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������� � 

 

��	�
��	������������������� 
 

1. ��	
��������������
�����	�� Kjeldahl method (A.O.A.C., 1990) 
��	���� 
1. /��0�123�	/ (H2SO4) 
2. 7��89����9�/���9:� (catalyst) ��>/:?�@�� CuSO4 1 79�� B1> K2SO4 10 79�� 
3. �0����
D��:/0�E (NaOH) �G@
G@��@:�1> 40 
4. /��?:�	/ (H3BO3) �G@
G@��@:�1> 40 
5. mixed indicator  

 5.1 8�M� 0.125 /��
 �
�	1��� B1> 0.082 /��
 �
�	1��?131>1��O��:�	1B:1/:D:1E    
�@:�1> 95 ��	
��� 100 
	11	1	�� 

 5.2 8�M� 0.1 /��
 ����
P�	0:1����1>1��O���Q�/1�M�B1>���?��	
�����R� 100 
	11	1	�� 
 5.3  S7
7��1>1��G@: 1 B1>G@: 2 O�:����79��7��G@: 1 �9:7��G@: 2 ��9�/�? 5 �9: 

�
����	 

1. �3����:�9�� 5 T 10 
	11	1	�� O79O��1:��9:���
��	
�����������MP���9��>
� U@�
�

�//VO8@�@:� U@�
��@:�/VO8@
�/ (�Q� blank �Y/P����) 

2. O797��89����9�/���9:� (Catalyst) 1-2 /��
 
3. ��	
/��0�123�	/�G@
G@� 5-10 
	11	1	�� 7�
B1>��[��P�\M:���/��?:/�� 
4. �9:���M:Y��]3
	 200 :�^��01�0��7 ��>
�� 1 8�M��
� B1>�_	M
G`����U`� 350 :�^��01�0��7 

�>O8@��1���>
�� 4 8�M��
� 
5. �
\M:�9:���O7��\:�@7��1>1��7�2a���\:�G���:
2a� �����	���@O�@��V� 
6. �Q��/1�M� 
/��/1�M����:�9�� 
1. O79���:�9��O��1:�/1�M� ��	
��Q���>
�� 60-100 
	11	1	�� �G�9��?�b �_\M:S7
/�� 
2. O79�1:��G@�/�?�P�\M:�/1�M���M_�@:
�>/1�M���[���Q��19:��V� :����/���1 3-4 1	���9:���� 
3. ��	
7��1>1���0����
D��:/0�E�G@
G@��@:�1> 40 1��8@�b ���@7��1>1��7��Q� 
4. ��	M
/1�M����O8@/��?:�	/ (2%) ��M
�/����	
 mixed indicator ��>
�� 2-3 ��� 
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5. /1�M�O�@�@ condensate ��>
�� 100-150 
	11	1	�� /9:��7�V�/��/1�M�O�B�91>P����O�@
�1\M:�21�7/E�/V?���:�9��1�O�@_@�G:���1� /1�M��9:��>
�� 1 ���� �_\M:1@���P�\M:�/1�M� 

6.�����/�? 0.02-0.1 �:�E
:1 HCl ��\: H2SO4 ��/P9� blank ::/�_\M:�Q��PQ���� 
/��PQ���� 
 
  ��	
��������������
� (�@:�1>) = (A T B) x N x 14 
          W 
 
A P\: ��	
��/��D���P1:�	/��MO8@O�/����������:�9�� 
B P\: ��	
��/��D���P1:�	/��MO8@O�/������� blank 
W P\: ��Q����/���:�9�� 
N P\: P��
�G@
G@�G:�/��D���P1:�	/ 
 

2. /���	�P��>�E��	
��2:7�2�O���Q� : Ascorbic Acid Method (APHA, AWWA and WPCF, 1985 
: 448-450) 

7���P
� 
1. 7��1>1��/��/Q�
>U�� 5 �:�E
�1 

�����
�����	
/��/Q�
>U���G@
G@� (Conc. H2SO4) 70 
	11	1	�� 1�O���Q�/1�M� ��	
��Q�/1�M�
��P�? 500 
	11	1	��  

2. 7��1>1��B:��	�
���_B�7�0��
������ 
 �����
���1>1��B:��	�
���_B�7�0��
������ (K(SbO)C4H4O6.1/2H2O) 1.3715 /��
 
O���Q�/1�M� 400 
	11	1	�� ��	
��Q�/1�M����@��	
��� 500 
	11	1	�� �/V?O�G��B/@� 

3. 7���1>1��B:
�
����
�
1	?���  
�����
���1>1��B:
�
����
�
1	?��� (NH4)6Mo7O24.4H2O 20 /��
 O���Q�/1�M���P�? 
500 
	11	1	�� �/V?O�G��_1�7�	/��M 4 :�^��01�0��7 

4. 7��1>1��/��B:7P:�E?	P 0.1 �
1��E 
�����
���1>1��/��B:7P:�E?	P 1.76 /��
 O���Q�/1�M� 100 
	11	1	�� 0`M�7���>:�39��� 1 
:��	��E U@��/V?��M 4 :�^��01�0��7 

5. ��Q�����
 (Combined reagent) 100 
	11	1	�� ��>/:?�@�� 
 - 50 
	11	1	�� 5 �:�E
:1 /��/Q�
>U�� 
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 - 5 
	11	1	�� 7��1>1��B:��	�
���_B�7�0��
������ 
 - 15 
	11	1	�� 7��1>1��B:
�
����
�
1	?��� 
 - 30 
	11	1	�� 7��1>1��/��B:7P:�E?	P 
��Q����P
���19����S7
/����M:Y��]3
	�@:� U@�
�P��
GY9��/	�G`���1����//����	
B:��	�
��
�_B�7�0��
������ ��\:B:
�
����
�
1	?��� O�@�G�9�B1@��	���@��>
�� 2-3 ���� 
��Q�����
�>:�39��� 4 8�M��
� 
6. 7��1>1��7�V:P2:7�2� 

�����
����Q��_B�7�0��
�D������2:7�2� KH2PO4 anhydrous 219.5 
	11	/��
 
��	
��Q�/1�M���P�? 1000 
	11	1	�� 1 
	11	1	��G:�7��1>1����9�/�? 50 
�P�/��
 PO4-P 

7. 7��1>1��
���m��2:7�2� 
�����
����Q�7��1>1��7�V:P2:7�2� 50 
	11	1	�� ��	
��Q�/1�M����@ 1000 
	11	1	�� 0`M� 
1 
	11	1	��G:�7��1>1����9�/�? 2.5 
�P�/��
 PO4-P 

�	��/�� 
1.  �����
/��2
���m��G:�2:7�2��G@
G@� 0.1, 0.3, 0.5, 0.8 B1> 1.2 
	11	/��


2:72:��7�9:1	�� ����[���7��1>1��
���m��2:7�2� 2, 6, 10, 16 B1> 24 

	11	1	�� O79O�G�������	
���G��� 50 
	11	1	�� ��	
��Q�/1�M���U`�G����M/Q���� �G�9�
O�@�G@�/��B1@���7��1>1��O79G���3�8
_39G��� 125 
	11	1	�� ��	
2n�:1E2��1��:	��	
�P��:�E 1 ��� U@��/	�7�B��O�@��� 5 �:�E
:1 H2SO4 1����/�>��M�7�B������ 
��	
��Q�����
 (Combine reagent) 8 
	11	1	�� �G�9�O�@�G@�/�������	���@ 10-30 ���� �_\M:O�@
�/	�7� �Q�����P9�/���3�/1\�B7���MP��
���P1\M� 880 �����
�� �G���/��2B7��
P��
7�
_���E�>��9����	
��2:7�2�B1>P9�/���3�/1\�B7� 

2.  �	�P��>�E���:�9�����O8@���:�9����M��\:����@��
�>7
 50 
	11	1	�� B1@��	�P��>�E��
�	�� 
       /�������
/��2
���m��G:�2:7�2� 
3.    /��PQ���� 

mg/lP = (mgP x 1000)/(ml Sample) 
mg/lPO4 = mg/lP x 3.06 

3. /��PQ����P9�:����79�� C:N ��	M
�@� 
3.1 P9�:����79�� C:N ��	M
�@�G:���Q��7�� 

 P9�_���
	��:�EG:���Q��7����	M
�@�
�P9������� 
- COD ��9�/�? 85100 mg/l 
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- ������� ��9�/�? 0.507 g/l 
- TOC ��9�/�? 28.4 g/l ��������>�@P9�:����79��C:N G:���Q��7���?\�:��@� ��9�/�? 55.95 

3.2 P9�:����79�� C:N O�/��^`/r�S1G:�/����	
/�� 
P��E?:�O���Q��7����
/�?P��E?:�O�/�� propionic B1>/�� butyric 
�P9���9�/�? 33.55 
g/l  
:����79��C:N 
�P9���9�/�? 33.55/0.507 = 66.17 
�89���M:����79�� C:N ��9�/�? 10 , N= C/10 ������� N ��9�/�? 3.35 
��Q��7����	

� N ��9�/�? 0.507 g/l ��������@:���	
 N = 3.35 T 0.507  
       = 2.84 g/l 
��������@:���	
   (NH4)2SO4 ��9�/�? (132.13 x 2.84)/28 = 13.43 g/l 
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4.S1/��^`/r�PY�7
?��	���/��]�_G:�2[1E
 PHA ��M�@ 
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5.B7��P9�_��:8O�/���1�����8\�: 
5.1 ^`/r�8�	�G:���Q��7����M��
�>7
�9:/��S1	� PHA  
 

 12 24 36 48 60 72 
Chalong Latex Industry 
Hongyen Chotiwat Industry 
Troppical Canning Industry 

8.12 
8.35 
8.21 

8.36 
8.45 
8.57 

8.68 
8.74 
8.85 

8.87 
8.89 
8.61 

8.91 
8.71 
8.86 

8.92 
8.78 
8.65 

 
5.2 ^`/r�S1G:�/����	
/�� 
 

 12 24 36 48 60 72 

control 
B5 
B10 
B15 
P5 
P10 
P15 

8.17 
8.27 
8.23 
8.31 
8.35 
8.27 
8.36 

8.34 
8.38 
8.37 
8.42 
8.42 
8.32 
8.45 

8.57 
8.65 
8.57 
8.53 
8.51 
8.64 
8.59 

8.69 
8.67 
8.61 
8.73 
8.65 
8.72 
8.84 

8.68 
8.74 
8.72 
8.88 
8.67 
8.79 
8.91 

8.95 
8.95 
8.91 
8.97 
8.64 
8.77 
8.87 

 
5.3 ^`/r�S1G:�:����79��P��E?:��9:������� (C:N ratio) 
 

 12 24 36 48 60 72 

C:N=56 
C:N=10 
C:N=20 
C:N=40 
C:N=80 

8.36 
8.11 
8.13 
8.21 
8.30 

9.00 
8.29 
8.40 
8.51 
8.60 

8.85 
8.44 
8.48 
8.64 
8.74 

8.83 
8.33 
8.43 
8.61 
8.70 

9.00 
8.33 
8.48 
8.59 
8.66 

8.96 
8.36 
8.49 
8.65 
8.74 
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5.4 ^`/r�S1G:�P��
�G@
G@�G:�B�19�2:7�2� 
 

 12 24 36 48 60 72 
no acid addition 

2.5 g/l 
5.0 g/l 
10.0 g/l 

8.19 
7.91 
8.87 
7.28 

8.21 
7.87 
7.56 
7.37 

8.56 
8.69 
8.87 
8.64 

8.67 
8.75 
8.91 
8.66 

8.91 
8.88 
8.85 
8.76 

8.96 
8.85 
8.84 
8.70 

 
5.5 ^`/r�:����/��O�@:�/�^ 
 

 12 24 36 48 60 72 

0 vvm 
0.5 vvm 
1.0 vvm 
2.0 vvm 

8.56 
8.24 
8.21 
8.41 

8.61 
8.36 
8.44 
8.47 

8.74 
8.52 
8.59 
8.67 

8.88 
8.88 
8.69 
8.77 

8.71 
8.91 
8.79 
8.78 

8.62 
8.85 
8.92 
8.67 

 
5.6 ^`/r�:����/��/�� 
 

 12 24 36 48 60 72 

100 rpm 
200 rpm 
300 rpm 

8.36 
8.25 
8.21 

8.54 
8.44 
8.34 

8.73 
8.59 
8.71 

8.88 
8.66 
8.64 

8.94 
8.85 
8.76 

8.91 
8.74 
8.65 

 
5.7 ^`/r�/��P�?PY
_��:8 
 

 12 24 36 48 60 72 

Control pH 
uncontrol pH 

7.11 
7.21 

7.14 
7.56 

7.21 
8.47 

7.13 
8.56 

7.15 
8.61 

7.12 
8.72 
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������� � 

 

�����	�����	��� 
 

Standard Curve

y = 0.0003x - 0.0369

R2 = 0.9733

-0.05

0
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]�_��M 25  /��2
���m��7Q����?����	
��2:7�2� 
Figure 25  Standard curve for phosphate analyze.  
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������� � 

 

��	�
��	���������� 
�
 

 
�������M 9 P9�P��
B������7Q����?/���:?7�:�G:�B??�Y9��9:/�����	yG:��Y1	�����EO�
/��^`/r�S1G:�/����	
/�� 
Table 9. ANOVA for response surface quadratic model on cell growth. 
 

Source Sum of Squares DF Mean Square F Value Prob > F 
Between Groups 
Within Groups 

Total 

3.326 
0.718 
4.044 

7 
8 
15 

0.475 
8.971E-02 

5.297 0.016 

  
�������M 10  P9�P��
B������7Q����?/���:?7�:�G:�B??�Y9��9:/��S1	� PHAO�/��^`/r�S1
G:�/����	
/�� 
Table 10. ANOVA for response surface quadratic model on PHA production. 
 

Source Sum of Squares DF Mean Square F Value Prob > F 
Between Groups 
Within Groups 

Total 

2.324E-02 
3.835E-02 
6.159E-02 

7 
8 
15 

3.321E-03 
4.794E-03 

.693 .679 
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�������M 11  P9�P��
B������7Q����?/���:?7�:�G:�B??�Y9��9:/�����	yG:��Y1	�����EO�
/��^`/r�S1G:�:����79��G:�P��E?:��9:������� (C:N) 
Table 11 . ANOVA for response surface quadratic model on cell growth. 
 

Source Sum of Squares DF Mean Square F Value Prob > F 
Between Groups 
Within Groups 

Total 

0.775 
0.255 
1.029 

4 
10 
14 

0.194 
2.545E-02 

7.609 0.004 

 
�������M 12 P9�P��
B������7Q����?/���:?7�:�G:�B??�Y9��9:/��S1	� PHAO�/��^`/r�S1
G:�:����79��G:�P��E?:��9:������� (C:N) 
Table 12 . ANOVA for response surface quadratic model on PHA production. 
 

Source Sum of Squares DF Mean Square F Value Prob > F 
Between Groups 
Within Groups 

Total 

2.237E-02 
5.527E-02 
7.764E-02 

4 
10 
14 

5.593E-03 
5.527E-03 

1.012 0.446 

 
�������M 13 P9�P��
B������7Q����?/���:?7�:�G:�B??�Y9��9:/�����	yG:��Y1	�����EO�
/��^`/r�S1G:�P��
�G@
G@�G:�B�19�2:72:��7 
Table 13 ANOVA for response surface quadratic model on cell growth. 
 

Source Sum of Squares DF Mean Square F Value Prob > F 
Between Groups 
Within Groups 

Total 

5.625 
2.115 
7.740 

3 
8 
11 

1.875 
0.264 

 

7.091 0.012 
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�������M 14 P9�P��
B������7Q����?/���:?7�:�G:�B??�Y9��9:/��S1	� PHAO�/��^`/r�S1
G:�P��
�G@
G@�G:�B�19�2:72:��7 
Table14 . ANOVA for response surface quadratic model on PHA production. 
 

Source Sum of Squares DF Mean Square F Value Prob > F 
Between Groups 
Within Groups 

Total 

0.880 
0.369 
1.249 

3 
8 
11 

0.293 
4.614E-02 

6.358 0.016 

 
�������M 15 P9�P��
B������7Q����?/���:?7�:�G:�B??�Y9��9:/�����	yG:��Y1	�����EO�
/��^`/r�7]��>��M��
�>7
�9::����/��O�@:�/�^O�/��S1	�PHAO�U���
�/ 
Table15 . ANOVA for response surface quadratic model on cell growth. 
 

Source Sum of Squares DF Mean Square F Value Prob > F 
Between Groups 
Within Groups 

Total 

18.33 
0.376 
18.709 

3 
8 
11 

6.111 
4.702E-02 

129.973 0.000 

 
�������M 16  P9�P��
B������7Q����?/���:?7�:�G:�B??�Y9��9:/��S1	� PHAO�/��^`/r�
7]��>��M��
�>7
�9::����/��O�@:�/�^O�/��S1	�PHAO�U���
�/ 
Table 16. ANOVA for response surface quadratic model on PHA production. 
 

Source Sum of Squares DF Mean Square F Value Prob > F 
Between Groups 
Within Groups 

Total 

5.157 
5.733E-03 

5.163 

3 
8 
11 

1.719 
7.167E-04 

2398.771 0.000 
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�������M 17 P9�P��
B������7Q����?/���:?7�:�G:�B??�Y9��9:/�����	yG:��Y1	�����EO�
/��^`/r�7]��>��M��
�>7
�9::����/��/��O�/��S1	�PHAO�U���
�/ 
Table17 . ANOVA for response surface quadratic model on cell growth. 
 

Source Sum of Squares DF Mean Square F Value Prob > F 
Between Groups 
Within Groups 

Total 

3.851 
0.320 
4.171 

2 
6 
8 

1.926 
5.337E-02 

36.081 0.000 

 
�������M 18 P9�P��
B������7Q����?/���:?7�:�G:�B??�Y9��9:/��S1	� PHAO�/��^/̀r�
7]��>��M��
�>7
�9::����/��/��O�/��S1	�PHAO�U���
�/ 
Table18 . ANOVA for response surface quadratic model on PHA production. 
 

Source Sum of Squares DF Mean Square F Value Prob > F 
Between Groups 
Within Groups 

Total 

0.223 
0.177 
0.400 

2 
6 
8 

0.111 
2.948E-02 

3.782 0.087 

 

 
�������M 19 P9�P��
B������7Q����?/���:?7�:�G:�B??�Y9��9:/�����	yG:��Y1	�����EO�
/��^`/r�/��P�?PY
_��:8O�/��S1	�PHAO�U���
�/ 
Table 19. ANOVA for response surface quadratic model on cell growth. 
 

Source Sum of Squares DF Mean Square F Value Prob > F 
Between Groups 
Within Groups 

Total 

4.4896 
0.128 
5.024 

1 
4 
5 

4.896 
3.198E-02 

153.082 0.000 
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�������M 20  P9�P��
B������7Q����?/���:?7�:�G:�B??�Y9��9:/��S1	� PHAO�/��^`/r�
/��P�?PY
_��:8O�/��S1	�PHAO�U���
�/ 
Table20 . ANOVA for response surface quadratic model on PHA production. 
 

Source Sum of Squares DF Mean Square F Value Prob > F 
Between Groups 
Within Groups 

Total 

8.167E-02 
0.941 
1.022 

1 
4 
5 

8.167E-02 
0.235 

0.347 0.587 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




