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As natural metabolites in range plants of Saudi Arabia did not receive great attention by researchers, this 

study is aimed to (1) evaluate the presence of secondary metabolites in four populations of Capparis 

decidua, an important browse species that occurs in isolated populations in Saudi Arabia and (2) relate the 

presence and concentration of these compounds to climatic and edaphic factors prevailing in each site. 

Four sites, where C. decidua grows naturally, were selected (Riyadh, Medina, Taif and Farasan).  Current 

year vegetative growth samples were collected from each site. At the laboratory, a general plant assay  

was performed to evaluate the overall chemical compounds present in the plant. Detailed study was 

limited to groups of chemicals present in fair quantities. These are the steroids and flavonoids. Detailed 

methods of chemical extraction and apparatus used were described. Preliminary chemical assays indicated 

that C. decidua contains Steroids, flavonoids and trace amounts of coumarins. As the steroids and 

flavonoids were the major group of chemical components present in the plant, they received further 

evaluations. It appeared that there were several steroids of which β-Sitosterol Stigmasterol and 

Campesterol were the most important. On the other hand, Kaempferol, Rutin and Quercetin were the 

major flavonoids. Populations of C. decidua differed in their concentrations of these metabolites 

apparently because of their differences in climatic factors. 
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+%& �������� ��'(��� �

	)� A; ��
3B `a�@; D'EF * -�/@�� �b�V �	@� Dc��; ��'EF -5d3efgF : PE�@)� �@��)�& i��(��
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 4?@3�� -�/0 T3��Capparis decidua  A;
� P���3; ��&�(�}�� -�.�/@��z �$% E�~ \F t�S 7���3L

� ���)� A; �%��3� * ��@� -�/@�� P(	8�� \F ]I ����$��
 W
, �/�(1. M�3= 4?@3�� E�~ A; �V������  N.&('

&�� & \�%��� & J���F��  ���0��; �s;F &F ��;E
 -�E��%�'(

� +

�� ��	�� \F NS *��� [1] .

U0F �	6  `a�@; A; ��, * �;�Q� ��/2�� -�.�/@�� A;
>���� x&� ,Q�& \�3�6�' A; n6 * 7��3�� t�S �@

 x�����& ���}�� n8; P���3; -z�S * A
�	6
7O�.�;&(��& �'(��& W	o�& [2,3] .U0F �	6  * 7��3��

 U0F HI �V��I i�(�:� ��@� M������ ��C�� 42��
 J��Ez�& ��1�3Lz�& �(1@�� �s, * 7��3��
M�
�� w�2��& n;�;���& �&(1�� �s�� ��$6&� 

& 7�	�
� ��?	6 ��
f�� 7��3��[4] . �	6� 7��3�
\�@L:� 7��& -�'�b3�� �s, * �?�F ,�	6&��
�(�;& A ,

 ����� 7��3�. NS * �W	o�& �'(��& x����� �s��&
 n���)� 7z�& -�;E�3�� �s�� R��/�[5,6] .6��$ 

 ��]& M(
��� i(; �s, * E�	8�� \��2; 7��3��
 \��6��:� -���3�; 9���3'Alloxan  O�q M$��

5' ��/�
�� ���6&)��/�
�� ���6F ��V ( 7��� -��(6 *
 4
1��& W

��& ��(	o�[7] .  

 ��E�/6 �@j -�.�/@� +���	�
�� w�)� (b�F
Capparis  -����0�Vs���' ��@� -�.�/@�� #$% \F

Flavonoids [8]  n8; {(fF -�/6(; (V��. HI �V��I �

 -���L�
�s��Glycosides  ������
��[9] �

�sj& x&��0I �1
�S -����L�Indole  .[10] 

 \F w?.�& -�/0 #�/�F ��L�LF PE�}' M�q 4?@3��
-����
c[11] .�	6 �&�j W
, M�3q 4?@3�� \F �

 +% �����	�6 ���; ��β-Sitosterol, D-glucoside 

   46(;&Pelargoindin chloride 3-β-D-

glactoside  �u  -�0�
�
��  A;  \�@X�  �buF &  �
glucocapparin   &Glucocappasoline . �	6

3S��-� %�F� #E�~& 4?@3�� E�n-Nonacasane  &
n-Hentriacontane [12, 13] . A; ��, xO, p&

 �
�
��� �S�3�; -�@�'(. �b@; �����	�
�� -�/6()�
 A; \�@X�& \�'��
�� ��0 A; ��XsX -�@�'(.&

 �u -���&(3����β-Sitosterol  &Stigmasterol   
 A; `3C; ��$6& -�@�0�'�� HI �V��I -�	�
�C��

[14] (Saponins) .R�?�F M�3q& #E&$j& -�/@�� G
c 
�u -����
1�� #�/�F A; N,�0 W
,  14-N-acety 

isocodonocarpine & 15-N-acetylcapparisine 
[14] .M�q -�/@�� \F HI �V��I  5� ��1
S -�/6(;

��@�.&E�
�� n
�� ��0�y3; -��Carotenoids [15] .  
(X�3.  &F (��/; n
C' -�.�/@�� * ����	�
�� ���)�

�2�Y� ��Z�/�� n;�����' (��/; 5�� t�S  P���� \F �j&
 �/�0 i���� HI M��. ��)� A; n[@o� E�~ {�3�

 �b�V -���L�
�
��[16] . -�;E�6 \F �j& �c&
 �s�
��Colchicum autumnale * �/�(1. �
� n}V 

 N��C��
�� ���
c A; G�( �Culchicin  x��3. �	@�'
G�}�� n}V * ()� ¡�2�� HI -�;E�
�� ,  P���� \F MF
PE�(o� �jE� ���.E�' ¢/.(; N��C��
�� [17] .& (X�3�
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 5�3' 4?@3�� -�/0 * ��'E�
L:� 9£ O�6(.
 G�}�� n}V * U3�	6 l0�6 t�S ��f�@)� n;�����

, 58
' W
,F��3C�� n}V * �	  [18].  
g� {(fF �L�E� *dS� -z�@���� O�6(. P���� <

  -�/@� P5�}�� ��E&:� * -�@�0�3��& ��

��Qurecus 

rubra ��'& G�}�� n}V ����' * ¤�q ��] A
�& �
G�( � 7��F xsf n1� ��] [19] . �y�3@�� #$%& p

�� ��$6 �b��I n��3�  � 7 t�S l¥ �L�E�
5X�3��L�)� -��3� W
, ��	� z�3�/�� -�/0 ��E&F {�

 ����@���� -�/6()� n8; -�/6()� 9�' A;
-�@�@��.�36s��&[20]  . -�5�3�� \F W
, x�� �$%&

 9�:� ���; O�6�(. 5�. * ¦��
; 5X�. �Q ��§�)�
 r�� -�L�E��� 9�' \F t�S �-�.�/@�� * ���0�8��

��� -�.�/@�� 9�' W
, l�(jF O�6�(. \F HI 5C. ��(2
 HI -&��3. -�.�/@�� #$% * P��j�)� PE��2�� -��O��

 �@��� x�}V xsf 5/6 �S[21, 22] .& �L�E� *
{(fF  -�/0 W
, Pycnocycla spinosa  -�5�3�� �V(�)

 PE��2�� -��O�� A; #��3Y ¤�= r�� ��§�)�w?.�  A;
 ��§�; -�5�. v�@% \F �L�E��� #$% ¤�= P5/6

 ��@;� P(3V * ��Xs8�� -�@�'(3�� A; -�/@�� �$% {�3Y
 ¢1V (b�F ��'EF �K�;)T	3/L HI ���;( [23].  

  
$�%&�� '()�  

�	�*&�� �+  
, – �*.	
��� �	�*&�� �+:  A; ��.�/@�� -�@���� l�m

 ��&E A; n
' ��;�@��& 4?@3�� -�/@� (��C, D'E:�

 PE�@)� �@��)�& ¨(f Dm \�6& \�L(V P(�Oj& G��2��&
 ©�3��6 -�@����:  

F�  Dm p �D'E:� 4?@3�� -�/0 A; P5C, n6 *
 (C, A; -�@�}�
� �8��o� -��	@�� A; ��V�6 -�@�,
 W
, 4
�3�� ¡3� ªS (b[)�& ¡yo� * �@��/3; -�5y�
 \�
� \F n	3Y� A; M$��& -�/@
� M(	��� Js3fz�

{�; W
, 5X�. �Q  -�/@�� * ���0�8�� -�/6()� ��j&
 ����a -�,�2c ��� * -�@���� l�m �c&)�   

×�  7 ( D'E:� (��C��� Dc��; A; Dc�; n6 nf��
4?@3
� , M(b[)� E�2�� ��0 * -�@���� D�m Dm p&

)+j���@���� ( ��]& ��
3�)� (��C��� -�.�/0 U' (¥ M$��
 ����� ���E:� -�0��' ��(13L�'��
3�)� D'E:� `a�@	
�.  

¬�  n	�)� HI �Q��& No P�T; -�@���� l[�S
 -�5�3�� A; ��
�& A��3��' �b3'��I D@) ��]&

�b�
, F(2. \F A
­ r�� �����	�
��.  
�j�  R�����% �b���� p n	�)� HI -�@���� x��& �@,

�V(��� PE�(S �jE� *& n[�� * . p �bV��j ��'&
�b@�a.  

 0 – ������ �	�*� �+:  $f�' �@	c �1'���� Dc��)� A;
  -�@���� -$fF �c& �Dc�; n6 A; �'(. -�@�, ��
 W
,& �(3)� -�.�/@�� A, �%��' �&�y3� z �V��; W
,

 A; `	,���|  ¡L.  
1 2 �*3	�#� �	�	*
��:  ��f�@)� -�0��/�� W
, x�}o� p

 �;���� �L��(
� ��'�3�� ���E:� -�2� A; ���E®�
�Z�/�� ���£&.  

 ������ 4*�5 � 6
!7�8� 9�� 4�	8���: ;(<=��  



A. A. AL-Namazi, A. M. Assaeed and H. M. AL-Hazimi 

 

 �
�� ��������� �����	�
�� ���	�� �
��� ����� �� 

���

��  P��(c `�(a A, �'(3�� 7��c ���1� (3�;&E��Q� ��bj
�'(3�� `
�; �V�86.  

�� * 7�����
�� -�0�'(6 ���1� (3�	����
�� ��bj
�'(3��.  
|� ���	o� ���c  ��bj(PH-meter)  ���£ ���1�

 �'(3��PH.  
����bj  ¯(b
�� n���3�� ���c(EC-meter)  ���1�

�'(3�� °
�3�; * +��'(b
�� n���3��.  
  

 � �
!7�>#� 4�	8���: ;(<=?���@�	4*�  �*�	*%*A��
�  �	
���  
F– n����� *�(j�.�;&(
��:  

High Performanc Liquid Chromatography 

(HPLC). 
� A, GC
�� * n����� *�(j�.�;&(
�� 7��3L

Vs��� T3�² ��] \�6& -�/@�� °
�3�; * -����0�
 �@��² �Z�/��& ����/2�� �E��)� ¤�³ �b�; * ��$�:�
 n����3
� v���F -�T3B& ��@13��& 7�
�
� O�O��� �/, �
)�

�����	�
�� . 7��3�)� ��b�� \�6&Shimadzu LC-10 

ABvpump   ��@�� A; ��	��� \�6&Shim-Pack 

CLC-ODS.  
�� x�
� n1@Mobile Phase 7��3�)� : ��;– x�0�8�; � 
 � 9£ �/�@' n)�:� :�  (©��3�� W
,.  

 `V�3�� x��;Flow rate :�n;/�1�c�.  
&� G��
�� 7��3LUV Detector ©�3��:  

 N�.&(
�Rutin  :UV 254nm   
 N3�LE�

�Quercetin , x&5�/;�
��&Keampferol ,
 N3@;�E&O�:�&Isorhamntin :UV 365nm.  

¬–  M����� *�(j�.�;&(
��– �
3
�� G�a:  
Gas Chromatography-Mass Spectroscopy 

�����	�
�� n����3
� v���F -�T3B * (V�3)�.  
��= p��&53��� ��/@�� ��sf * -��� -�

bj 7���3L�'� M����� *�(j�.�;&(
�� ��–  G�a
 ��0 �
3
��GC-2010 
'�Q Aµ��. G��� 4

�Q��j&E� ¡�1@)� ¢	@�� A; M(�� ��	���& �N
#���'F25 m) 0.32 mm 0.17 (m  
�– ��	��� *�(j�.�;&(6  

Coloumn Chromatography (CC)   
� x�2' ��j� ��	, 7��3L¶   (2c& ¡L�  �¡L

 nj�
�
��� PE��' U�V 7��3�)� 4
}�� G@}�� \�6&
�3�� ���?��� -�/�$)� l;��3L� NS * °
	3
� ���

��/21�� * ·�E�3/��'& . 7E�VE�

�� �©&(3/�� (8�¸�
+
�8�¸� x��
��&.  

�– �1�c(�� �1/2�� *�(j�.�;&(6  
 Thin Layer Chromatography (TLC)  

� PO%��� nj �
�
��� w��(� t�/�� * ��$6 7��3L
��0  A;:  

TLC plates silica gel 60 precoated 20 x 20 layer 

thicken 0.25 mm   
 J(�3��& �����	�
�� -�/6()� D1' 5b[. ��
	, l¥&

��y��@/�� ��V ���:� ��/};& ����� �2L��' �b�
,.  
 �%� +��a�@�)� M&�@�� N@2�� ��bj  

(NMR) �JEOL-NMR Spectrometer 400 MHz 

 ���	�
�� ¡�c * (V�3)��7�
��� ��
6� �
)� ��;�j
���L .�� � ����2�� n����3
� ���0�8�� -�/6()�' �
��&O�)�.  

���	��� �	
 �#� 4BC 4B��� D�%� E�� �
���=�.	
:�A��  
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 ¹$dfgF��    �0��2)� �V��� -�/@�� �(VF A; ¡j
 ¨(f ��&E A; �b�m p r��)(V��. (86:� �º:R� �@��� (

 * �b�10 p&�  +
�8�¸� x��
�� A; (3�)CH3CH2OH( 
jE� �@, 7��F ��� P�) N' ��(�3�� D; �V(��� PE�(S �

{(fF& P(3V . l�m& °
�3�)� w��(. ��] ��' p
 9��@; ¢�� l= 4�$)� 5�/. p& ��s �

  t�S �E�&��� (�/)� 7���3L�' ��' G
� 5�/3���� 
��s � A; ¡j  . W
, ��1/3)� ��	
�� #$% `�/23' �@	c

 *�(j�.�;&(6 n}V ��	,) U��a¶  #(2c& ¡L�¡L (
 ©����' �/�;��  nj �
�
��� P��; A;  ¡j(Silica 

gel) * �E�3��' ����3�� -�/�$)� °
	3
� l;��3L�& �
 ��/21�� :©&(3' (8�I ,E�V&E�
67 ,n�Xz� -sf ,

+
�X¸� x��
��.  
 ��Oj:� Dm p)Fractions ( ���	��� A; �����3��

�/L�@; ��j�j� �&�6 *:  
�  ©��S �Oj n6 ���OjF��    (�8�¸� 7���3L�' n;

©&(3/��.  
 A; ��Oj:�����   A�; �O�j n6 �� ��    n�;

©&(3/�� (8�¸� 7���3L�'�  7E�VE�

��CHCl3)�:�.(  
 ��Oj:����|� A; �Oj n6 �� ��  7���3L�' n;

¢1V 7E�VE�

��.  
 A; ��Oj:�|¶���   A�; �O�j n6 �� ��   n�;

n8�¸� -sf 7���3L�'.  
 A; ��Oj:����� �3L�' n;+
�X¸� x��
�� 7��.  

 p r�� ���0�8�� -�/6()� ��@' W
, J(�3�� p �c&
 �(a �a�L�' �L�E��� ��c -�/@�� A; �b�s�3L�
 M&�@�� N@2�� J��aF °f:� W
,& �����2�� n����3��

 +��a�@�)�(NMR) �Q.  
  

��!�:F�>�� GH7�8�  
N.�2f * -���&53��� »s�3L� p[24] :  

I:�� ;�JK� : LB���Saponification  
 D?0 P�2 � #$% *��|  �0��2)� �@���� A; ¡j

 U3�L �E&� *��   �b�
, G�?0 ^ n;�   A; n;
 x�0�8�I x�
�¶��& ��  ���6&E��% A; n;

 7��L�.�/��KOH � � . ��bj W
, �E&��� D?0
 G8
)�' U
}0& ��(�3�� N��3��& P�)�  �1�c�

 A	?@��}3�� ��
	, x�	36¼ . G�?0 ��] ��'�   n;
x�0�8�¸� A;¶��  G8
)� W
,F A;D; (=� �x�
Y� �

 ��'��  P����' #��0& G8
)� A; �E&��� �½0 ��1�c�
 P�) v(3�& �V(��� PE�(S �jE� * x�
Y� �µT� ^�� 

 �,�L.  
�*�	��� ;�JK� : GH7�8?�  

 G�?0 P�2 � #$% *�    x�
� A; n;
 N����3��Toluene  �E&��� `
�0& `'���� x�
Y� HI

 P�) Uj(0& P����'|   * x�
Y� 4
�0 ^ ���0�X
 U3�L �E&��    G�?0 ��] ��' �n;��   A; n;

 7��L�.�/�� ���6&E��% x�
�KOH )1M ( �(0 ^
 P�) P�1' �E&����   N31/a +2�� ªS \��X

P(
, ����; W
���� �1/2�� \�
. t�S �N3
}�@; .
�?0 G�  7��L�.�/�� ���6&E��% x�
� A; n;  

KOH (0.5 M)����)� W
���� �1/2�� n}�0 ^ �  �1/a A,
��
��� N����3�� . �' N����3�� �1/a G2C0 ��] ��'

�   N����3�� �1/a w/}. ªS �(21)� ��)� A; n;
��V�� .. W
, �E&��� W
,F A; N����3�� �1/a 4
�

& J�}�� A; (3
VNa2SO4 *  U3�L �E&����  n;
 P�) U6(30& P����' �E&��� `
�0&��  $f�0 ^ ��1�c�

 ���)�'��  �jE� �@, E�&��� (�/)� W
, �%(�/0 & n;



A. A. AL-Namazi, A. M. Assaeed and H. M. AL-Hazimi 

 

 �
�� ��������� �����	�
�� ���	�� �
��� ����� �� 

�¶ 

 PE�(S�  ���Z; �jE� . G�?0 ^|  \�3�L:� A; n;
acetone � {(fF P(; Gy�� {�3Y� (�/0&  ��] ��'

 * �/L(3)� ��s � 4�$0|  x�
� A; n;)DMF  (
Dimethylformamide.  
 M.:��� GH7�8�  
 »s�3L� p�  �2L��' �@���� A; ¡j�  A; n;
 »s�3Lz� x�
��(Methanol-Water-Acetic acid) 

 �/�@'(55:40:5) �  �jE� �@, +��; 7�£ * ©��3�� W
,
 PE�(S� º P�) 7�� �1�c�  A;& ^w��(3��.  


��:(���: N:F�

	  : M�8���A�� GH7�8�M��  
 4�&$. p�  * �@���� A; ¡j�    A; n;

 x�0�8�)� ��% ��E�
6&E��Q� 9£HCl  ^ A;&
 HI 5�/3��& ©&(3/�� (8�¸� * »s�3Lz��  n;.  

  
 $�	BOP� Q*%B���  

�7��3L  n;��; �b�
, n}�3)� ·��3@�� n�
= *
 �����0�Vs���& ����&53��� -�/6()� ��	6 N' À�/.E¸�

�j�)��'(3�� (��@, & U�jT;F n;��;& 4?@3�� * P�. 

 +��}S¸� ��L ·;�0(' 7���3LÁ' ·��3@�� n�
= p&
[25].  

  
��R	�#�: S�	����  

  
T?:� :������ 4*�5 S�	��  

������ U��R .  v�@% \F �'(3�� 7��c n�
= ·��30 A; <Ss0
 ]I ��'E:� �L�E��� Dc��; A; n6 * �'(3�� 7��c * R�.&��.

0 H&:� P5C��� Dc�; * �'(3�� \F <Ss) ��&E P5C,
¨(f ( Dc�; * �	@�' +
;(
� ¬(cF Â�a +
;E 7��c -�]

 ��0�8�� P5C���)PE�@)� �@��)� P5C, (  ���
;E ��@�a U3'(.
  \��L(V Dc�; *& n;(�� A; (86F �/�@' ��@�a �ºF MF
  P5�C, D�c�; * �;F ���
;E ��@�a ��3
L �'(3�� l0�6 
 Ã�8�� Dc�)�' �; �S HI U�/� �'(3�� 7��c \F �Ä G��2��

 )PE�@)� �@��)� ¯�@j P5C, Dc�; (  R���@�a \�6 t�S
 ¡cE x&�j R��
;E)� . (  

  
 N:!=, :����� ������ ��	�� �R��
 � ������ U��R WX��  

  
�R�#� Clay  % Silt    % Sand  % Texture Class 

���#� ���!#�;  
27.6 

± 

13.85 

20 

± 

7.07 

52.4 

± 

20.26 
sandy loam 

Y	8�C 
28.6 

± 

10.81 

63 

± 

2.73 

8.4 

± 

10.83 
silty clay loam 

Z�	J�� 
13.475 

± 

5.54 

21.25 

± 

9.24 

65.275 

± 

14.63 
sandy loam 

[�3 �X:� 
12.85 

± 

4.40 

11.25 

± 

13.11 

75.9 

± 

17.24 
loamy sand 
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= ·��30 A; <Ss� ��$6 �����	�
�� �'(3�� n�

 ¡cE x&�j)� (�'(3�� ���£ \FP
H
   -�/0 �	@� �/L�@)�

 ��'E:� �L�E��� Dc��; n6 * �'E�13; \�
. �c 4?@3��
 N' lS&�(. �ºF t�S� &�.� . n���3
� �/�@��' �;F

 * ¬(3�� #$% N' -&��. v�@% \�6 �1V +��'(b
��
�	�c ncF l0�6 t�S �D'E:� (��C��� Dc��;  n���3
�

 PE�@)� �@��)� Dc�; �'(. * +��'(b
���.|���	�
;/ ¡L
 ¨(f ��&E * �b�
, n}�3)� �	�1
� �'E�1; +%&

�.�� ��	�
;/ �c& �¡L� * Rs�
c �	�1�� #$% l��.E

 l�
' t�S G��2�� Dc�; A; �b�m p r�� �'(3��
�.����	�
;/ �	�1�� #$% A
� �¡L� n
C' l��.E

 * R��j ¦��
; HI l
�& t�S \�L(V Dc�; �'(.
��.����	�
;/ W
, x�� �$%& ¡L� #$% {�3� ���.E

�/��$�� �s;:� A; �'(3�� . x&��� A; ��] w?3� �	6
¡cE )� ( * ���.(; \�L(V Dc�; �'(. \F <Ss0 t�S

 Dc��)� ��1' A, P5/6 �/�@' �/��$�� �s;:� A; �%��3�
{(f:�.  

  
 QR� N:!=0 :K� WX������� ��	�&�� �R��
 � ������ �*�	*%*A�� G��.  

  

  mmohs/cm meq/L−  

�R�#�  PH EC Ca  Mg Na K HCOз¯  Cl¯  SO4�  

 ���!#�
;���#�  

7.58 

±  
0.47  

1.38 

±  
0.65  

7.52 

±  
4.48  

3.34 

±  
1.79  

3 

±  
1.76  

0.92 

±  
0.08  

4.33 

±  
1.71  

8.4 

±  
6.15  

7.07 

±  
3.17  

Y	8�C  
7.53 

±  
0.20  

14.47 

±  
7.75  

49.72 

±  
20.85  

23.75 

±  
23.31  

50.52 

±  
34.25  

5 

±  
4.68  

7.18 

±  
4.33 

137.5 

±  
57.69  

17.89 

±  
6.47  

Z�	J��  
6.98 

±  
0.71  

1.86 

±  
1.43  

12.76667 

±  
12.79  

8.66 

±  
10.72  

1.66 

±  
1.01  

1.43 

±  
0.32  

2.21 

±  
0.10  

4 

±  
3.04  

17.52 

±  
11.68  

 �X:�
[�3  

7.63 

±  
0.12  

1.48 

±  
0.78  

5.66 

±  
2.87  

5.5 
± 

4.24  

0.76 

±  
0.28  

1.5 

± 
1.12  

4.83 

±  
1.00  

4.91 

±  
2.28  

4.31 

±  
0.44  
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	*�	\ :�*3	�#� 4*�	@��� S�	��  

 r�� ��
3�)� �L�E��� Dc��) ��f�@)� -�0��/�� A;
 \F �@[Sz Dc��)� #$% G�& A, �@8��S ��@XF �Q �@c(2.

  \F �y@V Js3fz�' ��3­ Dc�; n
� Æ�@)� E�2;:�
 �	[3@; 5�& ��213; \�
. 4����� * �b@
�& ��§�;
 ¢1�.& �@��� A; P�&�� 7��F * PO6(3; \�
. �c&

 P���� (2; -�f� &F G���, n
� W
, . �; (86F&
�
��a �b�V J����  P(3V \F �% Dc��)� #$% Æ�@; O�­ .

 ¢L�3)� x�S 5/6 n
C' �'$'$3; ��/�@�� �'�a(��&
�$%& M�@���  & �'�a(�� -�E&� N' ¬&�@3�� A; (b[�

J���� , A; -��@L �b�/3.  P52)� -��@��� �Ä RP���V
 ��'(��� �

	)� Æ�@; O�­ �; �$% \F t�S & �J����
 ����& -�Vs3fI v�@%  \F zI 7�, n
C' ��������
 -�jE�& E�2;:� -�2L�3; * �L�E��� Dc��; N'

	6 ��/�@�� �'�a(��& PE�(o� -�0��/�� A; �@� w?3� �
�b�
, n}�3)� ��f�@)� , * ��f�@)� n����3�� \ÁV �$Q

 RP��, r�� ��f�@)� -�0��/�� -�2L�3; W
, �	3�. 4�����
 n6 * ������ Æ�@)� ���/a A, ����Ç P(
V �@�2�. �;

Dc�; .W
, ��f�@)� -�@�/�� n�
= �@, �0�	3,� �c& 
¡%F �SF �%& U�jT;F n;��;  PE�bC)� ��	
��� 5���)�

x��� �$% * �%.  
  

 ]*=^
� _���`� _�J#� 4
	&#� :[26]  

 ����3�� �����)� U'��S * n	�3��&:  

222
mM

P2000
Q

−
=  

 \F t�S :  
     Q2 –   ME�(o� M(2)� n;��)�.  

P        ¯–   ¡
)�'  ���@��� E�2;:� ��	6 ¢L�3;.  
M         –  3; (bC
� W	[��� PE�(o� -�jE� ¢L�

 PE�(S (86:� /º  7./  
m         –    (b�C
� {(�}�� PE�(o� -�jE� ¢L�3;

 P�&(' (86:� /º  7./  
 ¡�c  4.(0 �@0ÁV U�jT;F ¢2B ¡LE �@,&Q2  E�� W
,

 ¡�c& -���}��m  �V(�; A; A
	3@� -�@���� E�� W
,
©�3��6 4.(. r�� ��f�@;��/�� `'��2��:  

  
•  M&�(�}�� +f�@;��/�� `'�2��Q2 < 20 

•  J��� +f�@;��/�� `'�2��20 < Q2 <30  

•  J��� U/� +f�@;��/�� `'�2��30 < Q2 < 50 

• 4a(�� U/� +f�@;��/�� `'�2�� 50 < Q2 < 90  

•  4a(�� +f�@;��/�� `'�2�� Q2 > 90 

  
   ��L�E��� D�c��; W
, U�jT;F n;��; �����; `�/23'&

 \F w?.� ��'E:�Q2  l0�6 t�S (f� Dc�; A; G
3�
 ©�3�� ��@�� W
,:  
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 4Aa,: $3	�#� ]*=^
� bJ� E�� ������ �	
� ��	�&� �&���� �R��%�� D	c��� �	Jd �R��
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� �
�� �������� ����� �� ���� ������ � )�  �(  ���  

 

	��	\ :�*�	*%*A�� 4*�	@���  
 �2    �e*�!
#� �	C�e�A�� S�	�� )   �e�*��� We>#�

$�	*%* ( . * PE�6$)� -�V�C
�� `�/2. p ���)� n}V
 ��sf W
, n	��� �(a&�   4?@3�� -�/0 A; ¡j

 P(3�� +,��E¸� N��3��& x�0�8�z� x��6 * J���� 
-�,�L . x&�j * -�V�C
�� #$% ·��30 ��E�I p �c&
 ¡cE)�.(  

 ¡cE x&�j A; w?3� �	6)� ( ��s � \ÁV
 GC
�� \F t�S w��& n
C' -���&(3L W
, M�3=

 W
, R��'�ÉI \�6����)� n���Y�  . #$% -E��F �	6
 GC
�� \F R�	
, �-����0�Vs��� (V��. HI -�V�C
��
 #$% A; E�X� (V��. W
, x�� -�@�E�;�
��' »� �

-�/6()� . ���?��� G���2�� ��1/' ��� � -�V�C
�� �;F
��/
L l0�6 �1V.  

  
 N:!=1 :���� ��	�&�� �R��
 � D	c��� �	Jh ]*=^
� 4
	&
�  

  

�Jh� i	���� ;���#� ���!#� Z�	J�� Y�j	= 

P   )Q�
(  �  .| �¶. � �¶|.� ��|.�| 

M  ) º U(  |�.� |� |�.� |�.� 

m  ) º U(  �.� ��.�� �.�� ��.� 

Q2 ¶.� �.� �� �¶.� 

  
 N:!=k : ������ �	
� �cH3 E�� �*�!
#� �	C��A��Capparis deciduas  

  
Molish 

test 
Coumarins 

test 
Alkaloids 

test 
Flavonoids 

test 
Triterpenoids 

test 
Setroids 

test 
Saponins 

test 

�  ± � ‡ � ‡ � 

  )‡ (;��A� D�=�
 , )± (�	\o ,)2  (D�=�
 Fp  
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 q–    �e���	��� �	e
 �#� 4BC S�	��Secandary 

metabolites  ���=�.	e
:�A�� 4B��� D�%� E��.  
 U0F �����/)� -�V�C
�� A; w?.�   ���s � * (V��3.

 -����0�VsV ��$6&  -���&53��� -�/6(; �����
��
w��& n
C'. HI PE��¸� E��&   +����	�
�� w�)� \F

   R�E��X� zI w�����. > -�/@�� A; P5�� ��	6 ��s 
��@�E�;�
�� -�/6()� A; �2��'.  

  �2�L��' -�/@�� A; �����Q� ��Oj:� »s�3LI p
A;& +
�X¸� x��
��  A; °
�3�� ^ ���s � w��(. ^

E�&��� (�/)� W
, 5�/3�� �2L��' 4�$)�  .  ���] ��'
   7E��VE�

�� A�; ��	6 ncF * ��1/3)� ��s � l/�]F

) ©��S� n; (   W�
, ��'�$)� ��s � `�/2. ^ A;&
 nj�
�
���' �/�; 4L�@; ��	,(Silica gel)  ^ A�;& �

 °�
	3��elution -�/�$; 7���3L�'  * �E�3��' ���?,
 ��Oj:� A; 58
�� l�m& ���/21��Fractions  . ^ A;&

   7���3�L�' ���	��� A; �}
	3)� ��Oj:� D/3. pTLC 
  l���m ��$� �1V& ����C3)� ��Oj:� D�	�  p t�S

�����E ��OjF ��'EF .   (�8�¸� A�; °
	3)� x&:� �O��
53�
� R��'�ÉI R��C6 (b�F ¢1V ©&(3/�� -�@�'(3��& -���&

��Xs8�� . ©&(3/�� (8�¸� ¢�
f A; °
	3)� Ã�8�� �O�� �;F
 -(b�F �1V 7E�VE�

��&TLC  D1/�� A; ������ ��j&

    ��}
	3)� ��O�j:� * -(�b� r�� D1/�� HI R�V��I
©&(3/�� (8�¸� 7���3L�' ¢1V . p& \�3�s � l�m �$�

T6:� �O�� 5�/3' ��]& �%O�6(.  -�/�$)� ¢�
f A;
 �E�3��& nj�
�
���' �/�; ��	, W
, U1�/2. p ^ A;&
 ���@�� ��Oj:� D/3.& ��/21�� P���O' -�/�$)� 7���3L� *

 7���3L�' °
	3�� A;TLC.  

 ��Oj:�)��|� ( P5/6 D1' D'EF �b3�@' * M�=
 HI -�/�$)� 5�/.& �b?�' D; �b�m p �$� �nc:� W
,

 ©��S�   A; 4L�@; ��	, W
, l1/a ^ A;& �n;
& �nj�
�
����   A�; ���
3B 4�0& \��
Q� 7��3L

   �°
	3�
� 7E��VE�

�� R�5fF& 7E�VE�

��& \��
Q�
 ©��S �b@; n6 ��
3B ��OjF l�m t�S|  n�; . p

�ml  \��
Q�' �}
	3)� �
. A; ���C3; ��OjF ��'EF
  �'F 4�L�E G
�3�� ��Oj:� #$% -(Ë ^ A;& 9�

)��¡y
;(  #E�b�}0� �jE� �)����|º7 (  W�2,F&
-���&(3��
� ��'�É� ��C6  . G�a O�	3� ¹HNMR   U��

 *CDCl3     ��12@; * P(2�C@; G��a 7OS ¤s8'
 \�.&(' n;�
3' �b@; n6 ��@�V��:� -�0�.&T�� »�}3;�

 �@, �S�&δ5.1 �δ5.13  &δ5.33    HI �V���I ������@X
 �S�& \�.&(' n;�
3' P���, �;OS  ��@, �?�Fδ3.51 �

 \�'(6 PE] W
, \�.&(' »�}3;�' ���f P5f:� +%
 Ny�6F PE$' �2/.(;(CH-OH)    ¡�[�) O��Ì �%&

    -��1
o� ���L�� ���Xs8�� -�@�'(3��& -���&53���
 ¡cE D��)� * ���/3�)�| n��6&E��% �,�	y² . �;F

 {�)� * °3¥ +bV 46(	
� -�0�.&T�� »�}3;� ��1'
2.2�0.68 δ  .* #5[@� U'�C; G�2�� �$% ��L��c �@�, 
) x&53L�	y�3L 46((Stigmasterol)    ��SF ��%&

  r��� -�.�/@�� A; 58
�� * (V�3. r�� -���&53L �3����
�?�F P586 n��}�� +	3@..  

5�3. > �2
3�)� #E�b}0� �jE� \F �	6  . �V��I
 G�a \ÁV ��] HI¹³CNMR 46(	
� ���}�� �6��  �

)�  -�E���I D'EF ��j�' G�2�� �$% O�	3� t�S �x&O�
    ���@' * N3�,��?)� N32'�(��� \�'(6 -�E$� ����a

 ¡cE \�'(
�� PE$' ���f ����a PE��I& �46()�|  �@,
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δ71.88   \��'(6 -�E] ���1' -���}3;� HI �V��I �
��.����:� �12@)� * 46()�.  

OH

22

23

  
N:F�8	%r*�8 Stigmasterol  

	�*� 2��*8N:F�8 β-Sitosterol  
(22,23-Dehydro) 

  
  \���
Q� ¢��
f A; ���C3)� ��Oj:� l�m�

7E�VE�
6)�:� (  9��'F 4L�E W1/3�� -(Ë ^ A;&
©&(3/�� (8�¸� A; U.E�
' P��,I l¥)��¡
;(  ��jE� �

 #E�b}0I�������º �7���º 7[27]  D�; ¬E�13. �
� �jE�z  �b
�y��. p r�� E�b}0  ��3�' 4�6(	
��

 x&53L�3�Lβ-Sitosterol .  4�6()� �$Q �
3
�� G�a
 �@, R����a R�2f W2,Fm/z=414¡cE n
� �)�( n8­ �

�3�' 46() +�O�� \��:��x&53L�3�L .  -��6F �c&
  ��3�' 4�6(; ��@' +��a�@�)� M&�@�� N@2�� J��aF�

x&53L�3�L . G�2V¹HNMR  � 46()� ��@' W
, x��
T�� °3­ t�S  ��@, 46()� * Â�V��:� \�.&δ5.34 

  ¡�cE \�'(
�� PE] W
, \�.&T�� °3­ �	@�'|   ��@,
δ3.50  * {(�f:� -�0�.&T�� »�}3;� HI �V��¸�' �
46()�  . �	6 (f� 46(; W
, �@���� #$% M�3= �c&

  +���2�� ¢ � Rs8; �P5�}�� ����2�� À�2 � A; �&�/�
 ©��S �@, ���3)�δ5.1 ���� À�2 � #$% \�
. �c& �

 G�a A; N/3� �	6�x&53��/;�6 46(; A; E�X� W
,
�3�' 46() �
3
���¡cE n
� x&53L�3�L)� (  \���:�

 �@, +�O��m/z = 400 . G�a �Í6F �c&13
CNMR  ��@'

�3�' 46(;� x&53L�3�L.  
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f U0F G�2�� �$% A; w?3�
 A; ��]& �©�@�V (f� 46(; HI �V��¸�' U	[�; *
  »��}3;¸� �12@; * -(b� r�� -���}3;¸� 7OS

 ��(2���(δ 7-7.5)    ��,�	� -����}3;� HI �V��¸�'
 {�)� * n��6&E��%δ9.3-10.0  G�a A; w?3� �	6

¹HNMR  ¡cE n
� *)| .(    ©��@���� 4�6()� �$%
   * (�b[� ��	6 ��
��6�8)� D�;��� A; ������ M�q
 D�;�� -�0�.&(' »�}.� G�a À�2f �5f:� G�2��

CH3  ©��S �@,δ 4.0  .�� l�(jgF �c&  n�}�� -z&
 �
�L& 7���3L�' U.�0�
; HI ¢�
 � �$%TLC   ¡�[0&

  n�}V ��
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s � A; x&O�)� 46()� W2,F    ������
�� ���

   4�?@3�� -�/@�Capparis decidua )   �O��� (�[0�
+
	��� ( 9£ & 7���@��)� P��(' D; ��]& R��(%� R�0��

     -��/6(² »��f G�C6 ��%& ���E�
6&E��Q�
  -����0�Vs���Flavonoids [28]  .  -�Í��6�Î. �c&

  ��y���@/�� ��V ���:� G�a A; �����0�Vs��� ���/2��
(UV)  ()� �$Q©�3�� ��@�� W
, 46 [30, 29]:  

UV :  271 nm, 348 nm 

 �@, �;Oo� »�}3;� \�
;&348 nm    \F W�
, x���
 -z�0�Vs��� ����a A; 46()�Flavonols  ��
. MF �

 n��6&E��% �,�	y² ���/3�)� �����0�Vs��� -�/6()�
(OH)  ¡cE D��)� *3  \�VsV P��0 *[29].  

� M&�@�� N@2�� G�a �;F  -��0�.&T
� +��a�@�)
(1HNMR)  4�$)� *DMSO  (b�F �1V 46()� �$Q �

    ��&��� l�'�8'& �����@X �	b@; n6 N3;OS »�}3;�
coupling constant   #E�c8.8  N0�.&(' n;�
3'& �O.(%

    -�����0�Vs��� ��
3� O��Ì D'�2�� �$%& �	b@; n
�
 D��)� * n��6&E��% �,�	y² ���/3�)�4`) ��1
o� 

B( �@, H&:� �;Oo� {O�. t�S �δ6.52  »�}3;� HI
 N0�.&T��3`, 5`    ��@, r�� {(f:� �;Oo� {O�. �	@�'

δ7.67  N0�.&T�� »�}3;� HI2`, 6`  .  G��a M�q&
  ��@, {(fF N3���@X N3;OS R�?�F 46(	
� \�.&T��δ 

5.84  &δ 6.02     n�
� ��S�& \�.&(' n;�
3' A
�&
' & �	b@; �	�1X ©��S P5�� ��&��I l'�1   ��Ì O.(%

 D��)� * �	ºF W
, x��meta    �	b�?�/� �/��@��' .

   N0��0�.&(' HI {O��. N.5f:� N3;Oo� \ÁV ��$�
N�&O�;) D���� *meta�   l�'�8� P5�}�� �	�1
� R�([0
��&��z� ( �1
o� -�0�.&(' A;A   ������0�VsV P��0 *

 \�.&T�� �u&8 ).E$' À��Ny�6F N (  \��.&T��&6 
©��3�� W
,[31]  46()� ���� D; `�3� G�2�� �$%& �

 ¡L�' J(�� M$�� ©�0�Vs���Kaempferol  . �c & �$%
    * n���6&E��Q� D�;��� -��0�.&(' »�}3;� (b�

  ��@, �?�(, 7OS �Z�% W
, 46()�δ10.10, δ11.90 . 
U� 4?@3�� -�/0 ��sf A; x&O�)� x&5�/;�6 46(; 

 E�b}0� �jE�278-279 
o
C  �bL��c p �;�@,5�3. > +%&

 U�@; ��L��c P��;& 46()� �$% A; ¢�
   .  \F ��	6
 �c�,¸� n;��;Rf    n�;��; ���0 x&O�)� 46()� �$Q

 N;�[0 7���3L�' ��]& ��L��c  P��; A; #5[@� �c�,¸�
M&��.& �nc:� W
, -�/�$)� A;:  

 

Rf =  0.54 ,  CHCl3 – Methanol (8 : 2) 

Rf =  0.20 ,  CHCl3 – Methanol (9.5 : 0.5) 
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M�*8���  Quercetin  R = OH  
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  ���sf ��OjF A; U�O, p M$�� (f�� 46()�
 4?@3�� -�/0Capparis decidua   ��	, A; �}
	3)�

E�

�� A; ¢�
f �2L��' �
�
��� n�X¸� -sf & 7E�V&
       -�����0�Vs�
� O��	)� \��
��  R��?�F W�2,F �c

Flavonoids .   ��/�; 5��� ��	, W
, U��[@. p �c&
 �
������'Sephadex LH 20 )�  7�(j ( 7��3L�&

��	��� A; °
	3
� 4�$	6 x�0�8�)�  .   G��a O��	3�
��y��/�� ��V ���:�(UV)   r;O�S E�b[' 46(	
�
 �@, N3�L�LF G�a270 nm    &351nm  .  ��;Oo�&

  ��% 46()� \F W
, ���� +%  G�2�� �$% * P5f:�
   -��/6()� ��
. �-z�0�Vs��� �,�	� ��?,F �SF
  n���6&E��% �,�	� �b��@' * (V�3� r�� �����0�Vs���

(OH)  ¡cE D��)� W
,3 [30, 29]  . \�.&T�� G�a �;F
 46()� �$Q)DMSO (�Da�c n
C' x� �1V  U3�@' W
,

    N3��L(��6 �M����0�Vs��� 4�6()� U0�' ��/�6(3��
Quercetin -���}3;� ��� G�2�� �$% (b�F t�S  �

   n�;�
3'& ����(2��� -�0�.&T�� -���}3;� �12@; *
   -����}3;� D�; R�;�¥ `�3. �b@; �S�& n
� \�.&('
    D'��a ���0 ��Q r�� �����0�Vs��� P��@�� -�0�.&('

� A; x��/3L¸�  n���6&E��Q� -�,�	[31] .  ��	6
   n���6&E��Q� -��,�	� -���}3;� G�2�� w�����

N3�L(��
�� ��@' * P��j�)�.  \�.&T�� G�a (b�F �1V
 �Z�% W
, �	b@; n6 N���a N2f N3�L(��6 46()

 ©��S ��&��� l'�X �	�1' ����@X �;OS2 O.(%)  ��&���
 �3�;meta ( �@,δ6.18   &δ6.40  . t�S \�3;Oo� {O�

  N����)� Ã�.&(' »�}3;z8   &6   ©���3�� W�
,  .
  ¡�cE n
C�� A; w?3� �	6 �G�2�� �$% (b�F&)�( �

 ��&��� l'�X �	�1'& �S�& \�.&(' n;�
3' ����@X �;OS
8.8    D���)� * ��&��� W�
, ���� �	�c +%& �O.(%

ortho ¡cE \�.&T�� »�}3;� HI ¢ � �$% {O��& �5` 
1
o� W
, �B  D��)� * \�.&(' D; �&�O� M$��ortho 

 ¡cE  \�.T�� �%& U� �/�@��'6`  . »�}3;� (b� �1V �$�
  n
�C�� �����@X ����@X �;OS �Z�% W
, 5f:� \�.&T��

¡cE)� ( ��&��� l'�X r	�1'8.8  & O.(%2.2   �O�.(%
 ¡cE  \�.&T�� D; Uj�&��� �y�30 +% {(�}�� �	�1��&

2`  * D1� M$��&  D��)�meta   U�� �/�@��'  .  �$�%&
 D��)� * \�.&T��2`   �@, U��}3;� (b� �1Vδ7.66 

 \�.&T�� D; ¢1V Uj�&��z R�([0 ����@X �;OS �Z�% W
,
 ¡cE6`   D��)� * D1� M$��meta U� �/�@��'   .  ��;F

 4��6(; * n����6&E��Q� -���,�	� -���0�.&('
   ��@, °3�	3V N3�L(��6δ9.40  �δ9.60  �δ10.80  

 �@,&δ12.50  . �@, ��o� +��2�� ¢ � {O��&δ12.50 
   ¡�cE  D���)� * n��6E��Q� �,�	� \�.&(' HI5 

[31] .  ��@, x&O�)� N3�L(��6 46(; (b}@�|��� 
|��º �7|��º 7[27]  .    n�;��; \��6 ��c& �$%
�c�,¸�(Rf)   ���L��c �@��� #5[0 D; `'�23; 46()� �$Q

;�[0 7���3L�' ��]&-�/�$)� A; N.  
Rf =  0.31 ,  CHCl3 – Methanol (8 : 2) 

Rf =  0.14 ,  CHCl3 – Methanol (9.5 : 0.5) 

  



A. A. AL-Namazi, A. M. Assaeed and H. M. AL-Hazimi 

 

 �
�� ��������� �����	�
�� ���	�� �
��� ����� �� 

�  

  
 QR� 4Aak :$>*s	�t#� _:���� M�J�� Z*s)¹HNMR (M�*8���  � �#.  

  
 u2     ��!�:F�ee>�� �ee� Zee�A�� S�	ee��

 �J8��� ��!����CH���:GC-MS  :HPLC 

)� -�V�C
�� W
, ��@' -�}
�3�)� ��$6& ����/
   W�
, M��3q 4?@3�� -�/0 \F �Qsf A; w?.� r��
  n�	, p P5/6 -��	
' -����0�Vs���& -���&53���
     -���&53���� ¡�%F A�, G�C

� �����	�6 n���=
  7���3�L�' ��]& -�/@�� * P��j�)� -����0�Vs���&

©������ ���:� &] *�(j�.���;&(
�� M����bjHigh 

Performane Liquid Chromatography (HPLC) 
   *�(j�.��;&(
�� & �-����0�Vs��� ¡%F A, GC

�

 M�����–  �
3
�� G�a:Gas Chromatography-Mass 

Spectrum  (GC-MC)-���&53��� ¡%F A, GC

�.  
©�3�� ��@�� W
, n����3�� #$% ·��30&:  

  
 ?:� :��!�:F�>��  

L -�/6(; �XsX (V��. GC
�� �$% (b�F ����&53
   x&53���/;�6 +�% 4?@3�� -�/0 *Campesterol 

x&53L�	y�3L&  ��(jI A; w?.� �c& �x&53L�3�L�3�'&
  l�¥ r�� D'E:� (��C�
� ��.�/@�� -�@���� W
, n����3��
 #$% -�@�, D�m * P��j�; -�/6()� #$% \F �b3L�E�
 {(f: P5C, A; -&��3. �%(V��. 4�0 A
�& (��C���

DMSO 



Secondary Metabolites in Four Different Populations of Capparis decidua 

 �
�� ��������� �����	�
�� ���	�� �
��� ����� ��  

� �

ºF t�S P5C, -�.�/0 * �b@; 46(; ��	6 n}. �c �
 * 46()� A; ��	
�� #$% G�� HI D'E:� (��C��� A;

¡cE x&��� ([0� �{(fF P5C,)� .(   l�0�6 ��	@�/V
 �@��)� A; -�/@�� �@�, *  x&53��/;�
�� 46(; ��	6

 +% PE�@)���.�� ¡y
;/  n�8; * l0�6 �1V �¡y6
 +% ¨(f ��&E A; �@���� �
.�|. | ¡y
;/¡y6 .

   ��@��)� ��@�, * x&53L�	y�3L 46(; ��	6 l�
'&

 PE�@)�� .¶�   A�; R�/�(1. ��	
�� G�� +%& ¡y
;
  \��L(V P(�Oj A; l�m r�� �@���� * 46()� ��0

�.�| ¡y
; /¡y6 .  4�6(; ��	6 l0�6 ��$6&
�3�'�  P5�C, A; P]�f�)� -�/@�� �@�, * x&53L�3�L

M&��. G��2�� �12@; �¶.�  ¡y
; /  ��	@�' �¡y6
   -��@�, * R��/�(1. G�?�� 46()� �$% ��	6 l�
'

 l0�6 t�S ¨(f ��&E P5C,���. �¡y
;/¡y6.  
  

 N:!=v :����� ��	�&�� �	�*� � ��!�:F�>�� �	
 �#�  �� Z�A�� S�	�� WX��  
  

� �#�  ;!O���  ;���#� ���!#�  [��3 �X:�  Y	8�C ;��(=  Z�	J��  

F�>*

	 N:  
CAMPESTEROL 

Mg/Kg ��.��  �|. |  ��.¶�  ��.��  

N:F�8	%r*�8  
STIGMASTEROL 

Mg/Kg  � .¶�  �. |  �.�|  �.��  

N:F�8��*8	�*�  
β-SITOSTEROL 

Mg/Kg  �� .��  ���. �  ���.�|  �¶.�   

  
 	*�	\ :��!����CH���  

 A; -�/6(; ��'EF (V��. -�V�C
�� #$% -(b�F
 4?@3�� -�/0 * -����0�Vs���   #$�% l�0�6 �c& �

 �b3/�0 G
3� -��	
' �?�F P��j�; ��'E:� -�/6()�
  -��@�, Dm p r�� ��.�/@�� P5C��� Dc�; Js3fz R��/.

  ¡�cE x&��� A; <Ss0 t�S �b@;)� (  4�6(; \F
 N.&ERutin  -�/@�� * R���j& -����0�Vs��� (86F �%

      ���1' A�; W�
,F -��/@�� * U3/��0 l0�6 t�S
0�Vs���{(f:� -���� . -�@�, * U3�	6 lS&�(. �1V

 N' D'E:� (��C�����.�� ¡y
;/ P5C, �@�, * �¡y6
 & �U� �S Ï��6 PE�@)� �@��)���.��  P5C, �@�, *

 n6 * #(V��. �/�0 l0�6 �	@�' �U� �S W
,�6 G��2��

  \��L(V P(�Oj P5C, & ¨(f ��&E P5C, r@�, A;
 �3�
' t�S N3'E�13;��. |  &��.�� ©��3�� W
, .

 N3@;�E&O���F M�����0�Vs��� 4��6()� �$��% +��
�
Isorhamnetin    * #���j�� ���	6 T6F l0�6 M$��

 l�
' r��& PE�@)� �@��)� P5C, -�.�/0�.��   ¡�y
;
/ ^ �¡y6�. �  ¡y
;/ P(�Oj P5C, �@�, * ¡y6

\�L(V , ^�.��  ¡y
;/G��2�� P5C, �@�, * ¡y6 ,
 �5fF&�.|�  ¡y
;/   ���&E P5�C, �@�, * ¡y6
¨(f . N3L(��6 46(; �;FQuercetin    \��6 ��1V

   U�� ���	6 T6F l�
' t�S �
�
c -��	
' R���j�;� 
 ¡y
;/PE�@)� �@��)� P5C, �@�, * ¡y6 , �b�
� .�� 
 ¡y
;/   ^ �¨(�f ���&E P5C, �@�, * ¡y6 .� 
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 ¡y
;/�	@�' \�L(V P(�Oj P5C, �@�, * ¡y6  l0�6
  G���2�� P5C, -�.�/0 * 46()� �$% A; ��	6 ncF

 �&�y3. > t�S .��  ¡y
;/¡y6 .  #$�% -(b�F&
     ��% D�'�E M����0�VsV 4�6(; (V��. -�V�C
��
   ������0�Vs��� -��/6()� ncF \�6 M$��& x&5�/;�6
    ����j�; \��6 U�0F t�S 4?@3�� -�/0 * R��j��.

 W�
,F * �&�y3. z R��j �
�Z� -��	
'   �K���3��;
 .��  ¡y
;/  �\��L(V P(�Oj P5C, -�.�/0 * ¡y6

   PE��@)� ��@��)� P5C, A; n6 -�.�/0 ��	
�� * U�
�
 l0�6 t�S ¨(f ��&E P5C,& . �¡y
;/ * ¡y6

N.5C��� s6 .  ���j& -�V�C
�� #$% (b[. >& �$%
  ��@��; P5C, A; P]�f�)� -�/@�� �@�, * 46()� �$%

G��2��.  
F �	6 n�
�3� -�;�(j�.�;&(
�� \HPLC   n�
�

 PE�@)� �@��)� `a�@; A; 4?@3�� -�/0 -�@�, A;)M( �
 \�L(V P(�Oj&)F( ¨(f ��&E& �)R( G��2��& �)T (

 x�
�:� * �b�(, p� �� �� �� ©��3�� W
, . #$%
 * `/2@. ¡	1�� \F t�S 5/6 �S HI ���C3; x�
�:�

 ��1/3L¸� A;�)Rt.(  

  
 N:!= QR�w :����� ��	�&�� �	�*� � ��!����CH��� �	
 �#� �� Z�A�� S�	�� WX��  

  
Zc���  ;!O���  ;���#� ���!#�  [�3 �X:�  Y	8�C ;��(=  Z�	J��  

M.:�  
RUTIN  

Mg/kG  ,,.,0  ,k.x1  ,k.wk  ,v.yk  

 M�8��� 
QUERCETIN  

Mg/kG  ,.xx  x.zy  x.v  x.0z  

 N:F�

	 
KAEMPFEROL  

Mg/kG  x.xv  x.xv  x.0,  Nil 

 M��
��:(��
ISORHAMNETIN  

Mg/kG  y.0y  v.10  y.xv  v.zy  
  

  
 QR� 4Aav : 4*�@�� U��=�.	
:�A�� {@�
 Q8�HPLC ;���#� ���!#� �	
� ��*� � ��!����CH��� �	
 �%��  
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 QR� 4Aaw : 4*�@�� U��=�.	
:�A�� {@�
 Q8�HPLC ;��(= ��*� � ��!����CH��� �	
 �%�� Y	8�C  

  

    
 QR� 4Aay : 4*�@�� U��=�.	
:�A�� {@�
 Q8�HPLC [�3 �X:� �	
� ��*� � ��!����CH��� �	
 �%��.  

  

    
 QR� 4Aaz : 4*�@�� U��=�.	
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 Q8�HPLC Z�	J�� �	
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 �%��.  
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Correlation coefficient    

   n�;����� ¡�%F A; ��
3�)� ��f�@)� n;����� T3�.
  l�Í�� �c& �-�/@�� nf�� ���0�8�� -�/6()� W
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