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�ÉZ»{��{�½{Y{��Y�«��Y��a�Á�k�Zy��ËZ»�c�Y��Y

���ËZ�´zË� ,É�Z»� ¾]� {Y�³� Êf¿Z�� Äm�{�Ê
|¿|� .�Ê]ZË��YÉZÆÌ³�ËÁ�ÊeZÌu� ,�¾ÌÌ e�¶»Z�

¿�� Z]� ­�vf»� Á� Ã|¿�� ¹�b�Y� |��{�É�Ì»M�²
� ÊaÂ°�Á�°Ì»� ��Z¼�� Á� µÂ¸��Ä]� |�� ¹Zn¿Y

�®Ë� YÁ�ÂeZ»�b�Y� ­�ve� |��{� ¾ÌÌ e� �Â�À»
�ÉÁ��É�Â·ÂË�Ì§�¹���Ã��«�®Ë�Á�¹�b�Y�Ã��«

�Ã|��¹�³��Ìa��Y�¹Ó|��ÄfzË�.��ÉÁ���b�
{Y{� �Y�«� ¶»Ó� ½M|�� Ã�Â¼¿� Ze��Â�� Ä]� ZÅ� Ä¿

|À]ZË���f�³�dyYÂÀ°Ë .�Á�ºÌ¬f�»�Ã|ÅZ�»�Z]
�d¯�u�ÉY�Y{�ÉYÁ�ÂeZ»�b�Y�ÉZÆ·Â¸����Z¼�

� ½Y|Ì»� �{� Ã|¿Á�� �Ìa� ºÌ¬f�»�|Ë{
¿�_Â°�Á�°Ì»�ÊËZ¼À³��]� Z]�É�ÂX ��,��{Y| e

�Á���Z¼�� ¹�b�Y�¶¯� {Y| e� Á�­�vf»� ¹�b�Y
� ­�vf»� ¹�b�Y� |��{|�� ¾ÌÌ e .�²¿�� ÉY�]

�� ¹�b�Y� Ã��«� ®Ë� ,É�Ì»M�®Ë� Z]� Ã|�� ªÌ«
«¾Ë�ÂWY�²¿��Ã��-��¾Ë�Á�´Ì¿��Y��a�Á��Â¸z»
����{� Ze� ÄÌÆe� ¹Ó� ÉÁ�� ÉY� Ã�f�³� Ä¬Ì«{

{Â�� ®�y� YÂÅ� c�ÁZn» .ZÆ»�b�YÉ��»�«,�
ZÆ»�b�Y� Á� Ã{�»É ,Äf§�´¿�²¿�����¿� �{� Ã|¿�

|�� Äf§�³��Z]� ÊaÂ°�Á�°Ì»� |Ë{� ½Y|Ì»� �{� Á
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ÊËZ¼À³��] X�� � ��Z¼�|¿|� )��(. �Ä]
���]� dÆmÊ��ZnÀÅZ¿É�ÅZÉ�¿Z¼fyZ�Ê�

Z¬¿� ,YÁ�ÂeZ»�b�YË{�³� ��Z¼�� ZÆ¿M� �Ë�Ä¯� |
Z¬¿Ë��§� �Ê��Z]� ��� ¶»Z�Ë�±��]� ��� ,®
£Ì^��Ì ÊY|m�¹Á�Á�¯M�, ¼y�_Â·�¹{�,Ã|�ÌÃ|�
Á �� Ã��«Ì¼�ÔaÂfÊ�� {Â])��.(�� ÉY�]�d�|]

� ½{�ÁM�Z]� |��{Ë]ZÊ�¿Z»� Ã|¿�� Á� ­�veÊ,�
¿Z»�Ã|¿��Á�­�ve�|��{�d^�¿Ê��{Z¼n¿Y��Y�| ]

{Z¼n¿Y�Y� ¶^«� Ä] |�� Äf§�³� ��¿� �{. �¾ËY
Ê§{Z�e�0Ô»Z¯�s���\·Z«��{��ËZ»�M��Z]��eÌ��Z¼

� Á���Y�°e M�ÉZÅ� Ã{Y{�d§�³�c�Â��Z]��ËZ»�
�É�Z»M� �Y�§Y� ¹�¿� �Y� Ã{Z¨f�YSAS�|�� �Ì·Z¿M|¿ 

)��(.���ËZ»�M� Ä¸u�»� �Å� �Y�¶�Zu�ÉZÅ� Ã{Y{
�¾Ì´¿ZÌ»� Á� d§�³� �Y�«� �¿ZË�YÁ� ÄË�ne� {�Â»

� ÉY� ÄÀ»Y{� |Àq� ½Â»�M� Z]� ZÅ� Ã{Y{¾°¿Y{ 
)��/�P<(�|¿|�� Ä�ËZ¬» .�É|��{� ¶Ì·{� Ä]

�ÄfÌ·Z»�¿�d�e��Y��ËZ»�M�¾ËY��{�ZÅ�Ã{Y{�½{Â]
½Âq�Á�|��Ã{Z¨f�Y�ZÅ�Ã{Y{��µZ»�¿��Ë�Âe�ÉY�Y{

|�¿�Ã{Z¨f�Y�ÉY�ÄËÁY��¶Ë|^e��Y�|¿{Â]. 

  
Zf¿Ël�hv]�Á  
¦·Y -���Y� ¶^«� ­�vf»� Á� Ã|¿�� ¹�b�Y� |��{

{Z¼n¿Y  
     ¿�� ¹�b�Y� |��{� �]� µÁ��Ì¸³� �ÌiZe��{� Ã|
Ä»Z³���{�{Z¼n¿Y��Y�¶^«�¶°���|��Ã{Y{�½Z�¿�Ã
d�Y .��Y� ¶^«� Ã|¿�� ¹�b�Y� |��{� ¾Ì´¿ZÌ»

�sÂ����{��Ë�e�Ã|ÀÀ¯�ªÌ«���{�{Z¼n¿Y�, ���Á
��µÁ��Ì¸³� |��{ \Ìe�e� Ä] �/�±��, 
�/�±�� � Á�/�± ���|¿{Â] .�Ä�ËZ¬»  

�½Z�¿� ¾°¿Y{� ½Â»�M� �Y� Ã{Z¨f�Y� Z]� ZÅ� ¾Ì´¿ZÌ»
¹�b�Y�|��{�¾Ë�f�Ì]�Ä¯�{Y{��t����{�Ã|¿���

|¿�� ¹�b�Y�|��{�¾Ë�f¼¯� Á�µÁ��Ì¸³�|��{�Ã

� t��� �{��|�� ¶�Zu� µÁ��Ì¸³� |��{ 
)��/�P<( .�|��{� �]� µÁ��Ì¸³� �ÌiPe  

¹�b�Y�ÉZÅ�� ¶^«� ­�vf»� �Y��{� {Z¼n¿Y  
��Ë�e�Ã|ÀÀ¯�ªÌ«���Ì¿{Â]��Y{�ÊÀ » .�¾Ì´¿ZÌ»

¹�b�Y� |��{�ÉZÅ���{� {Z¼n¿Y� �Y�¶^«�­�vf»  
�sÂ����{��Ë�e�Ã|ÀÀ¯�ªÌ«���,���Á���|��{

�\Ìe�e�Ä]�µÁ��Ì¸³��/�±��, ��/�±�/����Á
��/�±�/���|¿{Â] .�Z]� ZÅ� ¾Ì´¿ZÌ»� Ä�ËZ¬»

�¾Ë�f�Ì]�Ä¯�{Y{�½Z�¿�¾°¿Y{�½Â»�M��Y�Ã{Z¨f�Y
� t��� �{� ­�vf»� ¹�b�Y� |��{���|��{

µÁ��Ì¸³,��vf»�¹�b�Y�|��{�¾Ë�f¼¯�Á��{�­
� t�����|�� ¶�Zu� µÁ��Ì¸³� |��{

)��/�P<(,�� sÂ��� ¾Ì]� Äq�³��� Á���|��{
�d�Y|¿� {ÂmÁ� É�Y{� ÊÀ »� ¥ÔfyY� µÁ��Ì¸³

)� ¶°�� .(ZÆ¯Â�É�Z»��ÊË��� �{Ê   
�Z�� {��É�Z»{� ZeÉ ��f¿Z�� Äm�{Ê��Ä]� {Y�³

·Z §��ÅZ¯ÌÁ�d¯�u�Á�d�Y�§YË~a}Â¨¿��Ë�É�
� Ä]� Z�£Ë,ZÆ¿Â �¿MËZÆ¼ )��(, ATP �kÁ�y� Á
·Â¨�§ÌbÌ� Á� ¹�b�Y� �Y� ZÅ|� �ÅZ¯�� �{Ì·ZÌ�d
»�LZ�£Ê |»Zn¿Y )��.(�Y�]ZÀ]Ë�¾¸³��YÌ�Ä]�µÁ��
�½YÂÀ�Ë~a�}Â¨¿�Ã|ÀÀ¯�d�§Zv»�Ã{Z»�®Ë�Ä]��

»�Ã{Z¨f�Y�µÂ¸��¶yY{Ê��Ä¯�{Â�Ë�c�Â��Ä]�Z
ËY�Ä¸u�»�®É�Z»{��{É ���f¿Z��Äm�{Ê��{Y�³

� ÁËY� Ä¸u�»� Á{� ZÉ�Z»{� �{É ��f¿Z�� Äm�{Ê�
«��Ä]�{Y�³Ì»� Ã{Á�§Y� Ã|ÀÀ¯�ªÊ {Â� )��( .�Z]

cZ��Y�³� Ä]� ÄmÂe�½Â»ÓZ��µÂ�¯Z»� Á )�� (
ZÌ]�Ä¯�ÉZ»{��{�µÁ��Ì¸³�½{Á�§Y�|¿{Â¼¿�½�� 

�É�f Ì�Á��Â��Ä]�Á��e�Ê¸¼��{Y�³�Êf¿Z��Äm�{
{Â�� Ê»� Ã{�]� �Z¯� Ä]� oÂ«� ÊÀ»� {Z¼n¿Y� �{ .

µÁ��Ì¸³� ½{Á�§Y�,�ËZ»�M� ¾ËY� �{��c�Â�� Ä]
ËY� Ä¸u�»�®É��Ä]� ÄmÂe� Z]� Ä¯� |�� Ã{�]� �Z°]
Zf¿Ë��Y��eÓZ]�sÂ���,¶�Zu�l���d�¿YÂf¿�|��{
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� �iYÊf^j»��� Á�­�ve� �]¿Z»� Ã|¿Ê��YÁ�ÂeZ»�b�Y
�µÁ��Ì¸³�½{Á�§Y�Á�|�Z]�Äf�Y{�{Z¼n¿Y��Y�¶^«
�c�Â��É�Z��µ{Z e� �Â�À»� Ä]� {Z¼n¿Y� �Y�¶^«

d§�³ .¸³��eÓZ]�sÂ��Ìy�]� �{�µÁ��Ê��{�YÂ»
»Â¼�»� \^�Ì»� µÂ¸�� dÊ��ZÆ·Â¸�� Á� {Â�

ÓZ]�d�¸£�¶¼ve�c�|«É�¸³Ì|¿�Y|¿� Y��µÁ��,�
�µÁ��Ì¸³� Ä¯�Ê¼¯�½Z»��c|»� Ä]� ÄmÂe� Z]� Z»Y

�{���eÓZ]� sÂ��� {Â]� YÁ�ÂeZ»�b�Y� Z]� �Z¼e
d�¿YÂf¿� µÁ��Ì¸³��µÂ¸�� Ä]� \Ì�M� \^�
� Á� YÁ�ÂeZ»�b�Y� �ÅZ¯Ê³�ËÁÉZÅ��ÊeZÌu
{Â�� YÁ�ÂeZ»�b�Y, ¾ËY�]ZÀ] ��{�½M�t����ÅZ¯

{� Z]� \�ZÀeË«�� LY�mY� �´Ì�{Â^Æ]� �{� Ã|ÀÀ¯� ª

¿Z»� Ã|¿�Ê�{Â]��iÂ»�¹�b�Y�­�ve�Á .Zf¿�Ä¯Ë�l
� �ÅÁ�a� ¾ËY� Z]��Y�³��¨ mÉ ÀÅM� É�´�Á

� �mZÆ»)�� (d�Y{�d¬]Z�» .�|¿{Y{�½Z�¿� ZÆ¿M
Ä¯�� d�¸£��¸³� |��{Ì�{Â^Æ]� \^�� µÁ��

¿Z»� Ã|¿�� Á� ­�veÊ���Y� ¶^«� µ�� oÂ«� ¹�b�Y
� {Z¼n¿Y{Â�� Ê» .�´Ë{� Ê�ÅÁ�a� �{, �¨ mÉ 
É�´ÀÅM��Á�Â¿� ÁÉ )�� (�Á� É�Z��ªÌ«�� ÉY�]
{Z¼n¿Y�¹�b�Y �d�¸£��Y�Ã{Z¨f�Y�,ÊqÂ¸]�oÂ«��

¸³�|��{Ì��Y�¶^«� Y��µÁ��Á��{Z¼n¿YÉ��­�ve
¿Z»� Ã|¿�� ÁÊ�� ¹�b�Y� ½YÂÀ�� Ä]Æ]� d�¸£ÌÄÀ 

|¿{�¯�{ZÆÀ�Ìa.  

 
 

 
¶°� � - »Ì´¿ZÌ¿Z»�Ã|¿��|��{�¾Ê�¹�b�Y���Y�¶^«

�{Z¼n¿Y±�Z�yÉ�{�Y|¿Zf�Y  
  

  
 �¶°�� -�»Ì´¿ZÌ­�ve�|��{�¾�¹�b�Y���Y�¶^« 

�{Z¼n¿Y±�Z�yÉ�f�Y{�Y|¿Z  

[-�|��{�ÉZÆË�ZnÀÅZ¿��Á� Ê°Ë�Â·Â§�Â»
{Z¼n¿Y��Y�¶^«�Ê Ì^��¹�b�Y  

     �|//��{��//]�µÁ�//�Ì¸³��ÌiP//eÉZ//ÆË�ZnÀÅZ¿�
��{�{Z¼n¿Y��Y�¶^«�Ê Ì^��¹�b�Y�Á�Ê°Ë�Â·Â§�Â»

�{Â^¿��Y{�ÊÀ »��Ë�e�Ã|ÀÀ¯�ªÌ«�)��/� P>.( 
��¾/°¿Y{�½Â»�M��Y�Ã{Z¨f�Y�Z]�ZÅ�¾Ì´¿ZÌ»�Ä�ËZ¬»

{�¾Ë�f�Ì]�Ä¯�{Y{�½Z�¿�Z/]�Ê Ì^��¹�b�Y�|�� 
��/�±�/���¾Ë�///////f¼¯�Á�É�Z///////nÀÅZ¿�

Z]�Ê°Ë�Â·Â§�Â» ��/�± �/���t����{���|��{
�|»M�d�|]�µÁ��Ì¸³)�µZ°/�Y � �Á� .(��Â/�u�

¸³Ì�µÁ�������Ë�/e�Ã|/ÀÀ¯�ª/Ì«���{�/»Ê��|/¿YÂe�
��ÅZ//¯�\^//�ÉZ//ÆË�ZnÀÅZ¿��Â//·Â§�Â»Ë°Ê��Á

//�MÌ��{�\½Z//»��{Z//¼n¿Y�­Â//�É��Z//»Y�{{�//³
��Z/»�M�{�Â/»�sÂ��Ë����ÌiZ/e��/À »Ê��Y{É����/]

ZÆË�ZnÀÅZ¿�¹�b/�Y�É���·{�Ä/¯�d/�Y|¿�/Ì�Y��½M�¶  
//»Ê�����Y�ÃÂ//v¿��{�cÁZ//�«�Ä//]�½YÂ//e//Ë]ZÊ��Á  

|��{�{Z¼n¿Y��Y�¶^«�¹�b�Y�Ê¿Z»�Ã|¿�

˹
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|��{�µÁ��Ì¸³
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ÊËZ//ÆË�ZnÀÅZ¿�{Y{�d^//�¿�//���{�Ä//¯Ê�Æe//Ì�Ä
Y�Ã�f�³Ë�{Zn|�Ã����Y�/§Y�Y��Z/�y�µZ/¼fuY�ÁË��

//»Ê�,|//Å{���Ê]Z//Ë��Y�cÔ°//�»��Y�Ê//°Ë�Y�//Ë�
�Á�½{Â///]�É{�Â///»�YÁ�ÂeZ»�b///�Y�É�Â///·Â§�Â»  

�//ÌÌ¤e �É�Ë~//aM{��Ì//�¨e�Ä//¯�d//�Y�½�Á�ª//Ì«
�����¶°//�»�Y��cZ//�ËZ»�M�¾Ì//]�lËZ//f¿�Ä//�ËZ¬»  

{�Z//��Ê//» .���ÌiZ//e�d//ve�¹�b//�Y�É�Â//·Â§�Â»
½Âq�Ê¨¸fz»�ÉZÅ�Âf¯Z§ �ÊËZ/n]Zm�ÉZÅ��Á�  

   
  

��/f¼Æ»�Ä¼Å��Y�Á�¹�b�Y�dÌ¨Ì¯,¹�b�Y,���c�Z/Æ»
��0Z/^«Z f»�Á�d/�Y�[ZË��Y��z���¶/»YÂ��¤f»���/Ì

�{�É{ZË� Ê���]�����Ê]Z/Ë��Y�¹�b/�Y�É�Â/·Â§�Â»
��Âe�Ã|� ���/³�¦/¸fz»�{Y�§Y��Ê/»���Y�{Â/�. 

)��(. Àr¼ÅÌ�¾����|/���Ê/»��/�¿�Ä/] ¸³Ì��µÁ�/�
]Ì»Z¼e��]��f�Ì{��¬¿�¹Á�Á�¯M�d�|/�Z]�Äf�Y��Á

�MÌZÆ^É�YÁ�/ËY��{�Ä¯�|Å{��ÅZ¯�Y��½M��]�{��¾
Z»�MË���]�{�Â»��Ê�d§�´¿��Y�«.   

  

  
�¶°�� -�»Ì´¿ZÌ�|��{�¾¹�b�Y�ÉZÆË�ZnÀÅZ¿���Y�¶^«

�{Z¼n¿Y±�Z�yÉ�|¿Zf�Y{�Y  
 �¶°�� -�»Ì´¿ZÌ^��¹�b�Y�|��{�¾Ì Ê���Y�¶^« 

�{Z¼n¿Y±�Z�yÉ�{�Y|¿Zf�Y  
  
  

k -��Y� | ]� ­�vf»� Á� Ã|¿�� ¹�b�Y� |��{  
     ��{Z¼n¿Y  
     ��Y�| ]�Ã|¿��¹�b�Y�|��{��]�µÁ��Ì¸³��ÌiPe

� {Z¼n¿Y� �{¶°� ��|�� Ã{Y{� ½Z�¿d�Y� Ã.�
| ]� Ã|¿�� ¹�b�Y� |��{� ¾Ì´¿ZÌ»���{� {Z¼n¿Y� �Y
�sÂ����{��Ë�e�Ã|ÀÀ¯�ªÌ«���,���Á���|��{

�\Ìe�e� Ä]� µÁ��Ì¸³��/�±��/��� ,��/�±���
Á ��/�±��/���{Â] .�Z]� ZÅ� ¾Ì´¿ZÌ»� Ä�ËZ¬»

�¾Ë�f�Ì]�Ä¯�{Y{�½Z�¿�¾°¿Y{�½Â»�M��Y�Ã{Z¨f�Y
�t����{�Ã|¿��¹�b�Y�|��{��µÁ��Ì¸³�|��{,�

�t����{�Ã|¿��¹�b�Y�|��{�¾Ë�f¼¯�Á���|��{
µÁ��Ì¸³�|�� ¶�Zu )��/�P<.(�Àr¼ÅÌ�¾

�ÌiZe��­�vf»�¹�b�Y�|��{��]�µÁ��Ì¸³�a���Y
{Z¼n¿Y�� �Y{Â¼¿� �{��|�� Ã{Y{� ½Z�¿d�Y� Ã.�

­�vf»� ¹�b�Y� |��{�¾Ì´¿ZÌ»��a��{Z¼n¿Y� �Y
� sÂ��� �{��Ë�e� Ã|ÀÀ¯� ªÌ«�� �{�� ,��� Á��

� \Ìe�e� Ä]� µÁ��Ì¸³� |��{��/�± ��/��, 
��/�± ��/���Á ��/�± ��/��{Â] .�Ä�ËZ¬»

Ì´¿ZÌ»�½Z�¿� ¾°¿Y{� ½Â»�M� �Y� Ã{Z¨f�Y� Z]� ZÅ� ¾
�t����{�Ã|¿��¹�b�Y�|��{�¾Ë�f�Ì]�Ä¯�{Y{��

|��{��¶^«�¹�b�Y�ÉZÆË�ZnÀÅZ¿{Z¼n¿Y��Y
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�Ã|¿�� ¹�b�Y�|��{�¾Ë�f¼¯� Á�µÁ��Ì¸³�|��{
� t��� �{��|��{ d�|]� µÁ��Ì¸³ |»M 

)��/�P<.( �{Z¼n¿Y� Ê�� �{� Ä°ÀËY� Ä]� ÄmÂe� Z]
�[Á}ÉZÅ�f»Y�Za��Ê¸�Y�½Âr¼Å� ¹�b�Y�­�ve

� É�Â·Â§�Â»� Á½M�»� �Y�«� �ÌiZe� dve�{�Ì³� Ê
�É{Z¼n¿Y� �Ìv»� ®Ë� �Y� Ã{Z¨f�Y� ¾ËY�]ZÀ]
�Á�|À¯�¾Ì»Pe�Y��¹�b�Y�­�ve�Á�Z¬]�Ä¯�\�ZÀ»

� ÉZÅ�\Ì�M� ½Y�Ì»Ê�Z¿�¿Y� �Y��ÅZ¯� Y�� {Z¼n
�Ê¼Æ»�¹Z³�|¿YÂe�Ê»�,|Å{��{��Y�Ã{Z¨f�Y�dÆm
Ê�ÂÀ�»� tÌ¬¸e� ®ÌÀ°e�|�Z]� |À¨�Â³� �{ 

)��( .� µÁ��Ì¸³�f¼Æ»Ë� ¾Ã|ÀÀ¯� d�§Zv»�
Y�]É�À»�{Z¼n¿YÊ��Y|¿Zf�a½Y d�Y )��( .�Á��Â¿

� ½Y�Z°¼Å)�� (�Ê¨¸fz»�ÉZÅ� Ã|ÀÀ¯�d�§Zv»
��Â·ZÅ�e�Á��Á�¯Â��,µÂË|¿ZaÁ�a�,µÁ��Ì¸³�½Âq

�ÉÁ�� �]� Y�ÊÀ»� {Z¼n¿Y���Y�«�Ê���]� {�Â»�oÂ«
��Y��a�Y��¹�b�Y�­�ve�|��{�¾Ë�fÆ]�Á�|¿{Y{

{Z¼n¿Y,��{ �d�|]�µÁ��Ì¸³�ÉÁZu�Ã|ÀÀ¯�ªÌ«�
|¿{�ÁM. µÁ��Ì¸³ ¸]Z«Ì~a� }Â¨¿� dË�É�ÓZ]ËÊ 
Äf�Y{�� Á� Z]·Â¸�� ½Á�{� �iYÊ�Á��°]MÊ�|�Ë|�,
\^��°�e��ÅZ¯Ì� ¶ÉZÅ�Â¸]�ZÅÉ Ë�½Á�{� x
·Â¸�Ê�»Ê {Â��Ä¯�¿Z°»Ìº���Êf�Z¨u

� µÁ��Ì¸³�¿Zfa� Ä]ÌÓZ]� ¶É aÌ]M� |¿ÂÊ �½M
»� �Â]�»Ê��{� Ä¯� {Â� f¿ÌÄn,��d�¸£

·Á�f°·YÌZÅ�dÉ�Y�§Y�Ã|��{Y�MË��ËÁ�Äf§Z {ZnËY�
�¯ËZÅ� µZf�É ËyPe� Ä]� xÌ� Á� Ã{Zf§Y� �Ë��Y|¬»� Z

»��ÅZ¯� ½MÊ Ë|]Z )���� Á��( .�xË�ÉZÅ�Â¸]
�¶Ì°�e� Z»Y� Ã{Â]� ���� Ê]� µÂ¸�� ÉY�]�®qÂ¯
�,ÊËZ�´zË�Á�{Z¼n¿Y�¹Z´ÀÅ��{�±��]�xË�Ã�Z]Á{

��ÉY�]�Êv���{Y�M�É��¿Y��iY��]�|¿YÂe�Ê»�µÂ¸
�Z]��z]�½ZË���ZÌ�]| )��( .µÁ��Ì¸³,��µÂ¸�

� ¹�b�Y� Y�� ¶]Z¬»� �{��Y� Ê�Z¿� µÂ¸v»� cY�iY
ZÆ°¼¿�d�¸£��Ã|ÀÀ¯�ªÌ«��Ê¿|��¶u�LY�mY� Á

»�d�§Zv»Ê Á�|À¯��Z]ËZÅ�½ÂÉ��¸§É�¶Ì°�e�
��°¸b¼¯,Ã{Y{  {�YÁ�d����Ä]��b��ÉZÆ·Â¸��

¹�b�YZÅÉ��Ã|¿�Ã|��Á �¯Y�{�Â»Ì�Y|Ì��Y�«�½Â
»Ê�³Ì{� )�� Á ��(.�µÁ��Ì¸³� ÊWÂ�� �Y�Z] 

���{Á�ÁË·Â¸��½Á�]��iY�,µÂ¸��½Á�{�Ä]��Ê�¿Ì��
»Ê�|�Z]�Äf�Y{�|¿YÂe )�, ���Á ��(��Ä¯�d�¸£
ZÆ¿ËÊ µÁ��Ì¸³�«���{Ì¤f»�ZÅ�Ã|ÀÀ¯�ªÌ��d�Y�

����Y�ÁË¼��ªÌ�Á�dË|À»{Â��cY�iY� Z��Á�É�
 e� ¹�b�YÌÌ»� ¾Ê�{Â� )���� Á��( .�d�¸£

�ÓÂ»Ë¸³� ÄfÌÁ� �]� µÁ��Ë³�Ê §� ÉZÅÌ�Ë°Ê�
�Ì~a}Â¨¿� ,º�ÔaÂfË�É�Z�£� La� ÁÌ�½ÓYÂ¯� |¿Â

XeÁ�aÌ¾�ZÅÉ�t���Á� d�Y� �Y~³�ÌiZe� ¹�b�Y 
�µÂ¸��d¸°�Y��]�|¿YÂe�Ê»�|Ì¨»�cY�iY��]�ÃÁÔ�

¸³� �ZfyZ�� ÁÌ·Z¯Â°Ì°����cY�iY� LZ�£� t��
¨À»Ê�Á� Äf�Y{��Á� ZÆ¿ÂË� É�Ë~a}Â¨¿��ËY�§Y� Z]

� ¥��»� �ËY�§YATP�� ¹|�� \^�µ{Z e�
�Á�®Ë��¿YÂÌ]{Â��É��¿Y�¥��»��ËY�§Y )��( �Á

µÁ��Ì¸³� ÉÓZ]� sÂ��� É�Ì³�Z°]� �»Y� ¾ËY Y��
�Ê»�{Á|v»{�Z� .ÄmÂe�Z]�Ä] �Ã|»M�d�|]�lËZf¿

�ÉÁZu��Z¼Ìe�,ªÌ¬ve�¾ËY��{���µÁ��Ì¸³�|��{
��Y��a� Y��Ê¿Z»� Ã|¿�� Á�­�ve� |��{�¾Ë�eÓZ]
�¶¼���Z¼Ìe�¾ËY��{�Á�{Y{�½Z�¿�{Ây��Y�{Z¼n¿Y
�Á�Äf§�³�c�Â���fÆ]�µÁ��Ì¸³�Z]�[M�ÊÀË�´ËZm

� 0ÓZ¼fuY\�ZÀ»�É�¼�Y� �Z�§��eÉ��Ã|���Y�«�]
M�Z¯�Á�d�Y�ÊË�fÆ]É�Â¸���Y�d�§Zv»��{��{�µ

d�Y� Äf�Y{� �´Ë{� ÉZÅ�Z¼Ìe� Z]� Ä�ËZ¬»,��Z»Y
Y�§YË�cY�iY� Ä]� ÄmÂe� Z]� µÁ��Ì¸³� d�¸£� �

�Ê¼�� 0ÓZ¼fuY� Á� LZ�£� �ZfyZ�� �]� ½M� Ê¨À»
�Á� µÂ¸�� dÌ»Â¼�»� \^�� ,µÁ��Ì¸³� ½{Â]

Y��Z�§��ËY�§Y�Äf�³�É�¼��­�ve��ÅZ¯�Z]�Á
�ÃY�¼Å� {Z¼n¿Y� �Y��a� YÁ�ÂeZ»�b�Y�Ê¿Z»� Ã|¿�� Á

d�Y� Ã{Â].��M�¾ËY�lËZf¿lËZf¿� Z]��ËZ»��ÓÂ¯ 
1- Glycocalyx 
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)�(� ,É�¨ m�É�´ÀÅM��Á�Â¿� ÁÉ )��(�,
Ê¿Z¼Ì¸� )��(µZ]� Á� �ZfË�� , )��(��Á� ¶¿M� Á
½Y�Z°¼Å )�( d�Y{� Ê´ÀÅZ¼Å .� ½Z¿M�d�¸£
� ÊËZÆ¿��Y�]� µÁ��Ì¸³� |��{É��¹�b�Y� {Z¼n¿Y
oÂ«�� ½YÂÀ�� Ä]� Y��|¿{Â¼¿� Ê§� »� ÄÀÌÆ]�d�¸£
�Ä¯½Y�Z°¼Å�Á��¨¿Y�Á�§�lËZf¿�Z] )��(��d�¸£�Ä¯
����{¸³� |ÌÁ�� �]� Y�� µÁ��É��¹�b�Y� ­�ve

fz]� oÂ«Ì�ZÉ�|Àf�¿Y{�\�ZÀ»�»ÓM� µY� ÁÊ��Á
� cÂ§)� (��{� Y�� ­�ve� w�¿� ¾Ë�fÆ]� Ä¯  

  
  

ÁZu� Ã|ÀÀ¯�ªÌ«�É ���d�|]�µÁ��Ì¸³�|��{
|¿{�ÁM Á�Àr¼ÅÌÊ��Ì»{� Á� �¼¿Â��¾ )��(�Á  

�½Y�Z°¼Å� Á� Á�|¿Z�·Y{)�( � Ä¯�d�¸£���|��{
¸³ÌZÀ»� oÂ«� ¹�b�Y� {Z¼n¿Y� ÉY�]� Y�� µÁ���\�

|Àf�¿Y{,�{Â]� ¦·Zz»��ZÆe�ËZ¤»� ¾ËY� ¶ËÓ{� Ä¯
�ºze� Ã{��� ¦¸fz»� ÉZÆf�¸£� Ä]� d�Y� ¾°¼»

��ªÌ«��¦¸fz»� ÉZÅ�d^�¿� ZË� ¡�»�ZË� Á� É�Z
�,Ã|ÀÀ¯�ªÌ«��cZ^Ì¯�e��Â¿YÁ�ÂeZ»�b�Y�d�¸£ �Á

�{Y�¿��Â¿�ZË�Â]�»�|�Z] )����Á��(.  
  
  

  
�¶°�� -�»Ì´¿ZÌ¿Z»�Ã|¿�|��{�¾Ê��Y¹�b���Y��a

�{Z¼n¿Y±�Z�yÉ�{�Y|¿Zf�Y  
  

  
�¶°��-�»Ì´¿ZÌ�­�ve�|��{�¾�¹�b�Y��Y��a 

�{Z¼n¿Y±�Z�yÉ�{�Y|¿Zf�Y

  
{ -�� |��{ÉZÆË�ZnÀÅZ¿�Á� Ê°Ë�Â·Â§�Â»  

       {Z¼n¿Y��Y�| ]�Ê Ì^��¹�b�Y  
     �ÌiZe�|��{� �]� µÁ��Ì¸³��ÉZÆË�ZnÀÅZ¿

^�� ¹�b�Y� Á�Ê°Ë�Â·Â§�Â»�Ê Ì�a��{Z¼n¿Y� �Y
�Ë�e�Ã|ÀÀ¯�ªÌ«���{���{µZ°�Y ���Á���½Z�¿

|��Ã{Y{.��¾°¿Y{�½Â»�M�Z]�ZÅ�¾Ì´¿ZÌ»�Ä�ËZ¬»
�Á�Ê Ì^��¹�b�Y�|��{�¾Ë�f�Ì]�Ä¯�{Y{�½Z�¿

� ¾Ë�f¼¯É�ZnÀÅZ¿�� t��� �{�Ê°Ë�Â·Â§�Â»�  

 
 

�|»M�d�|]�µÁ��Ì¸³�|��{)��/�P< .(�¹|�
¸³� �Â�uÌ«�� �{� µÁ��Ì� �{� Ã|ÀÀ¯� ª½Z»��

Y�§ËY� |ÀY�§Y� \^�� {Z¼n¿Ë� �ÉZÆË�ZnÀÅZ¿�
Ê°Ë�Â·Â§�Â» ¹�b�Y�|¿Â�� Ê» � Ä¯·{� Ä]Ì�¶

°�eÌZÅ�Â¸]�¶É ËzÊ �d�Y¸»Z��Ä¯Ê��MÌ�\
|Àf�Å�µÂ¸�� LZ�£� Ä]�½Z��.���Â�u� 0ÓZ¼fuY

¸³Ì]� µÁ��ÌiPe� �f�Ì»Z¼e� �]� �Ì�Á� ¹Á�Á�¯M�d
Z»�M� �{� Ä¯� {�Y{� ¹�b�Y� Z�£Ë� {�Â»���Ã�Z�Y 

 
 

|��{�{Z¼n¿Y��Y��a�¹�b�Y�Ê¿Z»�Ã|¿�  
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��

��

��

��
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|�¿�Ê���] .¸³� {ÂmÁÌ³Â¸m� Z]� µÁ��Ì�É���Y��� ¹�Âe� �Y� �¿Z»� µÂ¸�� ¶yY{� Ä]� [M� {Á�Á
»� ¹�b�YÊ�{Â� .Y� �{ËZ»�M� ¾Ë��  

¸³� ¦¸fz»� sÂ��� Äq�³Ì�]� µÁ��  
¹�b�Y�ÉZÆË�ZnÀÅZ¿ ÌiZeÀ »��Ê��Y{É�d�Y|¿,�

»� Z»YÌ½Y��� ¹�Âe»� Ä]� ��Ì�]� ½Y�ÌqZ¿� �ZÌ��
{�³� Ã|ÅZ�»Ë| .¸³�¦¸fz»� sÂ��Ì��]� µÁ��

Ê°Ë�Â·Â§�Â»�ÉZÆË�ZnÀÅZ¿�{Ë�´, |À¿Z»�Ã��« 
�Ì¼�ÔaÂfÊa� ¹{� ,Ì���� Á� Y|m��� ,Ã{�Ây�p
�Z]ËiPe�®Ì�É�·Á�d�Y|¿Ê�Za�sÂ����{ÌË��e�¾
¸³ÌµÁ��, ÉZÆË�ZnÀÅZ¿��­Â�� �Y� ¶�Zu

{Z¼n¿YÉ��Y|¬»� Ä]��f¼¯É�|�� Ã|ÅZ�» .
ÀÌ·Â»Ì� ½Y�Z°¼Å� Á� Z)�� (�d�§Zv»  

� É{Z¼n¿Y� ÉZÅ� Ã|ÀÀ¯)�¾¸ÌeY� ,µÁ��Ì¸³
µÂË|¿ZaÁ�a� Á� µÂ°Ì¸³ (�ÉZÅ� d�¸£� �{� Y�  

)��� Ze����{|� (�oÂ«� ÊÀ»� {Z¼n¿Y� ÉÁ�� Y�  
  
  

�½Y�Ì»� Ä¯� |¿{Â¼¿� ��Y�³� Á� |¿{�]� �Z°]
�sÂ��� ¹Z¼e� �{� YÁ�ÂeZ»�b�Y� ¹Á�Á�¯Y�dÌ»Z¼e
�ÉZÅ� Ã|ÀÀ¯� d�§Zv»� Ä]� d^�¿� µÁ��Ì¸³

{Â]� �eÓZ]� �´Ë{ .� �ÅÁ�a� ÄËZa� �]Á� �¼¿Â� 
Ê��Ì»{ )�� (��Y�Ã{Z¨f�Y��|��{�¸³ÌµÁ���

»Ê�|¿YÂe��MÌZÅ�\É »Á�Á�¯MÊ�ZÅ�¹�b�Y�ÁÉ�
£Ì��^�Ì Ê�|Å{��ÅZ¯�Y�. ½Y�Z°¼Å�Á�{Z��§  
)�� (|��{� ¾Ë�eÓZ]�� ¹�b�Y�Z]� �]� Ê Ì^�  

µZ»�¿�¹Á�Á�¯M�Y���t����{���µÁ��Ì¸³�|��{
� ¾ËY� ¶Ì·{� Ä¯� |¿{�ÁM� d�|]� cÁZ¨e� Z]�lËZf¿

�,{Y�¿� �Â¿� Ä]� |¿YÂe� Ê»� ��Zu� �ËZ»�M
��Y� cÁZ¨f»� ÊuÂ��� Z]� µÁ��Ì¸³� É�Ì³�Z°]

�Z]��Â]�»�Ê]ZË��Y�ÃÂv¿�Á��ÅÁ�a�¾ËY|.  
  
  

  
�¶°�� - »Ì´¿ZÌ�|��{�¾¹�b�Y�ÉZÆË�ZnÀÅZ¿���Y��a

�{Z¼n¿Y±�Z�yÉ�{�Y|¿Zf�Y  
  

  
�¶°�� -�»Ì´¿ZÌ�|��{�¾Ê Ì^��ÉZÅ�¹�b�Y���Y��a

�{Z¼n¿Y±�Z�yÉ�{�Y|¿Zf�Y  

s- �{�Z]�|�Ë]ZÊ�¿Z»�Ã|¿�Ê�­�ve�Á  
     �ÌiZe�fz»�sÂ��¦¸�¸³Ì����|/��{��/]�µÁ�/�
�Z]Ë]ZÊ�|¿�¿Z»�ÃÊ��­�ve�Á��{�µZ°/�Y ���Á���

�|��Ã{Y{�½Z�¿]�ÁÌ�f�Ë�Z]�¾Ë]ZÊ�¿Z»�Ã|¿�Ê�Z] 
��/�± ��/����Á�|��{�|��{�ÄÀÌ�Ì]�Z]�/Ë]ZÊ�

Z]�­�ve �/�± �/����t���{�|��{����|/��{
¸³Ì�|///»M�d///�|]�µÁ�///� .��¾///ËY�Ä///ËZa��///]  

�,�ÅÁ�a������Á�Ê¿Z/»�Ã|/¿��Ê]Z/Ë�Z]��/]�µÁ�/�Ì¸³  
�­�veÌiZe��������Z/]�Ä/¯�É�Â/��Ä/]�Äf/�Y{�Êf^j»

�����d^/�¿�¾/ËY��Y|/¬»��/]�µÁ��Ì¸³�t����ÅZ¯

|��{�{Z¼n¿Y��Y��a�¹�b�Y�ÉZÅ�É�ZnÀÅZ¿  
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|��{�¹�b�Y�Ê Ì^��{Z¼n¿Y��Y��a  

�/��  

a
aa

|��{�µÁ��Ì¸³

|�
�{

�
¹�
b�
Y

�
Ê 
Ì^�

 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

ap
.s

an
ru

.a
c.

ir
 o

n 
20

26
-0

4-
29

 ]
 

                            10 / 14

http://rap.sanru.ac.ir/article-1-158-en.html


µÁY�µZ��Ê»Y{�cY|Ì·Âe�ÉZÆ�ÅÁ�a /�Ã�Z¼�� /�ZÆ]��½Zf�]Ze�Á���� ................................................................................................................................. ��  

{{�³�Ê»�Ã{Á�§Y .�{ÂmÁ�����{�µÁ�/�Ì¸³�|��{
�sÂ���Z]�Ä�ËZ¬»��{��Ë�e�Ã|ÀÀ¯�ªÌ«����Á��

�����ÉY�/]�É�/e�\/�ZÀ»��ËY�/��,µÁ��Ì¸³�|��{  
  

��¨u�dÆm��{�Á�Ã{Â¼¿�{ZnËY�¹�b�Y�É�Z³|¿Z»
�����Ã{Â/¼¿�Z/¨ËY�Y��Ê/¼Æ»��/¬¿�Ê·Â¸��½Á�{�[M

d�Y.  
  
   

  
¶°� � - »Ì´¿ZÌ�Z]�|��{�¾Ë]ZÊ�¿Z»�Ã|¿�Ê�¹�b�Y ±�

Z�yÉ�{�Y|¿Zf�Y  
  

  
¶°� ��- »Ì´¿ZÌ�Z]�|��{�¾Ë]ZÊ�­�ve�¹�b�Y ±�

Z�yÉ�{�Y|¿Zf�Y  

  
�Ë��¶WÓ{�Ä]�ÄmÂe�Z]:  

-���Â/¸y�Äm�{�Z]�µÁ��Ì¸³�{ZË���ZÌ�]�ÄÀË�Å  
   Z]Ó  
-�//¯�d//¼Ì«��ÅZ//¯�Á�µÁ�//�Ì¸³�t�//���ÅZ  
���ªÌ«��½M��Y�Ê�Z¿�Ã|ÀÀ¯  
-��a�Ê¿Z»�Ã|¿��Á�­�ve�|��{�{Â^Æ]�Á��¨u  
  �{Z¼n¿Y��Y  

- �­�ve�Á�Ê¿Z»�Ã|¿��Ê]ZË�Z]�d^�¿�½{Â]��eÓZ]
�������Â/�À»�Ä/]�Á�µÁ�/�Ì¸³�º/¯�t�/���{�¹�b�Y
�½YÂe�Ê»�©ÓY{�oÂ«�¹�b�Y�c|»��Y�{�É�Y|Æ´¿

�½Y�Ì»��Y�Ã{Z¨f�Y���|��{�Y��µÁ�/�Ì¸³���d/Æm
¹�b�Y�É�Z��ªÌ«��{Â¼¿�{ZÆÀ�Ìa.  

   
  
  
  
  
  
  
  

|��{�{Z¼n¿Y��Y��a�¹�b�Y�Ê¿Z»�Ã|¿��Ê]ZË�Z]

�

��

�� 

�� 

�� 

|��{�µÁ��Ì¸³
|�

�{
�

Ê¿
Z»�
Ã|
¿��
Ê]
ZË��

Z]
 a

b 

c

� � � 

|��{�{Z¼n¿Y��Y��a�¹�b�Y�­�ve�Ê]ZË�Z]  

� 

�� 

�� 

�� 

�� 

|��{�µÁ��Ì¸³

|�
�{

�
­
�v
e�Ê

]ZË�
Z]

 a

b

c

� � � 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

ap
.s

an
ru

.a
c.

ir
 o

n 
20

26
-0

4-
29

 ]
 

                            11 / 14

http://rap.sanru.ac.ir/article-1-158-en.html


�ÌiZe�oÂ«�ÊÀ»�ÉZÆÌ³�ËÁ��]�µÁ��Ì¸³�¦¸fz»�sÂ����{Z¼n¿Y��Y��a�Á�¶^«��ËY����{�©ÓY{....................................................................................... ��  

  
�]ZÀ»:  

1. Anel, L., P. De Paz, M. Alvares, C.A. Chamorro, J.C. Boixo and A. Manso. 2003. 
Field and in vitro assay of three methods for freezing ram semen .Theriogenology. 
60: 1293-308. 

2. Baily, J.F., J.F. Bilodeau and N. Cormier. 2000. Semen cryopreservation in domestic 
animals. Andrology. 21: 1-7. 

3. Biswas, D.F., Y. Bari, M. Shamsuddin and M.M. Rahman. 2002. Determination of 
Glycerol percentages for preserving the black Bengal buck (capra hircus) 
spermatozoa for long time. Pakistan Journal of Biology Science. 5: 715-718. 

4. Blesbois, E., I. Grasseau and F. Seigneurin. 2005. Membrane fluidity and the ability 
of domestic bird spermatozoa to survive cryopreservation. Reproduction: 129: 371-
378. 

5. Colas, G. 1975. Effect of initial freezing temperature, addition of glycerol and 
dilution on the survival and fertilizing ability of deep-frozen ram semen. Journal 
Reproduction Fertility. 48: 277-285.  

6. Crabo, B.G. 1991. Preservation of boar semen: a worldwide perspective. In: Johnson, 
L.A.D. Rath. Boar semen preservation. Berlin: Paul. Parey. Scientific Publishers. 3-
9. 

7. D�Alessandro, A.G., G. Martemucci, M.A. Colonna and A. Belliti. 2001. Post- thaw 
of ram spermatozoa and fertility after insemination as affected by prefreezing sperm 
concentration and extender concentration. Theriogenology. 55: 1159-70. 

8. Douard, V., D. Hermier, M. Magistrini, C. Labbe and E. Blesbois. 2004. Impact of 
changes in composition of storage medium on lipid content and quality of turkey 
spermatozoa. Theriogenology. 61: 1-13. 

9. El-Alamy, M.A. and R.H. Foote. 2001. Freezability of spermatozoa from Finn and 
Dorset rams in multiple semen extenders. Animal Reproduction Science. 65: 245-
54. 

10. Evans, G. and W.M.C. Maxwell. 1987. Salamon�s artificial insemination of sheep 
and goats. Butterworth, Sydney. 194 p. 

11. Farshad, A., B. Khalili and P. Fazeli. 2009. The effect of different concentrations of 
glycerol and DMSO on viability of markhoz goat spermatozoa during different 
freezing temperatures steps. Pakistan Journal Biology Science. 12: 239-245. 

12. Forouzanfar M., M. Fazilati, F. Moulavi, M. Hajian, A. Salehi, S. Rabiei and M.H. 
Nasr-Esfahani. 2007. Investigation of different glycerol and Egg Yolk concentration 

on freezing Bakhtiari Ram Semen. Journal of Iranian Anatomical Sciences. 5: 17-
25. 

13. Ghazvinian, kh., M. Irani, A. Javaheri. 2000. Reproductive physiology and Artificial 
Insemination in sheep and goat. Published by Semnan University. 273 p. 

14. Hammerstedt, R.H. and J.K. Graham. 1992. Cryopreservation of Poultry Sperm: 
The Enigma of Glycerol�s. Cryobiology. 29: 26-38. 

15. Holt, W.V. 2000. Basic aspects of frozen storage of semen. Animal Reproduction 
Science. 62: 3-22. 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

ap
.s

an
ru

.a
c.

ir
 o

n 
20

26
-0

4-
29

 ]
 

                            12 / 14

http://rap.sanru.ac.ir/article-1-158-en.html


µÁY�µZ��Ê»Y{�cY|Ì·Âe�ÉZÆ�ÅÁ�a /�Ã�Z¼�� /�ZÆ]��½Zf�]Ze�Á���� ................................................................................................................................. ��  
17. Jafari Ahangari, Y. and M. Mohajer. 2007. Effect of different levels of glycerol in 

tris and milk extender on vital characteristics of Zel ram spermatozoa in frozen 
condition Scientific Journal. 1: 11-16. 

18. Maxwell, W.M.C. and P.F. Watson. 1996. Recent progress in the preservation of 
ram semen. Animal Reproduction Science. 42: 55-65. 

19. Medeiros, C.M.O., F. Forell, A.T.D. Oliveira and J.L. Rodrigues. 2002. Current 
status of sperm cryopreservation: why isnt it better. Theriogenology. 57: 327-344. 

20. Molinia, F.C., G. Evans and W.M.C. Maxwell. 1994. Efect of polyols on the post 
thawing motility of pellet frozen ram spermatozoa. Theriogenology. 42: 849-858. 

21. Molinia, F.C., G. Evans, W.M.C. Maxwell. 2006. Incorporation of penetrating 

cryoprotectants in diluents for pellet-freezing ram spermatozo. Theriogenology. 
22. Morrier, A., F. Castonguay and J.L. Bailey. 2002. Glycerol addition and 

conservation of fresh and cryopreserved ram spermatozoa. Canada Journal Animal 
Science. 82: 347-356. 

23. Nur, Z., B. Zik, B. Ustuner, H. Sagirkaya and C.G. Ozguden. 2010. Effects of 
different cryoprotective agents on ram sperm morphology and DNA integrity. 
Theriogenology.73(9): 1267-1275.  

24. Parizadian Kavian, B. 2007. Investigation  of various concentrations of vitamins E 
and C in milk and tris diluents on some characteristics of Atabay ram semen in 
liquid and frozen conditions. M.Sc. Thesis.Gorgan University of Agriculture 
sciences and Natural Recourses Faculty of Animal sciences. 86 p.    

25. Purdy, P.H. 2006. A review on goat sperm cryopreservation. Small Ruminant 
Research. 6: 215-225. 

26. Rijsselaere, T., A.V. Soom, G. Hoflack, D. Maes and A. DeKruif. 2004. 
Theriogenology . 62: 1292-1306.  

27. Ritar, A.G. and P.D. Ball. 1993. The effect of freeze- thawing of goat and sheep 
semen at high density of spermatozoa on cell viability and fertility after 
insemination. Animal Reproduction Science. 31: 249-262. 

28. Salamon, S. and W.M. Maxwell. 2000. Storage of ram semen. Animal 
Reproduction. Science 62: 77-111. 

29. SAS Users Guide Statistics, SAS Institute Inc. 2001. Cary, NC, USA. 
30. Soleymani, A. 1999. Study the possibility of freezing semen of Baluchi ram using 

different extender. M.Sc. Thesis. Islamic Azad University, Isfahan Branch. 110 p.  
31. Sonmez, M. and E. Demirci. 2003. The effect of ascorbic acid on the freezability of 

ram semen diluted with extenders containing different proportion of glycerol. 
Turkish Journal Veterinary Animal Science. 28: 893-899. 

32. Tavallaee, M.A., Y. Jafari Ahangari, S. Hasani and M. Nowrozi. 2006. Effect of 
different concentrations of egg yolk in tris diluent on spermatozoa motility of 
cashmere goats. Scientific journal of Gorgan University of Agriculture Sciences and 
Natural Recourses 13: 1-6. 

33. Zamiri, M. 2006. Reproductive physiology. Published by Haghshenas. 448 p. 

 
  
  
 
 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

ap
.s

an
ru

.a
c.

ir
 o

n 
20

26
-0

4-
29

 ]
 

                            13 / 14

http://rap.sanru.ac.ir/article-1-158-en.html


   
Effect of Various Levels of Glycerol on Dallagh Rams Semen Characteristics in 

Pre and Post Freezing Conditions   

M. Ahmadi Hamedani1, Y. Jafari Ahangari2 and Y. Hassanpour3 

    

Abstract 
     The objective of this study was to investigate the effect of different levels of glycerol 
on Dallagh rams semen characteristics in pre and post freezing conditions. Semen 
samples were collected from 4 healthy and mature rams using an electro ejaculator, 
were mixed with Tris extender in a ratio of 1:4 semen and assessed at 5°c. 0.5 ml of 
straws were filled with diluted semen and kept above liquid nitrogen vapor within 7 
minutes and after 10 days were thawed to investigate live and motility percentage of 
spermatozoa and morphological characteristics. The experiment was carried out on the 
basis of completely randomized design with 3 treatments including 3 levels of glycerol 
(4, 6, 8%) and 9 replicates. Results showed that the effect of glycerol on live and 
motility percentage of pre and post freezing spermatozoa was significant (P<0.05), but 
had not significant effect on morphological characteristics of spermatozoa  (P>0.05). 
The highest survival and motility percentage and the lowest morphological defects of 
spermatozoa were obtained in 4% glycerol. Therefore using 4% glycerol in Tris 
extender is recommend for semen storage of Dallagh rams in pre and post freezing 
conditions.   

Keywords: Semen characteristics, Glycerol, Dallagh ram 
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