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������ก  
 

	
��
�ก������� 
 

�������� 1 

���������	�
��
�ก������(��� pH) ����
����������������� !�����ก���"��#���$%������  
Mortierella sp. BCC2863 �.!������ ARA 1���	������2 

 
�	��

( 3�	%
�) pH 5  pH 6 pH 7 pH 8 

0 5.15 6.01 6.80 7.34 

24 4.91 4.85 4.95 5.69 

38 4.93 4.79 5.36 6.05 

48 5.29 5.49 5.68 5.97 

72 5.91 6.38 6.82 6.96 

96 5.97 6.30 6.55 7.00 

120 6.13 6.36 6.68 7.12 

144 6.29 6.59 7.12 7.35 
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�������� 2 

���������	�
���
����:��; (ก�3
/����) �������������� !�����ก���"��#���$%������  
Mortierella sp. BCC2863 �.!������ ARA 1���	������2 

��=���3ก�:��;>���(g/l) �	��
( 3�	%
�) pH 5  pH 6 pH 7 pH 8 

0 0.663 0.663 0.663 0.663 

24 4.77 6.82 6.693 6.978 

38 11.772 16.777 17.755 17.611 

48 13.76 13.536 13.74 14.189 

72 13.342 13.349 14.346 14.127 

96 10.942 10.168 10.518 10.235 

120 11.607 10.731 11.431 11.127 

144 11.869 11.393 11.385 10.777 

 
�������� 3 

���������	�
���
���ก�A%�B (ก�3
/����) �������������� !�����ก���"��#���$%������  
Mortierella sp. BCC2863 �.!������ ARA 1���	������2 

glucose concentration (g/l) �	��
( 3�	%
�) pH 5  pH 6 pH 7 pH 8 

0 36.00 34.86 36.86 35.60 

24 32.00 28.00 29.14 28.60 

38 8.00 4.00 2.29 3.00 

48 2.29 0.63 0.31 0.53 

72 0.43 0.43 0.23 0.30 

96 0.00 0.00 0.00 0.00 

120 0.00 0.00 0.00 0.00 

144 0.00 0.00 0.00 0.00 
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������� 4 

�����>B���	�
B3
.3�L;�M�	�������	�
���
���ก�A%�B, ��=���3ก�:��;>���, ก��O�
3�13���
� >�M 
ARA1���	������2 "�กก���������� Mortierella sp. BCC2863 �������1��
��	�
���
���ก�A%�B  

 30  ก�3
/���� 1���PQ�RA
� 20 ��S��:��:��B 
biomass stdv.   [ glucose] TFA ARA ARA �	��

( 3�	%
�) (g/l)   (g/l) %(w/w) %(w/w) (g/l) 

0 0.639 0.07 32.34 6.213 1.658 0.011 

12 1.783 0.24 31.05 4.401 1.506 0.027 
24 6.011 0.85 22.88 5.078 1.422 0.085 

48 14.846 0.02 4.74 13.182 3.475 0.516 
72 16.462 0.26 0.00 17.647 6.278 1.034 
96 16.665 0.14 0.00 18.379 8.101 1.350 

120 15.707 0.19 0.00 18.143 8.809 1.384 
144 15.180 0.00 0.00 16.014 7.430 1.128 

 

�������� 5 

�����>B���	�
B3
.3�L;�M�	�������	�
���
���ก�A%�B, ��=���3ก�:��;>���, ก��O�
3�13���
� >�M 
ARA1���	������2 "�กก���������� Mortierella sp. BCC2863 �������1��
��	�
���
���ก�A%�B                  

30 ก�3
/���� 1���PQ�RA
� 25 ��S��:��:��B 
biomass stdv. [ glucose] TFA ARA ARA �	��

( 3�	%
�) (g/l)  (g/l) %(w/w) %(w/w) (g/l) 

0 0.663 0.11 33.00 6.213 1.658 0.011 
12 2.326 0.51 31.86 4.381 1.348 0.031 

24 7.378 1.42 24.18 4.800 1.376 0.102 
48 16.142 0.07 0.03 18.093 4.488 0.724 

72 15.789 0.07 0.00 18.581 6.638 1.048 
96 15.775 0.21 0.00 19.661 8.718 1.375 

120 15.450 0.22 0.00 20.087 9.416 1.462 

144 14.906 0.00 0.00 17.684 8.571 1.278 
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�������� 6 

�����>B���	�
B3
.3�L;�M�	�������	�
���
���ก�A%�B, ��=���3ก�:��;>���, ก��O�
3�13���
� >�M 
ARA1���	������2 "�กก���������� Mortierella sp. BCC2863 �������1��
��	�
���
���ก�A%�B                

 30 ก�3
/���� 1���PQ�RA
� 30 ��S��:��:��B 
biomass stdv. [ glucose] TFA ARA ARA �	��

( 3�	%
�) (g/l)  (g/l) %(w/w) %(w/w) (g/l) 

0 0.714 0.03 32.66 6.213 1.658 0.011 

12 3.132 0.19 34.12 4.716 1.291 0.040 
24 9.944 0.93 21.83 5.474 1.204 0.120 

48 13.795 0.30 0.39 20.462 3.277 0.452 
72 14.569 0.11 0.00 19.477 5.129 0.747 
96 15.267 0.09 0.00 17.402 6.017 0.919 

120 14.783 0.17 0.00 18.869 7.086 1.047 
144 12.704 0.00 0.00 17.165 5.278 0.728 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



71 

 

 

�������� 7 

�����>B���	�
B3
.3�L;�M�	��������=���3ก�:��;>���, ก��O�
3�13���
� >�M ARA "�กก���������� 
Mortierella sp. BCC2863 �������1��
�>�������;$�� �������2 

 

>�������;$�� 
biomass 

(g/l) 
TFA 

(%W/W) 
ARA 

(%FA) 
ARA 

(%W/W) 
ARA 
(g/l) Yx/s Yp/s 

Productivity 
(mg/l*h) 

3% glucose 
12.139 ± 

0.02 
23.685 ± 

2.45 
17.64 ± 

1.88 
4.16 ± 
0.43 0.505 0.405 0.017 5.260 

3% sucrose 
2.805 ± 

0.01 
4.775 ± 

0.69 
63.07 ± 

2.96 
3.00 ± 
0.37 0.084 0.094 0.003 0.877 

3% glycerol 
2.415 ± 

0.01 
10.180 ± 

0.38 
48.96 ± 

0.93 
4.99 ± 
0.24 0.121 0.081 0.004 1.255 

1% starch 
3.424 ± 

0.00 
5.629 ± 

1.39 
65.42 ± 

1.61 
3.68 ± 
0.88 0.126 0.342 0.013 1.313 

1% oleic 0il 
9.385 ± 

0.03 
28.422 ± 

1.68 
16.03 ± 

2.09 
4.53 ± 
0.38 0.425 0.939 0.043 4.429 

1% distilled oil 
6.843 ± 

0.01 
17.390 ± 

0.84 
27.77 ± 

1.83 
4.82 ± 
0.32 0.330 0.684 0.033 3.436 

1% lecithin oil 
8.744 ± 

0.02 
26.953 ± 

2.37 
28.66 ± 

1.15 
7.71 ± 
0.53 0.674 0.874 0.067 7.023 

1% sunflower oil 
9.658 ± 

0.03 
28.645 ± 

2.53 
20.73 ± 

1.18 
5.96 ± 
0.89 0.576 0.966 0.058 5.996 

1% soybean oil 
9.687 ± 

0.05 
28.476 ± 

3.70 
24.08 ± 

2.70 
6.78 ± 
0.28 0.657 0.969 0.066 6.841 

1% palm oil 
10.216 ± 

0.03 
32.287 ± 

2.37 
24.68 ± 

3.35 
7.94 ± 
0.92 0.811 1.022 0.081 8.449 
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�������� 8 

�����>B�����;��Mก�$���ก��O�
3��������1��
�>�������;$�� �������2 

 Fatty  acid composition (% FA) 

fatty acid  
3% 

glucose 
3% 

sucrose 
3% 

glycerol 
1% 

starch 
1% 

oleic 0il 
1% 

distilled oil 
1% 

lecithin 
1% 

sunflower 
1% 

soybean 
1% 

palm 

C 14:0 
2.77 ± 
0.21   

1.01 ± 
0.06   

0.42 ± 
0.02 

0.28 ± 
0.03 

0.14 ± 
0.01 

0.18 ± 
0.11 

0.11 ± 
0.07 

0.46 ± 
0.03 

C 15:0 
0.44 ± 
0.36 

1.35 ± 
0.66 

1.09 ± 
0.04 

1.03 ± 
0.50 

0.28 ± 
0.10 

0.41 ± 
0.02 

0.20 ± 
0.01 

0.52 ± 
0.09 

0.16 ± 
0.12 

0.16 ± 
0.03 

C 16:0 
23.05 ± 

0.88 
7.71 ± 
0.68 

10.99 ± 
0.53 

8.64 ± 
0.22 

4.73 ± 
0.11 

9.80 ± 
1.52 

8.42 ± 
0.21 

4.79 ± 
0.29 

7.77 ± 
0.59 

17.03 ± 
1.99 

C 16:1 
0.57 ± 
0.05   

0.40 ± 
0.00   

2.59 ± 
0.04 

1.27 ± 
0.06 

0.46 ± 
0.02 

1.50 ± 
0.09 

0.85 ± 
0.05 

0.76 ± 
0.02 

C 18:0 
9.98 ± 
0.60 

1.77 ± 
0.89 

3.54 ± 
0.14 

2.28 ± 
0.24 

1.49 ± 
0.02 

2.64 ± 
0.59 

1.92 ± 
0.06 

1.80 ± 
0.28 

2.20 ± 
0.16 

2.59 ± 
0.22 

C 18:1 
16.35 ± 

1.29 
8.59 ± 
0.32 

11.35 ± 
0.50 

6.71 ± 
0.79 

54.64 ± 
2.29 

19.69 ± 
0.50 

13.32 ± 
0.65 

27.92 ± 
1.22 

17.71 ± 
0.26 

27.98 ± 
0.96 

C 18:2 
7.75 ± 
0.37 

12.57 ± 
0.66 

10.31 ± 
0.31 

10.38 ± 
0.32 

11.69 ± 
0.39 

25.64 ± 
0.38 

33.58 ± 
0.69 

34.20 ± 
0.78 

34.61 ± 
2.35 

17.57 ± 
0.67 

C 18:3n6 
5.43 ± 
0.22 

2.45 ± 
1.21 

4.61 ± 
0.15 

2.75 ± 
0.10 

3.98 ± 
0.37 

6.14 ± 
0.47 

4.96 ± 
0.14 

4.12 ± 
0.11 

4.64 ± 
0.29 

4.14 ± 
0.10 

C 18:3n3           
2.66 ± 
0.08   

2.69 ± 
0.23 

0.76 ± 
0.06 

C 20:0 
1.40 ± 
0.08 

0.98 ± 
0.48 

1.54 ± 
0.06 

1.44 ± 
0.13 

0.75 ± 
0.07 

1.60 ± 
0.05 

0.87 ± 
0.02 

0.84 ± 
0.03 

0.91 ± 
0.13 

0.71 ± 
0.08 

C 20:1n9 
0.17 ± 
0.14 

0.26 ± 
0.42 

0.58 ± 
0.29   

0.85 ± 
0.07 

0.57 ± 
0.02 

0.02 ± 
0.04 

0.33 ± 
0.04 

0.14 ± 
0.10 

0.18 ± 
0.01 

C 20:2 
0.04 ± 
0.07       

0.03 ± 
0.07 

0.12 ± 
0.00 

0.15 ± 
0.02 

0.13 ± 
0.09   

C 20:3n6 
3.21 ± 
0.28 

1.09 ± 
0.54 

2.39 ± 
0.13 

0.87 ± 
0.68 

0.73 ± 
0.08 

1.47 ± 
0.16 

0.17 ± 
0.07 

1.12 ± 
0.05 

1.19 ± 
0.06 

1.02 ± 
0.04 

C 20:4n6 
17.64 ± 

1.88 
63.07 ± 

2.96 
48.96 ± 

0.93 
65.42 ± 

1.61 
16.03 ± 

2.09 
27.77 ± 

1.83 
28.66 ± 

1.15 
20.73 ± 

1.18 
24.08 ± 

2.70 
24.68 ± 

3.35 

C 20:5           
1.01 ± 
0.06   

0.87 ± 
0.07 

0.45 ± 
0.06 
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C 22:0 
4.07 ± 
0.20   

0.40 ± 
0.44   

0.27 ± 
0.04 

1.11 ± 
0.24 

0.78 ± 
0.05 

0.46 ± 
0.09 

0.71 ± 
0.09 

0.38 ± 
0.03 

C 24:0 
6.66 ± 
0.59 

0.93 ± 
0.00 

3.17 ± 
0.67 

0.47 ± 
0.00 

1.56 ± 
0.35 

1.57 ± 
0.23 

1.60 ± 
0.11 

1.34 ± 
0.15 

1.21 ± 
0.11 

1.13 ± 
0.16 

 
 

�������� 9 

�����>B���	�
B3
.3�L;�M�	��������=���3ก�:��;>���, ก��O�
3�13���
� >�M ARA"�กก���������� 
Mortierella sp. BCC2863 �������1��
�>����O�%���"� �������2 

 

>����O�%���"� 
biomass 

(g/l) 
TFA 

(%W/W) 
ARA 

(%FA) 
ARA 

(%W/W) 
ARA 
(g/l) Yx/s Yp/s 

Productivity 
(mg/l*h) 

yeast extract 
15.629 ± 

0.01 
14.273 ± 

0.66 
27.79 ± 

0.82 
3.96 ± 
0.11 0.619 1.56 0.062 6.447 

brewer yeast 
14.551 ± 

0.01 
12.972 ± 

0.34 
22.25 ± 

1.22 
2.89 ± 
0.21 0.421 1.46 0.042 4.380 

MSG 
15.615 ± 

0.02 
17.379 ± 

0.56 
12.33 ± 

0.62 
2.14 ± 
0.09 0.334 1.56 0.033 3.481 

(NH4)2SO4 
5.453 ± 

0.00 
16.998 ± 

0.85 - - - 0.55 - - 

NaNO3 
4.640 ± 

0.01 
16.690 ± 

0.89 
11.15 ± 

0.90 
2.14 ± 
0.09 0.099 0.46 0.010 1.034 

NH4NO3 
5.669 ± 

0.01 
15.978 ± 

0.35 
1.36 ± 
0.40 - - 0.57 - - 

urea 
7.48 ± 
0.03 

14.025 ± 
1.88 

5.81 ± 
0.17 

3.20 ± 
0.28 0.246 0.75 0.025 2.563 

KNO3 
3.71 ± 
0.02 

15.841 ± 
1.21 

20.59 ± 
2.57 

3.38 ± 
0.21 0.125 0.37 0.013 1.306 
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�������� 10 

�����>B�����;��Mก�$���ก��O�
3�>���M ��� "�กก���������� Mortierella sp. BCC2863 ��
�����1��
�>����O�%���"� �������2 

 

Fatty  acid composition (% FA) 

fatty acid  
yeast 

extract 
brewer 
yeast MSG (NH4)2SO4 NaNO3 NH4NO3 urea KNO3 

C 14:0 
2.71 ± 
0.08 

3.76 ± 
0.23 

6.13 ± 
0.49 

7.69 ± 
0.22 

3.57 ± 
0.05 

7.14 ± 
0.23 

4.99 ± 
0.07 

2.40 ± 
0.17 

C 16:0 
20.76 ± 

0.69 
22.65 
± 0.77 

22.50 ± 
0.26 

42.11 ± 
0.20 

30.64 ± 
0.25 

47.36 ± 
0.85 

25.46 ± 
0.26 

20.71 ± 
0.95 

C 18:0 
7.18 ± 
0.13 

7.62 ± 
0.30 

12.67 ± 
0.29 

14.18 ± 
0.20 

11.58 ± 
0.35 

10.73 ± 
0.35 

21.90 ± 
0.04 

8.61 ± 
0.58 

C 18:1 
14.01 ± 

0.61 
18.68 
± 0.91 

17.68 ± 
0.36 

25.66 ± 
0.10 

26.17 ± 
0.39 

22.79 ± 
0.43 

24.57 ± 
0.14 

26.87 ± 
1.63 

C 18:2 
8.29 ± 
0.11 

6.35 ± 
0.19 

10.80 ± 
0.14 

2.58 ± 
0.17 

5.29 ± 
0.14 

3.16 ± 
0.15 

6.32 ± 
0.08 

6.83 ± 
0.26 

C 18:3n6 
5.85 ± 
0.11 

4.65 ± 
0.21 

9.64 ± 
0.61 - 

3.48 ± 
0.21 

0.94 ± 
0.10 

2.74 ± 
0.08 

4.73 ± 
0.56 

C 20:0 
1.62 ± 
0.06 

1.75 ± 
0.09 

1.43 ± 
0.06 

1.93 ± 
0.02 

1.54 ± 
0.06 

1.64 ± 
0.05 

1.78 ± 
0.09 

1.20 ± 
0.11 

C 20:3n6 
2.87 ± 
0.09 

2.34 ± 
0.08 

3.27 ± 
0.09 - 

2.71 ± 
0.12 

0.31 ± 
0.62 

2.71 ± 
0.06 

4.52 ± 
0.24 

C 20:4n6 
27.79 ± 

0.82 
22.25 
± 1.22 

12.33 ± 
0.62 - 

11.15 ± 
0.90 

1.36 ± 
0.40 

5.81 ± 
0.17 

20.59 ± 
2.57 

C 22:0 
2.94 ± 
0.28 

3.56 ± 
0.23 

2.14 ± 
0.15 

2.83 ± 
0.14 

2.34 ± 
0.17 

1.96 ± 
0.03 

1.54 ± 
0.13 

1.84 ± 
0.20 

C 24:0 
5.99 ± 
0.83 

6.39 ± 
0.26 

1.40 ± 
0.94 

3.03 ± 
0.17 

1.53 ± 
0.23 

2.61 ± 
0.33 

2.17 ± 
0.22 

1.69 ± 
0.34 
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�������� 11 

�����>B���	�
B3
.3�L;�M�	�������	�
���
���ก�A%�B (ก�3
/����) 1���	������2 �������1��
��	�

���
���ก�A%�B 15-90 ก�3
/���� 

 
�	��

( 3�	%
�) 
1.5 % 

glucose 
3.0 % 

glucose 
4.5 % 

glucose 
6.0 % 

glucose 
9.0 % 

glucose 

0 17.68 30.05 54.46 63.11 87.94 
36 15.39 17.34 56.92 55.65 81.08 
48 0.51 9.97 52.47 55.60 84.20 
72 0.34 1.18 42.79 51.39 73.66 

84 0.38 1.52 40.00 50.00 68.00 

96  0.89 39.52 45.65 63.17 

 
 

�������� 12 

�����>B���	�
B3
.3�L;�M�	��������=���3ก�:��;>��� (ก�3
/����) 1���	������2 �������1��
��	�

���
���ก�A%�B 15-90 ก�3
/���� 

 
�	�� 

 3�	%
�) 1.5 % glucose 3.0 % glucose 4.5 % glucose 6.0 % glucose 9.0 % glucose 

0 0.880 0.880 0.880 0.880 0.880 
36 14.008 ± 1.30 6.525 ± 1.33 7.475 ± 0.27 6.867 ± 0.49 2.200 ± 0.71 

48 12.270 ± 1.60 11.654 ± 0.31 14.467 ± 0.09 10.906 ± 2.85 6.795 ± 1.05 
72 13.81 ± 0.12 13.524 ± 2.09 13.932 ± 3.99 15.195 ± 4.59 11.128 ± 0.10 

84 8.85 ± 1.99 8.875 ± 1.24 - - - 

96 - 11.138 ± 1.46 12.202 ± 3.16 10.367 ± 3.16 8.691 ± 0.15 
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�������� 13 

�����>B���	�
B3
.3�L;�M�	�������	�
���
��� ARA (ก�3
/����) 1���	������2 �������1��
��	�

���
���ก�A%�B 15-90 ก�3
/���� 

 
�	��( 3�	%
�) 1.5 % glucose 3.0 % glucose 4.5 % glucose 6.0 % glucose 9.0 % glucose 

36 0.159 ± 0.01 - 0.075 ± 0.01 0.070 ± 0.01 0.015 ± 0.01 

48 0.329 ± 0.07 0.304 ± 0.11 0.207 ± 0.05 0.166 ± 0.01 0.149 ± 0.04 
72 0.957 ± 0.05 1.424 ± 0.69 0.789 ± 0.19 0.927 ± 0.23 0.519 ± 0.05 

84 0.250 ± 0.06 0.466 ± 0.10 - - - 
96 - 0.669 ± 0.01 0.593 ± 0.16 0.559 ± 0.20 0.292 ± 0.08 

 
�������� 14 

�����>B��ก�������$�1��$��=���3ก�:��;>���, ก��O�
3�13���
� >�M ARA 1���	�� 96  3�	%
� "�ก
ก���������� Mortierella sp. BCC2863 �������1��
��	�
���
���ก�A%�B 15 - 90 ก�3
/���� 

 

Condition  1.5% glucose 3.0% glucose 4.5% glucose 6.0% glucose 9.0% glucose 

biomass (g/l) 8.85 ± 1.99 11.138 ± 1.46 12.202 ± 3.16 10.367 ± 3.16 8.691 ± 0.15 

TFA(%w/w) 9.45 ± 1.65 24.45 ± 4.13 26.70 ± 0.30 23.91 ± 0.88 20.68 ± 2.11 

ARA(%w/w) 2.83 ± 0.02 6.01 ± 0.67 4.86 ± 0.01 5.39 ± 0.27 3.36 ± 0.89 

ARA(g/l) 0.250 ± 0.06 0.669 ± 0.01 0.593 ± 0.16 0.559 ± 0.20 0.292 ± 0.08 

ARA(%FA) 29.95 ± 5.07 24.58 ± 1.42 18.20 ± 0.15 22.54 ± 0.31 16.24 ± 2.64 

Yx/s  0.521 0.371 0.203 1.920 0.109 

Yp/s  0.015 0.022 0.011 0.010 0.003 

productivity 0.003 0.007 0.006 0.006 0.003 
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�������� 15 

�����>B���	�
B3
.3�L;�M�	�������	�
���
���ก�A%�B, ��=���3ก�:��;>���, ก��O�
3�13���
� >�M 
ARA1���	������2 "�กก���������� Mortierella sp. BCC2863 

�������1��
��	�
���
���ก�A%�B 40 ก�3
/���� 
 

�	�� biomass   [ glucose] TFA ARA ARA 

 ( 3�	%
�) (g/l) (g/l) %(w/w) %(w/w) (g/l) Yx/s  Yp/s  

0 0.546 42.130      
24 7.762 ± 0.08 34.18 ± 2.46 6.81 ± 0.34 1.44 ± 0.06 0.112 0.185 0.003 

36 11.392 ± 0.22 22.79 ± 1.34 11.71 ± 0.60 2.73 ± 0.15 0.311 0.271 0.007 
48 15.886 ± 0.48 8.45 ± 2.02 18.81 ± 3.22 4.68 ± 0.70 0.744 0.378 0.018 
72 19.78 ± 0.39 0.24 ± 0.31 14.95 ± 1.04 5.07 ± 0.37 1.004 0.471 0.024 
96 15.114 ± 0.18 0.95 ± 0.08 39.87 ± 3.53 12.68 ± 1.77 1.916 0.360 0.046 

120 16.079 ± 0.44 0.33 ± 0.04 36.95 ± 2.05 13.23 ± 1.19 2.127 0.383 0.051 

144 16.298 ± 0.17 0.117 ± 0.02 33.70 ± 2.42 12.43 ± 0.90 2.026 0.388 0.048 

 
�������� 16 

�����>B�����;��Mก�$���ก��O�
3�>���M ��� 1���	������2 "�กก���������� 
 Mortierella sp. BCC2863 �������1��
��	�
���
���ก�A%�B 40 ก�3
/���� 

 
�	�� Fatty acid composition ( %FA ) 

 ( 3�	%
�) C14:0 C16:0 C18:0 C18:1 C18:2 C18:3n6 

24 2.097 ± 0.04 16.141 ± 0.25 10.107 ± 0.10 21.431 ± 0.07 8.481 ± 0.30 10.262 ± 0.25 
36 2.742 ± 0.19 22.043 ± 0.42 8.822 ± 0.39 16.429 ± 0.48 8.101 ± 0.30 9.676 ± 0.26 

48 2.950 ± 0.19 24.348 ± 0.89 7.964 ± 0.42 15.506 ± 0.27 7.254 ± 0.20 10.077 ± 0.48 
72 2.548 ± 0.15 20.417 ± 0.46 6.849 ± 0.23 11.519 ± 0.15 8.996 ± 0.32 9.491 ± 0.19 

96 2.203 ± 0.09 19.483 ± 1.12 7.188 ± 0.60 12.691 ± 1.00 8.526 ± 0.38 7.843 ± 0.57 
120 2.025 ± 0.15 17.142 ± 0.84 6.115 ± 0.31 11.682 ± 0.66 8.527 ± 0.21 7.775 ± 0.23 

144 1.984 ± 0.07 16.758 ± 0.24 5.696 ± 0.11 11.507 ± 0.48 8.720 ± 0.25 7.365 ± 0.22 
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�������� 17 

�����>B�����;��Mก�$���ก��O�
3�>���M ��� 1���	������2 "�กก����������  
Mortierella sp. BCC2863 �������1��
��	�
���
��� 40 ก�3
/���� (���) 

 
�	�� Fatty acid composition ( %FA ) 

( 3�	%
�)  C20:0 C20:3n6 C20:4n6 C22:0 C24:0 

24 1.679 ± 0.01 6.121 ± 0.23 21.203 ± 0.27 1.632 ± 0.08 2.943 ± 0.05 
36 1.295 ± 0.13 5.120 ± 0.17 23.295 ± 0.76 2.112 ± 0.15 3.108 ± 0.33 

48 1.100 ± 0.13 4.555 ± 0.12 24.979 ± 0.58 1.931 ± 0.48 2.287 ± 0.89 
72 0.974 ± 0.04 4.386 ± 0.09 33.936 ± 0.22 1.599 ± 0.14 1.833 ± 0.93 

96 1.072 ± 0.07 4.299 ± 0.31 31.700 ± 2.02 2.754 ± 0.10 4.444 ± 0.24 
120 0.995 ± 0.09 3.990 ± 0.29 35.758 ± 1.84 2.927 ± 0.28 5.087 ± 0.34 

144 0.951 ± 0.07 3.627 ± 0.10 36.893 ± 0.63 3.036 ± 0.09 5.446 ± 0.19 

 
�������� ก.18 

�����>B���	�
B3
.3�L;�M�	�������	�
���
���ก�A%�B, ��=���3ก�:��;>���, ก��O�
3�13���
� >�M 
ARA 1���	������2 "�กก���������� Mortierella sp. BCC2863 

�������1��
��	�
���
���ก�A%�B 60 ก�3
/���� 
 
�	�� biomass [ glucose] TFA ARA ARA 

( 3�	%
�) (g/l) (g/l) %(w/w) %(w/w) (g/l) Yx/s Yp/s 

0 0.880 56.710      

24 6.503 ± 0.06 58.46 ± 2.79 6.98 ± 0.53 1.29 ± 0.65 0.084 0.116 0.001 
36 9.363 ± 0.16 48.08 ± 1.25 12.69 ± 0.54 2.92 ± 0.11 0.273 0.167 0.005 

48 13.491 ± 0.30 34.30 ± 1.77 19.83 ± 5.76 4.21 ± 2.47 0.568 0.241 0.010 
72 23.709 ± 3.12 14.67 ± 1.24 17.06 ± 1.43 4.28 ± 2.13 1.015 0.423 0.018 

96 20.045 ± 0.43 2.193 ± 0.25 40.43 ± 1.07 12.16 ± 0.36 2.437 0.358 0.044 
120 20.835 ± 0.59 0.660 ± 0.05 45.07 ± 0.85 14.39 ± 0.43 2.997 0.372 0.054 

144 21.277 ± 0.03 0.377 ± 0.05 48.37 ± 8.36 16.87 ± 3.42 3.590 0.380 0.064 



79 

 

 

�������� 19 

�����>B�����;��Mก�$���ก��O�
3�>���M ��� 1���	������2 "�กก���������� 
 Mortierella sp.BCC2863 �������1��
��	�
���
���ก�A%�B 60 ก�3
/���� 

 
�	�� Fatty acid composition ( %FA ) 

( 3�	%
�)  C14:0 C16:0 C18:0 C18:1 C18:2 C18:3n6 

24 2.277 ± 0.08 16.157 ± 0.62 9.399 ± 0.13 22.083 ± 0.43 7.595 ± 0.17 10.600 ± 0.20 

36 2.695 ± 0.10 21.838 ± 0.40 8.022 ± 0.28 17.547 ± 0.46 8.337 ± 0.33 9.388 ± 0.36 
48 3.574 ± 0.17 25.365 ± 0.40 6.084 ± 0.20 14.987 ± 0.26 7.312 ± 0.11 12.124 ± 0.60 

72 3.093 ± 0.11 22.079 ± 0.42 5.978 ± 0.15 12.905 ± 0.43 7.838 ± 0.24 11.879 ± 0.28 
96 2.606 ± 0.04 20.426 ± 0.23 7.066 ± 0.12 12.851 ± 0.39 8.266 ± 0.26 10.983 ± 0.16 

120 2.407 ± 0.07 18.335 ± 0.32 7.120 ± 0.17 12.084 ± 0.37 8.548 ± 0.36 9.775 ± 0.11 

144 2.173 ± 0.15 16.950 ± 0.70 6.519 ± 0.34 11.565 ± 0.54 8.739 ± 0.24 9.252 ± 0.28 

 
�������� 20 

�����>B�����;��Mก�$���ก��O�
3�>���M ��� 1���	������2 "�กก���������� 
 Mortierella sp. BCC2863 �������1��
��	�
���
���ก�A%�B 60 ก�3
/���� (���) 

 
�	�� Fatty acid composition ( %FA ) 

( 3�	%
�)  C20:0 C20:3n6 C20:4n6 C22:0 C24:0 

24 1.792 ± 0.01 5.546 ± 0.12 22.083 ± 0.66 1.775 ± 0.04 2.969 ± 0.18 

36 1.347 ± 0.09 4.584 ± 0.16 23.024 ± 0.54 2.309 ± 0.16 3.605 ± 0.30 
48 0.946 ± 0.14 4.350 ± 0.20 25.431 ± 0.57 1.531 ± 0.34 1.870 ± 0.13 

72 0.890 ± 0.07 4.502 ± 0.17 30.150 ± 0.84 1.737 ± 0.19 2.042 ± 0.17 
96 0.855 ± 0.06 4.749 ± 0.07 30.075 ± 0.25 2.162 ± 0.04 2.567 ± 0.16 

120 0.974 ± 0.03 4.614 ± 0.24 31.913 ± 0.55 2.771 ± 0.09 3.867 ± 0.18 
144 0.957 ± 0.10 4.431 ± 0.14 34.752 ± 1.98 2.687 ± 0.20 4.148 ± 0.16 
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�������� 21 

�����>B���	�
B3
.3�L;�M�	������ pH , ��� pO21���	������2 "�กก����������  
Mortierella sp. BCC2863 �������1��
��	�
���
���ก�A%�B 60 ก�3
/����  

�
!��1=�ก���.�M��������o3��
3ก 
 

�	��( 3�	%
�)  ��� pH  ��� pO2 

0 7.28 54.5 
14 6.98 40.5 

18 6.78 28.6 
24 7.08 38.2 
30 7.38 18.1 
36 7.49 17.7 

42 7.45 18.1 

48 7.31 12.6 
69 5.93 38.8 

96 5.9 33.8 
120 6.01 40.7 

144 6.65 47.2 
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�������� 22 

�����>B���	�
B3
.3�L;�M�	�������	�
���
���ก�A%�B, ��=���3ก�:��;>���, ก��O�
3�13���
� >�M 
ARA1���	������2 "�กก���������� Mortierella sp. BCC2863 �������1��
��	�
���
���ก�A%�B 

 60 ก�3
/���� �
!��1=�ก���.�M��������o3��
3ก 
 

�	��( 3�	%
�) [glucose](g/l)  biomass(g/l) TFA %(w/w) ARA %(w/w) ARA (g/l) 

0 60.64 ± 0.02 0.975 ± 0.07 5.052 1.414 0.014 

14 56.94 ± 0.01 3.233 ± 0.45 3.427 ± 0.05 0.846 ± 0.02 0.027 

18 52.62 ± 0.03 7.292 ± 0.49 3.749 ± 0.35 0.893 ± 0.07 0.065 

24 46.66 ± 0.01 14.283 ± 0.51 5.335 ± 0.36 1.427 ± 0.09 0.204 

30 41.62 ± 0.01 18.142 ± 1.00 8.180 ± 0.64 2.379 ± 0.15 0.432 

36 33.15 ± 0.03 19.583 ± 0.39 15.859 ± 0.43 5.176 ± 0.05 0.878 

42 27.54 ± 0.03 19.583 ± 0.39 19.322 6.457 1.264 

48 23.69 ± 0.27 17.633 ± 0.42 24.352 ± 2.93 8.847 ± 0.88 1.560 

69 13.08 ± 0.03 17.992 ± 1.00 33.338 ± 0.94 12.811 ± 0.36 2.305 

96 2.96 ± 0.07 17.850 ± 1.24 37.651 ± 2.65 15.507 ± 0.85 2.768 

120 0.20 ± 0.03 15.842 ± 0.14 38.887 ± 1.57 16.279 ± 0.96 2.579 

144 0.03 ± 0.02 15.675 ± 0.53 41.129± 4.32 18.518 ± 1.62 2.903 
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�������� 23 

�����>B�����;��Mก�$���ก��O�
3�>���M ��� 1���	������2 "�กก����������  
Mortierella sp. BCC2863 �������1��
��	�
���
���ก�A%�B 60 ก�3
/���� 

�
!��1=�ก���.�M��������o3��
3ก 
 

Fatty acid composition (%FA) 
�	��( 3�	%
�) C16:0 C18:0 C18:1 C18:2 C18:3n6 

0 19.34 9.71 22.03 12.99 7.99 

14 16.92 ± 0.74 7.61 19.38 ± 1.16 16.04 ± 3.12 16.65 ± 1.83 
18 22.12 ± 2.74 10.79 ± 1.69 12.01 ± 1.90 13.78 ± 5.59 11.13 ± 1.79 
24 23.45 ± 0.35 8.71 ± 0.83 15.63 ± 0.47 8.97 ± 0.26 9.96 ± 0.31 
30 24.57 ± 1.02 7.01 ± 0.73 12.39 ± 0.22 8.92 ± 0.19 7.17 ± 0.10 

36 22.43 ± 0.47 5.58 ± 0.01 10.80 ± 0.74 8.03 ± 0.13 7.97 ± 0.19 

42 20.98 5.27 10.63 7.59 9.55 
48 19.74 ± 0.11 4.94 ± 0.04 10.67 ± 0.34 7.67 ± 0.78 9.80 ± 0.17 

69 16.83 ± 0.16 5.52 ± 0.11 11.22 ± 0.04 7.20 ± 0.18 10.21 ± 0.17 
96 14.48 ± 0.54 5.37 ± 0.39 10.58 ± 0.18 7.95 ± 0.38 19.20 ± 0.72 

120 14.13 ± 0.18 5.46 ± 0.58 10.41 ± 0.14 8.32 ± 0.17 8.76 ± 0.30 
144 12.76 ± 0.01 4.40 ± 0.01 9.82 ± 0.29 8.59 ± 0.16 9.00 ± 0.26 
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��������  24 

�����>B�����;��Mก�$���ก��O�
3�>���M ��� 1���	������2 "�กก���������� 
Mortierella sp. BCC2863 �������1��
��	�
���
���ก�A%�B 60 ก�3
/���� 

�
!��1=�ก���.�M��������o3��
3ก (���) 
 

Fatty acid composition (%FA) 
�	��( 3�	%
�) C20:0 C20:3n6 C20:4n6 C22:0 C24:0 

0 -   - 27.93 -  -  
14 - 5.04 24.68 ± 0.96 - -  
18 - 6.23 ± 2.76 23.94 ± 2.52 - -  
24 1.44 6.03 ± 0.48 26.76 ± 0.93 -  - 

30 1.43 5.66 ± 0.19 29.11 ± 0.53 1.62 ± 0.29 2.13 ± 1.25 

36 1.24 5.26 ± 0.05 32.65 ± 0.60 1.67 ± 0.17 4.36 ± 0.35 
42 1.45 4.98 33.42 1.72 4.41 

48 0.62 ± 0.10 5.19 ± 0.32 36.37 ± 0.75 2.23 ± 0.42 2.74 ± 1.55 
69 0.65 5.21 ± 0.08 38.43 ± 0.25 1.92 ± 0.18 2.81 ± 0.41 

96 0.75 4.87 ± 0.22 41.22 ± 0.66 2.19 ± 0.20 3.39 ± 1.94 

120 0.62 4.85 ± 0.18 41.84 ± 0.85 2.00 ± 0.32 3.62 ± 0.12 
144 0.81 ± 0.18 4.38 ± 0.16 45.07 ± 0.79 1.82 ± 0.03 3.36 ± 0.30 

 

 

 

 

  

 

 

 

 


