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Abstract 
 

Carotenoid pigments have many important applications in the nutraceutical, cosmetics, 
pharmaceutical and feed industries, which can be produced by plants, marine bacteria, microalgae 
and chemical synthesis. This study aimed to screen marine bacteria isolated from sediment, 
sponge, algae, biofilm, coral and shell for carotenoid production and to optimize culture 
conditions for the production of carotenoid by selected strain. After the isolation, the total of 37 
different marine bacterial strains were selected according to yellow and red pigments production. 
Selected strains were then analyzed for carotenoid content using DAD high-performance liquid 
chromatography (DAD-HPLC) method. Marine bacterium strain CNA058, isolated from sediment 
obtained from Songkhla lake, was selected because of its highest carotenoid content. The optimal 
pH, temperature and agitation rate for the growth and carotenoid production of strain CNA058 
were 7.0, 25oC and 250 rpm, respectively and the yield of carotenoid was 6.9 mg/g wet cell. 
However, when CNA058 was cultivated in different carbon sources the carotenoid content varied 
dramatically. The highest carotenoid content of 20.94 mg/g wet cell was obtained when glucose 
was used as a carbon source at the concentration of 5 g/l medium. The carotenoid contents also 
varied when CNA058 was cultivated in different nitrogen sources i.e. yeast extract, tuna 
condensate and surimi washing water. The highest carotenoid content (47.51 mg/g wet cell) was 
obtained when yeast extract was used as nitrogen source at the concentration of 20 g/l. 
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���*��������*�*	'��
�	
��	�-�	�	��!	��
��'*�����������
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	��	��!	��

1 



&����)��
��� �����3���5���1�	�5�)� (Bjorland et al.,1989) �
�*�����	
��������&��	

'7�+	�)��������	�����	��)��	
*�/!�!	��3�0���
���	����1�	�5�)�����	�	
G�
�	��	
���1��*� ��� 
3�3�� ���� �7��!	����	
'7�+	G7�0�	���.� � ��3�'���F	�-*����)��
����	��������*&5���.�
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30�
���*�����	1
��*���	1�

��	
����������3���������	�
�F�*���4 
�5!� ��	����	� ��.���� 
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�������	
��� 

������	��� (carotenoid)  

 

�7>
	��,������*;�
.7���8���+B

6����	�2 �*;�	�2
49��++����6�+	�2���������02. >��6�
+�
/0+1�6���?.��5+5,�/��

1	�219 ��5,��6���2,�
��+�5�.+��:* ��5� repper �
�, parprika (1817), 
saffron (1818), annatto (1831),��� autumn leaves (1837) ��6���5.	�26� ��*N7./. 1907 Willstatter 
:�96�+�
/0+1��+�2��+�-�?3����+>6��+�����>7
.�
9�.��?�Q��=,.�7>
	��,�� �����
+	�2��6�
8
���4�
>7
.�
9�.:�9 7�, carotene (C40H56) ��� xantophylls (C40H56O2) 	�2��+:�9��+�-:69  
 �5,6���*N 7./.1930 Karrer ���7]�:�9/0+1����
��.���+�2��+�-�4�
>7
.�
9�.=,.�7>

	��,�������5�.@ ��5� lycopene, β,β-carotene (β-carotene), β,ε-carotene (α-carotene), zeaxanthin, 
��� lutein (xanthophyll) ��.���.��<��	�2 1 
 

 
 
 
 
 
 
 
 
 
 

 
 
<��	�2 1 >7
.�
9�.=,. lycopene (a), β,β-carotene (b), β,ε-carotene (c), zeaxanthin (d),  

 lutein (e)  
Figure1. Structures of lycopene (a), β,β-carotene (b), β,ε-carotene (c), zeaxanthin (d),  

 lutein (e). 
	�26� : Eugster (1969) 

a 

b 

c 

d 

e 

HO

OH

OH

HO

HO

OH
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�����*N�����+��:�96�
��.���+�2��+�-�7>
	��,�����26���6,�+ 3 ���� 7�,  crocetin, bixin, 
ε,ε-carotene ��.���.��<��	�2 2 
 

COOH
HOOC

 
a 
 
 

HOOC

COOCH3  
b 

O

O

 
c 
 

<��	�2   2 >7
.�
9�.=,. crocetin (a), bixin (b) ��� ε,ε-carotene (c)  
Figure  2. Structures of crocetin (a), bixin (b) and ε,ε-carotene (c). 
	�26� : Eugster (1969) 
 
 ���.��+��?�+�
/0+1����
��.���+�2��+�-�7>
	��,��:�9���26�3����=0?�,�5�.
���
f�>��
��*N 1971 Isler :�9
��.��>7
.�
9�.=,.�7>
	��,�����26=0?�6�80. 230 ���� �5,6���*N 1987 
�3����>7
.�
9�.��?�Q��=,.�7>
	��,��6����26=0?�*
�6�] 450 ���� h02.���3������?6� 130 ����
	�2:�9��+��B�+�
��.�7
������9,.*i�-���+�
 �����*N 1993 6�
��.���5��7>
	��,����?�6�6�++�5� 
600 >7
.�
9�. ����5������266�+=0?�,�+�5,:*��,��7� 

�7>
	��,������*;���
��+��56 tetraterpenoids 	�284+��.�7
���=0?�����������2.6������	�?.	�2
��6�
8��.�7
�����.:�9����-7	��
��-�.����	�2:65��6�
8��.�7
�����.:�9 ��,�:*80.����
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������?,
� �7>
	��,��*
�+,-�9��>7
.�
9�.��?�Q��	�2�
��+�5� isoprene unit h02.*
�+,-�9��
7�
-,� 5 ,��,6�5,+���*;����7�
-,�	�26����B�745������2�����-+����5�5�.+��	�2*������=,.���
7�
-,� (Waldenstedt et al.,2003) ���6�7�]�6-����*;�
.7���8�	�26�������,., �96, ��.��80.��65�. 
,�+	�?.��.6� 7�]�6-�����+�
�*;���
�9��,��64�,��
�, ��
�9��6��
f.���+
���9�
�--<46�7�96+�� 	�26�
7��6�3�7�j6�+��+�
�3�6�*
���+���9��,�����+

6+�
k�����,  �7
�2,.�3�,�., �76�, ,���
���
,�����+

6,���
���� (Li et al., 2001) 80.�69�5��7>
	��,����6�>7
.�
9�.	�2�5�.+��6�++�5� 600 
���� ��56��7>
	��,���3�����9,��	5���?�	�26�+�
�3�6���9*
�>�����,�����+

6��*m���-�� 
��=]�	�2�����+�,-	�+�������9,.:�9
�-��
�7>
	��,����++�
-
�><7 >���n����������?�.�4+
�9���6	�2��6�
8���6�7>
	��,����
5�.+��:�9��*
�6�]����.��f+�9,��	5���?� ��=]�	�2����*N+ 
��5� �+���:+56�7��6��6�
8	�2�����6�7>
	��,��:�96�+�����?,���2,�5�.@ ��5� k�����., =��+, 
���?,���2,:=6�����:=5��. (Durrer et al., 2004) 	3���96�7��6�3��*;�	�2�������5���?�9,.:�9
�-�7>
	�
�,����++�
-
�><7��*
�6�]	�2��6���6��+���5.�5�.@ ��5� ,���
, ��
��
�6,���
 

 
 !"#��$%�&	#������	��� 

 >��	�2�:*��9�6�
��.���5��7>
	��,����?���6�
8�-:�9����2.6�����������5�.@ ��5� ��� 
���� ��������	
�� ���,�5�. ��5� ��� :�9�+5 �7
,	, 6��=�,�	/, �96, -�4�-,
�2, �6�f�,.�5� ����,+
����
�,. ���� :�9�+5 *���h�6,�, *���	
�	, +�9. ������.�,� �����	
�� ,�	���5� ���� Phaffia 
rhodozyma, Brevibacterium, Mycobacterium lacticola, Agrobacterium auratim 

 
�'!(��������$)!(�������	��� 

�������*
��<	=,.�����	
��	�2��6�
8��.�7
����7>
	��,��:�9�����.����
�.	�2 1 
�����
�.	�2 2 �����.>7
.�
9�.���+�
�
��+��2,=,.�7>
	��,�������5�.@ 
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��
�.	�2 1 ���5.=,.�7>
	��,����+�����	
�� 
Table 1.   Microbial sources of carotenoids. 
 
Microorganism           Carotenoid 
Carotene sources 

Fungi              : Blakeslea trispora        Lycopene, β-carotene 

    Phycomyces blakesleeanus       β-carotene 
Non-photosynthetic bacteria 
  : Streptomyces chrestomyceticus, subsp. rubescens     Lycopene 
Xanthophylls sources 

Green algae      : Spongiococcum excentricum        Lutein 
     Chlorella pyrenoidosa         Lutein 
Fungi   : Dacrymyces deliquescens        Lutein 
Non-photosynthetic bacteria : 
     Flavobacterium sp. 
     Streptomyces chrestomyceticus var. aurantioideus   Unidentified xanthophylls 
     Mycobacterium phlei         Unidentified xanthophylls 
Monocyclic ketocarotenoids sources 

Non-photosynthetic bacteria : 

     Deinococcus radiophilus        Derivatives of 4-keto-γ- 
     Carotene 

   Mycobacterium smegmatis        Derivatives of 4-keto-γ- 
     carotene 

Bicyclic ketocarotenoids sources 

Cyanobacteria : Anabaena variabilis         Cantaxanthin 
     Aphanizomenon flos-aquae        Cantaxanthin 
     Nostoc commune         Cantaxanthin 
Green algae     (N-deficiency) 
	�26� : Nelis ��� De Leenheer (1989)   
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��
�.	�2 1 (�5,)  
Table 1.    (Cont.) 
 
Microorganisms       Carotenoids 

  Dictococcus cinnabarinus   Cantaxanthin 
    Haematococcus pluvialis   Astaxanthin 
Fungi /yeast  : Phaffia rhodozyma    Astaxanthin 
Non-photosynthetic bacteria : 
    Brevibacterium KY-4313   Cantaxanthin 

  Rhodococcus maris/Mycobacterium   Cantaxanthin 
  brevicale 32-MCT  
  Mycobacterium lacticola   Astaxanthin 

    Brevibacterium 103    Astaxanthin 
Fungi /yeast  : Rhodotorula sp., Rhodospordium sp.  Torulene, torularhodin 
Non-photosynthetic bacteria : 
     Methylotrophs     Miscellaneous 
Photosynthetic bacteria : Rhodobacter capsulatus   Spheroidene, Spheroidenone 
	�26� : Nelis ��� De Leenheer (1989) 
 
��
�.	�2 2 >7
.�
9�.���+�
�
��+��2,�7>
	��,�� 
Table 2.    Structures and nomenclature of carotenoids.  
 
Trivial name   Semi-systematic name  Systematic name (IUPAC) 
A. Carotenes 

Lycopene   Lycopene   ψ,ψ-Carotene 
B. Hydroxy-xanthophylls 

Lutein    3,3x-Dihydroxy-α-carotene (3R,3xR,6xR)-β-ε-Carotene- 
3,3x-diol 

Zeaxanthin   3,3x-Dihydroxy-β-carotene (3R,3xR)- β-β-Carotene-3, 
	�26� : Nelis ��� De Leenheer (1989) 
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��
�.	�2 2 (�5,) 
Table 2.    (Cont.)  
 
Trivial name   Semi-systematic name  Systematic name (IUPAC) 
        3x-diol 
C. Monocyclic ketocarotenoids 

D. Bicyclic ketocarotenoids 4-Keto-γ-carotene  β,ψ-Carotene-4-one 

Canthaxanthin   4,4x-Diketo-β-carotene  β,β-Carotene-4,4x-dione 

Astaxanthin   3,3x-Dihydroxy-4,4x-diketo- 3,3x-Dihydroxy-β,β-carotene- 

            β-carotene   4,4xdione (3S,3xS �
�, 3R,3xR) 

Rhodoxanthin   3.3x-Diketoretrodehydro-  4x,5x-Didehydro-4,5x-retro-β,β 

            β-carotene   -carotene-3,3x-dione 

Torulene   3x,4x-Dehydro-γ-carotene- 3x,4x-Dehydro-β,ψ-carotene 

            β-carotene 

Torularhodin   16x-Carboxyl-3x,4x-dehydro- 3x,4x-dehydro-β,ψ-carotene- 

            γ-carotene   16x-oic acid 
Spheroidene   1-Methoxy-1,2,7x,8x-tetrahy 1-Methoxy-3,4-didehydro-1,2, 

    dro-3,4-dehydrolycopene  7x,8x-tetrahydro-ψ,ψ-carotene 
Spheroidenone   1-Methoxy-2-keto-1,2,7x,8x,- 1-Methoxy-3,4-didehydro-1,2, 

    Tetrahydro-3,4-dehydrolycopene 7x,8x-tetrahydro-ψ,ψ-carotene 
-2-one 

	�26� : Nelis ��� De Leenheer (1989) 
 

>��	�2�:*�7>
	��,����6�
8�-5.,,+:�9�*;� 2 +��56 7�, 
1. Ether carotenes :�9�+5�7>
	��,��h02.6�7�
-,����,,+h�����*;�,.7*
�+,-�	5���?� 

��5� β-carotene ��� lycopene 
2. Xantophylls :�9�+5�7>
	��,��h02.6�7�
-,� :|>�
������,,+h�����*;�,.7*
�+,- 

��5� astaxanthin, cantaxanthin, lutein, zeaxanthin ��� β-cryptoxanthin �*;��9� 
 �7>
	��,���5����j5��,�45��+��56=,. C40 tetraterpenoids h02.*
�+,-�9����5��:,
>h*
���3���� 8 ��5�� 7�]�6-���+�
�4�+�����.=,.��
+��56��?=0?�,�45+�-�3��������3����5. 
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=,. conjugated double bonds 	�2	3���9�	�2��6�,�>7
>6},
 (chromophore) =,.�7>
	��,��
	�?.�6� 
 �7>
	��,��	�26�7�
-,��9,��
�,6�++�5� 40 7�
-,���?�,��,�45��
4*������ (acyclic) 

��5� lycopene �
�, �.+�6 (cyclic) ��5� β-carotene ���6�+�
����
��.���B�745�--h�� �
�, 	
��� 
(cis-trans configuration) �
�,�+��*~�+�
���+�
���6,,+h���� (oxygenation) ��5���+
]�=,. 
xanthophylls ��5� lutein, zeaxanthin, cantaxanthin, cryptoxanthin, neoxanthin ��� violaxanthin 
�*;��9� 
  

@���A#����B �&	#������	��� (Carotenoids Biosynthesis) 

 

>��	�2�:*=�?��,��3�7�j��+�
��.�7
����7>
	��,��>��	�2�:* ��.���.��<��	�2 3  
 

MVA 
          =�?��9� 

GGPP 
 =�?��
9�.:}>	,�� 

Phytoene 
  =�?� Desaturation 

Lycopene 
       =�?�+�
�+���. 

β-carotene 
              =�?�+�
���6�645:|�
,+h�� 

Xanthophylls 
 

<��	�2 3  =�?��,��3�7�j=,.�����.�7
����7>
	��,�� >��	�2�@:* 
Figure 3. Summary of carotenoid biosynthesis. 
	�26� : Cerda ��� Olmedo (1985) 
 

 +�
��.�7
����7>
	��,��>�������	
�����+��<�����h���
�,��9����	5���?� ��5������+�-
��
�	,
*N�,��	�?.���� >���
�26�9��7>
	��,������.�7
���=0?���++
�6���>���+ (mevalonic 
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acid, MVA) 	�26�+�

�6��� (condensation) =,.:,>h*
��:,>h�6,
 2 :,>h�6,
=,.:,>h���	�
���:�>
},��}� (isopentenylpyrophosphate, IPP) ���:��6	���,����:�>
},��}� (dimethy 
allyl pyrophosphate, DMAPP) ���2,�+���*;���,
����:�>
},��}� (geranylpyrophosphate, GPP) 
}�
��h��:�>
},��}� (farnesylpyrophosphate FPP) ��� C20 �	,
*N�,�� ��,
������,
����:�
>
},��}� (C20 terpenoid geranylgeranyl pyrophosphate, GGPP) ��6�3���- ���.��+��?�6�+�


�6����9��	9��=,. 2 >6��+��=,. GGPP +f���+���*;� prephytoenepyrophosphate (PPPP) ���
�*��2���5,:*�*;�:}>	,�� (phytoene) ���.��+��?��+��*i�+�
���+3����:|>�
��� (dehydrogenation) 
4 =�?��,� +f��:�9:�>7*N� 
 :}>	,�������?,
��-��
4*	�26�+�
������B�745	�27�
-,��3����5. 15 �*;��--h�� (15-cis 
configuration) �6�2 ,k5 ��=�? ��,�* i�+� 
� � � : ,>h �6 ,: 
 �h ���+f �* ��2 � ��- -	 
���  
(trans configuration) =,.:}>�}�4,�� ���:�9	
����7>
	��,�� (trans carotenoids) *i�+�
���+�

�+���. (cyclization) =,.�7>
	��:65,�26������:65�*;��. (unsaturated acyclic carotenes) 	3���9:�9

�.-��� (β-ring) 7��6��6���B�����.�7
���
���5�.�7>
	��,�� 	�26�+�
�*
�*��2��
4*��
	�2
�+�2��=9,.>��*i�+�
����76��5�.@��.�3���-�5,��? 

1. +�
�*��2��
4*��
:}>	,�� �*;�:�>7*N� >��*i�+�
�����>|>�
������� 4 =�?��,� 
2. +�
�*��2��
4*:�>7*N� �*;���
��}N�
,���� (spheroidene) >��6�+�
���6>6��+��=,.�?3�

	�2���B�745 (double bond) 	�2�3����5.	�2 1 ��� 2 *i�+�
�����:|>�
�������	�27�
-,��3����5.	�2 3 ��� 
4 *i�+�
����6	�������=,.�645 OH 	�27�
-,��3����5.	�2 1  

3. +�
�*��2��
4*��+��
��}N�
,���� �*;���
��}N�
,���>�� (spheroidenone) >��
*i�+�
���+�
���6�6457�>�	�27�
-,��3����5.	�2 2  

4. +�
�*��2��
4*��+��
:�>7*N� �*;��+66�-�7>
	�� >��*i�+�
���+�
�+���.	�2*��� 1 

��� 2 :�9	�26�*���-���	�2�3����5. 1 (1 β end group) 
5. +�
�*��2��
4*��+��
:�>7*N� �*;�-���-�7>
	�� >��*i�+�
���+�
�+���. :�9��
	�26�

*���-���	�2�3����5. 2 (2 β end group) ���26 
6.  +�
�*��2��
4*��+��
:�>7*N� �*;� �,�}�-�7>
	�� >��*i�+�
���+�
�+���. :�9��
	�26�

*���-���	�2�3����5. 1 ���*���h��� 	�2�3����5. 1 (1β- ��� 1 ε end group)  
7. +�
�*��2��
4*�+66�-�7>
	�� �*;���
>	
4��� (torulene) >��*i�+�
�����:|>�
������� 

	�27�
-,��3����5.	�2 3′ ��� 4′ 
8. +�
�*��2��
4*��
>	
4����*;���
>	
4��>
��� (torularhodin) >��*i�+�
���+�
���6

,,+h����	�2*���>7
.�
9�. 
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9. +�
�*��2��
4*�+66�-�7>
	���*;���
 4-7�>�-�+66�-�7>
	�� (4-keto-γ-carotene) 
>��*i�+�
���+�
���6�6457�>�	�27�
-,��3����5. 4 6�:|�
,+h������ ��6�9��*i�+�
�����:|>�
��
����� 

10. +�
�*��2����
-���-�7>
	���*;���
h��h�	�� >��*i�+�
���:|�
,+h������	�27�
-,�

�3����5. 3 ��� 3′ >���9,.+�
>6��+��=,.,,+h�����9�� *i�+�
�����?�-��+�
	�2�,�}�-�7>
	�� 
+����*;��4�	,�� 

11. +�
�*��2��
4*��
h��h�	���*;���
>
>��h�	�� (rhodoxanthin) >��+�:+	�2��.:65
�*;�	�2	
�-��5�����5�=9����5�6�+�
���6�645 OH 	�27�
-,��3����5.	�2 5 +�
�4j���� H 	�26�7�
-,�

�3����5.	�2 4′ +�
�4j����>6��+���?3����+�
��:|>�
�������	�27�
-,��3����5.	�2 3 ��� 3′ 
��6�3���- 

12. +�
�*��2��
4*��
-���-�7>
	���*;���
�7�	��h�	��>��+�
���6�6457�>�	�27�
-,�

�3����5.	�2 4 ��� 4′ 6�*i�+�
���:|�
,+h������ ��6�9�� ��:|>�
�������  
13. +�
�*��2��
4*��
-���-�7>
	���*;���
�,�	��h�	�� (astaxanthin) >��*i�+�
���

=,.=9, 10 ���=9, 11 

���>
�*,
�� (neurosporene) ��9	�?. acyclic lycopene ��� cyclic β-zeacarotene h02.��
	�?. 

2 ��?��9�+66�-�7>
	�� (γ-carotene) h02.�-�����?,
��������� (Bramley ��� Mackenzie, 1988) 

�6�2,�+��*i�+�
����
9�.>7
.�
9�.	�2�*;��.����,�+=�?�+f�*��2���*;� (γ) �*;�-���-�7>
	��
�*;�=�?��,����	9��6�k���9�+���h�>	}��� h02.:�9�+5 ��
h��h�	�� �7�	��h�	�� �*;��9�  

,�5�.:
+f��6�,�:h6	�2�+�2��+�-*i�+�
���+�
�0.�645:|>�
��� (dehydrogenation) ���+�

�+���.���� (cyclization) ��?�6�+�
/0+1��9,�6�+ 
�7>
	���-�*;����/1����}N�>
>h6�
�,��*��-,��? (spherosome �
�, lipid bodies)  ��5+�
��.�7
����+��
���,f�>�����6�+�
f+��74��6 (endoplasmic reticulum, ER) �7>
	�������6���5����?�+��.	�2�,-:=6��
=,. ER �6�2,��},>
>h66�=���	�2��6���6+f����+,,+6�����7��2,�:*+�-+�
:��=,.:h>�����h06 
(Wanner et al., 1981)  
 
 �k�<46����.�����.�7
���=,.�7>
	��,��>�����,����
�26�����.��<��	�2 4 ��� 5 
�3��
�-���	�2�+�2��=9,.��+
�-��+�
�����.�7
���=,.�7>
	��,�� �����.��<��	�2 6 
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 Dimethylallyl-pyrophosphate(C5)   IPP = isopentenylpyrophosphate 
IPP       PPi = inorganic pyrophosphate 
 PPi 
Geranyl-PP (C10)    Monoterpenes 
IPP 
 PPi 
      Sesquiterpenes 
Farnesyl-PP (C15) 
                ×2   
     Squalene(C30)   Lanosterol 
IPP       O2+NADPH 
 PPi        Steroids 
Geranylgeranyl-PP(C20)    Diterpene (C20) 
      Phytyl (C20,chlorophyll side-chain) 
      Archebacterial lipid chains(C20) 
          ×2         (half membrane width) 
    ×2  Archebacterial lipid chains(C40) 
             (whole membrane width) 
      Carotenes(C40) 
N=8 to 10 (C40 to C50)    Quinone side chains 
 
N=11 (C55)     Bactoprenol (bacterial carrier lipids) 
 
N=16 to 22 (C80 to C110)   Dolichols (eukaryotic carrier lipids) 
 
N= many     Gutta Percha (poly-trans-isoprene) 
<��	�2 4   �����.�7
���=,.:,>h�
��,�� 
Figure 4. Isopreniods biosynthesis. 
	�26� : Visser ���7]� (2003) 
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Acetyl-CoA 
 

HMG-CoA 
(yeasts) HMG-CoA 
       reductase 

Mevalonate                                      Pyruvate 
         GAP 

CH2O-PP

    IPP isomerase               
CH2O-PP

 

                    IPP(C5)                                                        DMAPP(C5) 
    IPP 
         (bacteria)    FPP synthase 

          
CH2O-PP

 

  Sterols              GPP(C10)  
 Dolichols          IPP 

 Quinones                          FPP synthase 

        Hopanoids   
CH2O-PP

 

  Farnesylates           FPP(C15) 
  Proteins       IPP 
  Sesquiterpenes, Tri terpenes, Poly terpenes  GGPP synthase 

                GGPP(C20)  
CH2O-PP

 
 Gibberellins 
 Quinones 
 Geranylgeranylated 
 Proteins, Diterpenes Carotenoids 
<��	�2 5   +
�-��+�
��.�7
���:,>h�
��,��>���
�* 
Figure 5.  Summary of isoprenoid biosynthesis. 
	�26� : Misawa ��� Shimada (1998) 
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                    CrtW β-Carotene CrtZ 

O               HO                             
Echinenone                                                                      β-Cryptoxanthin 

                               CrtZ                       CrtW         CrtW                                             CrtZ 
                                                                                              

HO

O
OH

 
CrtW                                             CrtZ                        Zeaxanthin 

         

OH

O                O

HO

 

                         3x-Hydroxyechinenone                                                        3-Hydroxyechinenone         CrtW 

O

O

 

   CrtZ               Cantaxanthin             CrtW      CrtW                          CrtZ                      CrtZ                  

         O

O

HO

           O

HO

OH

 
                         Phoenicoxanthin(Adonirubin)                              Adonixanthin(4-Ketozeaxanthin)     
 
                                                        CrtZ                                                     CrtW 
               

O

O

HO

OH

 
                                                                            Astaxanthin 
     

<��	�2 6  ��9�	�2=,.�����+
�-��+�
��.�7
����7>
	��,�� 
Figure 6. Functions of the carotenoid biosynthetic genes. 
	�26� : Misawa ��� Shimada (1998) 
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�,+��+�7>
	��,������6�
8��.�7
���=0?�>����2.6��������B

6������9� ��*N 7./. 
1956 -
�1�	 Hoffman-LaRoche :�9�
�26�9�+�
��.�7
�����
-���-�7>
	��>����B�+�
	�.�76� h02.
:�96�+�
*
�-*
�.+
�-��+�
��9��=0?���+
�	�2.��*m���-��  

 
  �C���$&	#������	��� 

 

 �7>
	��,���-6�+����� ���?,
� ����-7	��
����.�7
�����. -	-�	>��	�2�:*=,.�7
>
	��,�� 7�, *�,.+��+�
84+	3����=,.�h�����2,.��+*i�+�
���,,+h�������9����. (lethal photo-
oxidation) (Blum, 1941) >���n���7��6�������	�2�+����++�
�k5
�.��=,.7��2���.	�26,.��f�:�9 
(visible light) 
 Griffiths ���7]� (1955) :�9
��.��k�+�
�����=,. Stanier 	�2�-�5��-7	��
����.�7
���
��.�3���+ non-sulfur bacteria ��5� Rhodopseudomonas spheroids �6�2,	3���9+������B��*;�
�-7	��
��	�2:656���
���7>
	��,����+�5�.��+������B��5,�65 (blue-green mutant) h02.�����6
�n�����
:}>	,��	�2:656��� ��=]�	�2������B��5,�65��9:}>	,���*;�h�-���
�=,.�,�:h6h02.��
�0.�645:|>�
���,,+:* 	3���9�+�����7>
	��,��:�9 �6�2,���?�. R. spheroides ���<��6�,�+�/���6�
��. �-�5� ���?, ��
�j:�9*+��  ��5 �+��+�
��-��? .+�
�
9�.��
��	�? .�-7	�
�>,7�,>
}��� 
(bacteriochlorophyll) ����7>
	��,�� ��=]�	�2���+������B����=����+6�?3��.��6�+�
��
�j*+�� 
���<��=��,�+�/��56���. �
�,�<��6�,�+�/��5:656���. (6��) ��589����?�.���<��6�,�+�/���6�
��. �-�5�+�
��
�j���.	��	� 6�+�
����+��=0?��*;�k���+>}>�:���6�+�,+��2� (photodynamic 
action) h02.�*;�k�+
�	-���2,.��+��.���,�+�/
5�6+��	3���9��6�
8������:�9�5��7>
	��,��	3�
��9�	�2��+�
*�,.+��+�
	3����=,.�h�����2,.��+*i�+�
���,,+h�����2��9����. 
 �,+��+��?+�
	��,.=,. Goldstrohm ��� Lily (1965) :�9���.��9��f��5����?,
�	�2�9,.+�

��.��+�
�
9�.�� (photochromogenic fungus) ��5� Dacryopinax spathularia �6�2,��
�j��	�26����
:65�
9�.�� ��5�6�2,:�9
�-��.��� (2000-70,000 fe) ��� 2 ��2�>6. ���?,
����5���?���:*+�5� 89 
�*,
�hf�� ��=]�	�2+��56	�2���?�.���<��6���.����+������5�
+��
,�����������
�j:�9	�?.�6� 
 
 ������	�����
�������� 
 
 �7>
	��,�����-7	��
����6�
8�-5.,,+�*;� 2 +��56 7�, +��56	�2�+����++�
��.�7
���
>��+
�-��+�
 chemoorganotropic ���+��56	�2 �+����++
�-��+�
��.�7
�����. 
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(photosynthetic carotenogenesis) 	�?.��?�7>
	��,��	�2:�9��+ chemoorganotrophic bacteria �-	�?.
�7>
	��,��	�26�,.7*
�+,-�*;� C30, C40 ��� C50  

�7>
	��,������ C30 (C30 carotenoids) �
�, :�,�>*�7>
	��,�� (diapocarotenoids) 
���-:�9���-7	��
�������5�.@ ��5� Staphylococcus aureus (Suzue et al., 1967) Streptococcus 
faecium (Ciegler, 1965) ��� Pseudomonas rhodos (Andrews et al., 1976) ���+��56�-7	��
��	�26�

4*
5�.+�6	�2�,-�+��, (halococci) (Sutter, 1975) ��=]�	�26�
��.���5���6�
8�- C40 
carotenoids :�9�� Sarcina litoratis, Cellulomonas dehydrogenans, Halobacterium cutirubrum, 
Brevibacterium 	�2�
9�.�7�	��h�	��(canthaxanthin) (Ross, 1979) Flavobacterium �
9�.h��h�
	�� (zeaxanthin) (Ben-Amotz and Avron, 1983) 6�+�- C50 carotenoids ��
4*=,.��
�-7	�
�>,
4
-�
�� (bacterioruberin) 	�2�-���-7	��
��	�2��
�j:�9�����<���	�26��+��,�����.�-��
4*=,.��
��
7�*
�>��h�	�� (decaprenoxanthin) 	�2�-�� Corynebacteria ,�+�9�� (Sutter, 1975) 

��
 Glycosylated carotenoids �
�,�7>
	��,��	�26�>6��+���?3�����*;�,.7*
�+,-���-
���-7	��
�� Order Myxobacteriales h02.�*;��-7	��
��:+���.	�2�-	�2�:*����� ��+1]�
4*
5�.=,.
�h���*;�	
.+
�-,+��6�
8
�6����+���*;� fruiting bodies ���<���	�2:65��6���6�5,+�
��
�j 
��=,. myxospore fruiting bodies 6���?.��5������,., �96, ��. �
�, 65�.�=96 �7>
	��,��	�2��+��+
�-7	��
��:+���.6�6�++�5� 60 ���� 	�26�7��6���7�
-,�*+����56�>7
.�
9�.	�?.	�2�*;��
�,:65�*;�
�.+�6���6�>6��+���?3������5� +�4>7� �
�,�
6>�� ��-	�2�645:|�
,+h�2 ��5� 6�7>h�-7	�� 
(Myxobactin) 	�2�-�� Myxococus fulvus �*;��9� (Fiasson et al., 1970) 

��=]�	�2�-7	��
��:+���. (gliding bacteria) 	�2:65�
9�. fruiting bodies ��5�h����.7.6��� ��
����,. �
�,���96���+�� Cytophaga Flexibacter ��� Sporocytophaga ��?��-�5�
.7���8�	�2���?,�
9�.
=0?��*;���
>���,�� (polyene) :65��5�7>
	��,�� (Fiasson et al., 1970) 

�5���-7	��
��+��56 Mycobacteria 	�2:65+5,��9�+����]>
7 ���-��
�7>
	��,���*;���
����,.����96	�?.	�2�9,.,�/����. (photochromogenic) �
�,�
9�.:�9��	�26�� (scotochromogenic) �0.
6�+�
��97�]�6-���+�
�
9�.����?��+�
����3���+������B� >�� Ichiyama ���7]� (1988) �-�5� 
photochromogenic Mycobacteria ��6�
8�
9�.-��9�-�7>
	��:�9 ��=]�	�2+��56 scotochromogenic 
Mycobacteria �
9�.�h�>	}��� (xanthophylls) 	�?.��	�26�����6���. �h�>	}���	�2�-�*;���
h�
�h�	�� (seaxanthin) ����,�>h�h�	�� (eschscholtxanthin) ��+�-7	��
�� Mycobacterium phlei 
��� Micrococcus aureus ��6�3���-�����6�
8�-��
	�?.�,.�� Mycobacterium chubuense 
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 �5���7>
	��,��	�2�-���-7	��
����.�7
�����. ��5� purple bacteria �5����j5���
9�.
�7>
	��,��	�26��645�6fB	,+h�	�27�
-,��3����5.	�2��02. �
�,��
4*=,.��
�*�
��>��h�	�� 
(spirilloxanthin) �
�,��}N�
,���� (spheroidene) >��	�2 Rhodopseudomonas spheroides ��� R. 
capsulatus �
9�.��}N�
,���>�� (spheroidenone)  ��=]�	�2�-7	��
��+��56 purple non-sulphur 
bacteria ��5� Rhodospirillum rubrum ��� R. palustrus 
�6	�?.+��56 photolithotrophic sulphur 
bacteria ��5� Chromatium spp. �
9�.��
�*�
�>��h�	�� 
����2,�����	
���
9,6�9��k���<�]���
��
�3�7�j	�2���?,���5���?k���:�9��?����.����
�.	�2 3 
 
��
�.	�2 3 �����	
��	�2�*;����5.��
�� 
Table 3.    Microbial source of pigment. 
 
Microoganism   Pigment    Reference 
Bacteria 

Mycobacteria    carotenoid   Ichiyama et al., (1988) 
Yeast 

Phaffia rhodozyma  carotenoid   Johnson and Lewis (1979) 
Rhodotorula sp.   carotenoid   Goodwin (1972) 
Algae 

Dunaliella salina  carotenoid, vitamin F  Borowitzka (1989) 
Haematococcus pluvialis  astaxanthin   Lorenz (1998) 
Spirulina maxima  carotenoid, Protein cell  Borowitzka (1988) 
    vitamin B12, pigment 
Fungi 

Amanita muscaria  betalain purple,   Hendry and Houghton (1992) 
    Red, orange and yellow 
Blakeslea trispora  carotenoid   Ninet and Renaut (1979) 
Cantharellus cinnabarinus canthaxanthin   Hendry and Houghton (1992) 
Monascus purpureus  monascus   Palo et al., (1960) 
Phycomyces blakesleeanus carotenoid   Ninet and Renaut (1979) 
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������'%
���A#����B �������	��� 

 
+
�-��+�
�����.�7
���=,.�7>
	��,����?�6�����*m����	�26�k��5,+�
��.�7
��� 	�?.��

�9��-�+����9���- ,�	���5� 
 1. 
��
�B�'C�����# 6�
��.���5���.��6�
8+
���9�+�
�
9�.�7>
	��,���6�2,���?�.���?,

� Phycomyces ���<���	�26���.>���-�5�*
�6�]=,.��
-���-�7>
	�����26�*;�10 �	5��6�2,
�*
��-�	��-+�-���?,�����+��	�2���?�.��	�26�� (Bergman ���7]�, 1969) h02.�,�7�9,.+�-
��.��=,.
Blum (1941) 	�2���,����5���.�*;�*m�����
+��+�
7�-7�6+�
�
9�.�7>
	��+5,�*m����,�2�@ ��5� 
+�
k�6���B� |,
>6�+
�:	
�*,
�+ �����
,���
���?�.���?,�*;��9� �,+��+��? Rau (1976) :�9
������80.k�=,.+�
+
���9�+�
��.�7
����7>
	��,���9����. >��	��,.+�-���?,
��3���� 13 
������B� �-�5�6�7��6�3��*;��9,.���6��
-�.������5� p-hydroxy mercuribenzoate ��� p-
chloromercuribenzoate ��,���
���?�.���?,=,. Fusarium aquaeductum ��� Cephalosporium 
diospyros 	�2���?�.���<���	�2*
�/��+��.���2,	��	�+�
��9��.��.+�5���0.���
9�.�7>
	��,��
:�9 

 2. ����-G	�	��� (ββββ-ionone) !B 
��G���H	�(
 (trisporic acid) Ciegler (1965) 

��.���5���
	�?.�,.6�k����-����+�
�
9�.�7>
	��,��>��:656��5��	�2���+���*;��5�����5��
��02.=,.>7
.�
9�.�7>
	��,��h02.�*;���+1]� steering effect 6���5��
�
�26�9� (precursors) 
 3. 
����#		
&	#��� +��56��+��	��/���
��*� (Cerda-Olmedo, 1985) :�9�-���	�2
�+�2��=9,.+�-+�
��.�7
����7>
	��,����.���.��<��	�2 7 

Phytoene  Car B gene  Lycopene 
                       (dehydrogenation) 
       Lycopene Car R gene 

Car S gene    cyclase 

        γ-carotene 
 

        β-carotene 
 
<��	�2 7  �k�k�.+�
	3�.��=,.���	�2�+�2��=9,.+�-�����.�7
�����
�7>
	��,�� 
Figure 7. Diagram of gene involving with carotenoid biosynthesis. 
	�26� : Cerda ��� Olmedo (1985) 
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 ��+7��6
49�+�2��+�-���	�2�+�2��=9,.�+�2��+�-+�
��.�7
����7>
	��,����.+�5��	3���9��6�
8
*
�-*
�.������B�=,.�����	
��>��+�
��+�3���9�+��+�
+������B����2,	3���9�+��+�
��.�7
����7>

	��,�����266�+=0?���5� ��+
]�=,.������B�+���=,. Car S mutants 	�2��6�
8k���-���-�7>
	��
:�9�4.80. 6,000 :6>7
+
�6�5,+
�6=,.�h����9.��=]�	�2������B��5,�65��6�
8k�����
�����+��
:�9����. 2,000 :6>7
+
�6�5,+
�6=,.�h����9.�	5���?� Ootaki (1973) :�9��9��B�
�6 (grafting) ��9�
��,5,�=,. P. blakesleenus ������B�+�����9:�9 heterokaryons 	�2k����7>
	��:�9�4.80. 25,000 
:6>7
+
�6�5,+
�6�h����9. ��� Murillo-Aranjo ���7]� (1982):�9����	B�-��
=,.+�
���26
*
�6�]�7>
	��,��>��+
�-��+�
��.+�5���*;�	�2�
��-
9,���9� 
 
��
�.	�2 4 �
�*+�
k����7>
	��,��>��+
�-��+�
�	7>�>������<�������	
�� 
Table 4.    Summary of carotenoid production by microbiotechnolgy. 
 
Microorganism  pigment  Commercial status Application 
Bacteria   

Brevibacterium ssp.     canthaxanthin 
Flavobacterium spp.    seazanthin 
Yeast   

Rhodotorula spp.          torularodein          Hue of yolk                    
Phaffia rhodozyma       astaxanthin           Feed additive for crab,  

         shrimp, shellfish, chicken,  
         fish and salmon 

Fungi   

Phycomyces           β-carotene  
  blakesleeanus 
Blakeslea trispora        β-carotene  
Algae   

Spongiococcum 
   excentricum           lutein  Algae pond 
     A-Zanth company, Iowa  
	�26� : ����*�.6���+ Margalith (1992) 
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��
�.	�2 4 (�5,) 
Table 4.    (Cont.) 
 
Microorganism  pigment  Commercial status Application 

Dunaliella sp.           β-carotene Algae N.T.B.            Health food 
Co. and  
Western Biotechnology 

	�26� : ����*�.6���+ Margalith (1992) 
 

���
A�!B
���
������	���@�(��"�#J�A#��#K�����#��$ 5 

 
��
�.	�2 5 +�
��+���	3���9-
���	B��=,.�7>
	��,��>����B�+�
	�.>7
6�>	+
�}N 
Table 5.    Separation and purification of carotenoids by chromatography. 
 
Carotenoid   Source   Stationary phase             Mobile phase 
i) 1. β,ε-Carotene  Carrot   MgO/Hyflo Petroleum 

   2. β,β-Carotene                           Palm oil Supercel(1:1) 
 (extrusion) 
ii) Perdeuteraed Green algae Powdered Petroleum/ 
     1. β,ε-Carotene (Scenedesmus sugar+3%starch  Propanol 
     2. β,β-Carotene obliquus, (99:5:0.5) 
 Chlorella 

 vulgaris) MgO/Celite  Petroleum/ 
 Grown in D2O (1:2) acetone 
iii) 1. β,ε-Carotene tomato                              MgO/ Hyflo Petroleum/ 
      2. β,β-Carotene  papaya  Supercel(1:1)  acetone 
      3. 7,8,7x,8x-Tetrahydro-  kale (activated at  (1 to 15%) 
          lycopene  squash  1100C) 
 	�26� : Bernhard ��� Friedrich (1995)          
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��
�.	�2 5 (�5,) 
Table 5.    (Cont.) 
 
Carotenoid   Source   Stationary phase             Mobile phase 
      4. β,Ψ- Carotene 
      5. Lycopene 
iv) 1. 15Z-Phytoene tangerine MgO Hexane/ 
      2. 15Z,9xZ-Phytofluene tomoto  acetone 
      3. 9Z,9xZ-ξ- Carotene (Diacetone 
      4. 9Z,7xZ,9xZ-Neuro- alcohol 
          sporene formed as 
      5. 7Z,9Z,7xZ,9xZ- artifact 
         Lycopene (=prolycopene) removed                  
                                                                                                                             with 
 H2O) 
v) Purification of commercially FLUKA 1.Alumina II-III             Hexane/ether 
    availableβ,β-Carotene 2.Alumina I (40C) 
vi) 1. Lutein                                  Tagetes erecta                    1.Alumina III Benzene/ 
     2. Zeaxanthin (petal extract) Methanol 
   2.MgO/Dicalite Petroleum 
 (2:1) acetone 
 3.Alumina IV Hexane 
 ether 
vii) 1.Zeaxanthin Fucus serratus 1.Acidic Benzene/ 
      2. Fucoxanthin alumina IV 0 to 20% 
 ethyl acetate 
 2.CaCO3 Benzene/ 
 0 to 100% 
 Acetone 
	�26� : Bernhard ��� Friedrich (1995)     
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Table 5.    (Cont.) 
 
Carotenoid   Source   Stationary phase             Mobile phase 
viii) 1.Luteoxanthin Fucus serratus  Silica  Hexane/ 
       2.Auroxanthin 0 to 100% 
       3.Fucoxanthin acetone 
       4.Neoxanthin 
       5.Fucoxantinol 
ix) 3-Hydroxy-5,6-epoxy-5,6- Partail CaCO3 Benzene/ 
     dihydroapocarotenals synthesis Petroleum 
x) 1.Lutein Taraxacum Mg CO3 Petroleum/ 
    2.3x-Epilutein officinale acetone 
 lutein fraction  (17:3) 
xi) 1.(3S,5R,6S)-8x- Valencia CaCO3 Benzene/ 
        Apoviolaxanthinal Orange, (vacuum) Petroleum 
      2.(3S,5S,6R)-8x- citraurin (1:3) 
xii) 1.(3R,3xR)-Astaxanthin di- Synthesized  Silica             Toluene/ether/ 
         (-)-camphanate astaxanthin (0.040-0.063mm) isopropanol 
      2.(3R,3xS)-Astaxanthin di- (rac/meso 1:1) (89:9:2) 
         (-)-camphanate 
      3.(3S,3xS)-Astaxanthin di- 
         (-)-camphanate 
xiii) 1.13Z-β,β-Carotene                Synthesized Neutral  Hexane/ 
        2.13Z,15Z-β,β-Carotene        mixture Alumina I                        0 to 4% ether 
xiv) 1.15Z-Violaxanthin                Viola tricolor CaCO3 Benzene/ 
       2.13Z-Violaxanthin (vacuum)                     0 to 4% acetone 
xv) 1.9Z- Violaxanthin Viola tricolor CaCO3 Benzene/ 
      2.9Z,9xZ- Violaxanthin (vacuum)                       Petroleum(4:1) 
	�26� : Bernhard ��� Friedrich (1995)          
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Table 5.    (Cont.) 
 
Carotenoid   Source   Stationary phase             Mobile phase 
3.9Z,13xZ- Violaxanthin 
      5.9Z,13Z- Violaxanthin 
      6.all-E- Violaxanthin 
xvi) 1.all-E-Fucoxanthin Fucus, Sucrose  Hexane/ 
       2.13xZ- Fucoxanthin Ascophyllum  0.5 to 2% 
       3.13Z- Fucoxanthin      Pelvetia or     propanol 
       4.9xZ- Fucoxanthin Laminaria 

xvii) Mangicrocin Crocus 1.Sephadex LH20 Ethanol/ 
 sativus 2.Silica  40%water 
 Chloroform 
xviii)Carotenoid sulphates Synthesized astaxanthin Silica                             Ethyl acetate/ 
 methanol 
	�26� : Bernhard ��� Friedrich (1995)     
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6�������.��<��	�2 8 
    Wet biological material                                  Dehydrated biological materials                             
Extraction with      Extraction with    
water-miscible solvent                  water-miscible or 
                    immiscible 

 Crude extract 
   Extraction with ether/hexane 
   Evaporation 
                                                       Dry lipid extract  
    Partitioned with 
    Hexane/aqueous  Saponification 
    85%metanol 
 

     Hypophasic   Ephiphasic  Neutral               Acidic 
     carotenoids   carotenoids            carotenoids          carotenoids 

 

            Hypophasic        Epiphasic 
             carotenoids           carotenoids 
 
 
 

                                                  Chromatography (CC,TLC, HPLC) 
 
 

                                                           Individual carotenoids      
                  Chromatography 
          Crystallization 
          Recrystallization 
 

Characterization         Pure carotenoids 
 

<��	�2  8  ���.�k�<46�+�
��+���	3���9-
���	B��=,.�7>
	��,����+���5.B

6���� 
Figure 8. Diagram of separation and purification of natural carotenoids. 
	�26� : Jensen ���7]� (1995)                       
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100 �9������5,*N (Cormier, 1998) ���6�+�
�3�:*��9*
�>��������9�� 	�?.��
4*=,.��
��9�� 
����6�� ��
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�.	�2 6            
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�+��,��64�,��
��4.+�5�����6��,�
80. 550 �	5� ���6�*
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�*;���
�9��,��64�,��
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8	�2�� 
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7������
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7�+�2��+�-��9����,��7>
	��,��	�2�*;�����+��6�+������02.7�, 
astaxanthin ���2,.��+>7
.�
9�.=,. astaxanthin 6�,�45*
�6�] 3 ������5	�2�-6�+	�2��� 7�, 
astaxanthin (3,3x-dihydroxy-carotene-4,4x-dione) ��.���.��<��	�2 9 (Guerin et al.,2003)  
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	��,�������5�.@ 
Table 6.    Applications of carotenoid. 
 
Carotenoid                                      Colour  Application of carotenoid 
Xanthophylic carotenoids   feed additive, hue of yolk 
Canthaxanthin                 orange-red snack, milk, fat, trout and feed additive 
Astaxanthin     magarine and food 

salmon, trout, shrimp, mantis shrimp and 
poultry feed and antioxidant 

Carotenoid without xanthophylls   provitamin A  
vitamin A  

Carotenoid with xanthophylls   antioxidant  
      enhancement of the immune response 
      anti tumor, anticancer and anti-aging 

β-carotene oil base                 yellow  butter, magarine, cheese, 
	�26� : Britton (1992), Margalith (1992), Lorenz (1998) 
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Table 6.   (Cont.) 
 
Carotenoid                                      Colour  Application of carotenoid 

  orange   fat food , eggs, snack and pasta 
salad, milk products, pop corn, tomato products 
etc. and anticancer 

β-carotene 8x-apo-β-    soft drink, specially orange  
Carotene-8xal      yellow desserts and sweets 
(water-dispersible preparation)   soup and meat products 
Canthaxanthin     medicine, anti-oxidant and anticancer 
	�26� : Britton (1992), Margalith (1992), Lorenz (1998) 
 

����f�:�9�5�*m���-���7>
	��,����?� :�9
�-7��6�����*;�,�5�.6�+��+�
�3�6�
*
���+���9��,�����+

6�7
�2,.�3�,�., �76�, ,���
, �� ���,�����+

6,���
����>���n���
,�5�.��2.��,���
�3��
�-�����?3� ��5� +�
�������?�.*���h�6,�, *���	
9�	 ���+�9.h02.���6�3���

���7>
	��,��6�k�6��,���
���2,*
�-*
�.7�]<���9����=,.���?,�����?3����5���?��9�*;�	�2�,6
�-
=,.�������k49-
�><7 >��	�2�:*�7>
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��j
��
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�6�]=,.�7>
	��,��	�2�3���5��6�64�75�80. 200 �9����
��j��
�Q 
���6����>�96	�2�����26=0?�,�5�.�5,���2,. (Malea et al.,2005) 80.�69�5�
9,��� 95 =,.�7>
	��,�� 	�2
��9,�45��*m���-��:�96���++�
��.�7
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*
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�><7 (Bocaneegra et al., 2004) 
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<��	�2 9  >7
.�
9�.=,. astaxanthin (3,3x-dihydroxy-carotene-4,4x-dione) (a), astaxanthin                          
  3R,3xS (b), astaxanthin 3R,3xR (c)  

Figure 9. Structure of  astaxanthin (3,3x-dihydroxy-carotene-4,4x-dione) (a), astaxanthin                          
  3R,3xS (b), astaxanthin 3R,3xR (c). 

	�26� : Guerin ���7]� (2003) 
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Table 7.    Carotenoid from natural sources. 
 

Sources               Carotenoid  concentration (ppm) 
Salmonids     ~ 5    

 Plankton     ~ 60 
Krill      ~ 120 
Arctic shrimp     ~ 1,200 
Phaffia sp.                              ~ 8,000 
Heamatococcus pluvilis    ~ 40,000 

	�26� : Torissen (1996) 
 
��
�.	�2 8 >7
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	��,��	�2,�45�����?,���2,=,.�����?3� 
Table 8.     Main structure of carotenoid in aquatic animal tissues. 
 
     Species                     Type of tissue 

 Skin        Flesh           Digestive gland      Ovaries            Serum            Eggs 
 Salmonids        Esterified       Free                  Free                        Free               Free           
Esterified 
Shrimp              Esterified     Esterified            Free                        Free               N.A.              Free 
Red seabream   Esterified        N.D.                 N.D.                        N.D.              N.D.              N.D. 
	�26� : Miki (1991)                  N.D. : not determined 
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Table 9.   Content, form and level of carotenoid important for aquatic culture from various 
sources. 

 
Aquaculture species    Content (mg/kg)               Form (Free/Esterified)            Main isomer 
Sockeye salmon             26-37           Free,esterified  3S,3xS 
Coho salmon               9-21                              Free,esterified   3S,3xS 
Chum salmon                                3-8                                Free,esterified               3S,3xS 
Chinook salmon               8-9                        Free,esterified               3S,3xS 
Pink salmon               4-6            Free,esterified   3S,3xS 
Atlantic salmon               3-11            Free,esterified   3S,3xS 
Rainbow trout                            1-3             Free,esterified   3S,3xS 
Salmon egg                                   0-14                                  Esterified                           N.A. 
Red seabream                               2-14                                   Esterified                          N.A. 
Red seabream egg                         3-8                                           N.A.                           N.A. 
Black tiger prawn                       10-150                             Esterified,free                       3S,3xS  
Lobster                                             -                                  Esterified,free                       Free 
Copepods                                     39-84                                Esterified                            N.A. 
Krill                                             46-130                               Esterified                           3R,3xR 
Krill oil                                          727                                  Esterified                           3R,3xR 
Crayfish meal                                137                                  Esterified                            N.A. 
Arctic shrimp                              1160                                  Esterified                            3S,3xS 
Yeast                                          30-800                                Esterified     3R,3xR 
Synthetic astaxantihn                 80,000                                   Free                                 3R,3xS 
Haematococcus pluvilis        10,000-30,000                         Esterified                            3S,3xS 
N.A. : not available 
	�26� : Miki (1991) 
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1.  
  

 
   

 Nutrient Broth  50   -80  
 

  

2.  
     Nutrient Broth  
Nutrient Agar  

  Modified FP Medium (Dufosse  
Echanove, 2005)   5 ,  20 , KH2PO4 1 , 
Casamino Acid 5    1  
 
3.  

- Acetone (LAB-SCAN, IRELAND) 
- Acetonitrile (LAB-SCAN, IRELAND) 
- Ethanol (LAB-SCAN, IRELAND) 
- Hexane (LAB-SCAN, IRELAND) 
- Isopropanol (LAB-SCAN, IRELAND) 
- Methanol (LAB-SCAN, IRELAND) 
- Water (LAB-SCAN, IRELAND) 

 - Standard carotenoid (BioAstin, SINGAPORE) 
32
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 - Glucose (Boots manufacturing, THAILAND) 

 - K2HPO4 (Ajax Finechem, NEW ZEALAND) 

 - Yeast extract (HIMEDIA, INDIA) 

 - Nutrient broth (LAB-SCAN, IRELAND) 

 - Casamino Acid (LAB-SCAN, IRELAND) 

 - Tuna condensate (SONGKLA CANNING, THAILAND) 

 - Surimi washing water (PFP, THAILAND) 

 
  
 

-  (Incubater shaker)  VS-8480SRN  

-  (Rotary evaporator) (Buchi) 

-  High Performance Liquid Chromatography (HPLC)  Agilent 1100 

-  Perkin Elmer GeneAmp PCR System  2400  

-  reversed phase (Phenomenex Luna C18, 10 x 250 mm) 

-  (Hot air oven)  MOV. 212  

-   Jasco V 530 

-     CG 842 

-  (Autoclave)  SS-325 

-   VS-8480SRN 

-  4   LA 230S 

-  2   PB 1502-S 

-  4  PT 203 

-  (Desicator) 

-  (Laminar air flow)  ABS1200 
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1.  
     1.1  

    

           

      Actinomycetes 

 Gliding bacteria 

 10-30  

    

 100   ( 10-15 

)  spread plate 

technique  

     1.2  
 0.5 × 0.5 . .  

 5 . 

 

10-1  10-2  10-3   10-4   4  0.1 . 

 nutrient agar  
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 nutrient agar  

nutrient agar 

3   nutrient broth  50  

  80   

 

2.  
     2.1   
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 nutrient broth 

 yeast 

extract  peptone (  20 ,  5 , KH2PO4 1 , casamino acid 5  

 1 )  250 .  

100 .  200   5  

 

     2.2  
  nutrient broth  6,000 

 10  4   

 (2:1 / )  25 . 

 6   6,000 

 10  4  

  25 .  6  

 rotary evaporator 

 (-20 ) 

   

 

3  
3.1   High   
Performance Liquid Chromatography 

  2.2  

 Nylon membrane  0.2 µm 

 Diode Array Detector HPLC  UV/Vis 

 210-660   HPLC 

  UV/Vis 
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  astaxanthin   HPLC  

  UV/Vis 

   spectrophotometer 

 Diode Array Detector HPLC 

3  474 

 

3.2   Photodiode Array Detector HPLC 
  3.1  

Photodiode Array Detector HPLC C18 reversed phase (Thermo Hypersil 

BDS C18 5µm, 4.0×250 mm)  Phosphoric acid 

 mobile phase (hexane/acetone, 18:82)  

1.0   10    

 2-3   474  

  (Sachidra et al., 2005; 

Erasan et al., 2004) 

 

4.   
   

 

 Photodiode Array 

Detector HPLC  

 

5.  
16S rDNA  

4 

 16S rDNA  primer 4   27F, 339F, 785F  1099F 

 1500  
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6.  
 

6.1    4 
    

 250 . 

 

  

  

  pH  

 

 

     6.1.1  
 ( )

3   150, 200  250  

 

3   6, 7  8 

  3   

20, 25  30                                                                                     

  2.1  Nutrient broth 

   2.2 

3.2  

 

6.1.2 
 4  

 

 1.  gelatinization  60 

 20  

 2.  

 3.  
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 4.  

 5, 10  20 

  25  250 rpm  5  

 

 1.   total nitrogen  0.56 % (w/v)  

 2.   total nitrogen  0.05 % (w/v) 

 3. Yeast extract  total nitrogen  11.10 % (w/w) 

 1, 5  15 

  25  250 rpm  5 

 2.1   2.2 

 3.2  
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  37   11 

 

 1�  

Table1�.    Marine derived bacteria selected for carotenoid production. 

 

Code       Location                      Source                      Colour of colony 

CNA��1  Losin    Sponge   Red 

CNA��4  Losin    Alga   �ellow 

CNA��6  Tao Island   Shell   �ellow  

CNA��8  Losin    Sponge   �ellow 

CNA�1�  Losin    Coral   �ellow 

CNA�13  Losin    Shell   �ellow 

CNA�14  Losin    Alga   �ellow 

CNA�18  Losin    Sponge   �ellow 

CNA�22  Losin    Sponge   Red 

CNA�27  Tao Island   Sponge   Red 

CNA�33  Losin    Alga    Red 

CNA�34  Losin    Sponge   Red 

CNA�35  Losin    Sponge   �ellow 

CNA�51  Phuket    Sediment  Red 

39
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 10 ( ) 

Table10.    (Cont.) 

 

Code       Location                      Source                      Colour of colony 

CNA053  Tao Island   Sponge   Yellow 

CNA054  Tao Island   Biofilm   Yellow 

CNA058  Phuket    Sediment  Red 

CNA061  Sattaheep   Decaying wood  Red 

CNA063  Sattaheep   Sand sediment  Yellow 

CNA074  Tao Island   Dead shrimp  Red 

CNA075  Tao Island   Shell   Red 

CNA112  Songkla lake   Sediment  Red 

CNA113  Songkla lake   Sediment  Red 

CNA114  Songkla lake   Sediment  Red 

CNA142  Talay noy   Sediment  Yellow 

CNA148  Talay noy   Sediment  Red 

CNA149  Talay noy   Sediment  Red 

PK5.1   Phuket    Sponge   Yellow 

PK14.2   Phuket    Sponge   Yellow 

PK18.1   Phuket    Sponge   Yellow 

PK18.2   Phuket    Alga   Red 

PK21.1   Phuket    Alga   Yellow 

PK22.1   Phuket    Alga   Red 

PK29.1   Phuket    Shell   Purple 

PK29.2   Phuket    Biofilm   Red 

PK34.1   Phuket    Sediment  Yellow 

PK34.2   Phuket    Sediment  Yellow 

  Losin   . ,   Sattaheep                    .  

    Tao Island            . ,     Songkla lake              .  

     Phuket     . ,       Talay noy               .  
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Figure 10. Percentage of specimens used for isolation of carotenoid producing bacteria. 
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 Diode Array Detector HPLC 
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 37   4   

 CNA001, CNA058, CNA078  CNA112  

 

  

 200  600 

 Diode array detecter 

 474  

   

 

 11  37  

Table 11.   Total carotenoid content of 37 marine bacterial isolates. 

 

Strain   Sample   Colour  Total carotenoid (mg/g cell) 

CNA001  Sponge   Red   1.051 

CNA004  Alga   Yellow   0.017 

CNA006  Shell   Yellow   0.014 

CNA008  Sponge   Yellow   0.013 

CNA010  Coral   Yellow   0.013 

CNA013  Shell   Yellow   0.009 

CNA014  Alga   Yellow   0.008 

CNA018  Sponge   Yellow   0.008 

CNA022  Sponge   Red   0.043 

CNA027  Sponge   Red   0.264 

CNA033  Alga    Red   0.149 

CNA034  Sponge   Red   0.122 

CNA035  Sponge   Yellow   0.005 

CNA051  Sediment  Red   0.152 

CNA053  Sponge   Yellow   0.021 

CNA054  Biofilm   Yellow   0.014 

CNA058  Sediment  Red   3.462 
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 11 ( ) 

Table 11.   (Cont.) 

 

Strain   Sample   Colour  Total carotenoid (mg/g cell) 

CNA061  Decaying wood  Red   0.113 

CNA063  Sand sediment  Yellow   0.043 

CNA074  Dead shrimp  Red   2.892 

CNA075  Shell   Red   0.135 

CNA112  Sediment  Red   1.793 

CNA113  Sediment  Red   0.152 

CNA114  Sediment  Red   0.145 

CNA142  Sediment  Yellow   0.021 

CNA148  Sediment  Red   0.433 

CNA149  Sediment  Red   0.154 

PK5.1   Sponge   Yellow   0.015 

PK14.2   Sponge   Yellow   0.023 

PK18.1   Sponge   Yellow   0.018 

PK18.2   Alga   Red   0.202 

PK21.1   Alga   Yellow   0.021 

PK22.1   Alga   Red   0.300 

PK29.1   Shell   Purple   0.023 

PK29.2   Biofilm   Red   0.208 

PK34.1   Sediment  Yellow   0.004 

PK34.2   Sediment  Yellow   0.017 
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 11  CNA001 

A)  B)  

Figure11. Colonies of bacterium strain CNA001. 

 A) Aerial mycelium   B) Substrate mycelium 

 

 

 

                                       
 

 12   CNA058 

   A)  B)  

Figure 12. Colonies of bacterium strain CNA058. 

    A) Aerial mycelium   B) Substrate mycelium 

 

A B 

A B 



45

 

                           
 

 13   CNA074 

   A)  B)  

Figure 13. Colonies of bacterium strain CNA074. 

    A) Aerial mycelium   B) Substrate mycelium 

 

                           
 

 14   CNA112 

   A)  B)  

Figure 14. Colonies of bacterium strain CNA112.  

    A) Aerial mycelium   B) Substrate mycelium 
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 15  HPLC  

CNA001  A) 210 , B) 474  

Figure 15. Chromatogram of HPLC analysis of carotenoid from bacterium strain CNA001 at  

A) 210 nm, B) 474 nm 

 

 
 

 16   CNA001 

Figure 16. Diode array spectrum of carotenoid from bacterium strain CNA001. 
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 17   HPLC            

CNA058  A) 210 , B) 474  

Figure 17. Chromatogram of HPLC analysis of carotenoid from bacterium strain CNA058 at  

A) 210 nm, B) 474 nm 

 

 
 

 18   CNA058 

Figure 18. Diode array spectrum of carotenoid from bacterium strain CNA058. 

A 
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 19   HPLC  

CNA074  A) 210 , B) 474  

Figure 19. Chromatogram of HPLC analysis of carotenoid from bacterium strain CNA074 at  

A) 210 nm, B) 474 nm 

 

 
 

 20   CNA074 

Figure 20. Diode array spectrum of carotenoid from bacterium strain CNA074. 
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 21  HPLC  

CNA112  A) 210 , B) 474  

Figure 21. Chromatogram of HPLC analysis of carotenoid from strain CNA112 at  

A) 210 nm, B) 474 nm 

 

 
 

 22   CNA112 

Figure 22. Diode array spectrum of carotenoid from bacterium strain CNA112. 
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 23   HPLC  

Figure 23. Chromatogram of HPLC analysis of standard carotenoid. 

 

 
 

 24   

Figure 24. Diode array spectrum of standard carotenoid.  
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3. 
16S rDNA  

CNA058

 16S rDNA  Gordonia terrae 

 93%  Gornodia sp. CNJ752 PL04, Gornodia terrae strain NML88-

1049, Gornodia terrae strain CC-S5-2, Gornodia terrae strain CC-S5-1  Gornodia terrae 

strain CC-S2a  93% 

 CNA058   

  

4. 
 

  

CNA058  2   

   

  CNA058 

 CNA058

 DAD HPLC  25-29  

 

      
 

 25    CNA058  FP Medium 

Figure 25. Growth of bacterium strain CNA058 in FP medium. 
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 26   CNA058  

Figure 26. Wet cells of bacterium strain CNA058 after centrifugation. 

 

      
 

 27    methanol : acetone (2:1) 

Figure 27. Extraction of carotenoid in solvent mixture of methanol : acetone (2:1). 

 

      
 

 28   methanol 

Figure 28. Carotenoid extract in methanol. 
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 29    CNA058 

Figure 29. Dried carotenoid extract from bacterium strain CNA058. 
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Figure30. Effect of agitationtion on carotenoid production by bacterium strain CNA058. 
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 31   CNA058 

Figure 31. Effect of temperature on carotenoid production by bacterium strain CNA058. 
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Figure 32. Effect of pH on carotenoid production by bacterium strain CNA058. 
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Figure 33. Carotenoid content of CNA058 when cultivated in media with different glucose 

concentrations. 
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Figure 34. Carotenoid content of CNA058 when cultivated in media with different surose 

concentrations. 
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Figure 35. Carotenoid content of CNA058 when cultivated in media with different wheat flour 

concentrations. 
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Figure 36. Carotenoid content of CNA058 when cultivated in media with different latex 

concentrations. 
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 37    4  

Figure 37. Effect of carbon sources on carotenoid production. 
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Figure 38. Carotenoid content of CNA058 when cultivated in media with different yeast extract 

concentrations. 
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Figure 39. Carotenoid content of CNA058 when cultivated in media with different surimi washing 

water concentrations. 
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Figure 40. Carotenoid content of CNA058 when cultivated in media with different tuna 

condensate concentrations. 
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Figure 41. Effect of nitrogen sources on carotenoid production. 

 

  3   ,  

 1, 5  15  

 250 rpm,  25  

    20  

 47.51    

 1  2.161  

    5  1.63 

 41  total nitrogen 

 (0.56 %(w/v), 0.05 % (w/v) ) 

  

  

 4  (  5 

 20 )  CNA058  

 47.51   



 4 
 

 
  

  37   
  �9   4 

  CNA001, CNA058, CNA074  CNA11� 
 CNA058  3.46� 

 
  CNA058 

 CNA058 
 �50   7.0 

 �5   47.51   
  5 

  �0.94  , 
  , 

    47.51  
 �0  

,   
  Sarcina litoratis, Cellulomonas dehydrogenans, 

Halobacterium cutirubrum, Brevibacterium and Flavobacterium  
CNA058  

, 
 

  CNA058  16S 
rDNA  Gordonia terrae 

 93 
 

64



65

 

  ,       . 2543. 

:VIII. (astaxanthin)  

. .  .22 ( ) 

: 633-639. 

 . 2542. .  

. .179-200.  

Aksu, Z. and Eren, A.T. 2005. Carotenoids production by the yeast Rhodotorula mucilaginosa: 

Use of agricultural wastes as a carbon source. Process Biochem. 40:2985-2991. 

Andrews, A.G., Phaff,H.J. and Starr,M.P. 1976. Carotenoids of phaffia rhodozyma, a red 

pigmented fermenting yeast. Phytochem. 15:1009-1011. 

Appleton, G.S., Kieber, R.J. and Payne, W.J. 1955. The sterol content of fungi II. Screening of 

representative yeasts and molds for sterol content. Appl. Microbiol. 3 : 249-251. 

Bernhard, K.M. and Friedrich,B. 1995. Spatially and temporally defined molecular knockouts. 

 Curr. Biol. 11:112-123. 

Bjorland, T., Liaaen-Jensen, S. and Thorndsen, J. 1989. Carotenoids of marine chrysophyte                          

Pelagococcus subviridis from Norwegian Sea. Phytochem. 28:3347-3353.    

Bocanegra, A.R.D., Legarreta, I.G., Jeronimo, F.M. and Campocosio, A.T. 2004. Influence  of     

environmental and nutritional factors in the production of astaxanthin from 

Haematococcus pluvialis. Bioresource Technol. 92:209-214. 

Borowitzka, 1989. Microalgal Biotechnol. Cambridge University Press, Cambridge, U.K. 

Britton, G., Liaaen-Jensen, S. and Pfander, H. 1995. Carotenoids Vol.1A: Isolationand Analysis.

 Birkhauser Verlag, Basel. 

Chen, F. and Fung, P.I. 2005. Employment of reactive oxygen species to enhance astaxanthin 

 formation in Chlorella zofingiensis in heterotrophic culture. Process Biochem. 40:3491-

 3496. 

Chien, Y.H. and Jeng, S.C. 1992. Pigmenttation of kurama prawn, Panaeus japonicus bate by       

various pigment sources and levels and feeding regimes. A�uaculture.102:333-346. 

Ciegler, F. 1965. Microbial carotenogenesis. Adv. Appl. Microbiol. 7:1-34. 



66

Doi, M., Tsunemi, Y., Asahi, S., Akiyama, S. and Nakao, Y. 1988. Bacillus subtilis mutants 

producing uridine in high yields. Agric. Biol. Chem. 52 : 1479-1484. 

Dufosse, L. and Echanove, M.C. 2005. The last step in the biosynthesis of ary carotenoids in the 

cheese ripening bacteria Brevibacterium linens ATCC 9175 (Brevibacterium auranticum    

sp. nov.) involes a cytochrom P450-depent monooxygenase. Food Res. Int. 38:967-973. 

Dulancy, E.L. 1957. Preparation of ergosterol containing yeast. U.S. Patent 2,817,624. 

Durrer, S., Schlmid, P. and Schlumpf, M. 2004. Endocrine activity and developmental toxicity of 

 cosmetic UV filters-an update. Toxicology. 205:113 122. 

Edge, R., McGarvey, D.J. and Truscott, T.G. 1997. The carotenoids as anti-oxidants. Photochem.  

Photobiol. 41:189-200. 

Erasun, C.E. and Johson, E.A. 2004. Stimulation of astaxanthin formation in the yeast

 Xanthophyllomyces dendrorhous by the fungus Epicoccum nigrum. FEMS Yeast Res.

 4:511- 519.       

Eugster, H. 1995. Carotenoids Vol.1A: History: 175 years of carotenoid chemistry. Birkhauser 

Verlag Basel. 

Fast, A.L. and Menasaveta, P. 2000. Some recent issue and innovations in marine shrimpond  

culture. Rev. Fish. Sci. 8 :151-233. 

Fiasson, J.L., Petersen, R.H., Bouchez, M.P. and Aspin, N. 1970. The effect of carbon dioxide 

concentration and buffer system on nitrate and nitrite and assimilation by Dunaliella 
tertiolecta. J. Gen. Microbiol. 54:327-336. 

Florent, J. and Ninet, L. 1979. Vitamin B12. Microbiol. Technol. 2:497-519.  

Fontana, J.D., Czeczuga, B., Bonfim, T.M.B., Chociai, M.B., Oliveira, B.H., Guimaraes, M.F. and 

Baron, M. 1996. Bioproduction of carotenoids:The comparative use of raw sugarcane 

juice and depolymerized bagasse by Phaffia rhodozyma. Bioresource Technol. 58:121-

125. 

Fung, P. and Chen, F. 2005. Employment of oxygen species to enhance astaxanthin formation in 

Chlorella zofingiensis in heterotrophic culture. Process Biochem. 40:3491-3496. 

Goodwin, T.W. 1972. Carotenoids in fungi and non-photosynthetic bacteria. Ind. Microbiol. 11 : 

29-88. 



67

Goto, S., Kogure, K., Abe, K., Kimata, Y., Kitahama, K., Yamashita, E. and Terada, H. 2001. 

Efficient radical trapping at the surface and inside the phospholipid membrane is 

responsible for highly potent antiperoxidative activity of the carotenoid astaxanthin. 

Biochem. Biophys. Acta. 1512:251-258. 

Guerin, M., Huntlay, M.E. and Olaizula, M. 2003. Haematococcus astaxanthin: applications for 

human  health and nutrition. Trends Biotechnol. 5:130-145. 

Hendry, G.A.F. and Houghton, J.D. 1992. Natural food colorants. Blackie, Glasgow and London. 

Iigusa, H., Yoshida, Y. and Hasunuma, K. 2005. Oxygen and hydrogen peroxide enhance light-

induced carotenoid synthesis in Neurospora crassa. FEBS Letters. 579:4012-4016. 

Izumi, Y. and Yamada, H. 1989. Microbial production of biotin, Biotechnology of vitamins, 

Pigments and Growth Factors. In E.J. Vandamme. Appl. Sci. Res. 5:231-256.  

Jensen, S.L., Gesser, B., Deleuran, B. and Lund, b. 1995. Interleukin-8 induces its own production 

in CD4T lyphocytes : A process regulated by interleukin 10. Biochem. Bioph. Res. 3:660-

669. 

Jhonson, E.A. and Lewis, M.J. 1979. Astaxanthin formation by the yeast Phaffia rhodozyma. J. 

Gen. Microbiol. 115 : 173-183. 

Johana, M.O., Ake, L., Annette, P. and Peter, H. 2003. Oral bioavailability of the antioxidant 

astaxanthin in humans is enhanced by incorporation of lipid based formulations. J. Pharm. 

Sci. 19:299-304. 

Katsuhiko, F., Eri, I., Hisatoshi, N., Osamu, O. and Akihiko, S. 2006. Isolation of the non-

fastidious microalga with asataxanthin-accumulating property and its potentialfor 

application to a�uaculture. A�uaculture. 261:285-293. 

Kopsel, C., Moltgen, H., Schuch, H., Auweter, H., Kleinermanns, K., Martin, H.D. and 

Bettermann, H. 2005. Structure investigations on assembled astaxanthin molecules. J. 

Mol. Struct. 750:109-115. 

Latscha, T. 1991 Carotenoid in a�uatic animal nutrition. In proceedings of the a�uaculture feed

 processing and nutrition workshop. Thailand and Indonesia. 68-79. 

Li, H.B. and Chen, F. 2001. Preparative isolation and purification of astaxanthin from the 

microalga Chlorococcum sp. By high-speed counter-current chromatography. 

Chromatography  A, 925:133-137. 



68

Lim, G.B., Lee, S.Y., Lee, E.K., Haam, S.J. and Kim, W.S. 2002. Separation of astaxanthin from 

red yeast Phaffia rhodozyma by supercritical carbon dioxide extraction. J. Biochem. Eng.  

11:181- 187. 

Liu, Y.S., Wu, J.Y. and Ho, K.P. 2006. Characterization of oxygen transfer conditions and their 

effects on Phaffia rhodozyma growth and carotenoid production in shake-flask cultures. J. 

Biochem. Eng. 27:331-335. 

Lopez, M., Arce, L., Garrido, J., Rios, A. and Valcarcel, M. 2004. Selective extraction of 

astaxanthin from crustaceans by use of supercritical carbon dioxide. Talanta. 64:726-731. 

Lorenz, R.T. 1998. A technical review of Natu Rose TM Haematococeus algae meal. Nature. 4: 

209-220. 

Lorenz, R.T. and Cysewski R. 2000. Commercial potential for Heamatococus microalgae as a  

natural source of astaxanthin. Tech. Phys+. 18:90-110. 

Malea, M.C.G., Brindley, C., Rio, E.D., Acien, F.G., Fernandez, J.M. and Molina, E. 2005. 

Modelling of and accumulation of carotenoids in Haematococcus pluvialis as a function 

of irradiance and nutrients supply. Biochem. Eng. J. 26:107-114. 

Meyer, P.S. and Preez, J.C.D. 1994. Effect of culture conditions on astaxanthin production by a 

mutant of Phaffia rhodozyma in batch and chemostat culture. Appl. Microbiol. Bitechnol. 

40:780-785. 

Meyer, P.S., Preez, J.C.D. and Kilian, S.G. 1993. Selection and evaluation of astaxanthin-

overproducing mutants of Phaffia rhodozyma. Microbiol. Biotechnol. 9:514-520. 

Misawa, N. and Shimada, H. 1998. Metabolic engineering for the production of carotenoids in 

non-carotenogenic bacteria and yeasts. Biotechnol. 59:169-181. 

Miki, W. 1991. Biological functions and activities of animal carotenoids. Pure. Appl. Chem.  

63:141-146. 

Nageswara, R.R., Naseeruddin, A.S. and Nageswara, R.B. 2005. Preparative isolation and

 charaterization of some minor impurities of astaxanthin by high-performance li�uid

 chromatography. Chromatography.1076:189-192. 

Ninet, L. and Renaut, J. 1979. Carotenoids. Microbiol. Technol 2:529-544. 

No, H.K. and Storebakken, T. 1992. Pigmentation of rainbow trout with astaxanthin and 

cantaxanthin in freshwater and seawater. A�uaculture. 101:123-134. 



69

Ozaki, M., Tagiwa, S. and Kimura, T. 1972. The accumulation of orotic acid and orotidine by a 

mutant of Streptomyces showdoensis. Amino Acid. Nucleic. Acids. Res. 26 : 24-30. 

Palo, M.A., Vidal-Adeva, L. and Maceda, L. 1960. Study on ang-kak and its production. Phillipine 

J. Sci. Soc. 89 :1-22. 

Peter, S.M. and James, C.D.P. 1994. Effect of culture conditions on astaxanthin production by a 

mutant of Phaffia rhodozyma in batch and chemmostat culture. Appl. Microbiol. 

Biotechnol. 40:780-785. 

Perlman, D. 1977. Microbial production of therapeutic compounds. Microbiol. Technol 20:251-

307. 

Pfander, H., Deli, J., Molnar, P., Matus, Z., Toth, G. and Traber, B. 2001. Prenigroxanthin [(all-

 E,3R,3%S,6%S)-b,g-carotene-3,3%,6%-triol], a novel carotenoid from red paprika 

 (Capsicum annuum). Tetrahedron Lett. 42:1395 1397. 

Ramirez, J., Gutierrez, H. and Gschaedler, A. 2001. Optimization of astaxanthin production by 

Phaffia rhodozyma through factorial design and response surface methodogy. Biotechnol. 

88:259-268. 

Rao, R.N., Alvi, S.N. and Rao, B.N. 2005. Preparative isolation and characterization of some 

minor impurities of astaxanthin by high-performance li�uid chromatography. 

Chromatography A, 1067:189-192. 

Rengpipat, S., Phianphak,W., Piyatiratitivorakul, S. and Menasaveta, P. 1998. Effects of a 

probiotic bacterium on black tiger shrimp Penaeus monodon survival and growth. 

A�uaculture. 167:301-313. 

Ross. I. K. 1979. Biology of fungi. McGraw-Hill, New York. 

Sachindra, N.M. and Mahendrakar, N.S. 2005. Process optimization for extraction of carotenoids 

from shrimp waste with vegetable oils. Bioresource Technol. 96:1195-1200. 

Sarada, R., Tripathi, U. and Ravishankar, G.A. 2002. Influence of stress on astaxanthin production 

in Haematococcus pluvialis grown under different culture conditions. Process Biochem. 

37:623-627. 

Schoefs, B. 2003. Chlorophyll and carotenoid analysis in food product. A practical case-by-case 

view.  Anal. Chem. 22 :115-123. 



70

Shimizu, N. 1996. Carotenoids as singlet oxygen �uenchers in marine organisms. Fisheries. Sci.  

62 :134-7.  

Shimizu, S., Esumi, A., Komaki, R. and Yamada, H. 1984. Production of coenzyme A by a mutant 

of Brevibacterium ammoniagenes resistant to oxypantetheine. Appl. Environ. Microbiol. 

48 : 1118-1122. 

Shimizu, S. and Yamada, H. 1989. Microbial production of polysaturated fatty acids, 

Biotechnology of Vitamins, Pigment and Growth  Factors. Appl. Sci. 3: 105-121.  

Silhankova, L. 1985. Genetic control of thiamine excretion and of its suppression in 

Saccharomyces cerevisiae. J. Inst. Brew. 91 : 238-241. 

Stahl, W., Sies, H. 2005. Bioactivity and protective effects of natural carotenoids. Biochim. 

Biophys. Acta. 1740:101-107. 

Sutter, R.P. 1975. Mutations affecting sexual development in Phycomyces blakesleeanus. Proc. 

Nat. Acad. Sci. USA. 72:127-300. 

Tani, Y. 1989. Microbial production of vitamin K2 and vitamin K1, Biotechnology of Vitamins, 

Pigment and Growth  Factors. In E.J. Vandamme. Appl. Sci. 5:123-136. 

Tani, Y., Nagamatsu, T., Izumi, Y. and Ogata, K. 1972. Studies on vitamin B6 metabolism in 

micro-organisms. Part XI. Extractcellular formation of vitamin B6 by marine and 

terrestrial micro-organisms and its control. Agric. Biol. Chem. 36 : 189-197. 

Tani, Y. and Tsumura, H. 1989. Screening of tocopherol-production microorganisms and α-

tocopherol production by Euglena gracilis Z. Agric. Biol. Chem. 53 : 305-312. 

Tinoi, J., Rakariyatham, N. and Deming, R.L. 2005. Simplex optimization of carotenoid 

production by Rhodotorula glutinis using hydrolyzed mung bean waste flour as substrate. 

Process.Biochem. 40:2551-2557. 

Torissen, O.J. 1996. Effective use of carotenoids for salmon flesh pigmentation. A�uat. Sci. 2:45-

48. 

Van Lanen, J.M. 1954. Production of vitamins others than riboflavin. Chemical. 2:191-216. 

Visser, H., Ooyen, V. and Verdoes, J.C. 2003. Metabolic engineering of the astaxanthin-

biosynthetic pathway of Xanthophyllomyces dendrorhous. FEMS Yeast Res. 4:221-231. 



71

Vustin, M.M., Belykh, E.N. and Kishilova, S.A. 2003. Relationship between astaxanthin 

production and the intensity of anabolic processes in the yeast Phaffia rhodozyma. 

Microbiol. 73:751-757. 

Waldenstedt, L., Inborr, J., Hansson, I., Elwinger, K. 2003. Effects of astaxanthin-rich algal meal 

(Haematococus pluvalis ) on growth performance,caecal campylobacter and clostridial 

counts and tissue astaxanthin concentration of broiler chickens. Anim. Feed Sci. Tech. 

108:119-132. 

Wang, W., Yu, L. and Zhou, P. 2005. Effects of different fungal elicitors on growth, total 

carotenoids and astaxanthin formation by Xantophyllomyces dendrorhous. Bioresource 

Technol. 3:25-32. 

Yamane, Y.I., Higashida, K., Nagashimada, Y., Kakizono, T. and Nishio, N. 1997. Influence of 

oxygen and glucose on primary metabolism and astaxanthin production by Phaffia 
rhodozyma in batch and fed-batch culture: Kinetic and stoichiometric analysis. Appl. 

Environt. Microbiol. 63: 4471-4478. 

Yokoyama, A., Shizuri, Y. and Misawa, N. 1998. Production of carotenoids, astaxanthin 

glucosides, by  Escherichia coli transformants carrying carotenoid biosynthetic genes. 

Tetrahedron Lett. 39:3709-3712. 

 

 

 

 

 



72



73

 

1. FP Medium (  Galaup , 2005 ) 

D-glucose     20   

Casamino acid     5     

Yeast extract     1    

KH2PO4      1    

Sea water     1  

  1  

 (autoclave)  110   20  

 

2. Nutrient broth 
Nutrient broth     8      

Sea water     1      

  nutrient broth  1   

(autoclave)  121   15  

 

3. Nutrient agar 
Nutrient broth     8     

Agar      20   

Sea water     1     

  nutrient broth  1  

 (autoclave)  121   15  
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 42   CNA058  nutrient broth  

Figure 42. Growth curve of CNA058 in nutrient broth in dark condition. 
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 43   CNA058  FP  

Figure 43. Growth curve of CNA058 in FP medium in dark condition. 
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 44   CNA058  nutrient broth  

Figure 44. Growth curve of CNA058 in nutrient broth in light condition. 
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 45   CNA058  FP  

Figure 45. Growth curve of CNA058 in FP medium in light condition. 
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Figure 46. Standard curve of carotenoid. 
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 12  

Table 12.    Growth and carotenoid production of marine bacterium. 

 

Strain  Bottle weight (g)      content weight (g)  carotenoid (g) 

PK5.1       13.5074   13.5228        0.0154 

PK14.2       13.2114   13.2344        0.0230 

PK18.1       13.5286   13.5466        0.0180 

PK18.2       13.2493   13.2695        0.0202 

PK21.1       13.0935   13.1150        0.0215 

PK22.1       13.2346   13.5353        0.3007 

PK29.1       13.5224   13.5460        0.0236 

PK29.2       13.5044   13.5252        0.0208 

PK34.1       13.4243   13.4185        0.0142 

PK34.2       13.0248   13.0424        0.0176 

CNA001       13.1984   13.2089              0.0105 

CNA004       13.1934   13.2104        0.0170         

CNA006       13.2896   13.3037              0.0141  

CNA008       13.2184   13.2320                    0.0136  

CNA010       13.2733   13.2865        0.0132  

CNA013       13.1636   13.1726        0.0090  

CNA014       13.1573   13.1653        0.0080  

CNA018       13.1754   13.1834        0.0080  

CNA022       13.3031   13.3074        0.0043  

CNA027       13.4059   13.4705        0.0646     

CNA033      13.1843   13.3333        0.1490  
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Table 12.    (Cont.) 

 

Strain  Bottle weight (g)      content weight (g)  carotenoid (g) 

CNA034       13.2339   13.2461        0.0122  

CNA035       13.2177   13.2741        0.0564  

CNA051       13.2805   13.2957        0.0152  

CNA053       13.2105   13.2315        0.0210  

CNA054       13.1148   13.1288        0.0140  

CNA058       13.3542   13.3655        0.0113  

CNA061       13.6871   13.6981        0.0110  

CNA063       13.2251   13.2681        0.0430  

CNA074       13.1539   13.1928        0.0389  

CNA075       13.1224   13.2576        0.1352  

CNA112       13.3639   13.3818        0.0179  

CNA113       13.5842   13.5994        0.0152  

CNA114       13.4102   13.5552        0.1450  

CNA142       13.0312   13.0522        0.0210 

CNA148       13.5001   13.5044        0.0043  

CNA149      13.2657   13.2811        0.0154 
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 13  CNA001, 058 074  112 

Table 13.    Growth and carotenoid production of marine bacterium strain CNA001, 058 074 and 

112. 

  

Strain     cells weight (g/l)        carotenoid (g/g cell) 

CNA001          47.2       0.1326 

CNA058                                               51.4        0.2122 

CNA074         116.1       0.5287 

CNA112          52.9        0.399 

 

 14  CNA058  150, 200  250 

 

Table 14.    Growth and carotenoid production of marine bacterium strain CNA058 at 150, 200 

and 250 rpm. 

 

     Agitation(rpm)  cells weight (g/l)        total carotenoid (mg)/g cell 

150    6    2.596 

 150    5.7    2.62 

 150    61    2.60 

 200    5.7    6.16 

 200    5.5    6.216 

 200    5.8    6.178 

 250    4.2    9.068 

 250    4.5    9.075 

250    4.3    9.072 
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 15  CNA058  20, 25  30 

 

Table 15.   Growth and carotenoid production of marine bacterium strain CNA058 at 20, 25 and 

30 OC 

 

     Temperature(OC)      cells weight (g/l)    total carotenoid (mg)/g cell 

20    6.2    2.16 

 20    6.5    3.26 

 20    5.9    2.59 

 25    10.1    3.99 

 25    10.8    3.97 

 25    11.2    3.93 

 30    11.8    1.99 

 30    10.9    1.95 

 30    12.0    2.00 

 

 16  CNA058  6, 7  8 

Table 16.    Growth and carotenoid production of marine bacterium strain CNA058 at pH 6, 7 and 

8. 

 

  pH     cells weight (g/l)     total carotenoid (mg)/g cell 

6    19.5    3.323 

 6    19.9    3.322 

 6    19.2    3.055 

 7    10.8    6.905 

 7    11.0    6.910 

 7    10.3    6.904 

 8    11.5    3.235 

 8    11.1    3.077 

8    11.4    3.234 
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 17  CNA058      

5, 10  20  

Table 17.   Carotenoid production from marine bacterium strain CNA058 by glucose 

concentration is carbon source at 5, 10 and 20 g/l. 

 

     Glucose (g/l)   cells weight (g/l)        total carotenoid (mg)/g cell 

5               2.1    25.244 

 5                2.2    20.146 

 5                1.7    17.431 

 10                1.5    14.244 

 10               2.3    16.048 

 10                5.1    32.514 

 20               2.8    17.494 

 20                 2.4    22.007 

20               5    18.591 

 

 18  058  5, 

10  20  

Table 18.   Carotenoid production of marine bacterium strain CNA058 with the sucrose 

concentrations is at 5, 10 and 20 g/l. 

 

     Sucrose (g/l)   cells weight (g/l)   total carotenoid (mg)/g cell 

5                5.7    17.804 

 5                8.1    14.090 

 5                5.9    12.918 

 10                12.6    10.179 

 10                6.5    16.988 

 10                7.6    18.460 

 20                5.7    12.044 

 20               5.5    10.904 



82

 18 ( ) 

Table 18.   (Cont.) 

 

     Sucrose (g/l)   cells weight (g/l)   total carotenoid (mg)/g cell 

20                6.3    13.634 

 

 19  058  5, 

10  20  

Table 19.   Carotenoid production of marine bacterium strain CNA058 with the wheat flour 

concentrations at 5, 10 and 20 g/l. 

 

 Wheat flour (g/l)   cells weight (g/l)        total carotenoid (mg)/g cell 

5                41.5    0.233 

 5                16.1    0.526 

 5                13.9    0.517 

 10                23.7    0.473 

 10               28.8    0.449 

 10                28.9    0.590 

 20                62.2    0.374 

 20               61.3    0.482 

20                62.4    0.461 

 

 20  058  5, 10 

 20  

Table 20.   Carotenoid production of marine bacterium strain CNA058 with the latex 

concentrations at 5, 10 and 20 g/l. 

 

     Latex (g/l)   cells weight (g/l)        total carotenoid (mg)/g cell 

5               8.8    0.944 

 5                6.2    1.280 
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 20 ( ) 

Table 20.   (Cont.) 

 

     Latex (g/l)   cells weight (g/l)        total carotenoid (mg)/g cell 

 5                7.3    1.310 

 10               9.9    0.483 

 10                14.3    0.578 

 10                12.3    0.608 

 20                22.8    0.469 

 20               21.8    0.457 

20               14.8    0.554 

 

 21  CNA058 

 1, 5, 15, 20  25  

Table 21.   Carotenoid production of marine bacterium strain CNA058 with the yeast extract 

concentrations at 1, 5, 15, 20 and 25 g/l. 

 

     Yeast (g/l)   cells weight (g/l)        total carotenoid (mg)/g cell 

1              3.3    3.320 

 1              3.8    2.535 

 1              3.9    2.674 

 5             9.7    12.033 

 5                9.9    14.063 

 5                9.5    19.826 

 15                22.3    34.641 

 15                23.0    33.596 

 15                23.0    33.726 

 20                25.7    47.900 

 20                26.2    45.523 

 20               24.8    48.109 
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 21 ( ) 

Table 21.   (Cont.) 

 

     Yeast (g/l)   cells weight (g/l)        total carotenoid (mg)/g cell 

 25                26.3    46.776 

 25                26.7    46.377 

 25                28.8    45.219 

 

 22  CNA058 

 1, 5  15  

Table 22.   Carotenoid production of marine bacterium strain CNA058 with the surimi washing 

water concentrations at 1, 5 and 15 g/l. 

 

Surimi washing water (g/l) cells weight (g/l)   total carotenoid (mg)/g cell 

1              1.9    1.873   

 1              1.5    1.156 

 1              1.4    3.455 

 5              1.8    2.554 

 5              1.9    0.985 

 5              1.6    1.257 

 15              2.0    1.811 

 15              2.0    1.964 

15             2.0    0.886 
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 23  CNA058 

 1, 5  15  

Table 23.   Carotenoid production of marine bacterium strain CNA058 with the tona condensate 

concentrations at 1, 5 and 15 g/l. 

 

Tuna condensate (g/l)     cells weight (g/l)   total carotenoid (mg)/g cell 

1          1.7    0.745   

 1            1.9    1.904 

 1           2.0    1.746 

 5            2.0    2.066 

 5            1.9    0.875 

 5            1.8    1.949 

 15          2.3    1.719 

 15          2.2    0.949 

15           2.3    2.420 
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