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Abstract Article Info 

Background and objectives: Asafoetida (Ferula assa foetida L.) is a crucial 

pharmaceutical-industrial species native to Iranian rangelands and is harvested by 

local communities. The resulting slurry is a significant export in the medicinal 

plants sector. However, the quality of the product declines as local beneficiaries 

collect slurries from different age bases, mix them, and supply them to the market. 

This study aims to investigate the antimicrobial properties, total phenolic content 

(TPC), and total flavonoid content (TFC) of asafoetida slurry obtained from 

different harvest methods to optimize product quality. 

Methodology: A factorial completely randomized design was employed in the 
rangeland of Tangsorkh, Boyerahmad County. Asafoetida slurry was harvested 

from three age groups (5-6 years old, 7-8 years old, and 9-10 years old) in June, 

July, August, and September. Essential oil extraction, TPC, and TFC measurements 

were conducted, and the antimicrobial effects (MIC and MBC) were tested against 

Escherichia coli, Staphylococcus aureus, Aspergillus flavus, and Aspergillus 

parasiticus. 
Results: The results showed that the TPC and TFC of asafetida slurry essential oil 

obtained from different ages and harvest times did not significantly differ. In terms 

of age, the highest (92 mg GA/g) and lowest (74 mg GA/g) TPC values belonged 
to the groups of 1 and 3, respectively. Similarly, the highest (37 mg quercetin/g) 

and lowest (20 mg quercetin/g) TFC values were respectively associated with the 

groups of 1 and 3. In terms of the harvest time, the highest TPC (93 mg GA/g) was 
found in the essential oil obtained in June, while the lowest TPC (56 mg GA/g) was 

related to the essential oil extracted in September. Similarly, the highest (37 mg 

quercetin/g) and lowest (19.3 mg quercetin/g) TFC values were respectively 

associated with the essential oils obtained from the products harvested in June and 

September. The results also demonstrated that the MICs of the essential oil were 

equal to 1250, 312.5, 625, and 625 ppm for E. coli, S. aureus, A. flavus, and A. 
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parasiticus, respectively. Furthermore, the MBCs of the essential oil were 

respectively equal to 2500, 650, 1250, and 1250 for the four microorganisms.  

Conclusion: The study highlights the influence of plant age and harvest time on the 

nutraceutical composition of asafoetida slurry. Younger plants harvested earlier 
exhibited higher TPC and TFC, accompanied by more pronounced antimicrobial 

effects. These findings underscore the importance of optimizing harvest methods to 

enhance the quality of asafoetida slurry. 
 

Cite this article: Ghaderi, S., V. Karimian, F. Ghaderi, S. Haghdoust, 2023. Antimicrobial Effects and Nutraceutical 

Composition of Asafoetida (Ferula assa foetida L.) Slurry: Impact of Harvest Methods (Case Study: 

Tangsorkh Rangeland, Boyerahmad County). Journal of Rangeland, 17(3): 411-425.  

 
  © The Author(s).                                                          DOR: 20.1001.1.20080891.1402.17.3.6.9       

Publisher: Iranian Society for Range Management 

  

  

 

  

  

  

  

 

 

 

 

 

 

 

 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
02

.1
7.

3.
6.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-1

2-
07

 ]
 

                             2 / 15

https://dor.isc.ac/dor/20.1001.1.20080891.1402.17.3.6.9
http://rangelandsrm.ir/article-1-1191-en.html


      
 

 

413 

 

 

 
  

�����  ���	�   ��
���
��   
����
  ��  ���   
  �����
��  ������  ������ )Ferula assa-foetida L.�! (   #
�$%&  '()*
 

 (�+,��-�� �%)��.� /0�� 1�2 32��
 :$!��
 �56%7
) 8��!�� 

  

$�!%9 !%:�1 /�%�+-�� ��,
*2$�!%9 %=-�� /38�
�?, �.@� /4  

  
1.    ����� 	 
���
 ���� �	�� �������� .����� ������ ������ ��� ! ���� ��"#$�� �
���
 ���� 	 %��&'( �&�#$�� �����) 
2.  ����� .����� ������ ������ ��"#$�� ��+,-. �(��/ 	 01�	�#2 �&�#$�� �0��� ,3(4 	 �
�/ �5"�6 �	�� �������� �7�89/ �&�9��$  :
/�$ 

v.karimian@yu.ac.ir 
3.    ��������  ������ ��"#$�� �01�	�#2 �&�#$�� ���� ! ��,� �	��  ����������� . 
4.    �0��2� 0�=#$���&$���� ����� �>?	@! A�����2  ��&BC����( 	 
���,"'2 �����  .����� ������ � 

 

 �6%?
 �%B�C� ����D    

:�6%?
 E��  

 5/�2 
D�E/–  �#?	@! 

  

1402 �(G H17 ��%+� /3  

  

  

%2J-� 8�%-�!  07/12/1401  

K-��-
 J-�%2 :23/05/1402  

 :#�-LM J-�%225/05/1402  

  
  

�N�
:$��(� $%&    

  ���	��� ��?�,�  

  ��1��$4  

  �%����( J�  

  �%����( 
�C�/  

 .K$��� 

  :O�& 
 �?�%� �1��$4  Ferula assa-foetida L.  
$�� 1���	��� 0�?-  
2 ���( ����� �
��/ M'/ ��,9( ��+��

��'(  N��
  ��O/  ������(�/  %����(��  �1�C ��  �
����� PQ�RO/  
�B6 1�  ��,�  J��  0&,D�
  
(��,�  .�

�/ S�9O/ ��#2 ��	��� ��?�,���'( .���
��! 1� �D�RO��� 
(��,� ������(  ��	� 7�. �� T��3/ ��� 0�?

��'(�/ ��1�( 
$�	� 	 U��3/ M?�( �%����( �� 0����(�/ 7�RO/ %,V,2 �&/4 J,��! 
( �=�/ 
2 &��2  .���

  �W$5/��� 
���� 
( �,) 	 �X,O/ T��3/�X,O/ Y-� %����( ��/1 	 J� 
�B6 1� P��,,�
 �� %,B2 	 

%,V,2 ���/ ��Z[/  �/ ��	��� ��?�,���@�	 J,,+
 >?	@! J�� \&? ����  5�] P��,,�
 	 �(	��,/ &^ 0�?

��,� �� �1��$4 
(��,� 52 &,_�$	`] 	  %,V,2 �( 7�RO/ 
( �&,�� %'6 %����( T��3/ 0�?%�� .  

 #
� 
 !��
  :%&  �]��R
 a`/�2 b�. �( 5����2�] YD�c �� d,EO
e�
 �
��/ ��&BC����( �����'� f��    ��=$�

  .&�%B9c �
EX�/ ������� 1� K!  %,+^	 g�h 0�?�i P�,��Rh 	 >��! �Y,� &��� j�OD 
( 
2 ���?

�4 �� T��3/ J,�� �� �1��$4 ��,� 
��! �]�2 ��&+
 
( 	 &����� �'(�#/  ��=$� ��	&O/ ����+( �%��� ��6	 �?

  .&$&� S�3�$�  d,EO
 J�) T��3/ ��� �	�� 
� 1�  �1��$4  ��,� 
(��,�  1  
��!  )  0�?6-5    J� �(
D��2  


��!)  0�?8-7    J� 	  (
D��3  
��!)0�?10-9  �/  ��  ((
D���  .&�  %����(  �'/  	  ����'�  �����/  ��,
  0�?

 K$���.%]�� ��=$� �=$��2 
�,�	 
( S4 ��3( �( �,XE
 p	� 
( ��,� 
(��,� 1� 0�,�  �1�&$�  �( 52 5�] 0�,�

K$��� �� ��6�/ &,_�$	`] 52 ��&E/ 	 ���&$���� ����� 
( q,D�� &,�� �( �,�D�2�,� J,D�] \�+/ 1� ���V���  �?


( J,���_�2 �( ��,�,/�D4 &���2 �=�� e$� p	� 1� ���V��� �(  &^ P�,��Rh .&� J,,+
 ���&$���� �����

) �(	��,/MIC    	MBC  �A�_�	� K2�2��,]���� ���2 �,��,�� M9,$����	��,/ ��'r �( �1��$4 ��,� K$��� (

J,"$�,/  
9��E/  .%]��  ���c  ����(  ���/  A��,��1���!  A���s�t�4  	  A		`]  A���s�t�4  ��/14  �(  �?

&�r
�/��  N,O/ �� J�$�� 0�21er.VSPSS  .&� ��=$� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
02

.1
7.

3.
6.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-1

2-
07

 ]
 

                             3 / 15

https://dor.isc.ac/dor/20.1001.1.20080891.1402.17.3.6.9
http://rangelandsrm.ir/article-1-1191-en.html


 

 

414 

 

 

  :P-%)�(  u���$  A��� �( 
  T��3/ 5C��/ 	  J,�� �� �1��$4  
(��,� K$���  52 &,��$	`] 	  5�] �&/4 %��

��+/ \`�h� %����(��,� J� �W$ 1� .&$��� M?�( 0����  K$��� �� 5�] �� ,/ J���#,(   J� ��?�,�1  )92  

��,/  J� K$��� �� J���B2 	 (��� �� &,�� q,D�� ���3    �()74  ��,/( (��� �� &,�� q,D�� ��� 
  .&/4 %��

  J� K$��� �� &,_�$	`] �� ,/ J���#,(1  )37  ��,/  J� K$��� J���B2 	 (��� �� J,���_�2 ���3  )20  

��,/%����( ��/1 �W$ 1� .%��� ��6	 (��� �� J,���_�2 ����    ��/�,
 
(��,� K$��� �� 5�] �� ,/ J���#,(

)93  ��,/ ) ��/�'/ 
(��,� K$��� �� J���B2 	 (��� �� &,�� q,D�� ���56  ��,/  (��� �� &,�� q,D�� ���

 ) ��/�,
 
(��,� K$���  K$��� �� &,_�$	`] �� ,/ J���#,( .���� ��6	37  ��,/  	 (��� �� J,���_�2 ���


(��,� K$��� �� J���B2  ) ��/�'/3/19  ��,/  5c�&C 
( U�(�/ u���$ .%��� ��6	 (��� �� J,���_�2 ���

) ��&$���1�( %W�) 5c�&C 	 ��&��2��'/ %W)MIC  	MBC  ��#$ T��3/ J,�� �� �1��$4 
(��,� K$��� (

  
2 ���MIC  0��2�(  0��(  A���s�t�4 	 A		`] A���s�t�4 �A�_�	�  A�2�2��,]����  ���2 �,��,�� 0�?

 
(  A��,��1���!  Y,
�
1250  �5/312  �625    	625    J,�vB? 	MBC  M9,$����	��,/ J��  0��( 
(  �? Y,
�


2500  �650  �1250    	1250  �!�!  .%�� ��  

�:�)�  :$��Q  �,Z�
 %O
 �1��$4 ��,� 52 0&,_�$	`] 	 ���] P�-,2�
 �� ,/ 
2 &� w3#/ 
+D�X/ J�� ��

  ��,� J�� 
(��,� %����( T��3/ J,�� 	 ��/1%��  .  %����( K$��� �� 0&,_�$	`] 	 ���] P�-,2�
 �� ,/


��! 1� �&����6 �?�,� 0�?  P��Z� J,�vB? 	 %�� �����h�( �� ,/ J���#,( 1� %����( 7	� 5C��/ �� 	 �


J� �� �&� %����( 
$�B$ 
( %-9$ K$��� J�� �(	��,/&^  ��#,( �
Q�( 0�?%��  .  

  

!%�)��:  A.  0���c  �	.  ��,B��2 �%�	&EC .A �0���c .\ �  1402  . ����(   P��Z�   �(	��,/&^    	�� ,/  52   5�]  	  &,_�$	`]   
(��,�  �1��$4   )Ferula assa-foetida 

L. �� ( p	� 0�? T��3/  e�
 �
��/ :0���/ 
+D�X/) %����((&BC����( �����'� �f��.  ��
�/17)3 :(411-425  .  

  

 DOR: 20.1001.1.20080891.1402.17.3.6.9  

��%������ 0��&+
�/ �B�� JB=$� :              © ���&�9��$      

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
02

.1
7.

3.
6.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-1

2-
07

 ]
 

                             4 / 15

https://dor.isc.ac/dor/20.1001.1.20080891.1402.17.3.6.9
http://rangelandsrm.ir/article-1-1191-en.html


�����  ���	� ��
���
��  
����
 ��  ��� 
   �����
�� ������  ������  ... / $�!%9  ���%�+& 
  

  
 

415 

 

 

 �
�?
  

 
( q�� $ ��"���h �����8000  
2 %�� �?�,� 
$��

 1� >,(2300  �4 
$�����V������� ��+�� 	 ��	��� 0�? 

)9  .(����$�h 
( d�+�/ ��?�,�  ) �����rUmbelliferae 1� (


$�� 
�B6  ��+�� 	 ��	��� ��2���h ��(��2 �( �?�,� 0�?

�/M�9,��2�  ��  
2  &���(  .&$���  >�2��!  �+
�/  0�?

  K�6Ferula  0����  �����r  ����$�h  
(  d�+�/140   
$�� 

%��  �� 
2  
EX�/  
$����&/  	  0�,�4   
�]�� p��9� 0 2�/

%�� )16.(  1�  K�6 J��  30   
2 ���� ��6	 ����� �� 
$��


$�� x 
�B6 1� ���?F. pseudalli-acea� F. gabrielii� F. 

kahanica�  F. persica �  F. stenocarpa�  F. microcolea�  

F. tabasensis�  F. macrocolea�  F. behboudiana�  F. 

lutensis �  F. assa-foetia�  F. sharifii �  F. serpentinica �   

F. flabelliloba	   F. xylorhachis   �/�(  ) %�� �����28 .(  

  �B��  ��$  �(  �1��$4Ferula assa-foetida L.  1�  
$�� 0�?

��	��� _ ���� >�	� ����� �
��/ �� 
2 �B'/ ��,9( ��+��

��'(  ���/  ��O/  ���/  N��
  
����  1�  	 ���c  0����(

�/p1��  .��,� ���� �1��$4 
(��,�  �4  1�  
2  %��  0�

�/  7�RO���  
�B6  1�  �1��$4  0&,D�
  
(��,�  ����

�/ S�9O/ ��#2 �
����� PQ�RO/) ���17   	  29 .(   

F.assa-foetida�?�,�   �V��    
2  %��  ��&2�2  	

P�,C&�&=
  �+,-.    1�  �4d��.  &,D�
    ��(  >�2��!  	

  P����/��,�  )32  .(  
��t��  &�B�1��  ��,�  J��

)Monocious(  5�  ��-��  	)  �&�?�Monocarpic 	  ���(  (

%B9c 	 ����� �/�() %�� ���9$��]� 1� ���?14 �35 .(  5�

  J�y4  �1��$4Y2�/  ��r  �%���  
#��  �e$�  ��1  �'��  �

��&����  �/�B�  ��,�  J��  
c��  �&��c  0�'��(�   7�.  
(

  N���/50    �
60   ��$��  	  z�-/�  &c�]  	  ��/  
(  M9E�/


$�&$�  ���]  P�B,9E
  �(  �
�+Xc  ��&(�D  ��  ���)  %��42 .(  

P`]  0 2�/ 	 d.��/ �$�(�,(  �
 
�9�� 7�-6 A���1  �� 

�����0�? 
���,�'2 	 &BC����(� A��]� ���/�2 ����h�� 

� �� ���B��  ��� /�?� ���9,� 	 ���9r��(� ���'V�� 

�����D  	 �'��( 
( ����� ��"#�	�   ����� �� ��,� J�� ����

�&� �2y) &$�20  ����+( �?��#2 1� �{+( �� �1��$4 
(��,� .(

 �/ \�R/ ����r 	 �?�,� 0	���) ���18 �1��$4 
(��,� .(

 P�E�#/  �J�,!  ��(  �J�,!  �VD4  �0�����  P�-,2�
  5/��

  7	�V$�2  �J,$�!  ��-/4  �7	�V$�D�/�2  ��&,
�8]  �����/�2

  %�� �"�� P�-,2�
 0��,9()41(  �	`� �1��$4 ��,� |B� 1� .

�/ ���V���  ,$ 01���X� ����� �� ��	��� \��R/ �(  .���

0��B,( �]� ���2 &^ �u�#
 &^ �,Z�
 ���� Y. ��  0�?

 %��E
  �
,�2  ���  �]�  ���	�  ��-�
  �]�  ��	4�'���  ��-R�

  �"�]�� &^ �S�r 
��)� ��^ �]� �M9,
�/	� &^ �
W]�C

�,Z�
  	 P`{�    .%�� �&� �2y �1��$4 0��( ��h ��#] �(

��@�	0�?  &^  )��	��	21 &^ �(  ) }��c3�(  ��$4 ��&,92�

)8 &^ �(  ��(���)1	 ( &^   M��t��)10  ( �1��$4 
(��,� 0��(

  .%�� �&� p�� � ��-c P�+D�X/ ��5/��� T��3/ Y-� 

�
��,,�
 �� &�� ��?�,� ��	��� 	 %,V,2 ���/ ��Z[/ �4�? 

�/&$���� ��D %����( q� ��,� ��	��� �$�/1 �	�E/ 
( 


]�� %�� 
2 ���/ ��Z[/ �4 
( &C S��X/  �&,��  &��(. 

%����( ��?�,� ��	���  ��  ��/1 Y���/�$ 
$  �'�
 �� ,/ 

7�RO/  
(%�� �&/4 �� >?�2  �/&?� 
��( 7�RO/ 

%����( �&�  ,$ 1� %,V,2 �(�h �����h�( &?��3$ ��( ���1 

����B� ��&$� ���/   �W$ 	  �� ,/ %,D�(��/ 0�? 
��$�Z  q� 

��,� ��	��� �� 5C��/  T��3/  &�� 	 �B$ ��,� P	�V�/  %�� .

 0�?�,��/ ��2 ��. 
(  ��,�$s   	  �,)  ��,�$s   &�$�/  N����  

�X,O/)2 �12 	 34(  x��r 0�"�� 0�?���2�] J,�vB? 	

z�() �?�,� �&$� ��?�,� 
$��5� ��?  	 
c�� ��?
#��  �(�?

  	  0��&'"$  N����  �&��  
�C�/  �%����(  ��/1  ���,�  J�

 �,Z�
 	 M'/ 5/��� 
�B6 1� ���3��� p	� 	 ���2 q#h

 �/ ��+�� 	 ��	��� ��?�,� %,V,2 	 %,B2 �( ����  &���(

)13 �39.(  

 P�+D�X/   ��#$   ����   &$�  
2   Y,2�
  ���,B,�   	  ����B�  

 ��	���  ��?�,�  
(   j�OD  ���/1  ��	�   	   5O/  �B6  0�	4 

P	�V
0�?   5(�c �'6�
 �� ��#$ �/ ) &?�22 	 31  .( 

��/1 �,Z�
  �V��3/ P�+D�X/  �( %����( T��3/ 0�?

  ��?�,�  ����B�  	  ���,B,�  P�-,2�
  %,V,2  	  %,B2

  x%�� ���� ���c ����( ���/ �� T��3/  ����� 2  �����B? 	

)2016��,� (Aesculus hippocastanum  �   �����B? 	 ��,(

)2015  ��,�  (Lippia gracilis Schauer  �  M,��,�     	

)  �����B?2015  (��,�Anethum graveolens L. � 
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�,]���,9OD�   )  �����B?  	2010  (  ��,�Matricaria 

chamomilla L.)  �����B?  	  J,���$���(  �2013��,�  ( 

Origanum vulgare L.  �  J2&,V�   )  �����B?  	2008  (

  ��,�Eucalyptus dealbata.  ) 0��?�] 	 �&E/ u���$2015  (

 K$��� �J�1� &,D�
 �( ��,�$s 	 �X,O/ 5/��� �Z� 
�,/1 ��

%,+B6 
(��,� ���,B,� P�-,2�
 	  ���� ��#$ �1��$4 0�?

(E)-propenyl sec-butyld isulfide(37.30–53.99%)    	
(Z)-propenyl sec-butyl disulfide(12.10–23.10%)  

  J�	� 	 ��		�2 .%�� �1��$4 
(��,� K$��� �&B� P�-,2�


)2013  �1��$4 |B� K$��� ���,B,� P�-,2�
 
+D�X/ �( (

��/1 �� �� 
2 &$&,�� 
=,�$ J�� 
( %����( T��3/ 0�?

15    J_	s(E)-1-propenyl sec-butyl disulfide)23%  	  �(

10-epi-c-eudesmol)1/15%  �(30    J_	s(Z)-1-propenyl 

secbutyl disulfide   )7/27%  (  	(E)-1-propenyl sec-

butyl disulfide)3/20%  ��   ��hQ�(  	  (15  0Q�6b-

pinene (47.1%) and a-pinene (21.3%).   &��� J���#,(

�/ 5/�� �� P�-,2�
&$�� .  
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�B6  1�  �1��$4  ��,�  1�  5��C  
(��,�  J��
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2 ������(

�(  7�RO/ J��  	 �&$�#2 ��h 0�� 
( �� 0���1  1� p1��

M'/  P����  J��
  ��	���  ��?�,�  �1�C ��Rh  
(  �����

  &BC����(  	  
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��! 1� �� �1��$4 �D�RO���  ��	� 7�. �� T��3/ ��� 0�?

��'(��/) 0����(  
$�	� 	 U��3/ M?�( 	 %����( (T��3/ 0�?

�/ ��1�(��'( ��	� .&��2
��! 1� 0����(  J,�� �( �?�,� 0�?

  \&?  .����  
/���  ��/�'/  �
  	  �	�� ��/  ����h  1�  T��3/

��'(,�� �����(  \&? J�� 
2 %�� 7�RO/ ��2�&C 
( �&

 
(��,� %B,c �&/4 J,��! 	 7�RO/ %,V,2 ���/��] ���(

�/ ����&��h N��
 p	�] ��/1 ��J,,+
 .���  ��/1 	 J�  


�,'(  q�  1�  �1��$4  
(��,�  %����( ��-'(  ���(  \�.

��'( 0��R�c� %,+^	�/ ��O/ ������( �"�� 0�� 1� 	 ��� 

���$��
  ���&��2&,D�
  ��  0��(  7���2  ����B�  	  %,V,2   J��

7�RO/  0��(  \��R/  T��3/  ��	���-�/ Q�(  ��+��  .��(

  ����� �/�( �1��$4 
���� 
( �W$�/&��(    ��,� J�� 7�RO/ 	

  
(�/ ���� 0���1 0�?��#2  ��(��2 7�RO/ J�� 
2 ���

  ����� �,$� 01��	��� ����� 	 ��� ! ���� �� 0���1 ��,9(

 0��( ��,� %����( ��/1 	 J� J���'( �
 %�� 0�	�^ ��D

 d,EO
 1� \&? 	���1� .���� J,,+
 ��	��� T��3/ \�&?�

��@�	  ����(  �^�C 	  5�]  P��,,�
  	  �(	��,/  &^  0�?

��,� �� �1��$4 
(��,� 52 &,_�$	`]  %����( T��3/ 0�?

.%��  
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e�
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���] ��50  

  �����  ��  &BC����(  �����'�  �c��  S��6  0��/��,2

e�
  �
��/  ��  .%]��  ��=$�  &BC����(  	  
���,"'2 �(  f��

&��1�(  ��=$�  &�  w3#/  �1��$4  ��"#�	�  �$�&,/  0�?

  �5��)1  j�OD  
(  
2 ��B9c �
EX�/ ������� 1�  K! .(

  %,+^	 g�h 0�?�i P�,��Rh 	  >��!  �Y,� &���

 J,�� �� �1��$4 ��,� 
��! �]�2 ��&+
 
( 	 &����� �'(�#/

  d,EO
 ��=$� ��	&O/ ����+( �%��� ��6	 �4 �� T��3/

5��) &� S�3�$� 2  .(  
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 �56%7
 !��
 �!
�U
 �-�V2 

  

  �%� #
�  

  �����
 �%�(+B  

  ��=$� �]��R
 a`/�2 b�. �( 5����2�] YD�c �� d,EO



��! S�3�$� 1� K! .&�  ���/ ��	&O/ �� �1��$4 �?�,� 0�?

  5��B�/ ��1 
(  -� e$� 1� ��?�,� z�( 
���� 1� &+( ��W$

��'( 
EX�/ u��� ��,� d-. �&$&�  1� 0����(  �1��$4 
(��,�


��! 
���� 
( 
6�
�( .&� ��=$���'( ���/ �1��$4 0�? 0����(

  5c�&C ��� ��	&O/ ��5    ��2�&C 	10  �/ &��(   
��� 
�

J� x5/�� ���1  
��! )  0�?6-5    J� �(
D��2
��!)  0�?8 -

7    J� 	 (
D��3
��!)0�?10-9   %'6 
2 &� S�3�$� (
D��

  P��W$ 1� ��,� J� J,,+
��'( 0�=( ���	� 	 ��O/ ������(

 z�( 1� �&$�/&� ���V��� �&��c \��.� 0�? 
6�
�( J,�vB? .

  
( ��/�'/ �
 ��/�,
 1� �1��$4 
(��,� %����( ��	� 
���� 
(

�/  7�.�/  ��  &/�=$� �  �(  �'/  	  ����'�  �����/  ��,
  0�?

e�
 �
��/ 
( 
+6��/
$�B$ f�� .%]�� ��=$� 
(��,� 0����(


(��,� �B6 0�?S�� �@�	 \	�i �� �&� 0�	4 ��,hy ���

  �0��2�(  P�#��/14  ��=$�  %'6  �?�"#��/14  N,O/  
(  	

%9
 �}��c ̀ ] 	 5�] 0�? .&� 5E��/ 52 &,_�$	 

�&%WX-%
�� �%�(+B  

 Y�%��  $��Q  


$�B$  1�  
(��,��B6  �1��$4  0�? 7�.  ��  �&�  0�	4

��'( ��	�e�
 
EX�/ �� 0����(��/ 1� ��&2 �? 1� �f��  0�?
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�  �(  �/��

K$���S4  ��3(  �(  �,XE
  p	�  
(  ��,�  1�  0�,� )Water 

distillation(  ) �=$��2 ��"��� 
�,�	 
(Clevenger ��=$� (

) %]��26.(50   �=$��2 ��"��� JD�( �	�� �� 
(��,� 1� ���

 &���� 
]�^� S4 ��,D q� �4 
( 	 &� 
�3��  .  %��� 1� K!

  ��/1  P&/3    ���-/  1�  5��C  0�/��  qB2  
(  �%���

  J�	� ��1 e$� 
( �K$��� 0	�C P��Xc
(%��    
2 &/4

  ��"��� ��&/ 
D�D �	�� �4 �B=C �1	 ���( ���-� %�+(

�(  K$���  .&$&����  ���3���  &$��(  
�]��  ���c  S4  0	�


(%��  %(�.� M�&� P�VD�� N��
 �&/4 q#h 	 ����1

 
#,� ��R3/ \	�i �	�� Kt� &�  ��  ,D�$4 %'6 0�

 .&���� 0��&'"$ 7�v3� q���
 	 q�h N,O/ 

 �� ��� ����
 K:��  

�1�&$�
(  52  5�]  0�,�   �(  ���V���  1�  \�+/   J,D�]

�(  �,�D�2�,�  &,��  q,D��  
(  �����  ���&$����  J,,+
   &�  

)23.(  1/0  ��,/) �&� ���3��� K$��� ��,D1/0  ��,/  /���

��,/)  q,D��  &,��  ���&$����  7��O/  ��  (��,D5/0-0  

��,/  
( (���1  ��,/  \�+/ ��,D  �,�D�2�,� J,D�] &� 
]�^�

)10%  1�  K!  .(5    
E,c�3/0  ��,/  ��,D3CO2Na  )10%  (

  P&/ 
( U��3/ 	 &� 
]�^�1   ���c ��,� 0	� �( %���

  ��/  7�.  ��  S�6  .&�  ����765    1�  ���V���  �(  ��/�$�$
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 .&�  �&$��h  ��/��]	���t��   5�]   52  
(P���  ��,/���  

&,�� q,D�� ��  �? ���  K$��� ��,(  .&� 

 �� �����
�� ����
 K:��  

��&E/ 52 &,_�$	`]  ��6�/ �� K$��� �? �( ���V���  1�  

p	�  e$�  �=��  &���2  ��,�,/�D4  �(  J,���_�2  
(   ����� 

���&$����  J,,+
  )&�23
( .(  ��.  �
�`h  1/0  ��,/��,D   1� 

�&� ���3��� K$���  )1/0   ��,//���  ��,/��,D  (��   7��O/ 

���&$����  J,���_�2  )5/0-0  ��,/���  (
(  3/0  ��,/��,D 

 2NaNO  )5%
]�^� (  &�  .K!  1�  5  
E,c�  3/0  ��,/��,D  1�  

)10%(3AlCl  
]�^�  &� .    1�  K!6    �
E,c�2  ��,/  ��,D 

NaOH  1    �XE/ S4 �( 52 M=C Kt� 	 &� 
]�^� �Q�/

  
(10   S�6 .&� U��3/ %c� 
( 	 &,�� ��,D ��,/  ��  7�.  

��/  510  ��/�$�$   �(   ���V���  1�  ��/��]	���t��  �&$��h   &�.  

 &,_�$	`]  52   
(  P���  ��,/���  J,���_�2  ��  �?   ��� 

K$��� ��,(  .&�  

 �%�Q $%& Y�%�� Z%��
���
 �)�� �%�[�V\ �����  

  ����� !��
 ��
���
 $%& #�� ('6�  

  ��,�  K$���  �(	��,/  &^  P�,��Rh  ����(  0��(

  ��=��  ��  %,B?�   _�C  �s�
�!  ��'r  �(  �4  P��Z�  ��1��$4

/�B9/, %�?  	  ��2  �,��,��  0��2�(  	�  5/��  ����)  0

  A���s�t�4  }��c  	�  J,�vB?  	  A�_�	�  K2�2��,]����

A��,��1���!  A���s�t�4  	  A		`]   ���c  ����(  ���/


���  .%]��  >��/14  ��=$�  1�  5-c  Y�  q�  0��2�(  0�?


��� 	 ���4 %���
�$ N,O/ 0	�  5-c 
�V? q� �r��c 0�?

  0�/� �� ���4 1	��92� 	 ��(�� N,O/ 0	�37    	22   
6��


$�3/�� 01��? N���� �� 	 ���",�$�� .&$&� 0����  

)  �Q�����%.
  8](^  �9��,  _��52  (`MIC  �9��,  
  (

) �Q��X� 8](^MBC ( 

��(0  +
,,J  �&��2��'/  %W�)  5c�&C�  )MIC  (

	�  �(  K$���0  ��2�(��'0    ���/����(  �  p	�  1� �    %c�

)Micro Dilution/ 1�  ���V��� �( (,%�!	��  �? 0  96    
$�h
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( (,d1��0  D���/ �(��( 	��    1�
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� N��
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( �(
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,
    
( 	

�? q?�r 0  �� 
��T  / 1� (����
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$�h
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9��E/ &���

��$ 1� ���V��� �( .&� ��=$� 592� �� ]� 
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