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2 . Dispersive Liquid-Liquid Microextraction 
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�K�9�� em2 !�0� 	���/�� F<#� �'��     �X� 	��6X@( )!X6�

5�� 
�K�9�� ��� em2 �#����� .    �X� |�X1� !X6���� 5�[��
   TXW��� /� .'�1<X��2  %�X
��    5X�� ��mX=(Alfrey et al., 

1966) :  
  
  

 FW���2(  nt tK
M

M .=
∞

  
  
  

  FXXW��� �XX�� �'t   *|�XX1� $�XX�/Mt   :�XX<6� 5XXy�7
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em2  *:'��� $��/ �' .!@K  X�8I�T    0 :!X� 5X��Jn 

�8I�T  $�XI� F9 5�� 	��+�  !X6['�    5X�� |�X1� V�X� .
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F� �����   F<X#� '��X�   )!X6�)    ��<��X� 0 	���+�X@ gX�9��

F<#� �'�� 	3��3��     :�XB<�� )�X�' *�X+��= )`�3����� *)!6�
FI�@ �+��= )�(      .!X669|�1� LX��" FX� ��X��� )�X[��r<� *

)5y�7 *��<��� *5�KW� (  	X�!6[ 0 	W�;� )�[��<9�� 0
)�m7 g�9�� 0 	K#� 5��4� *��' ('�� n�� �� . $�X�� �'   '��X�

F<#�  ��X130� 	�= )!6�   FX� �X[     0 !6<X#[ RX�����D�3 
!X@
F<#� )��� 5�� ��+�   
�XK�9�� )���' F9 	�S��;� )!6�

                                                                                 
3 . Non-Fickian Diffusion 
4. Case II Diffusion 
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)�1 �XX+��= (  
�XXK�9�� �<XXI�� |�XX1� 0

 	X� gK� �� 	+�4  '�X@ .Tawfik et al )1998 (
  )�XW� FX� ���+�3 em2 F9 !�'�' $�I�   )�X[PET   �X�
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��= )��' �' em2��   	Q��XI� �!@ n�&�� q�B;� �' ��
   5X���' FX� F<X#��0 |�1� !6���� F9 '��' ��� �� 53S' .

(Kwapong  . )1997 (  ��� F�
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�K�9�� )'��/ ��'�B� F9 !��� F&�<� 0  F9 	+�4

	� em2 	��<�v= '��� T���0    ?[�X9 gKX� !��@
 	X+�4 L��0�= '�&�� �� 0 ��4 0 �W" 
!@   gX��6���

 	X� $�I� F�3�W� ��� j��<�     emX2 FX9 !X['
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1. Glass Transition Point 

B��� p�	W
��1��  q  B��� �C��3� �� �oWY 9	�� N� j�� C� 6�
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/� �!6<#[ �[ ���    �� )�X<+9 LX��+� *0�

   '�' !X6[��� $�XI� 	XKW� .PET   )�X+��=

       $�X��� :�X<6� gX�9�� 5X�KW� FX� FX2�� �� 0 5�� 	KW�
 F� $( em2   '��' '�X20 �X+��= ���

G��8<�� :�<6�  )�W� /� .!@
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�� 6�
�� F�	\�.���	VPET
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�XXB�B;� 	XX���
 '��� L��'F<#�  FX� )!6�   5Xy�7

 '��' 	�<XX#� 	XX+�4 .  	XX����
 ���  '��' 5X3S' V�X-�� ��� �� .

      emX2 !X�0� �X� )��!XQ�� )�X�' ���' 
�B�B;� 	���
	� $�I� �� 	+�4 !6['.  

   	X���� *��X�� ��� �'Nielsen )1994 (  $�XI�
 ���+�3 
�K�9�� em2 F9 '�')�W� F� ������� 0  )�[

    ?���X�� )��!XQ�� )�X�' ?����� �� 
�6��9
       *)��!XQ�� FX<1[ RX� /� !X�� 	X���� �X�� �'

    )�X�' �' ���X+�3 emX2 $����25    o��X#�� TX2�'
 emX2 ���+�3 �����    )�X��' �' .!X@4   TX2�'

$�0 �XX��' 	XX���� �'  $���XX�+[ 0 $�XX3
  emXX2 $��XX�� FXX9 !�!�XX�� FXX&�<�

)�W� �����' F� �\�3�� 0 :���<� 
�K�9��    TX��= �X� )�[
 	X� ?����� ��' ?����� ��  !X��� .

 ��� �' �� ��' 
����r� /� 	@�� )��<��� 
����r� �[
     TX��'�/( 5X9�, gKX� �X�' ?�����

.��&�/ 	� )�+��= )�[
FXXI�@ :�XXB<�� )�

�W" 0  	X� gK� �� 	+�4
  )�XW� FX� ���+�3 em2 F9 !�'�' $�I�

:��;� )��!Q�� )��' ?�����
45   	X� ?���X�� o��#�� T2�'

��= )��' �' em2
   5X���' FX� F<X#��0 |�1� !6���� F9 '��' ��� �� 53S'

(Kwapong et al., 1987)
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����= )��' �' em2
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 �X�7 
�K�9�� F�    '�' !X6[��� $�XI� 	XKW�

  

F� ��4 ?���/( 	�9 n�&�� )�[
    FX� M0' /� :�X<6� emX2 $��X�� F9
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S�X<��� �����52
 )�W� n�A �[ )�/�PET (

  emXX2 $��XX�� FXX9 5XX�� .'�' $�XXI� 
�XXB�B;� 	XX���
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�XXK�9�� 0  '��' 	�<XX#� 	XX+�4
Tawfik et al. )1998 ( ���

      emX2 !X�0� �X� )��!XQ�� )�X�' ���' 
�B�B;� 	���
�W" 
�K�9�� 0 	� $�I� �� 	+�4

   	X���� *��X�� ��� �'
 ���+�3 
�K�9�� em2 F9 '�'

PET 	�= 0     ?���X�� )��!XQ�� )�X�' ?����� �� 
�6��9
	� !��� .       *)��!XQ�� FX<1[ RX� /� !X�� 	X���� �X�� �'
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F� $!��� F9    ����X= )�X�' �' :'�X�� 53�,    �X�'0/ �X�
	� ��1�� !<�� .     	X6;6� g�X@ 	��X�' 5X3�, F� �[ �'

 '0!, /� !�� em220 F� /0�     ?[�X9 	��XQA�� 
��X


	� F� 0 !��� 	� R�'�� :'��� 53�,  V�-�� ��� F9 '�@
)�W� F� :�<6� em2 5"�� ?[�9 gK�  )�[PET  ��

	� $��/ 5@mA '�@ .  

 6��72. � 6�
�� ��V	. EO7 h���C] i��
3N  9	�� H+��PET D4
W� 9�J��� ��  

 $��/)/0�(  
SD±  em2 $����(ng/g PET) 

°C4  °C25 °C45 

0  00/0 ± 0 00/0 ± 0 00/0 ± 0 

67/0  -  21/0 ± 65/27  - 

75/0 - 00/0 ± 60/28 - 

1 83/0 ± 52/13 06/1 ± 05/37 63/1 ± 15/207 

2  92/0 ± 15/21 34/1 ± 65/52 71/0 ± 50/264 

5 07/0 ± 15/29  00/0 ± 60/68 54/3 ± 50/343 

9 07/0 ± 95/32 14/0 ± 10/82 52/5 ± 10/447 

14 85/0 ± 70/35 00/0 ± 00/100 84/1 ± 20/517 

21 64/0 ± 95/37 12/2 ± 20/136 14/0 ± 90/568 

50 15/0 ± 20/38 10/1 ± 23/173 18/3 ± 75/664 

90  12/0 ± 21/38  64/0 ± 66/186  54/3 ± 50/700  

SD =����� b��;��  

  
 H0�3.  9	�� N� 6�
�� EO7PET  D4
W� 9�J��� ��

�N ���C C� �-��. (���)  

F� �y� �30� 5y�7T   LX��' �' :�<6� g�9�� /� ����
 M0')ppm 100 (�y��' �� 0     s���X@ /� n�!X9 �X[ �<��A

	� $�I� j��<� *	���'      $��X�� $�X�/ 5X@mA �X� F9 !['
F� :�<6� 
�2�Q� 	� ?����� )�W� L��' !��� .  ������X6�

�   �X�� )��!XQ�� $��/ F� F<#��0 ��' �� .0v" em2 !6���
5�� .�W" 
�K�9�� em2 	����h /� Vv4� 0   FX� 	X+�4 

 '�XX�� F<XX#� qXX��' 	��XX�/�� )!XX6�  �� 
�XX�3�W� �XX�� �XX�
$���� 	� ��m= '/�� . �#����� ����� )��� 	���� ��� �'

W��� /� em2T 2 !@ .'�1<�� .    /� CX= emX2 $��X��90 
 :'�XX�� 5XXy�7 /0�(Mt) �' �XXy� !XX@ FXX<��A . �<��XXA �XX�

W��� )0�#� b�4 0' /� 	��K4 �<����3T 2   XW��� FX�T 3 
	� ���� :  

 TW���3  (                           tnK
M

M t lnlnln +=
∞

  

  

 ��'�+� ����� ��)∞ln (Mt/M  F� 5K#�ln t 	�   $��X�
 ��'�XXXXB�n  0K  )�XXXX[��' �' ��4 *25  045 XXXX2�'T 

 FK��;� o��#��'�9 ):0!2 )�[ 3  04 .(  
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 6��73. |�X3 c�3 ,��-. �I��� 6�� 9�J	
����Y  

Ln (Mt / M∞)  
Ln t 

Mt / M∞ 
t 

45°C 25°C 4°C 45°C 25°C 4°C 
1.218-  1.617 -  1.039-  0.000 0.296 0.198 0.354 1 

0.974-  1.266-  0.591-  0.693 0.378 0.282 0.554 2 

0.713-  1.001-  0.271-  1.609 0.490 0.368 0.763 5 

0.449-  0.821-  0.148-  2.197 0.638 0.440 0.862 9 

0.303-  0.529-  0.068 -  2.639 0.738 0.589 0.934 14 

0.208-  0.315-  0.007-  3.045 0.812 0.730 0.993 21 

0.052-  0.075-  0.000 3.912 0.949 0.928 1.000 50 

0.000 0.000 0.000 4.500 1.000 1.000 1.000 90 
  

6��7 4.  	���M�K  �n uWo� 9�	� |�X3 c�3 ��	V  

45°C 25°C 4°C   

-147/1  -568/1  768/0-  Ink 

318/0  208/0  464/0  k 

289/0  372/0  216/0  n 
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∂−=  
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 ��;�X  5X�� .      )0�X�� RX�� :0� $���X� �<��XA�y��' �X�
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:��3�� �<I�� F<#� �'�� F� �� �[    	X� �[��X� )!X6�  !X69 . �'

    )�XW� FX� :�X<6� |�1� g��- ��' ���(D)    �X� FX#��B� �'
 )�[��'4  025    ��X@ gKX� 0 5�� ��'��/ o��#�� T2�'

 �<I�� )|�1�(J) 	� R�� $���� qK4  '�X@ .   lX�/�� 5KX#�
�W" 
�K�9�� 0  	+�4)�W" g�9�� 5y�7 0    �'�X� �' 	X+�4

F<#�  :�X�;� �� 	��m7 �'�� �' $( 5y�7 F� 5K#� )!6� ( /�
  5X�� emX2 !�0� 	���� �' �Q� )�[�<����= . X��  5KX#� �

     �XW" LX��" 5X�3v, $��X�� FX� 	�<#� 0    �'�X� �' 	X+�4
F<XX#� '��' :�XX�;� 0 )!XX6� )(Landois, 1988 	XX���� �'

 F9 )���'Halek et al  !�'�' n�&��)1991 (   !X@ .![�XI�
 �XW" L���" em2 F9 0       5X�KW� �X� 	��X[�+��= FX� 	X+�4

  	X� n�X&�� )�<I�� 5"�� �� F��I�  '�X@ .   	X���� �X�� �'
B� �' ���+�3$00��9 �� F#��1 ) FX�    �X<+9 5X�KW� 5X�" (  �X�

	�= em2 )�<I�� 5"�� !@ ����� . FX�   	X� 	�9��X4   $��X�
|�1� ��2 5�KW� 51A   !X6���� �' )�J{� ���#� L��" .!669

5�� em2 .F� *������6�     $�X��� *:�X<6� 	XKW� 5�[�� L�3'
 )�W� F� $( |�1�PET  '��' '�X20 5�� 	KW� )�+��= F9 .

 _�XX2 TXXWB� *FXX<K3� gXX�9�� �XX�� )S�XX�)5/215  TXX2�'
o��#�� ( 	��X� L��"       �'�X� ��<��X� �' .'�X� �X�� $!X���

F<#�  5�� em2 /� C= )!6�) :0!21 .(   !"�X#��� s���X@
 )��!Q��)  S�X� )��!XQ�� )��' (     �X�� �<XI�� emX2 gKX�
F� g�9�� F<#� �'��     :�X�;� �' �<XI�� 	X1�9 5�� 0 )!6�

	� '�@ .	� $�I� j��<�   /� !X�� F9 !['   '0!X, 5X@mA90 
F� em2 	6;6� /0� 	� R�'�� :'��� 53�, '�@ .  

                                                                                 
1. Carvone 
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S�<��� �����
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   5X@mA �X� em2 $���� )��!Q�� )��' �[ �' ��6}+[
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F<#� �' F9 M0' ��y� 	�S��;� !6��@�� ��4  )�Q�!6�
	� )��!Q�� 	��<�v=     0 	��X�' s���X@ �X1, �� !��@

W��� g��6� 	���/T !���' ��B<#� .5�' /�   0 �XW" �<��
  �' :�X�;� ��4 :�X4      /� 	X�� '�X� )��!XQ�� $�X�/

� )�[��<9��{ :��;� )��A!��� $��/ ����� �' �J5�� .

 	-��� :!� /� .'�1<��nt tK
M

M .=
∞

    |�X1� FX9 '�' $�I�

:��3��      )�XW� LX��' FX� :�X<6� )�X[   	X�= )�X[   ���X��
 )0��= R�� $���� /� 
S�<���	� !69. 

REFERENCES 

 
1. Alfrey, T., Gurnee, E. G. & Lloyd, W. D. (1966). 

Diffusion in Glassy Polymers, Journal of Polymer 
Science, Part C, 12, 249-261. 

2. Arora, D. K., Hansen, A. P. & Armagost, M. 
S. (1991). Sorption of flavour compounds by low 
density polyethylene film. Journal of Food 
Science, 56(5), 1421-23. 

3. Ashurst, P. R. (1998). Chemistry and Technology 
of Soft Drinks and Fruit Juices, Introduction: 
Shffield Academic Press Ltd. Sheffield, England. 

4. Crank, J. (1975). The mathematics of diffusion, 
Clarendon, Oxford. 

5. Farhoodi, M., Salami, M., Emam-Djomeh, Z., 
Mousavi, S .M. A. & Rezaei, K. (2011). 
Measurement of flavor absorption from soft drinks 
into PET bottle by headspace solid phase 
microextraction-gas chromatography, 
International Journal of Food Engineering, 7 (4), 
1-10. 

6. Halek, G. W. & Luttman, J. P. (1991). Food and 
packaging Interactions II. In: ACS Symposium 
series  No. 473, American Chemical Society, 
Washington, DC, USA, pp. 212–26. 

7. Helena, P. & Locita, I. K. (1999). Solid-phase 
microextraction, Trends in Analytical Chemistry. 
18, 272–282. 

8. Hotchkiss, J. H. (1997). Food-packaging 
interactions influencing quality and safety. Food 
Additives and Contaminants. 14, 601-607. 

9. Kwapong, O. Y. & Hotchkiss, J. H. (1987). 
Comparative Sorption of Aroma Compounds by 

Polyethylene and lonomer Food-Contact Plastics, 
Journal of Food Science., 52, 761-763. 

10. Landois-Garza, J. & Hotchkiss, J. H. (1988). Food 
and Packaging Interactions, In: ACS Symposium 
Series No. 365. American Chemical Society, 
Washington, DC, USA, pp. 42-58. 

11. Ligor, M. and Buszewski, B. (1999). 
Determination of menthol and menthone in food 
and pharmaceutical products by solid-phase 
microextraction–gas chromatography. Journal of 
Chromatography A,  847, 161-169. 

12. Liu, H. and Dasgupta, P.K. (1996). Analytical 
Chemistry in a Drop. Solvent Extraction in a 
Microdrop, Analytical Chemistry, 68, 1817-21. 

13. Mauricio-Iglesias, M., Peyron, S., Chalier, P., & 
Gontard, N. (2011). Scalping of four aroma 
compounds by one common (LDPE) and one 
biosourced (PLA) packaging materials during high 
pressure treatments. Journal of Food Engineering, 
102(1), 9-15. 

14. Nielsen, T. J. (1994). Limonene and Myrcene 
Sorption into Refillable Polyethylene Terephtalate 
Bottles, and Washing Effects on Removal of 
Sorbed Compounds, Journal of Food Science, 59 
(1),  227-230. 

15. Pau Balaguer, M., Gavara, R., & Hernández-
Muñoz, P. (2012). Food aroma mass transport 
properties in renewable hydrophilic polymers. 
Food Chemistry, 130(4), 814-820. 

16. Rezaee, M., Assadi, Y., Milani Hosseini, M. R., 
Aghaee, E., Ahmadi, F. & Berijani, S. (2005). 



 g�� �	���VB��� p�	W
��1��  q  B��� �C��3� �� �oWY 9	�� N� j�� C� 6�
�� EO7 ��1�� 9	�\ �4Y 9�J (k�
�	. ,4�.� ����85 

17.  Determination of organic compounds in water 
using dispersive liquid–liquid microextraction, 
Journal of Chromatography A, 1116 (1-2), 1-9. 

18. Sajilata, M., Savitha, K., Singhal, R., & Kanetkar, 
V. (2007). Scalping of flavors in packaged foods. 
Comprehensive reviews in food science and food 
safety, 6(1), 17-35. 

19. Tawfik, M. S., Devlieghere, F. & Huyghebaert, A. 
(1998). Influence of d-limonene absorption on 
the physical properties of refillable PET. Food 
Chemistry, 61,  157-162. 

20. Shen, G. and Lee, H. K. (2002). Hollow Fiber-

Protected Liquid-Phase Microextraction of Triazine 
Herbicides, Analytical Chemistry, 74 (3), 648-654. 

21. Suppakul, P., Sonneveld, K., Bigger, S. W., & 
Miltz, J. (2011). Diffusion of linalool and 
methylchavicol from polyethylene-based 
antimicrobial packaging films. LWT-Food Science 
and Technology, 44(9), 1888-1893. 

22. Van Lune, F. S., Nijssen, L. M. & Linssen, J. P. H. 
(1997). Absorption of methanol and toluene by 
polyester-based bottles, Packaging Technology 
and Science, 10 (4), 221–227. 

  


	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page



