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�.L�� � p��9 /� �
��
�9)� N��� �� �>��?� ��!)��*� 1���A� 0��� ���r��� �)( N�<_ /� w�*7� ��!

� ������� �� v*"C� 5���V 
� �V�9 	� ��( ��
�� 0B�)C� )��)� 
� 1���A� 0���/ �
�.��� �� � ����

�)_ 	��H"�� �
�� 	�)"2. 
�=�� 
�)�. .�� ���!)��*� �"P�
 �� ���� �� ���F 
�"9�� )���� �� $��:�!

Nr� � p��9 �)q ���� )J� �
�� m
�?� �� �(�� �� v*"C� ��!(Reddy et al.,2003) . ����� m)?�

 ��<�)A� 0���( 
� ��"�4�[]} �� $� ���*�� m)?� �� /��� ���F ���� �q ���[a} 19�� $� ���*��

*�2- �
�� �(Suriyamongkol et al., 2007) G�8� �
�� ���� )! ���� $�� /� $� 
�,! �!V ���!

|����_� 
� � 	� ����
� �� 5�6� �! �� ��()� 12�/ G�8� )� �
 ���*7��� 3�)Q� � �q �
�D. )Reddy 

et al.,2003(.

�!� /�[cX} �)8� ~�_� �� �+�� 0�"H� ����"� ��! ���� �AA8� ��! �� /�. � 1H� 5���� ����� )� ��<� $

1���� ~�_� .�)8� +��,-� $��:�! � /�. � 1H� 1��_ +��,-� �� �/�. 5�6� N�<_ /� �"2�/ G�8� ��!

CO2� 0$��/ 	)� �� �). 0���"�4� 3�;��@ w)C� 3�)Q� 0)H2��� 
�T4!N�<_ /� �
��2� ��

T�
 �� 3�;��@ 1-��/�� �@ 1����� 0������� ��! ���� ���/�� /� 	��H"�� �� ��)�� ���� �� � 3�;�

1-). 3
�V 12�/ G�8� �HP 1�( 
� ���"�4� (Queiroz, Collares-Queiroz, 2009).

T4� �*�( /� 034�#� $�� +!�� �� � 5-
 ��)� �"-). ��6�� ��!I�"�4� ���� 12�/ ��! B�)C� )�D�

 )�D��6� � �;�<= ��#�� �������� �"I�"�4����""-). ������.I�"�4���� I�"�4� 0�! �� ���!

 /� ����H"� ��!V
��"2�/ ��!)��*� �"H� ��#�� �� 1�4���)� ��!)��*� ��)� �<���� $�, ��( �

)�*� $�H�� �*� � �! �!)"�� (������ .I�"�4���� B�)C� 12�/ N�<_ /� �V��9 �� �! �� �
�./�� 0�)�D�

G�8� 012�/ �6� 5���� /� ���� 1�*��_ � wF ���� � ���� NP�)� 
� )"�� ��)�� m)?� 0)�D�
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-$�IJIJ5�/��1�)�	��� ���� ��!~����I�"�4����(Queiroz, Collares-Queiroz, 2009)

�� �2�� ��,6� � B�)C� 
� $�)� �"2�/0I�"�4� �� 1��_
 �� ����( 
�/�� 
� �� K��"� � ����;� ��!

�� �"H� ��#�� �/��)� )Queiroz, Collares-Queiroz, 2009(.

� 1;�V ����� ��(� ���� ���� 
��2� I�"�4���� ��� ����� g! 0���[d} 
� ���( S7� 
� 1�)�

�� K�;- 1;�V $�� �� � ���� � �";�V |��A� 
� ��.������� �������� �";�V%
� �
[X	�).

g�2A� I�"�4���� v*"C� �)� ���)N��[i[.(]a���� /� 	�������[d} ����� 01�)�]}} 
�,!

4���� $� 
� I�"�[]�� ���� v*"C� 
�#� 1�)� 5�6� � ��� � ����F 0���)�F 
� 	������� ��!

�� g#n �� $��� �
�9 .1�)� 5�/�� N�� 
� ���( 
� I�"�4���� 	��� ���� ��![if	��� ��#�

1�� 	�(Queiroz, Collares-Queiroz, 2009).

1 Pilot  
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$�-IJKJ5�/��1�)�	��� ���� ��!
� I�"�4�������((Queiroz, Collares-Queiroz, 2009)

IJIJ�%�*D 5��	W��  

�"2�/ ��!)��*�*� 01�� $��� � �"��� +A� ���F ���� ��F)- 
� 	�/ 3���(�� �� �"2! ���!)��

�� )�D��6� � �;�<= ���� /� �� � ���� ��������� ��#�� ��
�� �M,( �� � N��� 
�=)�"2�/ 	��� (����

B�)C� 12�/ � ��� ���� )�D�(Queiroz, Collares-Queiroz, 2009).

�"2�/ ��!)��*� �� �
 �� ����\���� g�2A� 	�).)N��[i\((Queiroz, Collares-Queiroz, 2009):

[(�� �� ���!)��*� �� ��)C"�� �"2�/ 	��� /� g�A"2� 
�= �� b��� ,��*� /� �� ���!)��*� K��� 
�=

	� ��)C"�� 	� {4V� �"��#� �� �� ���!)��*� �� � �� ��.

f(�,�
 G��� ���A"2� �� ���!)��*�	
��/� �� ���� �! �*� N�<_ /� b��� �2��
�! 3������F �!)PHAs.( 

\(�� ���� )�D��6� ����� ���� /� �� ���!)��*� �� b��� �*� K��� 
�= ��� I�"��)PLA(0

�*���� $*���)BPE (�� ���� K����� ��� /� 	� ���� $*��� �����,�)��*� /� �� b��� 
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�./�� ��!
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����� �";�V 2� �";�V �
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1�)� G��� �";�V |Chemie Linz 
�

-

IJKJ��  �����

m)?� +��,-� ��

12�/ B�)C� � 0)�D�

1�( 
� �
��2��

�*� ���F �2��
�!

�� �"-). 
�)_ �;��7�

)PHB (|��A� 
�



K��� N?-:��A�

6

�2��
�! 3�)����)3HB ( �)R(i\i�2��
�! 3�)���)3HV) (PHBV ( G���ICI � ��"2* �� 
�

TianAn � $�n 
� .K�� N����f}}c 1�)� 0Metabolix � ���)�F 
�Tianjin Green Bioscience 

��� �� 
��_ $�n 
� B��)� �� �a}}}} �[}}}} K�� 
� $�PHA ���� .1�)� /� ��
�,. )<";� ��!

 ���� � 3�A�A8� 
� �� ����(PHA �� K�;- K�( 
� ����[i[1�� 	� �M�
�(Chen, 2009).

*��!�2q�
�3����r�F *� 0�!��!)"������
 G��� �q �����	
��/��, �!�9� 5<�� ����> �� v*"C��	)

)�����)� 
� ���� ���
 w�*7��� G)��A��� ��8� )�-�@� $�)q 
�OP 
� 3�H2- � ���)"�(����

�
�� � 	��1�4���)� ���#� p��9 �!�>��?��*� �������)��� $*����� )Khanna and 

Srivastava, 2005(.

���)��� ����PHA����� 0���� �;��� � �
 NP�)� /� 0$�
� 
� �/�� 	�.)��C� �;��7� 0��/)� ��!%

1�� 	� N��#� �";�V |��A� +��,-� � �";�V ���� � �!� #���/F .��	�/�� )� )Qh� N���> 0�*� 
�=

 ���)��� ����PHA /� ��
�<> :1<2� 0���*� �
 1>)� 0���*� 1J*UPHA 0���*� I#9 �/� ��

� �)"2��� 0��� ���*� 1J*U �� ���
 ��)� �/� ���/ ��*C� � ��)C"�� T�
PHA (Chen, 2009) .

g�� �*� 1�,� $�)� �2q�
�! 3����r�F ��"�4� /� �
 ���F �q �! �� ,���"� �>��?� ��! 0����

12�/ B�)C� �� ���F �)�D� ��� .�� ���� �� )6�� �/��! G��)� 
� ���F �"2�/ ��,6� �2q� wF � $�)q

�� G��)� 
� � ��� �� �� �/��! q��2 �� ���� ��"� � $�)q ���(Reddy et al., 2003).1�V�9 $��

�� �>�� �*� �"2�/ B�)C� �q ��� �2q�
�! 3����r�F 3� 
� 1����q G��)� 
� �! �� +� ���/ 

0��#� N�<� ��9 �� �4��q � �"-). 3
�V �"H! 1#! �2�q N��q B�)C� �q ���P 
� ��! �"2� ��� 

1Fermentor  
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���DU ���� � ^�( /��*��P $*���)�90 �
�� /��� ���/ K�� )Queiroz, Collares-Queiroz, 2009(.

;��<IJIJ1�)� 	������� ��!PHA ���( 
�(Chen, 2009) 

Company Types of PHA Production scale 
(t/a) Period Applications 

ICI, UK PHBV 300 1980s to 1990s Packaging 

Chemie Linz, Austria PHB 20–100 1980s Packaging & drug 
delivery 

btF, Austria PHB 20–100 1990s Packaging & drug 
delivery 

Biomers, Germany PHB Unknown 1990s to present Packaging & drug 
delivery 

BASF, Germany PHB, PHBV Pilot scale 1980s to 2005 Blending with Ecoflex 
Metabolix, USA Several PHA Unknown 1980s to present Packaging 

Tepha, USA Several PHA PHA medical 
implants 1990s to present Medical bio-implants 

ADM, USA (with 
Metabolix) Several PHA 50 000 2005 to present Raw materials 

P&G, USA Several PHA Contract 
manufacture 1980s to 2005 Packaging 

Monsanto, USA PHB, PHBV Plant PHA 
production 1990s Raw materials 

Meredian, USA Several PHA 10 000 2007 to present Raw materials 
Kaneka, Japan (with 

P&G) Several PHA Unknown 1990s to present Packaging 

Mitsubishi, Japan PHB 10 1990s Packaging 
Biocycles, Brazil PHB 100 1990s to present Raw materials 

Bio-On, Italy PHA (unclear) 10 000 2008 to present Raw materials 
Zhejiang Tian An, 

China PHBV 2000 1990s to present Raw materials 

Jiangmen Biotech Ctr, 
China PHBHHx Unknown 1990s Raw materials 

Yikeman, Shandong, 
China PHA (unclear) 3000 2008 to present Raw materials 

Tianjin Northern Food, 
China PHB Pilot scale 1990s Raw materials 

Shantou Lianyi 
Biotech, China Several PHA Pilot scale 1990s to 2005 Packaging and medical 

Jiang Su Nan Tian, 
China PHB Pilot scale 1990s to present Raw materials 

Shenzhen O’Bioer, 
China Several PHA Unknown 2004 to present Unclear 

Tianjin Green Bio-
Science (+DSM) P3HB4HB 10 000 2004 to present Raw materials & 

packaging 
Shandong Lukang, 

China Several PHA Pilot scale 2005 to present Raw materials & 
medical 
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K�� 
� p��9 �� �(�� �� 0)�9� ��!��� �*� ��)� 	� �2q�
�! 3����r�F N�<_ /� ) �� p��9 � �!

12�/ �*� 1;�<= 0�
�./�� p��9 � �)"�� �)�
�� ���F �)��"��� � �"�4���)�PHA 5���V 
�

�"2� 0�"���� 0���
�� 0�/
��#� 0���"�4� 0�����"��� ��! %N��P � �!�
�� 0���,� ��!

����,-� 0����
�
�� 19�� /� ��( ~�� ����> �� � �"-�� �;��� 
��2� 0���
�9 ��! �
�� ,�� �"2�/

�:�! b1�� �"-). 
�)_ 	��H"��$�z��)� /� $� �� � �! �� ���)� ��!PHA g�J�� ��)�19�� �/��k

	
��/��,�
 $�z��)� ��*C� � ��-! ��!�
�� 0�";�V ��! 1�� 	� 	��H"�� �!(Chen, 2009).

�;"� 
��2� ��!�)�
�q ��(� �� ��� �*� �2q�
�! 3����r�F 	��H"�� 1�*��_ � �! /� 0v*"C� 5���V 
� ���F

g�� $�)�*��>���!)��*� �� �2��A� 
� ���F ���/ 1��_ 01�� 	�)q ��8� �
 ���F ����( 	��H"�� �q

�� �>��?� ��� .g�� /� ��
�<> ���� �� )Qh� 	� ���� )��*� 1��_ )� �q �*���> $�)� :5<�� 1��_

	)�� � 	� ���� )��*� 
�A� 0)��C� ��F)- ���,! 0�/���( NP�)� ���,! 0$�)q ��F �
 .$��)����

�*� ���� ���,! +!�q 1�( 
� �q ���A�A8� �2q�
�! 3����r�F �� ��6�� �! ����/ 
� 0��� �H*"C� ��!

�)"q �� T
�)� � �/���( N�<_ /� 	)�� 1�*��_ �� �! $�)q 5���� /� 	��H"�� �� B���� �
 � ��� �!�

��/
� T�
 01��_ �*� ��)C"�� 
� )Qh� ��� ��/
� ��! �2q�
�! 3����r�F ����� 0�! � )��C� G��)� �/��

T�
 /� 	��H"�� 01#q G�8� ���� 1�*��_ �� �"C�
�)� ��!��. ���� � ��� ���*� gq�)� �� 1#q ��!

�*� �2q�
�! 3����r�F �� �! ���)0��)29[\d\(.

IJLJ@��A  X���� 

���� �� /��� 	/�)�� 0	� ��� B��7� �� �(�� ����*��"2�/ ��!) 5���V � 	� �"9��� 4��� ���( 
�

 �����"2�/ ��!)��*� �� �;��� K�P 
� ��� .���� 
��"2�/ ��!)��*� ���� 0

1Implants  
2 Metabolism  
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�*� �2��
�! 3������F 
� � �"-). 
�)_ �(�� �
�� 
��2� 	� ��� ��!�)�
�� � p��9 �� �(�� �� ,�� �!

K�� ,! +!�� 1�( 
� ����/ 3�;��7� )�9� ��! �";�V |��A� 
� ���� ���)- �;��� � ���F ���� ���

1�� �"-). 3
�V.

�*� ���� ��F)- �;��� 0,�� +!�L� $�� m! �2��
�! �)"��� G��� 3�)�����-�)��� ���)���%i

���
 �"9��� � $�)� 	� �*� ���� ��F)- 
� ���� $�)� �2��
�! �! 3������Fi
�"��
 /� 	��H"�� ��

���� � ��F)- )� N�2��"� K��>� )Q� ��
)� � I�)"���"2�/ )��*� �� 	� ���� ���.

�� �(�� �� 1�A-�� ���7>+��,-� 
� ���� �)"q�� G��� ��)9 	)�� /� 	� ���� )��*� V
� K��>� ��

N�2��"� ���P� )��C� G�8� �� �(
�9)0���7>%&'s(+!�L� $�� 
� 0K�A"�� �7��� ���,-� �� ��)"���

)NR ( �;��� N�2��"� K��>� ��F)-� 	��� .
�J�� $�� ��)�N��> )Qh� ��!)
�A� 0N�2��"� K��>� ���/

��)"��� K�A"�� �7��� 1J*U 0N�2��"� (�P�)= /� 	��H"�� �� � 	� w�C"�� N�2��"� K��>� ������ )�

 /� I� )! )Q� �87� R��� T�
 �� +���/FN��> � � 	� �;��7� �! ���� ��)� ��F)- ����� G��)

�*� �2��
�! � �C#� 3�)����.

IJMJ(�*�  .�Y�
 ���3 )��� 

����� $�� 
� 0���� ���� /� ^� � �;��7� �
�� ~�@�� p�?9 
� ��A� K�� N?- 
� +!�L� m�!� 0

+!�L� )� �
�)� �"�D. ��!1�� 	� �M�
� ��� N?- 
� .���� ��� N?- 
� �/F ��! T�
#����!�  

	��H"�� �
����6�� v*"C� NP�)� 
� +!�L�1�� 	� 	��� {)� .N?- 
� ���F )�2H� � +���/F ���"�

 �
��n 	� �M�
� ���)�� �M��� �)�. �6�"� g6�� N?- 
� ��6 	� �M�
� +!�L� ����� ��)� �!����#��

1��.

1 Watresia eutropha 


