�;B�0
���81�8��'? 2 8�- 
4.4 *�+H;��H�+
�L&�	
H�'��'<
��	
����������*�+;	

8�- 
4.5 O��;<
�IJ�KL�� 30 ��M��N'�N<�) �&Q-�
'� 24 �	

.�� 
4.6 ��
8-	O.0.'-<,����1A�;<
�<'	�iJ?.0.'-<)<��@L �< opaque zone ��O.0.'-< 
4.7 -B�.0.'-</	��'��
;/)�O�1-�	-./�/L&l������� hemolytic activity test ./�8?@O�������

)'����P/�'1�/H/�O-����� blood agar  
4.8 -	O8B�-
-.0.'-<;<
*�+('���;/)�O0B�-
J��&����J��1A� B. cereus �����	�,��

�	
���������� 
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5. ��������

��������
��� Staph. aureus % ��
�� Most Probable Number (MPN) 
 
 5.1 �	
��	
���������� 25 ��	� ���� dilution (peptone 1%) &������ 225 ��''�'��� ()�*�+�,+�

�	-./��0�1
�� stomacher  
5.2 �81�8������� 1:10 /+
� dilution (peptone 1%) 8-:/+0
���81�8��;<
 10-2 H'? 10-3 
5.3 &>�&�)��'?'���	
�����;<
0
���81�8�������	-&������ 1 ��''�'���   '�*-������'<A����1A� 

10% Nacl TSB 0
���81�8��'? 3 �'�/ 
5.4 O��;<
�IJ�KL�� 35-37 ��M��N'�N<�) �&Q-�
'� 18-24 �	

.�� 
5.5 *�+��
��,<
���1A� (loop) streak O-����� Baird-Parker medium (BP) ;<
����:,�H/�

&��M8����1A� 
5.6 O��;<
�IJ�KL�� 35-37 ��M��N'�N<�) �&Q-�
'� 24-48 �	

.�� 
5.7 /L'	�iJ?.0.'-<;<
�<�?��-,�
,I�-��On.0.'-<         -B�.0.'-<;/)�O���)�+��

��-:N�o coagulase ./�*�+ rabbit plasma .0.'-<;<
*�+('�&Q-O
�01�;B�*�+ rabbit plasma 8	O�	
�	-
�&Q-�+�-�-1
��8����-:N�o coagulase 

5.8 �����-('.0.'-<;<
*�+('O
��;<�O�	O����� MPN 
 
6. ��������

��������
:;�' C. perfringens  (@O��1�:��@O*-�	
����� 0.1 ��	�) 

 

6.1 �	
��	
���������� 25 ��	� ���� dilution (peptone 1%) &������ 225 ��''�'��� ()�*�+�,+�
�	-./��0�1
�� stomacher  

6.2  �81�8������� 1:10 /+
� dilution (peptone 1%) 8-:/+0
���81�8��;<
�+����� 
6.3 &>�&�)��'?'���	
�����;<
0
���81�8�������	-&������ 1 ��''�'���   '�*-������'<A����1A� 

Cooked meat (CM) medium 0
���81�8��'? 2 �'�/ ���/ 2% agar &>/;	O(�
�-+������ 
6.4 O��;<
�IJ�KL�� 35-37 ��M��N'�N<�) �&Q-�
'� 18-24 �	

.�� 
6.5 *�+��
��,<
���1A� (loop) 8I����1A�8���+-�'�/ CM medium a���'������ Tryptose-sulfite-

cycloserine (TSC) agar + egg yolk emulsion 
6.6 O��;<
�IJ�KL�� 35-37 ��M��N'�N<�) �&Q-�
'� 18-24 �	

.�� *- anaerobic jar 
6.7 ��
8-	O.0.'-<,����1A�;<
�<)</B�H'?�<.N-,�
,I�-��On.0.'-< 
6.8 -B�.0.'-<;<
:/+;B����;/)�O�1-�	- ./�&l������� nagler reaction test  
6.9 �����-('�����
8��1A�
��@O��1�:��@O8���	
����� ����?/	O0
���81�8��;<
@O 
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7. ��������

��������
:;�'=��%�
���� (@O��1�:��@O*-�	
����� 25 ��	�) 

 

7.1 �	
��	
���������� 25 ��	� '�*- Trypticase soy broth (TSB) &������ 225 ��''�'��� ()�
*�+�,+��	-)�
B��)��  

6.4 O��;<
�IJ�KL�� 35-37 ��M��N'�N<�) �&Q-�
'� 18-24 �	

.�� 
6.5 *�+&>�&�a�����1A�8������� TSB '��'�/;/'��;<
�<����� Tetrathionate broth (TTB) 

H'? Iodine solution �	O �'�/;<
�<����� Selenite cystine broth (SCB) 9 ��''�'��� �'�/'? 1 
��''�'��� 

6.4 O��;<
�IJ�KL�� 35-37 ��M��N'�N<�) �&Q-�
'� 18-24 �	

.�� 
7.5 *�+��
��,<
���1A� (loop) streak O-����� Xylose-Lysine-Desoxycholate (XLD) agar 
6.4 O��;<
�IJ�KL�� 35-37 ��M��N'�N<�) �&Q-�
'� 18-24 �	

.�� 
6.5 /L'	�iJ?.0.'-<;<
�<'	�iJ?)<��@L �<8I/��1�:���<8I/)</B�*-.0.'-< 
6.6 -B�:&;/)�O ;�� Biochemical H'? Serological �@1
��1-�	-(' 
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������� >  

�
���

���������������
��� 

 
1. ����

��������
����� ������  (AOAC, 2000) 

 
 1.1 )���0�< 
 
                  - )��'?'��.N�/<��:t/���:N/o 0
���,+�,+- 0.1 -��o��' 
      - .@H;)�N<��:t./��8-@�@�u��'; (KHC8H4O4) 
      - )��'?'��xy-�x;�'<- 
 
 1.2 ������<��)��'?'�� 
 
 �	
�.N�/<��:t/���:N/o 4.0 ��	� *)�*-,
/�L&��@L�,-�/ 1 '��� ����-AB��'	
- (;<
�+�8-�/1�/
�@1
�:'��`�N0��oO�-:/���:N/o H'+
;�A�*�+��P-) &�	O&������8-0�O 1 '��� :/+)��'?'��.N�/<��:t 
/���:N/o0
���,+�,+- 0.1 -��o��' 
 �O.@H;)�N<��:t./��8-@�u��'; ;<
�IJ�KL�� 90 ��M��N'�N<�) 1 
	- ;�A�*�+��P-*-
.a/L/0
���1A- -B����	
�/+
��0�1
���	
�'?��<�/ 4 �B�H�-�� *�+:/+-AB��-	�;<
H-�-�- 0.30-0.35 ��	� ����
-AB��'	
-����-AB��'	
-;<
�+�8-�/1�/�@1
�:'��`�N0��oO�-:/���:N/o&������ 70 ��''�'��� ��/
)��'?'��xy-�x;�'<- 2-3 ��/ H'+
:����;�	O)��'?'��.N�/<��:t/���:N/o8-���/)<��@L 
0B�-
J0
���,+�,+-;<
H-�-�-,��.N�/<��:t/���:N/o8��)L�� 
 

N = -AB��-	���	�,�� KHC8H4O4 × 1000 
��''�'���,�� NaOH × 204.22 

 
 1.3 ���
��0��?�o&����J��/;	A���/*-�	
����� 
 &>�&��	
����� 1 ��''�'��� *)�'�*-,
/�L&��@L�;<
�<-AB��'	
- 25 ��''�'�����/xy-�x;�'<- 2-3 
��/ :����;�	O)��'?'��.N�/<��:t/���:N/o8-���/)<��@L 0B�-
J�&��o�NP-�o��/;	A���/8��
)L�� 

Acidity = ml NaOH × N NaOH × Equivalent wt. of acid × 100  
Ml (or gram) sample × 1000 
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2. ����

��������
���
��;'������   � #������ AOAC. (2000) 

 

 2.1 )���0�< 
 

     -  )��'?'��N�'�
��o:-���; 0
���,+�,+- 0.1 .�' 
     -  )��'?'��.@H;)�N<��.0���; 5 % 

  
 2.2 ���
��0��?�o&����J��'1�;	A���/*-�	
����� 
 
 �	
��	
�����&����J 5 ��	� *)�'�*-,
/�L&��@L� ����-AB�8-:/+ 100 ��	� ��/)��'?'��
.@H;)�N<��.0���; 2-3 ��/ :;�;���	O)��'?'��N�'�
��o:-�;�;8-:/+�?��-)<H/� O	-;S�
&������N�'�
��o:-���;;<
*�+ 0B�-
J&����J��/;	A���/8��)L�� 
   

NaCl (%) = ml AgNO3 × M AgNO3 × 0.05844 × 100/g test sample 
 

3. ����� �D� pH  

 

 3.1 '+�� Electrode �0�1
��
	/*�+)?��//+
�-AB��'	
- 
 3.2 ;B����)�O�;<�O�0�1
���1�./�*�+O	x�x��o pH 7 H'? 4  ���'B�/	O 
 3.3 �;�	
����� 50 ��	�*)�O<����o 8I�� Electrode �@1
�
	/0�� pH 
 3.4 ��8-0��;<

	/:/+0�;<
 O	-;S�0�� pH ,��('��K	J~o 
 
4. �������
���>'�#>G���H�����������  (oBrix)  

 
 4.1 ��/-AB��'	
-'�O-&��NS�,�� Hand refractometer &�	O*�+:/+0��ML-�o ��P/*�+)?��/ 
 4.2 *�+H;��H�+
8I��)��'?'���	
�������/'�O-&��NS�,�� Hand refractometer 
 4.3 0���n&>/H(�-*)'�O-&��NS� *�+)��'?'���	
�������?8��*�+;	

(�
&��NS� 
 4.4 )���/L)��'*-�0�1
��&�	O*�+�	/�8- ���-0������������?�
���)<,�
H'?)<x�� 
 4.5 '+��-AB�*�+)?��/��P//+
���?/�i;���L*�+H�+� 
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������� �  

�
���

��������������������� 

 

 1. ����� �D�"� L��
��;H'� Chroma meter, Minalta ��D� CR-300 

 

 ���<���	
�����('��K	J~o;<
�+�����
	/./��������@���O/H'?��?�;<��O//+
�(+�,�
O��
H'+
-B��	
�����;<
8?;/)�O&������ 25 ��''�'���./�*�+��?O���
� �;�	
�����'�*-8�-�@�?��1A�;<

)?��/@�����:��*�+���/x������M*-�	
����� ;B����
	/0��)</+
��0�1
�� Chroma meter, Minalta �I�- 
CR-300 ./�-B��	

	/
	/;<
�+-8�-�@�?��1A� 3 8I/ -B�0��;<
:/+����0���U'<
� 
 
 2. ����� �D�������;  L��
��;H'� Brookfield viscometer (DV-III) 

 

 2.1 &�	O�0�1
��*�+:/+)�/I'./�)	����8��'L�-AB� 
 2.2 �	
�,P��O��o 3 &�	O�	�����P
 10 rpm 
 2.3 8I���	
�,P�'�*-('��K	J~o8-aS��?/	O;<
�B��-/:
+ �/�-�0�1
���@1
�*�+�	
�,P���I- 
 2.4 ���-0��;<
:/+��1
��
'�(��-:& 30 
�-�;< 0��;<
:/+�&Q-0
���-1/�-�
��NP-��@��)o 
 2.5 ;B����
	/NAB��<�0�	A� 
 
 3. �����  Water activity  L��
��;H'� Thermoconstanter ��D� RS 232 
  
 3.1 �I�-�0�1
��
	/���-;B����
	/�&Q-�
'�&�?��J 20 -�;< 
 3.2 &�	O0��,���0�1
��*�+����	O�IJ�KL��;<
*�+
	/ ���;/'��-<A
	/;<
�IJ�KL�� 25 ��M��N'�N<�)
&�	O0��,���0�1
��:&;<
�����', 190 
 3.3 0�'��O�;�0�1
��./��'1��*�+�'	O0�'��O';;<
�<0�� aw *�'+�0<���	O�	
�����;<
�+�����
	/ 
 3.4 *)��	
�����'�*-�'	O@'�)��� ./�*�+�<&������&�?��J 80-90% ,���'	O�	
����� 
 3.5 *)��	
�����'�*-�0�1
��;�A�:
+&�?��J 1 -�;< 
 3.6 �/&I��)<x��8-�	
�',O-�-+�8���?@��OH'?��I/8S�&'����1���� �0�1
��8?;B����
	/ 
 3.7 ��&�?��J 20 -�;<(,SA-��L��	O�-�/,���	
�����)��1�8-�	
�',-�
� O-�-+�8�8?&���l
'L�M����0��;<

	/:/+ ��8-�	
�',-�
�&�?��J 2 -�;< O	-;S�0��;<
:/+-B�:&*�+ 
 3.8 ;B����
	/NAB��<�0�	A� 
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HOO&�?���-(';��&�?)�;)	�(	) 

	-;<
���/1�-����..@.M.����. 

('��K	J~o&�I�H��������:;�;<
�<0
���&Q-��/ 
�^�#���^� ;/)�O�	
�����H'?*�+0?H--�������	O,��;��-���'	�iJ?('��K	J~o ./�;B����;/)�O�	
����� C ���- H'+

8S�;/)�O�	O�	
�����;<
��'1� H'+
*�+0?H--�&�<�O�;<�O0
��H�������?�
����	
�����;<
;/)�O�	O�	
����� C ./�,</�)+-
�	A�U��'�O-�)+-;<
H)/�0
��H������ ���0
���L+)S�,��(L+;/)�O  
* "̂����]���>L'����'���]% ����`�D�L'��̂����
����]
���]��]���'�D�� C 
�D'����� 

)<,��('��K	J~o)�
-()�&�I�H��������:;� 

  
 
 

�'�
-,��('��K	J~o)�
-()�&�I�H��������:;� 

  
 
 

�������	O./��
�* 

  
 
 

�������� 
)<,��('��K	J~o)�
-()�&�I�H��������:;� 

  
 
 

�'�
-,��('��K	J~o)�
-()�&�I�H��������:;� 

  
 
 

�)����./��
� 
  

 
 

�������	O./��
�* 

  
 

 

���������� 	���������������� �������
������ �������
������� 

���������� 	���������������� �������
������ �������
������� 

	�������� ���������������
������� ������
������ ������ 

���������� 	���������������� �������
������ �������
������� 

���������� 	���������������� �������
������ �������
������� 

���������� 	���������������� �������
������ �������
������� 

	�������� ���������������
������� ������
������ ������ 
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HOO&�?���-(';��&�?)�;)	�(	) 

	-;<
���/1�-����..@.M.����. 

('��K	J~o&�I�H��������:;�;<
�<0
���&Q-��/ 
�^�#���^� ;/)�O�	
�����H'?*�+0?H--���'	�iJ?('��K	J~o ./�;B����;/)�O�	
�����;<
:/+�	O H'+
*�+0?H--�	
�����;<

;/)�O����	
,+� ./�,</�)+-�	A�U��'�O-�)+- ���0
���L+)S�,��(L+;/)�O@�+���,<�-�B��	O;<
�)+-/+
��	
�	�i� P �'	�8��
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������� � 

���������

�����������"a
�
 
 

�������H �1 ���
��0��?�o;��)a���,��������<��@���O/���&����J8I'�-;�<�o;	A���/ 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 4.56E+00 2.00 2.28E+00 2.59 0.15 

Intercept 4.94E+02 1.00 4.94E+02 560.46 0.00 

treatment 4.56E+00 2.00 2.28E+00 2.59 0.15 

Error 5.29E+00 6.00 8.82E-01   

Total 5.04E+02 9.00    

Corrected Total 9.85E+00 8.00       
 

�������H �2 ���
��0��?�o;��)a���,��������<��@���O/���&����J�<)�oH'?�� 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 5.20E+00 2.00 2.60E+00 0.64 0.56 

Intercept 3.97E+02 1.00 3.97E+02 97.40 0.00 

TREAT 5.20E+00 2.00 2.60E+00 0.64 0.56 

Error 2.45E+01 6.00 4.08E+00   

Total 4.27E+02 9.00    

Corrected Total 2.97E+01 8.00       
 

�������H �3 ���
��0��?�o;��)a���,��������<����?�;<��O/���&����J8I'�-;�<�o;	A���/ 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 1.47E+01 2.00 7.35E+00 30.19 0.00 

Intercept 1.24E+02 1.00 1.24E+02 511.15 0.00 

treatment 1.47E+01 2.00 7.35E+00 30.19 0.00 

Error 1.46E+00 6.00 2.44E-01   

Total 1.41E+02 9.00    

Corrected Total 1.62E+01 8.00       
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�������H �4 ���
��0��?�o;��)a���,��������<����?�;<��O/���&����J�<)�oH'?�� 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 9.67E+00 2.00 4.83E+00 29.98 0.00 

Intercept 7.48E+01 1.00 7.48E+01 463.77 0.00 

treatment 9.67E+00 2.00 4.83E+00 29.98 0.00 

Error 9.67E-01 6.00 1.61E-01   

Total 8.54E+01 9.00    

Corrected Total 1.06E+01 8.00       
 

�������H �5 ���
��0��?�o;��)a���,��������<��-AB��?,���&y�����&����J8I'�-;�<�o;	A���/ 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 1.58E+00 1.00 1.58E+00 5929.00 0.00 

Intercept 3.79E+01 1.00 3.79E+01 142129.00 0.00 

treatment 1.58E+00 1.00 1.58E+00 5929.00 0.00 

Error 1.07E-03 4.00 2.67E-04   

Total 3.95E+01 6.00    

Corrected Total 1.58E+00 5.00       
 

�������H �6 ���
��0��?�o;��)a���,��������<��-AB��?,���&y�����&����J�<)�oH'?�� 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 1.58E+00 1.00 1.58E+00 5929.00 0.00 

Intercept 3.79E+01 1.00 3.79E+01 142129.00 0.00 

treatment 1.58E+00 1.00 1.58E+00 5929.00 0.00 

Error 1.07E-03 4.00 2.67E-04   

Total 3.95E+01 6.00    

Corrected Total 1.58E+00 5.00       
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�������H �7 ���
��0��?�o;��)a���,��(',����?O
-���('�����&����J8I'�-;�<�o;	A���/ 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 3.34E+01 5.00 6.68E+00 57.71 0.00 

Intercept 1.95E+02 1.00 1.95E+02 1680.07 0.00 

treatment 3.34E+01 5.00 6.68E+00 57.71 0.00 

Error 1.39E+00 12.00 1.16E-01   

Total 2.29E+02 18.00    

Corrected Total 3.48E+01 17.00       
 
�������H �8 ���
��0��?�o;��)a���,��(',����?O
-���('�����&����J�<)�oH'?�� 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 1.72E+01 5.00 3.45E+00 190.65 0.00 

Intercept 1.32E+02 1.00 1.32E+02 7313.25 0.00 

treatment 1.72E+01 5.00 3.45E+00 190.65 0.00 

Error 2.17E-01 12.00 1.81E-02   

Total 1.50E+02 18.00    

Corrected Total 1.75E+01 17.00       
 
�������H �9 ���
��0��?�o;��)a���,��(',�����*�+0
���+�-���&����J8I'�-;�<�o;	A���/ 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 5.13E+00 4.00 1.28E+00 6.26 0.01 

Intercept 5.79E+01 1.00 5.79E+01 282.41 0.00 

treatment 5.13E+00 4.00 1.28E+00 6.26 0.01 

Error 2.05E+00 10.00 2.05E-01   

Total 6.51E+01 15.00    

Corrected Total 7.18E+00 14.00       
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�������H �10 ���
��0��?�o;��)a���,������&'<
�-H&'�,��&����J��/;	A���/*-�?�
��������PO 
         �	�i�;<
�IJ�KL���+�� (25-30 ��M��N'�N<�)) 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 5.01E-01 6.00 8.35E-02 2.06 0.12 

Intercept 2.11E+02 1.00 2.11E+02 5207.82 0.00 

time 5.01E-01 6.00 8.35E-02 2.06 0.12 

Error 5.67E-01 14.00 4.05E-02   

Total 2.12E+02 21.00    

Corrected Total 1.07E+00 20.00       
 

�������H �11 ���
��0��?�o;��)a���,������&'<
�-H&'�,��&����J��/;	A���/*-�?�
��������PO 
         �	�i�;<
�IJ�KL�� 5 ��M��N'�N<�) 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 8.58E-01 6.00 1.43E-01 2.43 0.08 

Intercept 2.08E+02 1.00 2.08E+02 3531.27 0.00 

time 8.58E-01 6.00 1.43E-01 2.43 0.08 

Error 8.23E-01 14.00 5.88E-02   

Total 2.09E+02 21.00    

Corrected Total 1.68E+00 20.00       
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�������H �12 ���
��0��?�o;��)a���,������&'<
�-H&'�,��0
���&Q-��/-/���*-�?�
��������PO 
         �	�i�;<
�IJ�KL���+�� (25-30 ��M��N'�N<�)) 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 2.52E-02 6.00 4.20E-03 1.99 0.14 

Intercept 2.40E+02 1.00 2.40E+02 113856.44 0.00 

time 2.52E-02 6.00 4.20E-03 1.99 0.14 

Error 2.95E-02 14.00 2.11E-03   

Total 2.40E+02 21.00    

Corrected Total 5.47E-02 20.00       
 

�������H �13 ���
��0��?�o;��)a���,������&'<
�-H&'�,��0
���&Q-��/-/���*-�?�
��������PO 
                     �	�i�;<
�IJ�KL�� 5 ��M��N'�N<�) 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 7.56E-02 6.00 1.26E-02 2.79 0.05 

Intercept 2.45E+02 1.00 2.45E+02 54380.17 0.00 

time 7.56E-02 6.00 1.26E-02 2.79 0.05 

Error 6.32E-02 14.00 4.51E-03   

Total 2.46E+02 21.00    

Corrected Total 1.39E-01 20.00       
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�������H �14 ���
��0��?�o;��)a���,������&'<
�-H&'�,��&����J��'1�;	A���/*-�?�
��������PO 
                     �	�i�;<
�IJ�KL���+�� (25-30 ��M��N'�N<�)) 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 3.19E+00 6.00 5.32E-01 1.39 0.29 

Intercept 8.97E+02 1.00 8.97E+02 2342.72 0.00 

time 3.19E+00 6.00 5.32E-01 1.39 0.29 

Error 5.36E+00 14.00 3.83E-01   

Total 9.06E+02 21.00    

Corrected Total 8.56E+00 20.00       
 

�������H �15 ���
��0��?�o;��)a���,������&'<
�-H&'�,��&����J��'1�;	A���/*-�?�
��������PO 
                     �	�i�;<
�IJ�KL�� 5 ��M��N'�N<�) 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 8.95E-01 6.00 1.49E-01 1.93 0.15 

Intercept 9.74E+02 1.00 9.74E+02 12604.17 0.00 

time 8.95E-01 6.00 1.49E-01 1.93 0.15 

Error 1.08E+00 14.00 7.73E-02   

Total 9.76E+02 21.00    

Corrected Total 1.98E+00 20.00       
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�������H �16 ���
��0��?�o;��)a���,������&'<
�-H&'�,��&����J,��H,P�;<
'?'��;	A���/*- 
       �?�
��������PO�	�i�;<
�IJ�KL���+�� (25-30 ��M��N'�N<�)) 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 2.31E+00 6.00 3.85E-01 0.38 0.88 

Intercept 6.73E+04 1.00 6.73E+04 67263.44 0.00 

time 2.31E+00 6.00 3.85E-01 0.38 0.88 

Error 1.40E+01 14.00 1.00E+00   

Total 6.73E+04 21.00    

Corrected Total 1.63E+01 20.00       
 

�������H �17 ���
��0��?�o;��)a���,������&'<
�-H&'�,��&����J,��H,P�;<
'?'��;	A���/*- 
        �?�
��������PO�	�i�;<
�IJ�KL�� 5 ��M��N'�N<�) 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 3.26E+00 6.00 5.43E-01 0.69 0.66 

Intercept 6.71E+04 1.00 6.71E+04 85156.85 0.00 

time 3.26E+00 6.00 5.43E-01 0.69 0.66 

Error 1.10E+01 14.00 7.88E-01   

Total 6.71E+04 21.00    

Corrected Total 1.43E+01 20.00       
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�������H �18 ���
��0��?�o;��)a���,������&'<
�-H&'�,��&����J,��H,P�;<
'?'��;	A���/*- 
       �?�
��������PO�	�i�;<
�IJ�KL���+�� (25-30 ��M��N'�N<�)) 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 2.99E-03 6.00 4.98E-04 8.10 0.00 

Intercept 1.48E+01 1.00 1.48E+01 239834.06 0.00 

WEEK 2.99E-03 6.00 4.98E-04 8.10 0.00 

Error 8.61E-04 14.00 6.15E-05   

Total 1.48E+01 21.00    

Corrected Total 3.85E-03 20.00       
 

�������H �19 ���
��0��?�o;��)a���,������&'<
�-H&'�,��&����J,��H,P�;<
'?'��;	A���/*- 
        �?�
��������PO�	�i�;<
�IJ�KL�� 5 ��M��N'�N<�) 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 6.05E-04 6.00 1.01E-04 1.38 0.29 

Intercept 1.52E+01 1.00 1.52E+01 206939.39 0.00 

WEEK 6.05E-04 6.00 1.01E-04 1.38 0.29 

Error 1.03E-03 14.00 7.33E-05   

Total 1.52E+01 21.00    

Corrected Total 1.63E-03 20.00       
 

 

 

 

 

 

 

 

 

 



 102 

�������H �20 0�� aw ,��('��K	J~o��PO�	�i�;<
�IJ�KL���+�� (25-30 ��M��N'�N<�)) H'?�IJ�KL�� 5  
                     ��M��N'�N<�)�&Q-�
'� 12 )	&/��o 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

�������H �21 ���
��0��?�o;��)a���,������&'<
�-H&'�,��0
���-1/*-�?�
��������PO�	�i�;<
 
         �IJ�KL���+��(25-30 ��M��N'�N<�)) 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 1.32E+07 6.00 2.20E+06 1.92 0.15 

Intercept 1.41E+08 1.00 1.41E+08 122.56 0.00 

time 1.32E+07 6.00 2.20E+06 1.92 0.15 

Error 1.61E+07 14.00 1.15E+06   

Total 1.70E+08 21.00    

Corrected Total 2.93E+07 20.00       
 

 

 

  aw 

�IJ�KL�� (oC) 

)	&/��o Ambient* 5oC 

0 0.86a±0.00 0.85±0.01 

2 0.85a±0.01 0.86±0.02 

4 0.85a±0.01 0.86±0.00 

6 0.84ab±0.00 0.85±0.00 

8 0.83bc±0.01 0.84±0.00 

10 0.82c±0.01 0.85±0.01 

12 0.82c±0.01 0.84±0.01 

* �IJ�KL��&�?��J 25-30 ��M��N'�N<�)  
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�������H �22 ���
��0��?�o;��)a���,������&'<
�-H&'�,��0
���-1/*-�?�
��������PO�	�i�;<
 
         �IJ�KL�� 5 ��M��N'�N<�) 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 1.63E+07 6.00 2.72E+06 1.97 0.14 

Intercept 2.09E+08 1.00 2.09E+08 151.49 0.00 

time 1.63E+07 6.00 2.72E+06 1.97 0.14 

Error 1.93E+07 14.00 1.38E+06   

Total 2.45E+08 21.00    

Corrected Total 3.56E+07 20.00       
 

�������H �23 ���
��0��?�o;��)a���,������&'<
�-H&'�,��0��0
���1/-)
���*-�?�
��������PO 
        �	�i�;<
�IJ�KL���+�� (25-30 ��M��N'�N<�)) 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 8.12E+00 6.00 1.35E+00 2.11 0.12 

Intercept 1.86E+04 1.00 1.86E+04 28959.29 0.00 

WEEK 8.12E+00 6.00 1.35E+00 2.11 0.12 

Error 9.00E+00 14.00 6.43E-01   

Total 1.86E+04 21.00    

Corrected Total 1.71E+01 20.00       
 

 

 

 

 

 

 

 

 

 



 104 

�������H �24 ���
��0��?�o;��)a���,������&'<
�-H&'�,��0��0
���1/-)
���*-�?�
��������PO 
                     �	�i�;<
�IJ�KL�� 5 ��M��N'�N<�) 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 9.71E+00 6.00 1.62E+00 1.66 0.20 

Intercept 1.94E+04 1.00 1.94E+04 19864.14 0.00 

WEEK 9.71E+00 6.00 1.62E+00 1.66 0.20 

Error 1.37E+01 14.00 9.76E-01   

Total 1.94E+04 21.00    

Corrected Total 2.34E+01 20.00       
 

�������H �25 ���
��0��?�o;��)a���,������&'<
�-H&'�,��0��)<H/�-�,<�
*-�?�
��������PO 
        �	�i�;<
�IJ�KL���+�� (25-30 ��M��N'�N<�)) 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 2.44E+00 6.00 4.07E-01 1.21 0.36 

Intercept 6.39E+02 1.00 6.39E+02 1905.07 0.00 

WEEK 2.44E+00 6.00 4.07E-01 1.21 0.36 

Error 4.70E+00 14.00 3.35E-01   

Total 6.46E+02 21.00    

Corrected Total 7.14E+00 20.00       
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�������H �26 ���
��0��?�o;��)a���,������&'<
�-H&'�,��0��)<H/�-�,<�
*-�?�
��������PO 
                     �	�i�;<
�IJ�KL�� 5 ��M��N'�N<�) 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 7.87E-01 6.00 1.31E-01 0.25 0.95 

Intercept 5.80E+02 1.00 5.80E+02 1103.96 0.00 

WEEK 7.87E-01 6.00 1.31E-01 0.25 0.95 

Error 7.36E+00 14.00 5.26E-01   

Total 5.89E+02 21.00    

Corrected Total 8.15E+00 20.00       
 

�������H �27 ���
��0��?�o;��)a���,������&'<
�-H&'�,��0��)<��'1��--AB����-*-�?�
��������PO 
        �	�i�;<
�IJ�KL���+�� (25-30 ��M��N'�N<�)) 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 1.58E+01 6.00 2.63E+00 2.06 0.12 

Intercept 2.77E+03 1.00 2.77E+03 2179.90 0.00 

WEEK 1.58E+01 6.00 2.63E+00 2.06 0.12 

Error 1.78E+01 14.00 1.27E+00   

Total 2.81E+03 21.00    

Corrected Total 3.36E+01 20.00       
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�������H �28 ���
��0��?�o;��)a���,������&'<
�-H&'�,��0��)<��'1��--AB����-*-�?�
��������PO 
                     �	�i�;<
�IJ�KL�� 5 ��M��N'�N<�) 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 8.88E+00 6.00 1.48E+00 0.93 0.50 

Intercept 2.97E+03 1.00 2.97E+03 1861.48 0.00 

WEEK 8.88E+00 6.00 1.48E+00 0.93 0.50 

Error 2.23E+01 14.00 1.60E+00   

Total 3.00E+03 21.00    

Corrected Total 3.12E+01 20.00       
 

�������H �29 ���
��0��?�o;��)a���,������&'<
�-H&'�,��0��0
���1/-)
���,��('��K	J~o;<
(��- 
        �������@���H'?��?�;<�����*-�?�
��������PO�	�i�;<
�IJ�KL���+��                                                                             
        (25-30 ��M��N'�N<�)) 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 5.54E-01 6.00 9.24E-02 1.61 0.22 

Intercept 1.57E+04 1.00 1.57E+04 273596.86 0.00 

WEEK 5.54E-01 6.00 9.24E-02 1.61 0.22 

Error 8.01E-01 14.00 5.72E-02   

Total 1.57E+04 21.00    

Corrected Total 1.36E+00 20.00       
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�������H �30 ���
��0��?�o;��)a���,������&'<
�-H&'�,��0��0
���1/-)
���,��('��K	J~o;<
(��- 
         �������@���H'?��?�;<�����*-�?�
��������PO�	�i�;<
�IJ�KL�� 5 ��M��N'�N<�) 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 3.19E-02 6.00 5.32E-03 0.08 1.00 

Intercept 1.59E+04 1.00 1.59E+04 226486.15 0.00 

WEEK 3.19E-02 6.00 5.32E-03 0.08 1.00 

Error 9.84E-01 14.00 7.03E-02   

Total 1.59E+04 21.00    

Corrected Total 1.02E+00 20.00       
 

�������H �31 ���
��0��?�o;��)a���,������&'<
�-H&'�,��0��)<H/�-�,<�
 ,��('��K	J~o;<
(��- 
         �������@���H'?��?�;<�����*-�?�
��������PO�	�i�;<
�IJ�KL���+��                                                                             
         (25-30 ��M��N'�N<�)) 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 6.57E-01 6.00 1.09E-01 0.43 0.85 

Intercept 2.47E+02 1.00 2.47E+02 966.47 0.00 

WEEK 6.57E-01 6.00 1.09E-01 0.43 0.85 

Error 3.58E+00 14.00 2.56E-01   

Total 2.52E+02 21.00    

Corrected Total 4.24E+00 20.00       
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�������H �32 ���
��0��?�o;��)a���,������&'<
�-H&'�,��0��)<H/�-�,<�
,��('��K	J~o;<
(��- 
       �������@���H'?��?�;<�����*-�?�
��������PO�	�i�;<
�IJ�KL�� 5 ��M��N'�N<�) 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 2.59E-01 6.00 4.32E-02 0.20 0.97 

Intercept 2.28E+02 1.00 2.28E+02 1059.04 0.00 

WEEK 2.59E-01 6.00 4.32E-02 0.20 0.97 

Error 3.02E+00 14.00 2.16E-01   

Total 2.32E+02 21.00    

Corrected Total 3.28E+00 20.00       
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         (25-30 ��M��N'�N<�)) 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 5.62E-01 6.00 9.37E-02 0.66 0.68 

Intercept 1.37E+03 1.00 1.37E+03 9729.41 0.00 

WEEK 5.62E-01 6.00 9.37E-02 0.66 0.68 

Error 1.97E+00 14.00 1.41E-01   

Total 1.37E+03 21.00    

Corrected Total 2.54E+00 20.00       
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Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 9.24E-01 6.00 1.54E-01 0.77 0.61 

Intercept 1.44E+03 1.00 1.44E+03 7182.63 0.00 

WEEK 9.24E-01 6.00 1.54E-01 0.77 0.61 

Error 2.80E+00 14.00 2.00E-01   

Total 1.44E+03 21.00    

Corrected Total 3.73E+00 20.00       
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         (25-30 ��M��N'�N<�))         

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 6.70E+01 18.00 3.72E+00 4.41 0.00 

Intercept 2.25E+03 1.00 2.25E+03 2674.67 0.00 

WEEK 5.62E+01 6.00 9.36E+00 11.11 0.00 

BLOCK 8.60E+00 12.00 7.16E-01 0.85 0.60 

Error 1.91E+02 226.00 8.43E-01   

Total 2.96E+03 245.00    

Corrected Total 2.57E+02 244.00       
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Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 2.51E+01 18.00 1.39E+00 1.99 0.01 

Intercept 2.85E+03 1.00 2.85E+03 4064.65 0.00 

WEEK 1.62E+01 6.00 2.69E+00 3.85 0.00 

BLOCK 8.60E+00 12.00 7.16E-01 1.02 0.43 

Error 1.58E+02 226.00 7.00E-01   

Total 3.60E+03 245.00    

Corrected Total 1.83E+02 244.00       
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        (25-30 ��M��N'�N<�)) 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 2.94E+01 18.00 1.63E+00 1.70 0.04 

Intercept 2.09E+03 1.00 2.09E+03 2175.36 0.00 

WEEK 1.24E+01 6.00 2.07E+00 2.16 0.05 

BLOCK 1.63E+01 12.00 1.36E+00 1.41 0.16 

Error 2.17E+02 226.00 9.60E-01   

Total 2.72E+03 245.00    

Corrected Total 2.46E+02 244.00       
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Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 2.78E+01 18.00 1.55E+00 1.77 0.03 

Intercept 2.66E+03 1.00 2.66E+03 3033.98 0.00 

WEEK 1.33E+01 6.00 2.21E+00 2.52 0.02 

BLOCK 1.44E+01 12.00 1.20E+00 1.37 0.18 

Error 1.98E+02 226.00 8.76E-01   

Total 3.40E+03 245.00    

Corrected Total 2.26E+02 244.00       
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                      �IJ�KL���+�� (25-30 ��M��N'�N<�)) 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 1.70E+01 18.00 9.43E-01 1.48 0.10 

Intercept 2.39E+03 1.00 2.39E+03 3736.15 0.00 

WEEK 1.09E+01 6.00 1.82E+00 2.84 0.01 

BLOCK 5.71E+00 12.00 4.75E-01 0.74 0.71 

Error 1.44E+02 226.00 6.39E-01   

Total 2.99E+03 245.00    

Corrected Total 1.61E+02 244.00       
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Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 7.42E+00 18.00 4.12E-01 0.69 0.82 

Intercept 2.85E+03 1.00 2.85E+03 4739.42 0.00 

WEEK 3.49E+00 6.00 5.82E-01 0.97 0.45 

BLOCK 3.86E+00 12.00 3.22E-01 0.53 0.89 

Error 1.36E+02 226.00 6.02E-01   

Total 3.54E+03 245.00    

Corrected Total 1.43E+02 244.00       
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        (25-30 ��M��N'�N<�)) 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 3.43E+01 18.00 1.91E+00 2.57 0.00 

Intercept 2.97E+03 1.00 2.97E+03 3992.20 0.00 

WEEK 2.11E+01 6.00 3.52E+00 4.73 0.00 

BLOCK 1.25E+01 12.00 1.04E+00 1.40 0.17 

Error 1.68E+02 226.00 7.44E-01   

Total 3.72E+03 245.00    

Corrected Total 2.02E+02 244.00       
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Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 1.81E+01 18.00 1.00E+00 1.66 0.05 

Intercept 3.29E+03 1.00 3.29E+03 5450.66 0.00 

WEEK 7.34E+00 6.00 1.22E+00 2.03 0.06 

BLOCK 1.03E+01 12.00 8.61E-01 1.42 0.16 

Error 1.37E+02 226.00 6.04E-01   

Total 4.08E+03 245.00    

Corrected Total 1.55E+02 244.00       
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�IJ�KL���+��  
         (25-30 ��M��N'�N<�)) 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 4.33E+01 18.00 2.40E+00 3.04 0.00 

Intercept 2.38E+03 1.00 2.38E+03 3018.10 0.00 

WEEK 2.51E+01 6.00 4.18E+00 5.29 0.00 

BLOCK 1.79E+01 12.00 1.49E+00 1.89 0.04 

Error 1.79E+02 226.00 7.90E-01   

Total 3.07E+03 245.00    

Corrected Total 2.22E+02 244.00       
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Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 2.45E+01 18.00 1.36E+00 2.11 0.01 

Intercept 2.77E+03 1.00 2.77E+03 4294.44 0.00 

WEEK 1.11E+01 6.00 1.85E+00 2.87 0.01 

BLOCK 1.31E+01 12.00 1.09E+00 1.70 0.07 

Error 1.46E+02 226.00 6.45E-01   

Total 3.50E+03 245.00    

Corrected Total 1.70E+02 244.00       
 

�������H �45 ���
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         (25-30 ��M��N'�N<�)) 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 2.01E+01 18.00 1.12E+00 1.46 0.11 

Intercept 2.46E+03 1.00 2.46E+03 3211.68 0.00 

WEEK 1.11E+01 6.00 1.86E+00 2.42 0.03 

BLOCK 8.96E+00 12.00 7.47E-01 0.98 0.47 

Error 1.73E+02 226.00 7.66E-01   

Total 3.13E+03 245.00    

Corrected Total 1.93E+02 244.00       
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Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 1.03E+01 18.00 5.73E-01 1.01 0.44 

Intercept 3.03E+03 1.00 3.03E+03 5368.49 0.00 

WEEK 2.04E+00 6.00 3.40E-01 0.60 0.73 

BLOCK 8.28E+00 12.00 6.90E-01 1.22 0.27 

Error 1.28E+02 226.00 5.65E-01   

Total 3.75E+03 245.00    

Corrected Total 1.38E+02 244.00       
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        �IJ�KL���+�� (25-30 ��M��N'�N<�)) 

Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 3.04E+01 18.00 1.69E+00 3.02 0.00 

Intercept 2.57E+03 1.00 2.57E+03 4608.13 0.00 

WEEK 1.58E+01 6.00 2.64E+00 4.73 0.00 

BLOCK 1.48E+01 12.00 1.23E+00 2.21 0.01 

Error 1.26E+02 226.00 5.59E-01   

Total 3.26E+03 245.00    

Corrected Total 1.57E+02 244.00       
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Source  Sum of Squares df Mean Square F Sig. 

Corrected Model 1.39E+01 18.00 7.71E-01 1.75 0.03 

Intercept 3.06E+03 1.00 3.06E+03 6959.74 0.00 

WEEK 4.97E+00 6.00 8.28E-01 1.88 0.08 

BLOCK 8.62E+00 12.00 7.18E-01 1.63 0.08 

Error 9.94E+01 226.00 4.40E-01   

Total 3.76E+03 245.00    

Corrected Total 1.13E+02 244.00       
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