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 cZ^¯�» �Y º«� �ZÆq ÃÂÌ» ¦¸fz» ÉZÅ �z] �{ Ê¿Y|Ì�¯Y Êf¿M ÉZÅ ºË�¿M Ê¨Ì¯ Á Ê¼¯ Ä�ËZ¬»
¾ÌËZa ÊËZ»{ ÉZÆ��f�Y �{  

 
É|mZ� ¾�u Z�� �f¯{ ,½ZË|¼v» �Z�§Y �Â�À» �f¯{ ,Ê¿Z³�· ÉÁ��y Y�Å� 

½ÔÌ³ ÃZ´�¿Y{ ,¹Â¸� Ã|°�¿Y{ ,Ê�ZÀ� d�Ë� ÃÁ�³  
  

 �{ |À¿YÂe Ê» cZ^¯�» ¦¸fz» ÉZÅ Ä¿Â³ [M Ze [Â��» Á ¹�³ ÊËYÂf�Y ÉYÂÅÁ [M �Y Ê�ÂÀf» ÊËYÂÅÁ [M �ËY��
¾Ì] ÊËZ»{ º¼ÌfaY Z] É�Ì�»�³ ÉYÂÅÁ30� 22|ÀÀ¯ |�� {Y�´Ìf¿Z� Äm�{ . ÉZÅZ»{ Ä] cZ^¯�» {ZË� dÌ�Z�u Ä] ÄmÂe Z]

ÃZÌ³ ¾ËY Ê°Ë�Â·ÂË�Ì§ cZÌ�Â�y ÉÁ� �f�Ì] ªÌ¬ve ,µZ� {�� ¹ZËY Z] ÃÂÌ» d�Y{�] ¶�§ ½�Z¬e Á ¾ÌËZa �ËY�§Y ÉY�] 
d�Y É�Á�� ,¾ÌËZa ÉZÅZ»{ Ä] ¶¼ve. ÉZÆ·Z°Ë{Y� ¥~u ÉY�] ÃZÌ³ Ê Ì^� ÊËZ¿YÂe ,�Àe �ËY�� dve Ä¯ ÊËZm ½M �Y

 �Ì�¿ Ê¿Y|Ì�¯Y Êf¿M ÉZÅ ºË�¿M t�� �ËY�§Y ,ZÅ �Àe Z] É�Z³�Z� ÉZÅ º�Ì¿Z°» �Y Ê°Ë ,{Â� Ê» �¬¿ �Zq{ Ê¿�Ì�
 ÂÌeY|Ì�¯Y ��f�Y Z] Ä¸]Z¬» dÆm �Y|Ì�¯Y�a|�Z] Ê». ÉZÅ �z] �{ �Y|Ì�¯Y�a ºË�¿M dÌ·Z § É�Ì³ Ã�Y|¿Y ,ªÌ¬ve ¾ËY �{

ÃÂÌ» [M ¶»Z� ÃÂÌ» ¦¸fz»(juice) d�Âa Êm�Zy Ê´¿� �z] ,(flavedo)Á d�Âa Ê¿Á�{ |Ì¨� �z] (albedo) 

Ê¿Y�|¿�Z» ��eÂ¼Ì· Á Â�¿Y Ê´¿�Z¿ ,Ê¿Ây µZ¬e�a ,Ê¸v» µZ¬e�a ÉZÆ»Z¿ Ä] cZ^¯�» �Y º«� �ZÆq  �ËY�� �{ Á µ�fÀ¯
 ÊËZ»{ ÉZÅ ��f�Y dve3 ,0 ,3� Á 6�|� ¹Zn¿Y {Y�´Ìf¿Z� Äm�{  .Ä¯ Ã{Y{ ½Z�¿ Ã|»M d�{ Ä] lËZf¿  �Àe �]Y�] �{

d�Y cÁZ¨f» �ZÌ�] �Â¯~» ¹Z«�Y ¶¼ ·Y �°� ¾ÌËZa ÊËZ»{ ÉZÅ. ÉZÆ�z] ¹Z¼e �{ Z»�� ��f�Y �ËY�§Y Z] ,lËZf¿ �Z�Y�]
 �Y|Ì�¯Y�a ºË�¿M ½Y�Ì» ,�Â¯~» ¹Z«�Y ÃÂÌ»d§ZË �ËY�§Y . �z] �{ ºË�¿M ¾ËY �Â�u ½Y�Ì» ¾ÌÀr¼Åflavedo �ËZ� �Y 

{Â] �f�Ì] ¹Z«�Y ¹Z¼e �{ ,ÃÂÌ» ÉZÅ �z]. ÉZÆ�z] �{ Ê¼Ë�¿M dÌ·Z § ¾Ë�f�Ì] flavedoÁ albedo  ��e Â¼Ì· 
 �z] �{ Á Ê¿Y�|¿�Z» juiced�Y Ã|� Ã|Ë{ Â�¿Y.¯ ,�ZeÂ¼�Ë{ |Ì�¯Y�aÂ� |À¿Z» ZÆ¼Ë�¿M �ËZ� É�Ì³ Ã�Y|¿Y ,�ÓZeZ

d�Y ¹Zn¿Y µZu �{ �ZÀË�Á�Ìe Á �Y|Ì�¯Y�a cZ]�Â°�M.  
 

 Ä»|¬»  
 ÉZÅ �Àe �iY d¸� Ä] Y~£ |Ì·Âe �´Ë{ ¥�� �Y ,|�Z] Ê» �ËY�§Y µZu �{ ÊÆmÂe ¶]Z« |�� w�¿ Z] ½ZÆm dÌ ¼m

|]ZË Ê» �ÅZ¯ ¦¸fz» .�¯ Ä¼Å Ä£|£{ �e ¶¼vf» ¹Z«�Y ¾f§ZË Á ZÆe�Z�y ¾ËY ½Y�Ì» ½{�ÁM ¾ÌËZa ¾ËY�]ZÀ] ½ZÆm ÉZÅ�Â
 d�Y)1 .( Y� c�Z�y �Y Ê¼WÔ� ,|Àf�Å ¹�³ ÉYÂÅÁ [M Ê»Â] Ä¯ ÊÅÁ�³ ½M Z�Â�z» cZ^¯�» ÉZÅ Ä¿Â³ �Y É�ZÌ�]

�Y�e ¾ÌËZa ÉZÅZ»{ Z] Ä°Ì¿Z»� 15 |ÀÅ{ Ê» ½Z�¿ ,|¿Â� Ê» ÄmYÂ» {Y�´Ìf¿Z� Äm�{ . c�Z�y Ê³{�Z»�� ºÆ» [Â¸�»Z¿ �iY
d�Y ÊÅZÌ³ ÉZÆ·Â¸� ÉZ�£ Ä] |Ë|� .Z»{ �ÅZ¯|Å{ Ê» �ÅZ¯ Y� Êf�Ë� ÉZ�£ dÌ·ZÌ� {Y�´Ìf¿Z� Äm�{ �¨� Ze  .

{�Y{ �Y�« �Z^�Y �Ì£ [�q ÉZÅ|Ì�Y Ê^�¿ �Y|¬» �ÌiZe dve Z�£ dÌ·ZÌ� ½Y�Ì» . ÓÂ¼ » Ê³{�Z»�� Ä] �Z�u ½ZÅZÌ³
Â^� �eÓZ] ÉZÅZ»{ �{ ÉZÅZ�£ ¾ÌÀq �Y ¾ËY�]ZÀ] Á |¿�Y{ Z�£ �{ Y� �Z^�Y [�q ÉZÅ|Ì�Y �Y É�f�Ì] �Ë{Z¬» Z�£ �Y {YÂ» �

{�Ì³ Ê» c�Â� �f Ë�� Á �fÆ] . �Z^�Y�Ì£ [�q ÉZÅ|Ì�Y �Y É�f�Ì] �Ë{Z¬» ,�°��] ,Ê³{�Z»�� Ä] ¹ÁZ¬» ÉZÅ Ä¿Â³
{Â� Ê¼¿ ¶fz» ÊËZÅZ�£ ¾ÌÀq µÔy �Y {YÂ» µ{Z^e �Ì¿ �e ¾ÌËZa ÉZÅZ»{ �{ ¾ËY�]ZÀ] Á Äf�Y{)2 .( ÉZ�£ dÌ·ZÌ� �] ÃÁÔ�
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Å Ä¿Â³ |Ì·Âe ,Z»�� ��f�Y ,Êf�Ë�{Â� Ê» \^� �Ì¿ Y� Ê¿�Ì�¯Y µZ § ÉZ . ÉY�] ÃZÌ³ Ê Ì^� ÊËZ¿YÂe ,�Àe �ËY�� dve
{Â� Ê» �¬¿ �Zq{ ½�Ì� Ȳ ÉZÆ·Z°Ë{Y� º�Å . Êf¿M ÉZÆ¼Ë�¿M t�� �ËY�§Y ,�ÀeZ] É�Z³�Z� ÉZÆ¼�Ì¿Z°» �Y Ê°Ë

 �Y|Ì�¯Y�a ¶j» Ê¿Y|Ì�¯Y) (PODd�Y . Ê�Z§{ º�Ì¿Z°» Ä] |¿YÂe Ê» Z»�� �{ �Y|Ì�¯Y�a �ËY�§Y ��f�Y �]Y�] �{ ÃÂÌ»
|�Z] Ê» �Â]�» ÂÌeY|Ì�¯Y . Ê¼Æ» �¬¿ Á Ã{Y{ �ËY�§Y Ê³{�Z»�� �ËY�� dveY�{Y�M ÉZÆ·Z°Ë{Y� º�Å�Y|Ì�¯Y�a

{�Y{ �Àe Ä] �Â]�» ÉZÆe�Z�y �ÅZ¯ Á ½�Á�|ÌÅ |Ì�¯Y�a �Y µÂ¸� d�Z¨u�{)3(.  
  

ZÆ�Á� Á {YÂ»  
»Z¿ Ä] cZ^¯�» º«� �ZÆq ÉZÅ ÃÂÌ» �Y �ÅÁ�a ¾ËY ¹Zn¿Y ÉY�] ��eÂ¼Ì· ,Â�¿Y Ê´¿�Z¿ ,Ê¿Ây µZ¬e�a ,Ê¸v» µZ¬e�a ÉZÆ

|� Ã{Z¨f�Y ��»Y� cZ^¯�» cZ¬Ì¬ve Ä��Â» �Y Ã|� d�Y{�] Ê¿Y�|¿�Z» . Ä] ZÅ ÃÂÌ» ,ÊËZ»�� �Z¼Ìe ¹Zn¿Y �Â�À» Ä]
 ÊÅ{ Z»�� Ã�ËÁ �ÂeZ]Â°¿Y ÃZ´f�{)Test chamber ( |¿|� ¶¬fÀ» .�{ \Ìe�e Ä] ÊËZ»{ ÉZÅ�Z¼Ìe3 ,0 ,3� ,6�Äm�{  

|� ¹Zn¿Y {Y�´Ìf¿Z� . c|» µÂ� �{ Á lË�|f] Ê·�fÀ¯ Ä¿Â¼¿ ÉZ»{20 ÉZ»{ Ä] d�Z� 3 c|» Ä] Á |Ì�� {Y�´Ìf¿Z� Äm�{ 
10|¿Z» Ê«Z] Z»{ ¾ËY �{ d�Z�  . �{ �e ¾ÌËZa ÉZ»{ Ä] Z»{ �Å �Y �Â^� ,ÊËZ»{ ÉZÅ�Z¼Ìe µZ¼�Y ÉY�]2 Á |� Ê� d�Z� 

 c|¼] Z»{ �Å �{ É�Z³|¿Z» �b�10� ¹Zn¿Y d�Z� | .ÃÂÌ» [M ¶»Z� ÃÂÌ» ÉZÆ�z] ,ÊËZ»�� �Z¼Ìe�Y | ](juice) ,
d�Âa Êm�Zy Ê´¿� �z](flavedo)d�Âa Ê¿Á�{ |Ì¨� �z] ,(albedo) �Y É�Ì³Â¸m dÆm Á |� É�Z�Y|m

 ��Ë�§ Ä] Ä¸�Z§Ô] ZÅ Ä¿Â¼¿ Á |� Ã{Z¨f�Y �ËZ» ½�Á�fÌ¿ �Y Ê¼Ë�¿M ÄË�ne70  �|¿|� ¶¬fÀ»  . Ã�Y|¿Y Á kY�zf�Y �Â�À» Ä]
�Ì³ �b� Á |Ë{�³ ¶¬fÀ» _ÂÌeÁ�°Ì» Ä] Á Ã{�¯ Ã�Ì¿�Â¼Å Ô»Z¯ �ËZ» ½�Á�fÌ¿ �{ Y� d§Z] �Y ¹�³ ºÌ¿ ,�Y|Ì�¯Y�a ºË�¿M É

 Z] cZ¨�§ ºÌ�Zfa �§Z] �fÌ· Ê¸Ì» ®Ë ½{Á�§Y Z]PH=7.2 c|» Ä]  15 �Á{ Z] Ä¬Ì«{ 14000 ÉZ»{ �{ 4 {Y�´Ìf¿Z� Äm�{ 
|¿|� �ÂÌ¨Ë�ÀeZ� .�� �ÂÌ¨Ë�f¿Z� ¹Z¼eY �Y | ] �´Ë{ ÉZÅ _ÂÌeÁ�°Ì» Ä] Á |� Äf�Y{�] �¸b¼� �Y Ã{Z¨f�Y Z] ÊËÁ� Ã�Z

|� ¶¬fÀ» .|¿|� É�Y|Æ´¿ xË ¥�� ¶yY{ �{ ¶uY�» Ê»Z¼e �{ Ã�Z�� ÉÁZu ÉZÅ _ÂÌeÁ�°Ì» . dÌ·Z § �nÀ� ÉY�]
 Á µÂ¯ZËZ³  ÉZÅY�f�]Â� �Y �Y|Ì�¯Y�a ºË�¿M  H2O2  ÃZ´f�{ �Y Ã{Z¨f�Y Z] Ä¿Â¼¿ [~m �b� Á |� Ã{Z¨f�Y

 kÂ» µÂ� �{ �f»Âf§Á�f°b�Y470|� dWY�« �f»Â¿Z¿ .  
|� Ã{Z¨f�Y {�Â§{�] �Á� �Y ,Ê¼Ë�¿M Ã�ËÁ dÌ·Z § ¾ÌÌ e dÆm . ÊÀÌXeÁ�a µÂ¸v» ,¾ÌXeÁ�a d�¸£ �nÀ� ÉY�]

|� ÄÌÆe ¦¸fz» ÉZÆf�¸£ �{ ÉÁZ³ ¾Ì»Â^·M ¹�� ,{�Y|¿Zf�Y . ½{�¯ Ä§Z�Y Á �ZÌ¿ {�Â» {Y| e Ä] ZÅ Ä·Â· É�Z� Ã{Z»M �Y | ]
» \Ìe�e Ä] ZÅ Ä·Â· �Y ®Ë �Å Ä] ,ZÆ¿M Ä] {�Â§{�] µÂ¸v50 Á |� Ä§Z�Y d¿ZeZ¿�aÂ� Á {�Y|¿Zf�Y ÉZÆ·Â¸v» �Y �fÌ·Á�°Ì» 

 c|» Ä]30 �25|� �°e�Á ÄÌ¿Zi  . ¶«Y|u Ê¿Z»� Ä¸�Z§ �{ ZÅ Ä¿Â¼¿ [~m5 �j¯Y|u Á Ä¬Ì«{ 30 kÂ» µÂ� �{ Ä¬Ì«{ 
595|� dWY�« �f»Â¿Z¿  .Âe Z] Y� {�Y|¿Zf�Y ÊÀvÀ» �y Ä·{Z » ÉÁ� �Y Á Ã{�¯ º�� {�Y|¿Zf�Y ÉZÆÀÌXeÁ�a [~m Ä] Äm

|� Ä^�Zv» ZÅ Ä¿Â¼¿ �{ ¾ÌXeÁ�a d�¸£ ,Ã|»M d�|].  
  

hv] Á lËZf¿  

d�Y ZÆ¿M ½Z°» �ÌÌ¤e Á ­�ve ¹|� ,Ê·Â¸��a cY{ÂmÂ» �ËZ� �Y ½ZÅZÌ³ Ã|ÀÀ¯ �ËZ¼f» ÉZÆÌ³�ËÁ �Y Ê°Ë . �³Y ¾ËY�]ZÀ]
,Z»�� ¶j» Ê�Ìv» ÉZÅ �Àe Ä] ¶¼ve|¿Á� Ê» ¾Ì] �Y ,|À�Z] Äf�Y|¿ Y� Ã�Ì£ Á É�Â� ,Ê°�y  . Ê·ZÀ´Ì� Ä°^� ®Ë
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{�Y{ {ÂmÁ |�Z�»Z¿ Ê�Ìv» �ËY�� ¾ËY Ä] ÃZÌ³ É�Z³�Z� �{ Ã|ÌrÌa . Ä¯ d�Y Ã{Y{ ½Z�¿ Ê°Ë�Â·ÂË�Ì§ ÉZÅ Ê���]
|¿Â� Ê» d�Z¨u ¾ÌËZa ÉZ»{ ÉZÅ �Àe �Y Ê�Zy º�Ì¿Z°» Z] ½ZÅZÌ³ . d�Z¨u ÉY�] ½ZÅZÌ³ �Y É�ZÌ�] �ÅZ¯ Á µÂ¸�

|ÀÀ¯ Ê» |Ì·Âe Y� ZÅ �Y|Ì�¯Y�a ¶j» ,Ã|ÀÀ¯ |Ì�¯Y ÉZÅ ºË�¿M ¾ÌËZa ÉZ»{ �Àe �Y Ê�Z¿ c�Z�y)3  .(  

 �ÌiZe É�Y{ ÊÀ » c�Â� Ä] ,¦¸fz» ¹Z«�Y ÉÁ� cÁZ¨f» ÊËZ»�� ÉZÅ�Z¼Ìe Ä¯ |� �z�» ,Ä¸�Zu lËZf¿ Ä] ÄmÂe Z]
{�Y{ ÊeÁZ¨f» .ºÅ e Ä] d^�¿ ,ÃÂÌ» �Å ¦¸fz» ÉZÆ�z] ¾ÌÀq|ÀÅ{ Ê» ½Z�¿ Y� ÊeÁZ¨f» �ZÌ�] �Zf§� ,ÊËZ»�� ÉZÅ�Z¼Ì .

ÉZÆ�z] Ã|� Ê���] ¹Z«�Y ¹Z¼e �{ albedoÁ juice  d^�¿ Ä]flavedo ½Z�¿ Y� �Y|Ì�¯Y�a ºË�¿M �Y É�f¼¯ dÌ·Z § 
|ÀÅ{ Ê» .�Y{Â¼¿ �{ Ä°Ë�Â�¿Z¼Å A �z] ,Ã|� Ã{Y{ ½Z�¿ juice dÌ·Z § ¾Ë�f�Ì] Â�¿Y ÃÂÌ» PODÌ·Zu �{ ,{�Y{ Y�  Ä°

 ÉZÅ�Y{Â¼¿ �Z�Y �]B Á C ÉZÆ�z]   albedoÁ flavedo  dÌ·Z § ¾Ë�f�Ì] Ê¿Y�|¿�Z» ��eÂ¼Ì· POD Ê» ½Z�¿ Y� 
|ÀÅ{.  ¶Ì·|] ½M ÃÂÌ» [M ,{Â� Ê» ÊËZ»�� \Ì�M �Zq{ ¾ÌËZa ÉZÅZ»{ �{Â�¿Y Ê´¿�Z¿ d�Âa Ä°ÀËY º£�Ì¸� �Z�Y ¾ËY�]

e Ã�ËÂ] ¾ÌËZa ÉZÅZ»{ ,�Y|Ì�¯Y�a ºË�¿M dÌ·Z § �ËY�§Y Z3 � ��eÂ¼Ì· Z»Y ,|À¯ Ê» ¶¼ve Ê]Âz] Y� {Y�´Ìf¿Z� Äm�{ 
 Ä] �Ì¿ �»Y ¾ËY Ä¯ {�Y{ Z»�� Ä] �Z�u ÃÂÌ» [M Á Z»�� Ä] ¹ÁZ¬» Êf�Âa ÊÀ Ë ,{�Y{ Â�¿Y �°��] ÊfÌ �Á Ê¿Y�|¿�Z»

 ÉZÆ�z] �{ �Y|Ì�¯Y�a ºË�¿M dÌ·Z § �ËY�§Y albedoÁ flavedo{{�³ Ê»�] Ê¿Y�|¿�Z» ��eÂ¼Ì· .  

  
�]ZÀ»:  
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protective mechanismsagainst photooxidation during high temperature stress 
3) Okkes，Atıcıa, Barbaros Nalbantogˇ lub,(2003); Antifreeze proteins in higher plants 
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�Y{Â¼¿1 :  Ê¼Ë�¿M dÌ·Z § ½Y�Ì»POD ¦¸fz» ÉZÅ �z] �{ 4cZ^¯�» º«�  .A :juice   B :albedo  C :flavedo  

  

 
Quantitative and qualitative comparison of antioxidant activity in different part of four 

varieties of citrus fruit under low temperature stress 
 

Zahra Khosravi Largani, Dr. Mansour Afshar Mohammadian, Dr. Reza Hasan Sajedi 
Department of Biology, Faculty of Sciences, University of Guilan 
 
 
Abstract  
Citrus species can grow in various climatic conditions, ranging from hot-humid equatorial to 
warm-subtropical climates. The optimum temperature to approach optimum growth of citrus 
species is from 22˚C to 30˚C. Regarding the sensitivity of citrus fruit to low temperature and the 
conjunction of the fruit harvest season with low temperature, physiological investigation to 
enhance resistance to low temperatures is so important. Since stress decrease natural ability of 
plant for scavenging of oxygen radicals, one of adaptation mechanisms facing various stresses is 
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increasing the level of antioxidant enzymes such as peroxides to prevent oxidative stress. This 
study aimed to measure the quantity and quality of peroxides activity in different fruit section 
including flavedo, albedo and juice of four varieties of citrus fruit named Local orange, Blood 
orange, Unshiu mandarin, Mazandrn lime under different low temperature stresses including 3, 0, 
-3 and -6 ˚C . So far the results showed that the above varieties had different reflection against 
low temperature stresses. According to the results, cold stress increased peroxides activity in 
whole sections of the fruit. Also peroxides activity in flavedo was more than other sections of the 
fruit in all investigated varieties. Flavedo and albedo in Mazandrn lime and juice in Unshiu 
mandarin had the most peroxides activity compared with other sections of the fruit. The activity 
of other enzymes including SOD, CAT, APOX, TYR is under investigation. 

  


