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' 	)0 .�	 

��� 23 4� 5��*� 6�
! �+ � � 78)&��� �	 9���
 �*2 ��:�  ;  7������� �+*�� !�� ;�0. 2*�  ;� :��

��"#�$% Chlorella vulgaris �+ �� � � 2*�  ;� :���+ -: <�=7 2+�� ��)
� 8)&��� �	 ,>� -:  �+  

 '#*?�� 8�)&8�)& ���= .������� �� � @*% �+  	 � � ������� �+ ,>� �+ "A? ��)
� 8)&���   

>+ ;  �	�� �	 6�
! �3 ;B
*�   �#.@ �3 ;,>� C�D
 8�)& ������   �� ���9 ��*�3� ;-�E 6: 

	�)
 ���+ '���F ���=. ��@�G 6�D@ 	�	 2*�  ;� :����"#�$% C. vulgaris �+ H	!�+ ������� 5��*���=� 

	)+   IJ�+ �%���2 H	!�+ ������� �0. 7�*�KA3 H	����� !� ��)
� 8)&��� IJ�+ �.��L ��:��� ,�M�@� <�$   

N�@�;7 23�? �
	 ;�AJ*�� '  23�? H!��@� �O�*8�% �0 .H	����� !� -: <�= H��A3 �+ 15 F	*�M 2+�� 

��)
� 8)&��� �	 2*�  ;� :��  ������� R�)� 8)&��� �	 50 F	*7�M H	!�+ ������� �� �� 96/22 �&�	 

�%���2 	�	 �? 63/18 �&�	 +*2 !� �(�� 6 �+ 2*�  ;� :��   � �>+ ;  �	�� 	)+ .���+ '?��*X   


*6�% ��*�3� ;-�E ��"#�$% C. vulgaris 6�D@ 	�	 6�
! 2+�� 8)&��� 5��*� �#Y
 9+�F �Z�>
 � ;�+ 


*6�% ������� ��*�3� ;-�E �*[�#0�� �0�	. 

��9	$� :�2�,; ������� �� �7 ������� 8)&���7 ���	   ;>+ 7�*2 ��:� ;7 Chlorella vulgaris.  

1- 'A*0 '����
 �0�� ]��0��? 7 '�B�& H�^D@�	 7;	�+��? <)�J '3�^D@�	 LA�O
 7���� <)�J H�_D3 4�

"(�
 6���&� 7��0�.6���� 7 

2- ���	���� "(�
 '�B�& H�^D@�	 7;	�+��? <)�J '3�^D@�	 LA�O
 7���� <)�J H�_D3 4� 6���&� 7��0�.6���� 7  
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�+ �$)� �+ @*!� ! � 6 %�� �D+ �+ N�@� ;  

23�? ���L L+��
 .�*�'7 23 4� �3 �	 
!*�� 

�a)� �3 ;�O�������   ������ �+ �)b 

�%��H�� � ;A3�*� ����� ��� )Ayahyan and  

Demibas, 2010( �	 �e�M� 6�%*
 �? �O@: !� .

 ��J �+ 7;N�@� 2�+ �	 ;��$ �������@ ;�3)^(�

 2��%�� �+  � 7;N�@� f�g
   �*()� 2�+

2��%�� ��E�3 7�O*�@ �	 7���  �	 '3�=:

 ������ f�g
 )^(� �h+��'
  23�? �	 �@�)�

 L+��
 �+ !�*@ i3 !�+ �
� 7�0�+ �5)
 L+��
 f�g


'
 ]�.�� ���$ �+ .	)0  '@j)b �+ �$)�

�� 6�
! 6	)+:�a)� �*()� ��� � ;�3 �? '�*.

�+�? ��*3 6�A3 LF�  �	  "� 6 �	 ;�3

�.�!�� 'b �	 �? ���.3 H	)�: '�*.� ���

�a)� �+ 6�0 '
 9��#� '�*.� ;�3  7�@)0

'
 	)a 7H	)� �.�! !� �a)� �*()�  �+ �@�)�

�a)� ;��+ '��%^��$ 6�)�J  '�*.� ;�3

	)0 k�h
 )Mandil, 2003(� ._ '!� 

�a)� �3 ;�$�%^��7 �a)�  '�.�!��� .

23 4� ;�3 	�B�
 ;�	 ��0�= �+  � ;

+*	)�,% 8�)& ����= ��� )Ayahyan and 

Demibas, 2010; Kanno, 2013(. ��� 

 H	)� �.�! !� �*l*( ������� m��b !� �a)�

'
 �*()� 9_(� "� �+ 2�?�    	)0 .  

3 �	A �� �*l*( ������� � � ��*
! �*

'
 H	�
: H)/@ ]��� �+ 6�)�  �.�! ;!�� H	)�

   -)b�
 ������� ���	  	 �+ 7"#�$%��

 ���	  	 �+ ������� H)/@ ]��� �+   "Da

!� '#*?�� �� '��*A*0   '_*@�_
 �  	 ��

 i*.M�	�? X���� 7-)b�
 � � �	 .

,)��  �	   '��
�M
 n*�o� !� p� "#�$ ;�3

 ���M
 ; �� !)�3 H	)� �.�! �? 'h���0

'F�+ -: ;	��!  H�@�
���'
 8�)& 7  �	 .	�*=

'(�� � � �	 �?  '_*@�_
 X���� 7"Da ;�3

,)�� '��*A*0 �� -: !� p� �3  '��	!

"#�$%�� 6: '#.@ �+)b� 6�@���   �3  �+ �3

 	 ��10 '
 8�)& 7�&�	 	�*= )Ayahyan 

and Demibas, 2010; Kanno, 2013( !� .

� � '
 '_*@�_
 ������� ;�3  �+ 6�)�

 7)�  �?�
 "A? �+ �������   8)&���

H	�D� 	�+ <�@ ;!�� )Browne et al., 2009( .

� � !� '
 %*@ '��*A*0 ;�3  ������� �+ 6�)�

	�? H��0� 'A�%@: �������   ,>� �+ )Gong 

and Jang, 2011(.  

� � �5�  q���
 ;�3	�4@ �+ q���
 ;�3

"#�$%��  ���a��   9_0 7H!��@� �+ �$)� �+ 7�3

6: 8 ���
 '()�� H��)�	 7�3  .���.*@ 6�._�

8 �M
 9*(	 �+ "#�$%�� '()�� H��)�	 r�)a 
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6: ;j�+7  � � -���@� �	 �� 'A�
 2M@

 �*l*( ������� ;��+ X���
���� '
  .��?

 �� �� "#�$%�� !� �*l*( ������� �*�KA3

,)�� "E)? H!��@� �*5�� �/� ;	��!  ;�3

6: �	 	)$)
 -: ���M
   "#�$%��  �3 ���

)Halim et al., 2012(.  8�*�AJ !� �B+

������� %*@ ���+ �+ �)Z�
 f�� ;���M+ 

 s)��
 !� ,)�� �+ 7,>� 9
�0 �? H�
: ��	

'F�+ -:  �3�*l*(   H�@�
��� ����
 "� !� 7

;!����$ �
�$- L��
 ��@�
 6)*�����*� H	����� 

	)0 )Halim, et al., 2012( ;!����$ ;��+ .

 ,>�:'F�+ -:   '(  !� '_� !� %*@ H�@�


� � L��
 ;!����$ ;�3- 
 L�� �*hM� ��@�
 ��

'
 H	����� >a �	 �*�#� i�
 !� .	)0  ����

9
�)J �� 9? �+ ���=�*5��: !� ,%�	)*+ �*()� ���

"#�$%��7 �.�! !� ,)g/
 �������  H	)�

��� )Suganya and Renganathan, 

2012� � [)AO
 �	 .(  !� �*l*( ������� ;�3

"#�$%�� �M#b '�? i*.@�_
  	 �	 �3  ;��+

'
 �@)0 :1(  H��)�	 !�   ,)�� 6 �	 !� t)�@

 ,>� ��E !� 'b)��
 �� "� "A? �+ '()��

2��%= 7t)�@ 8��F �+  .j�+ �*(>�   ;����2( 

 �+ 6: ;�)�/
 � �a   '()�� H��)�	 X����

.,>� 6 �	  �*��� t)�@ X��e 9*(	 �+

,>� �3. �+ , � � ���� ��0�	 ;��A? '3	!7 

� � !� H	����� �O*�@ �	  ;��#
 �+ �? '��3

'
 9AJ < 	 i.*@�_
  ��*�+ ���?��� )Wen 

and Johnson, 2009(.  

� � ��� !� '_�  ;>+ � � ������� ;�3

  ���	 )Bligh and Dyer Method( ���. 

�	 ,�� 1957 ���+� ;��AD@�	 �+ <�@ Folch 

 2@���_A3   s)��
 !�<�� ��?-  �+ ,)@��


 �	 	)$)
 ;�3�*l*( '
�A� ������� �)Z�


 .	�? H	����� '3�
 H	)� �.�! �@)A@ "�

Folch ) 6���_A3  1957 (2��
!: �	  ;�3

 �#.@ !� 	)a2  �+1  ,)@��
 �+ <�� ��?

 H	����� �@	�?)Folch et al., 1957( .Bligh 

  Dyer  ,�� �	1959 :2��
! ;�3  �� �+�D


	�	 <�O@� ,>� p_J �#.@ �+�@  �+ �$)� �+  

�����  ;�36: �3 7 6)�? �� � �6: �3 +�  6�)�J

'�&�  H	)� �.�! !� �*l*( ������� � � ����

�� ����= ���F H	����� 	�)
� )Smedes and 

Askland, 1999( .�+ ]��� ��@�G + ���	 

7H�
: �=� 
*6�% (*l*� 	)$)
 �	 �@)A@ ��A? !� 

2 �&�	 7�0�+ � � >+ ;  �	�� 	�_�AJ .+*�� 

#���
 '	��	   ���M
 9? (*l*� ������� H�0 

  �KA3*� ?��*X ��*�3� ;-�E + ���	 

H�
: R�)� ��� � � �+ � � v()� )Folch  

Method( >
�? �6�._ ��� )Iverson et 

al., 2001( .�� 6)�? � � �3   ,>� �3; 
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J)��
 ' ;��+j�+ 6	�+ H	!�+   23�? 6�
! 

������� �� � !� �@�	 �3 ;�� � '8 ���
   

(�@:*% 6: �3 8�)& ����= ��� )Canella et 

al., 1979; Liangfu and Zelong, 2008; 

Wang et al., 2008(.  �+ �$)� �+23 4�  ;�3

<�O@� H�0 � � 8)&��� >AJ H	�� ��   

���L �� ��� )Garcia and Castro, 2003(   


*6�% ��A? ;,>� '
 f�g
 ) 	)0Jacques 

et al., 2006(. �+ �$)� �+ �
!:�2 �3   

8�B(�h
 8�)& ����=7 9AJ ������� �� 


' 6�)� �+ ��0�R #���
 '�	 8���� �3 ;��*�� 

@*% <�O@� 	�	 �� f�g
 N�@� ;23�? ��+� 

)Nandes et al., 2008( "A? �+ ������� .

��� ��)
� '_� !� i�
 ���� � � ;�3 9� 6	�? 

��� '3�*= ��A0!�� 8�#*?�� )Vilkhu and 

Mawson, 2008 (�? �	 M
*]� �3 ;�B�& '

9+�F ��$� ) ���Vinatoru, 2001(.  

@�_
*i. �&�' ������� R�)� ��)
� 

8)&��� �+ ���H�  �?����*6) s)+�
 
' 	)0 

�? b '6: -�#� �3 ;.+*�� ��% ;�	 H	)� 

�
�L _D�*9 '
 	)0   �+ �J�� �� �" H!��@� 

@��/+ '�0� 
' ���?   pl� �O��
 
' 	)0 .

��O�@� ��� -�#� �3 X��� �+ 	�!: 6�0 ���M
 

!�	� ;N�@� ;H��A3 ��� �? �+ 9_0 2�� 

0�+ '�+ /
*R f��b� ,�AJ� 
' 	)0 )Ji and  

Lu, 2006( �	 8)&��� !� H	����� [)AO
 �	 .

"#�$%�� !� ������� ,�M�@� 2��%�� X$)
 �3 

<�$7 t)�@ ���+ 7,>� �
	 ;��*�� �AJ*8� 

7������� ^�.+� ' ��A? �+ 7,>� 23�? 
6�
! ��:���   6�
�@�� -)�h
 
' 	)0 

)Jayasooriya et al., 2004; Mason and 

Riera, 2005; Dolatowski et al., 2007.( 

�	 ��� 23 4� ���+ '5��*� �*2 ��:�  ;

��"#�$% Chlorella vulgaris R�)� -: 

<�=   ��)
� 8)&��� �+ ,>� -w: 7�hM
 �+ 

6�
�@�� ������� �� �   5��*� 6�
! �3 ;

q���
 2+�� 8)&��� �	 �3  	 ����
 

�*2 ��:�  ;  ������� 8�)& ���=   

�M
��. � � ������� �+ "A? 8)&��� �+ 

� � >+ ;  �	��   �KA3*� �M
��. 
*6�% 

��*�3� ;-�E $������ 'p� !� �+*�� !�� ;

�? '@*% �
 �Z@ ���F ���=.  

  

5�� � 6$
1 �>  

.�?1 !��@�; � @�; *+,-��� 

Chlorella vulgaris 

2*� R*/
"#�$%�� �D?Chlorella 

vulgaris  (x ��! �D? R*/
)H �=  	 !� 

 -�*A? �&��J   '�&� �&��J��� H�0 �*�� 

 �?[�)@� ��	�M
   6: �3  <�= ;�!� �+�	  ��*(
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 (���*0 -:) �+ , �$ �	 X*���1  H�0 �y���

���.  

  

��! ���"� ���*+,-�   

�+ �)Z�
 ���+ '5��*� �*2 � :�� ;

��"#�$% C. vulgaris �+  � ;H	!�+ ������� 

7�� � �@)A@ �3 �+ � � �3; 2*� ;� :�� �+ 

7<�= -: 2*�   8)&��� ��)
� �+ ;� :�� 

2*� 78)&��� ��)
�   <�= -: �+ ;� :�� 

H	�
: !�� ;0�.  

  

��! ���"� ��� A� �"9  

���M
 2 <�= !� �@)A@ "Da "#�$%�� 

C. vulgaris  �?�+ 8�
 48 �J�� �	 �
	 ;

45 �$�	 �@��' 	��= �	 :6  )Dena(6���� 7 

"Da �0H 	)+ �� �+)b� 6: �+ 	 �� 3 �&�	  

 

 ��2-1: �6 6
-
1 6$
1 B�;"� � C��$) @�; .�?1 �� 

�6�1 D������ �
1"�   �$2=1)g/L(  

D,0$ "0��4    

�����? i���  NaCl  1 

�����? i*.�?  CaCl2 04/0 

'+ i��� 8��+�?  NaHCO3 8/16  

8��()� i*����  K2SO4 1  

8��.� 6N ��*3 i*���� K2HPO4 5/0  

i��� 8���*@  NaNO3 5/2  

 8��()� i�%*�
7 �+: MgSO4.7H2O 2/0  

 8��()� �3:7 �+:  FeSO4.7H2O 01/0  

:.8.	.� i���  EDTA 08/0  

A���; "0��4     

 8��()� ; �7 �+:  ZnSO4.7H2O  222/0 

 8��()� p
5 �+:  CuSO4.5H2O 079/0  

 8��#*()
 i���2 �+:  Na2MoO4.2H2O 0177/0  

 ����? %�^�
4 �+:  MnCl2.4H2O 81/1  

�*�� "��)+ H3BO3 86/2  
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���+ )Canella et al., 1979(7 �	 -: �b)� �  

 8�
 �+   �024  ;�
	 �+ ;��
 �+ �	 �J��

40 '�@�� �$�	 .���= ���F 	��=  

  

!�� /
0$"� #$
1$ �� ����"�  

 ���M
2  -: ,>� �	 "Da �@)A@ !� <�=

�#.@ �+ '@!   �
�$ �+ ,>�5  �+1  �/�

 8)&��� ��)
� �*5��)300  78� 28 (%��3)�*? 

6�
! �	  q���
 ;�3)1/0 758/2 779/8 715   

57/17  (�M*F	���= ���F )Chemat et al., 

2011( �	 pl� .: ;�
	 �+ 6 45  �$�	

'�@��  	��= 8�
 �+48  "Da �J�� �0

)Canella et al., 1979.(  

  

��! "���� ��� A� �"9 � #$
1$ /
0$"�  

�@)A@ �	 -: �b)� �  �0   �+ 8�
 24 

�J�� �	 �+ ��
 ;)HH-S87 Zenith Lab 7

(�*E �+ �
	; 40 �$�	 '�@�� 	��= ���F 

���=. pl� �@)A@ "Da  "#�$%���	 ,>� 

-: �+ �#.@ ,>� �+ �
�$ 5 �+ 1 �/� 5��*� 

��)
� 8)&��� �	 6�
! �3 ;q���
 ���F ���= .

p� !� 6: �	 :6  �+ �
	; 45 �$�	 '�@�� 	��= 

�+ 8�
 48 �J�� "Da ) �0Canella et 

al., 1979.(  

  

  

 '(�� #$"%&�$  

 �+ ������� � � �*5�� '���+ �)Z�
 �+

 �+ �� � 7'$������ �� � �*�*?   �*A?

� � ;�3 ;>+   ���	   ��)
� 8)&��� 

������� �0   �+ H	����� !� ; !��� '(��*O�	 

)Sartorius6�A(: 7 () �F	 �+001/0 ��!)� (

 .�0  

  

 �� '(�� #$"%&�$5�� "�$6 � �G�  

 ; !��� R�)� "Da �@)A@ !� <�= "�

+ ,��*O�	 � 6)_(�� 6 �	   6!  m*F	 �)b

����� �0 �@)A@ !� <�= "� ;�!� �+ .75/3 

'�*
 ��*( !� s)��
 ,>� ;�3 <�� ��?   ,)@��
 

 'AO� �#.@ �+2:1  ���e� �@)A@ �+ �0   �+

 8�
2 p_��  �+ �M*F	 )Heidolph(6�A(: 7 

i3  H	!�0 ���M
 .25/1 '�*
  ��*( �+ <�� ��?

 ���e� �@)A@ �0   �+ 8�
30  p_��  �+ �*@�5

i3  H	!�0 ���M
 .25/1 '�*
  ��*( �+ �hM
 -:

 ���e� �@)A@ �0   �+ 8�
30  p_��  �+ �*@�5

i3  H	!�0�@)A@ . 8�
 ;��+ �3  "� �	 ��

�_*0 ; � �+ �J�� )Heidolph(6�A(: 7  �+

�J��rpm 150  ���F�����= );��+  	�O��

 pl� .(-)�h
 <�$ ,�M�@��@)A@ �J�� �+ 

rpm10000   �+ 8�
 7 �M*F	  N)*����@��  
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)Eppendorf 76�A(: (�0 !� 9#F ����@ �	 .

 "#�$   ,>� s)��
 '���@ f�{ �+ ,�M�@�

;��+ "#�$%�� 8��t 	)$  <�J !� 6��*Ab�7  !�

 ���*�2/0 .�0 H	�	 �)#J 6 �_*
  

  

 /
0$"� #$
1$ *�; <� '(�� #$"%&�$  

�@)A@ 2*� ;�3  6	�? ���e� �+ H�0 ;� :��

,)@��
 '#*?�� ,>�- <�� ��? )1:3 �#.@ �+ (

 'AO� �
�$ ,>� �+1  �+20  �*5�� �/�

��)
� 8)&��� �	 6�)� 300 8� 7 p@�?�� 

28  %��3)�*? '��
	 H!�+  40-25  �$�	

'�@��  	��= 8 ���
 6�
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0$"� � <N
( �� ��6 A� �"9 � 

#$"%&�$ �� �G\ <� *�; /
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�"��B  ��1) ��! "����� )d6�<=(  ��1) #$"%&�$ )d6�<=(  �6)�� #$"%&�$ (%)  

1  79/8  72/1  3697/4  

2  58/2  10  2015/8  

3  15  10  9856/13  

4  01/0  30  3129/9  

5  79/8  30  0054/14  

6  79/8 30  8777/15  

7  79/8 30  9564/14  

8  79/8 30  3929/16  

9  79/8 30  1173/15  
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13  79/8  28/58  3195/17  
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��*X��$�*�����X�
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65/32 26/9 37/2912/3  62/2 9/1  21/18 93/0 12/0  96/22 
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Abstract  

The oil extraction step from the microalgae is considered to be the most 

important and essential step in the production of biodiesel. In this research, the 

effect of time on the ultrasound method was optimized in the pre-processing and 

extraction stages. Chlorella vulgaris microalgae pretreatment was carried out 

with methods of pretreatment with hot water and ultrasound radiation in water 

solvent. Extraction of oil was done by two methods of solvent extraction by 

ultrasound and Bligh and Dyer at certain times and specific solvent ratios, and 

its fatty acid profile was investigated. The results showed that pre-treatment of 

C. vulgaris microalgae had an effect on extraction efficiency and increased 

extraction rate. Also, using ultrasonic waves accelerates the process of mass and 

energy transfer, decreases the operating temperature and the size of the 

equipment. Using hot water with 15 minutes of ultrasound radiation in pre-

treatment and ultrasound extraction in 50 minutes increased extraction efficiency 

by 22.96%, which were 18.63% more than no pre-treatment and Bligh and 

Dyer. Investigating the composition and amount of fatty acids of C. vulgaris 

showed that ultrasound time has a significant positive effect on the amount of 

unsaturated fatty acids extraction. 

Key words: Oil Extraction, Ultrasonic Extraction, Bligh and Dyer, Pre-

treatment, Chlorella vulgaris. 
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