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Ã|Ì°q  

®�y �iY  �ÅÁ�a  ¾ËY  �{ Ä³�]  ²¿� �ÌÌ¤e  Á  g ¾Ì»ZfËÁ  ,ÄvËY� �]  ¡Y{ ÉYÂÅ  Á  �ËY�{�Ë�§ ½{�¯

®�y |ÀËM�§ .|� Ä ·Z�» µZ¬e�a  ½{�¯  ÉZ»{ �{ �ËY�{ �Ë�§50 -    ÉZ»{ �{ ¡Y{ ÉYÂÅ Á �ÂÌ�¸� Äm�{

60  ®�y {Y{ ½Z�¿ lËZf¿ .d§�³ c�Â� �ÂÌ�¸� Äm�{ÄvËY� Á ²¿� dÌ¨Ì¯ ,�ËY�{ �Ë�§ ¾¯ Z] Ä]Z�» ÉY

Ã{Â¼¿  �¨u Y�  Ã�Ze  µZ¬e�a  )   Ã�Ze  µZ¬e�a79/48L*=  ,17 /3-a*=  Á  25/44b*=  �ËY�{  �Ë�§  Á  26/82L*= ,

71/2-a*=  Á  68/50b*=(  ²¿�  dÌ¨Ì¯  ,¡Y{  ÉYÂÅ  {�Â»�{  Ê·Á  )09/58L*=  ,78/10a*=  Á  51/45b*= ( 

ÃÂÆ« d¼� Ä] Á {�¯ Y|Ìa �ÅZ¯ÉY  ½|�d§ZË ¶ËZ¼e.    ¾Ë�f�Ì]  �{ ÊËZËÂ] ÉZÅ�´�u x�ZaÃ�Ze µZ¬e�a, 

®�y�ËY�{ �Ë�§ ¾¯  ®�y Á  \Ìe�e Ä] ¡Y{ ÉYÂÅ ¾¯  MQ9,  MQ7   Á  MQ3   �u x�Za ¾Ë�f¼¯ Á ÉZÅ�´

Ä� �Å �{ ÊËZËÂ]  ,�Á�    MQ6   {Â]  x�Za ¾Ë�f�Ì] cÁZ¨e .     �ÌÌ¤e �Y ½Z�¿ ZÅ�´�u  ¾Ìu �{ µÂ�v» ���

®�yd�Y ½{�¯  .  �Y|¬» �Á� �{ g ¾Ì»ZfËÁ  �ËY�{�Ë�§  Ã�Ze µZ¬e�a) Ã�Ze µZ¬e�a Ä] d^�¿mg/100g   798  

  �ËY�{ �Ë�§ ¾¯ ®�y Ámg/100g  4/902  (08/13%  �ËY�§Y  d�Y{    Ê·Á  g ¾Ì»ZfËÁ d�¸£®�y �{ ¾¯

 ¡Y{ ÉYÂÅ)mg/100g 6/956(   {Á|u78/19% ] �Ì {Â] �f .    

  
:É|Ì¸¯ cZ¼¸¯  
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Ä³�] g ¾Ì»ZfËÁ Á ²¿� ,Â] cY�ÌÌ¤e Ä�ËZ¬» Á Ê���]®�y ÉZÅ  �{ µZ¬e�a Ã|�

®�y ¡Y{ ÉYÂÅ Á �ËY�{ �Ë�§ ½{�¯  
  

 Ä»|¬»  

ZÅY~£  Ä]  c�Â�  Ê Ì^�  ZË  É�ÁM�§  ,Ã|�   {YÂ»  É~¤»  ½Z�¿Y  Ê³|¿�  Y�  ºÅY�§  Ê»|ÀÀ¯  .®Ë   ºË�� 

ÊËY~£  ÊÀ£  �Y   {YÂ»  �ÌiPe É~¤»  Êf^j»  �]   d»Ô�  ½Z�¿Y   {�Y{  .ÃÂÌ»ÉZÅ  Ã�Ze  ÉÁZu  É~¤» {YÂ»   É�Á��  

ÉY�]  ½Z�¿Y  ,|Àf�Å  Z»Y  �j¯Y  ¾ËY   {YÂ»   É~¤»  ¶Ì·{ Ä]  dÌ�Z�u  Ä]  ,Z»{  ,d]Â��  ½�Ì�¯Y  Á  �Â¿  ÉY�Y{    �¼�

ÊÅZeÂ¯  Ê»,|À�Z] ¾ËY�]ZÀ]   Ä] �Â�À»  �¨u  dÌ¨Ì¯   Á   {YÂ»    É~¤» {ÂmÂ»  �{   {YÂ»  ÊËY~£  Ä]  Ã�ËÁ  ¾Ì»ZfËÁ -

,ZÅ É�ÁM�§ ZÆ¿M  dve |ËZ] �ËY�� \�ZÀ» ¹Zn¿Y  {�Ì³ ]17[. 

®�y½{�¯  Ä]  �Â�  Ã{�f�³ÉY  �{   �ËZÀ�  ÊËY~£  Ã{Z¨f�Y  Ê» {Â�  .¥|Å  ½M  �ÅZ¯  ÉYÂfv»   [M  

,d�Y  Ä¯  h�Z]  É�Z³|¿Z»   {YÂ»  ÊËY~£  Ê» {Â�  .ÉZËY�»  �´Ë{  ¾ËY  |ÀËM�§   �{  Ä�ËZ¬»  Z]  Ã{Z»  ÄÌ·ÁY  Z]   �ÅZ¯  

¹�m �^e�» d�Y Ä¯  �nÀ» Ä]  ÄÀË�ÅÉZÅ �f¼¯ Äf�] ,É|À]  ¶¼u Á ¶¬¿  Á Ã�Ìy}É�Z� Ê» {Â� ]27[ .  

Ê�  �{  ®�y |ÀËM�§,½{�¯   ÊeY�ÌÌ¤e  �{  ,���   ,º �  ,d§Z]   ²¿�  Á  LY�mY  \Ë�ze  ÊËY~£  µÂ�v» 

 {ZnËY  Ê» {{�³  ]21[Z»�³  .   Á  Ê�  ½ÂÌ�Y|Ì�¯Y  |ÀËM�§  ®�y,½|�   \mÂ»   {ZnËY  cY�ÌÌ¤e  ÊËZÌ¼Ì�    �{

Ä¿Y|´¿�ÉZÅ  ¶Ì§Á�¸¯  Á  ZÅ|ÌWÂÀeÁ�Z¯  Ã|�  Á   d§Y  dÌ¨Ì¯  µÂ�v» ²¿�  Y�  Ä]   ÃY�¼Å   {�Y{  .0ÓÂ¼ »  ½Z»� -

ÉZÅ  Ê¿ÓÂ��e  Á  c�Y�u Äm�{ÉZÅ  ,�eÓZ]  ¥ÔeY  �f�Ì]  Ä¿Y|´¿�ZÅ  Y�  Ä]   ÃY�¼Å    {�Y{]9[,  ¾ËY�]ZÀ]   �¨u 

²¿�  µÂ�v»  ÊËZÆ¿  Ä]  ½YÂÀ�  Ê¼Æ»  Ê�yZ�  ÉY�]  Ê���]  dÌ¨Ì¯   µÂ�v»   ÊËZÆ¿   �Y  ÃZ³|Ë{  ���Y 

ÊËY~£ ½M �Y �a ¹Zn¿Y ÉZÅ|ÀËM�§ É�ÁM�§ Ê» |�Z]]28[ .  

Ê»  Y~£  �{  É~¤»  {YÂ»  ¾Ë�e�Y|ËZaZ¿  �Y  Ê°Ë  g  ¾Ì»ZfËÁ ¾ËY  É�ÁM�§  ÉZÅ|ÀËM�§  Ê�  �{  Ä¯  |�Z]

 Ê» \Ë�ze c|� Ä] ¾Ì»ZfËÁ {Â�]25[ª^� .  �ÅÁ�a lËZf¿ÉZÅ  ¹Zn¿Y  Ã|�  d]Zi  Ã|�  d�Y  Ä¯  �³Y   Ê�  

ÊËY~£ ÉZÅ|ÀËM�§   ½YÂf]  ¾Ì»ZfËÁ  g   Y�  �¨u   {�¯   ½YÂfÌ»   d¨³  Ä¯   {YÂ» �ËZ�   É~¤»  �Ì¿  �¨u   |ÀÅYÂy  

 |�]10[.   

 �{  µÂ�  µZ�,ZÅ  �Á� ÉZÅ  ¦¸fz»  ®�y½{�¯  Ä �Âe  Äf§ZË  d�Y  .Äf�]  Ä]  �ZÌ¿  ,�Y�Z]  �Á� ÉZÅ 

®�y½{�¯  Y�  Ê» ½YÂe  Z]  Ã�Æ]É�Á   ,É��¿Y   ½Z»�  ®�y½{�¯  Á   dÌ¨Ì¯  µÂ�v»  Ê]ZË��Y   {�¯  ]7[ .

�ÅÁ�a�Á� {�Â»  �{  É{ZË�  ÉZÅ cÓÂ�v»  ���  ÉZ¬]  {�Â»�{  ªÌ¬ve  Á  ½{�¯ ®�y  ¦¸fz»  ÉZÅ

 |À¿Z» Ã|� ¹Zn¿Y  ¶¨¸§ ]14[,  ÂWZ¯Z¯ ]24[, �ZÀ ¿ ]18[, ÃÂÆ« ]20[.  

Â]   Ë°  Ê �Y  �f¼Æ» Ë¾  Á Ë³�ÊZÅ  É �u  ÊZÅY~£  d�Y  .Ã�Y|¿Y³Ì�  É ½M   Ë®   �Á�  aÌÄf§��  Á  0Z�Â�z» 

»Â �i  Y�]  É d�|]  ½{�ÁM  ZÅ�f»Y�Za  ÉiPeÌ�Y~³�  ¯�]Ì¨ Ìd  Y~£  d�Y  ,� ËY�  Â]  É ��Z�Ã|�  �Y  ZÅY~£  Ä]  

¤eÌÌcY�  �{   {YÂ»  °�eÌ¶Ã|ÀÅ{  ZÆ¿M   �]Ì�Z  �Z�u  d�Y.  ]ÌÀÊ°Ì¿Á�f°·Y Ê  Ä]  ½YÂÀ�  �Y�]YÉ  Y�]É  z�eÌ,�  

»Ê |¿YÂe  Y� ËÄvZÅÉ  Ã{Z�  Á  aÌrÌÃ|  Y�  �Y  �� Ëª  Á Ë³�ÊZÅÊË  |À¿Z»  ¥~u  ZÅ�´�uÉ  £Ì�Z�fyY�Ê  Á  Ë ®  
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�Ìºf�  z�eÌ�  \�ZÀ»  Z�ZÀ�ÊË  |À¯  .y�]  Ê�Y   ½Z¬¬v»  �¯~f»  Ã|�|¿Y  Ä¯  Y� ËÄv   {YÂ»  º¯  [M  Ä]  fuY�  Ê

»Ê |¿YÂe ��{ ÊY�§ ËZÅ|À É®�y½{�¯ ¤eÌÌ�  Ë|]Z]22[ .  

ÊÀÌ]  ,É�Á�»  Ê¬Ì¬ve  �{  .d�Y  Ã|�  ¹Zn¿Y  ÊeZ¬Ì¬ve  Ê°Ì¿Á�f°·Y  ÊÀÌ]  �Y  Ã{Z¨f�Y  �Â�y  �{ 

®Ì¿Á�f°·Y   Ä]   ½YÂÀ�   É�Y�]Y  Ê�Y|]Y   dÆm  Ä�v·  �ËZaÉY  µÂ�v»  Ä]   �Â�À»  �ËY�§Y  dÌ¨Ì¯   ½M   �{ 

®�y¾¯ {YÂ» ÉZÅ  ÊËY~£  Ê§� »  Ã|�    d�Y]13[�Ìa .  µÂ�v» Ê³|Ì�� ½Y�Ì» Á d�Y{�] ½Z»� ÊÀÌ]

]29[  É�Y{�Z^¿Y Ã�Á{ µÂ� �{ cÓÂ�v» dÌ¨Ì¯ ¾ÌÌ e ,]26[  ]16[ �{ Ê¼��Ì£ Á Ê¼� �ÔÌ³ �Ìz�e ,

 Y Z] Ê³|Ì�� Ã�Á{ µÂ�  Ê°Ì¿Á�f°·Y ÊÀÌ] �Y Ã{Z¨f�]4[  ½Z°»Y Á  ÊnÀ�  �Ìz�e  ÄfË�YÁÉZÅ  ¦¸fz»  �°�Ì¿  

Z] ®ÌÀ°e ÊÀÌ]®Ì¿Á�f°·Y �{ d]��  �°�Ì¿]1[. 

Äm�{Ê» �eÂÌb»Z¯ ÊËZÀÌ] ºf�Ì� ÉZÅ{�]�Z¯ ¾Ë�f¼Æ» �Y ²¿� �Z�Y�] ÊËY~£ {YÂ» É|À]  �Â� Ä] .|�Z]

  dÌ¸]Z«  ¶Ì·{  Ä] �ËÂ�e ��Y{�a �Y Ã{Z¨f�Y Ê¸¯ Á �ËÂ�e ¶¯ ÉZÅ�f»Y�Za ��Y{�a �{ ®ÌÀ°e ¾ËY  ÉÓZ]

ÄÌuZ¿ É�Z�Y|m {�Y{ Ê¿YÁY�§ {�]�Z¯ dyYÂÀ°Ë�Ì£ �ÅZ� Z] ÊeÓÂ�v» {�Â»�{ ,Ä¿Â¼¿ �Y �Zy ÉY] 11[ .

�ËÂ�e  ��Y{�a  ®ÌÀ°e  �Y  Ã{Z¨f�Y  Z]  Ê¬Ì¬ve  �{,  ��]  ²¿�  �ÌÌ¤e  Ê «YÁ  ½Z»� ®�y ¹Z´ÀÅ  \Ì�  ÉZÅ

���] {�Â» ÂËÁÁ�¯Z» Êf§�¼Å ½|�d§�³ �Y�« Ê] 5[.  

 Ä³�] {�]�Z¯ ÉÁ� �] Ä ·Z�» Z]®�y ÉZÅ Á ²¿� ,ÄvËY� ¶»Z� Ä� ,ÊËY~£ {YÂ» �ËZÀ� �{ µZ¬e�a Ã|�

®�y �Â¿ ,��¿ ¾ËY �Y .|¿�Y{ ÊËY��] �ÌiZe d À� �ZÌ¿ Á dÌ¨Ì¯ ¾ÌÌ e �{ g ¾Ì»ZfËÁÊ» ¾¯  h�Z] |¿YÂe

Ì¬ve pÌÅ Ä¯ Zn¿M  �Y .{{�³ ¶»Z� Ä� ¾ËY  Ã�Y|¿Y  �{  cY�ÌÌ¤e¾ÌÌ e ÉY�]  Ê¬  ,ÄvËY�   �ÌÌ¤e Á g ¾Ì»ZfËÁ

®�y �iY Ê���] ¥|Å Z] Ä ·Z�» ¾ËY ,¾ËY�]ZÀ] .d�Y Ã|�¿ ¹Zn¿Y ÊËZËÂ] ¾Ì�Z» ��Âe µZ¬e�a ²¿� ½{�¯

Ä³�] �YÂy�] ¡Y{ ÉYÂÅ Á �ËY�{ �Ë�§ .|� ¹Zn¿Y µZ¬e�a Ã|� ®�y ÉZÅ  

:ZÅ �Á� Á {YÂ»  

 Ä¿Â¼¿ ÄÌÆe  

  �Y ªÌ¬ve ¾ËY �{Ä¿Â¼¿  ÉZÅZÌ�À·YÁ º«� µZ¬e�a  d�{ �Y Á �¨Àe �ÅZ¯ �Â�À» Ä] .|� Ã{Z¨f�Y ½{Y{

µZ¬e�a  ,d]Â���ËZ»�M  ¹Zn¿Y  ½Z»�  Ze  ZÅ  ÉZ»{  �{  Á  µZrzË  ¶yY{  �{  ,ZÅ5/0  ±  4   �ÂÌ�¸�  Äm�{

�ËZ»�M �Y ¶^« .|¿|� É�Y|Æ´¿®�y ÉZÅÄ¿Â¼¿ ,½{�¯  c|» Ä] ZÅ120    É�Y|Æ´¿ �Ìv» ÉZ»{ �{ Ä¬Ì«{

Y� ZÆ¿M �b� .|¿|�    d»Zz� Ä] ÊfyYÂÀ°Ë Á ­�Z¿ ÉZÅ ÄËÓ Á Äf§�³ d�Âa3    Ê·Y4  Ê¸Ì» {ZnËY ½M �Y �f»

®�y ¶yY{ Á |�®�y |ÀËM�§ .|� Ã{Y{ �Y�« ¾¯Ä¿Â¼¿ ½�Á �ÅZ¯ Á ½{�¯  d]Â�� �ÅZ¯ ½Z»� Ze ZÅ

Ä¿Â¼¿ Ä] ZÅ10  .d§ZË Ä»Y{Y ®�y ÄËZa |��{  

�ËZ»�M®�y ÉZÅ :½{�¯  

�ËZ»�M®�y  ÉZÅ®�y  �{  ½{�¯  ¶»Z�  �ËY�{  �Ë�§  ¾¯10    ÉZ»{  �{  Y�n»  Ä¿Â¼¿50-   Äm�{

¶°�)  �ÂÌ�¸�1®�y  ,(  ¶»Z�  ¡Y{  ÉYÂÅ  ¾¯10    ÉZ»{  �{  Y�n»  Ä¿Â¼¿60  ¶°�)  �ÂÌ�¸�  Äm�{2  (

  ÃY�¼Å Ä] Ä¯ |¿|� ¹Zn¿Y10 .d§�³ �Y�« Ã{Z¨f�Y {�Â» Ê¨Ì¯ ÉZÅ ½Â»�M ÉY�] Ã�Ze µZ¬e�a Ä³�] Ä¿Â¼¿ 
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 ¶°�1 -  ¾¯ ®�y �ËY�{ �Ë�§  

  

  

  

  

  

  

  

  
 ¶°�2 -  ¡Y{ ÉYÂÅ ¾¯ ®�y  

®�y |ÀËM�§  �Y  �aÄ¿Â¼¿  ,µÂ�v» ÄvËY�  �¨u �Â�À»  Ä]  ½{�¯®Ìf�Ôa  ¶yY{ ZÅ �Â�z» ÉZÅ

 �¼m  ÉZ»{ �{ ��Ë�§ ¶yY{ Á É�ÁM5/0±  19-  �ËZ»�M �Á�� �Y ¶^« .|¿|� É�Y|Æ´¿ �ÂÌ�¸� Äm�{-

Ä³�] Ä¿Â¼¿ ,Ê�ÂÀ�» ÊÀÌ] ÉZÅ  c|» Ä] ZÅ30    �Y|¬» �b� .|¿|� Ã{Y{ �Y�« �Ìv» ÉZ»{ �{ Ä¬Ì«{5   ¹�³

�ËZ»�M Á ÄfzË� Ä¿Â¼¿ ¥�� ¶yY{ Y� É|Ì·Âe µZ¬e�a Ä³�] .|¿|� ¹Zn¿Y ®Ì¿Á�f°·Y ÊÀÌ] ÉZÅ  

Ê°Ì¿Á�f°·Y ÊÀÌ] Ä¿Z»Z�  

ÄfyZ� ®Ì¿Á�f°·Y ÊÀÌ]  É�´�u|Àq Ä¿Z»Z� ®Ë �Y  �ÅÁ�a ¾ËY �{Ä¼Ì¿ ÉZÅ�´�u ÄËZa �] Ã|� É{ZÅ

  |Ì�¯Y É�¸§1  )MOS  ¶°�) |�  Ã{Z¨f�Y  (3  ,Ä¿Â¼¿  Ä�¨v» ,ZÅ�´�u Ä�¨v» ,ZÅ�´�u  ¶»Z�  ºf�Ì�  ¾ËY  .(

Ä¼Ì¿ ÉZÅ�´�u .d�Y ½�Ì�¯Y µÂ�b¯ Á `¼a ,Ê«�] ÉZÅ�Ì� ,ÄË~¤e �^À» ,�´�ËZ¼¿ ,Ã{Y{ ¶Ì�ve Ä¿Z»Z�-

 
1MOS   
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)  É�¸§  |Ì�¯Y  É{ZÅMOSµÁY|f»  �Y  (Ä¯  d�Y  Ê°Ì¿Á�f°·Y  ÊÀÌ]  �{  Ã{Z¨f�Y  {�Â»  ÉZÅ�´�u  ¾Ë�e   �Y

dÌ¼¯ ¶Ë|^e Á  Ê¿Y��Y  ¾ÌÀr¼Å .|Àf�Å �Y{�Ây�]  ÊËÓZ]  ÊËZÌ¼Ì� É�Y|ËZa Á  dÌ�Z�u  Ä] ÊËZÌ¼Ì� ÉZÅ

Ê» ZÅ�´�u ¾ËY ÉZËY�» �Y Ê°Ë�f°·Y µZÀ´Ì� |�Z]]3[ .  
  

  

  

  

  

 ¶°�3 -  :Ã{Z¨f�Y {�Â» Ê°Ì¿Á�f°·Y ÊÀÌ] Ä¿Z»Z�1 -  ,Ä¿Â¼¿ Ä�¨v»2 - Á É�Z³ ÉZÅ�´�u3 - �´�ËZ¼¿  

  É�Z¯ ¶uY�»­Za  Á  Ä¿Â¼¿  ÉÂ]  ªË��e  ,ZÀ^» �y tÌv�e Ä¸u�» Ä� ¶»Z� Ê°Ì¿Á�f°·Y  ÊÀÌ]  Ä¿Z»Z� -

  Ä¿Â¼¿ Ä�¨v» Á ZÅ�´�u ½{�¯ {Â]Ä¿Â¼¿ {Y| e .  ®Ì¿Á�f°·Y ÊÀÌ] ÉZÅ180  ®�y Ä¿Â¼¿ �Å Ä¯ {Â] {|� -

¾¯  ®Ì¿Á�f°·Y ÊÀÌ] ½Â»�M Á |� ºÌ�¬e d¼�« �� Ä] Ã�Ze µZ¬e�a Á ¡Y{ ÉYÂÅ Á �ËY�{ �Ë�§ ÉZÅ¹Zn¿Y 

.|�  

Ã{Y{  ¶Ì¸ve  Á  ÄË�ne  �{  É| ]  Ä¸u�»�Ìa  ,ZÅµZÀ´Ì�  ��Y{�a�Ìa  .d�Y  ZÅ�´�u  ÉZÅ  ��Y{�a

�Á� {�°¸¼� ÉÁ� �]  É{ZË� �ÌiZe  ,cZ�Ô�Y  ZÅ�´�u �Â¿  Ä]  Äf�]YÁ  É|u Ze  Á  {�Y{ Â´·Y  �Ìz�e  ÉZÅ

  d�Y  cÁZ¨f»  0ÓÂ¼ »  Á  Ã{Â]]19[�Ìa  ÉY�]  É��¯  �Á�  �Y  �ÅÁ�a  ¾ËY  �{  .µZÀ´Ì�  ��Y{�a ÉZÅ

  Ä�]Y�) |� Ã{Z¨f�Y ZÅ�´�u1�Ìa x�Za .(��Y{�aÊ]  ,Ã|�µZ»�¿  Á | ]  0ZeY} Ä¯ ÊËZÅ�´�u Á d�Y Ã|�

 |¿�Y{ ÊÀÌËZa Á ÓZ] x�Za t��Ê» ½Y�^m Y�|À¯] 15[ .  

ሻݐ௦ሺݕ  ) 1( ൌ
ሻݐ௦ሺݔ െ ௦ሺ0ሻݔ

௦ሺ0ሻݔ  

   ½M �{ Ä¯ݕ௦ሺݐሻ   x�Za    ,(| ] ½Á|]) Ã|� ��Y{�a �Ìa ݔ௦ሺ0ሻ   Á ZÀ^» �yݔ௦ሺݐሻ  Ê» �´�u x�Za -

.|�Z]  

Ã�Y|¿YÉ�Ì³ d�¸£ ¾Ì»ZfËÁ g  

d�¸£  ¾Ì»ZfËÁ  g  Ä]   �Á�   ½ÂÌ�Y�fÌe  Á{  Ä¸u�» ÉY   Ã�Y|¿Y|� É�Ì³  ]12[   .  ²¿� ½Y�Ì» Ä^�Zv» ÉY�]

  Ä�]Y� �Y Ê§��»6    �Å �Y .|� Ã{Z¨f�Y10  Ä¿Â¼¿  ®�y¾¯  ¾Ì»ZfËÁ �Ë{Z¬» ,¡Y{ ÉYÂÅ Á �ËY�{ �Ë�§ ÉZÅ

Ã�Y|¿Y g .|� É�Ì³  

)2(  ൌ ࡰൈࡱൈ࡮
࡭ൈ࡯

ൈ ૚૙૙ ) g ¾Ì»ZfËÁ d�¸£100 (¹�³ Ê¸Ì» /ÃÂÌ» ¹�³  
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A    ,(¹�³) ÊÅZÌ³ Ä¿Â¼¿ ½�ÁB    ,(�fÌ· Ê¸Ì») ÄÌ·ÁY Ä¿Â¼¿ ÉY�] Ê§��» ®Ë�¨�§Zf» ºnuC    Ä¿Â¼¿ ºnu

  ,(�fÌ·  Ê¸Ì»)½ÂÌ�Y�fÌe  ÉY�]  Ã{Z¨f�Y  {�Â»D    Á  ²¿� �Âf¯Z§E   Ê¸Ì»)  ½ÂÌ�Y�fÌe  �{ Ê§��»  ²¿� ºnu

.d�Y (�fÌ·  

 ½M cY�ÌÌ¤e Ä^�Zv» Á ²¿� É�Ì³ Ã�Y|¿Y  

Ã�Y|¿Y �Â�À» Ä]�yZ� É�Ì³  ��Y{�a �Á� �Y Ê´¿� ÉZÅ¹�¿ ��Âe �ËÂ�e  Äz�¿ \¸f» �Y�§Ya2017 

  Ê´¿� �Ë{Z¬» Á |Ë{�³ Ã{Z¨f�Y*L  ,*a  Á  *b    ) �]YÁ� �Y Ã{Z¨f�Y Z] ½ZËZa �{ .|¿|� Ä^�Zv» Ã|»M d�{ Ä]3 Ze (

)5|Ë{�³ Ä^�Zv» µZ¬e�a Ä³�] ²¿� cY�ÌÌ¤e (]2[ .  

∗ܮ∆  ) 3( ൌ ሺܮ଴
∗ െ ଵܮ

∗ ሻ 

)4 (  ∆ܽ∗ ൌ ሺܽ଴
∗ െ ܽଵ

∗ሻ 

)5 (  ∆ܾ∗ ൌ ሺܾ଴
∗ െ ܾଵ

∗ሻ 

  �Y|¬» Ä¯*L  ) Ê³�Ìe �Y|¬»0) ÊËZÀ�Á� Ze (100  ,(*a  ) É�»�« �Y|¬»120) É�^� Ze (+120-  Á (*b    �Y|¬»

) É{��120) Ê]M Ze (+120-®�y �Y Ä¿Â¼¿ �Å ÉY�] .|Àf�Å (¾¯Ä³�] Á ¡Y{ ÉYÂÅ Á �ËY�{ �Ë�§ ÉZÅ-

Ã�Ze µZ¬e�a ÉZÅ ,  �yZ�Ã�Y|¿Y Ê´¿� ÉZÅ  �Â¼n» �{ Ä¯ |� É�Ì³30  » Ê´¿� �yZ�  Ê���] {�Â  �Y�«

 d§�³ ¾Ì´¿ZÌ» Á|� ��Y�³ ZÆ¿M .  

:hv] Á lËZf¿  

ZÅ�´�u x�Za  

¶°�  4  Ä¿Â¼¿  �Y  ÉY x�ZaZÅÉ  Y�M ËÄ  �´�uZÅ  Ä]    µZ¬e�a  Ä³�]  ÄvËY�Y�  ½Z�¿  »Ê|Å{  .  ¾Ë�f�Ì] x�Za

  \Ìe�e Ä] ¡Y{ ÉYÂÅ ¾¯ ®�y Á �ËY�{ �Ë�§ ¾¯ ®�y ,Ã�Ze µZ¬e�a �{ ÊËZËÂ] ÉZÅ�´�uMQ9  ÁMQ7 

  ,MQ3    Ä�  �Å �{ ÊËZËÂ]  ÉZÅ�´�u x�Za  ¾Ë�f¼¯ ÁMQ6    {Â] �Y  ½Z�¿  ZÅ�´�u x�Za  ¾Ë�f�Ì]  cÁZ¨e  .

  �ÌÌ¤e®�y ¾Ìu �{ µÂ�v» ���d�Y ½{�¯  . ¾ËY d¸�  ��� �{ �ÌÌ¤e,   �{ Ä¯ d�Y Êe�Y�u �{ cÁZ¨e

®�y µÂ�v» Ê¨Ì¯ ÉZÆÌ³�ËÁ �ZfyZ� �{ �ÌÌ¤e h�Z] Ä¯ {�Y{ {ÂmÁ ¡Y{ ÉYÂÅ �Á� Ã|� .|�  
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 ¶°�4  -  ®�y ,Ã�Ze µZ¬e�a Ä¿Â¼¿ ÄvËY� Ä] ZÅ�´�u x�Za ®�y ,¡Y{ ÉYÂÅ ¾¯ �ËY�{ �Ë�§ ¾¯  
  

g ¾Ì»ZfËÁ d�¸£  
  Ä�]Y�  �Y  Ã{Z¨f�Y  Z]  Ê§��» ²¿�  ½Y�Ì»  Ä^�Zv»  ÉY�]  ÊËZÌ¼Ì�  �ËZ»�M  �Y  | ]5   g ¾Ì»ZfËÁ  d�¸£

 d�{ Ä] µZ¬e�a Ä³�] M»| ) µÁ|m1(.  
 µÁ|m1 - Ã|� Ä^�Zv» g ¾Ì»ZfËÁ d�¸£  

 µ|»   Ä¿Â¼¿
1  

 Ä//¿Â¼¿
2  

 Ä¿Â¼¿  
3  

 Ä//¿Â¼¿
4  

 Ä//¿Â¼¿
5  

 Ä//¿Â¼¿
6  

 Ä//¿Â¼¿
7  

 Ä//¿Â¼¿
8  

 Ä//¿Â¼¿
9  

 Ä//¿Â¼¿
10  

  d�¸£ ¾Ì´¿ZÌ»
  g ¾Ì»ZfËÁ  

)mg/100g (  
  Ã�Ze µZ¬e�a  1/

798  
3/799  1/798  3/797  9/797  799  2/797  9/797  797  1/798  798  

 ¾//¯  ®�y
¡Y{ ÉYÂÅ  

2/
957  

956  8/955  957  4/957  6/956  8/956  7/955  4/956  1/957  6/956  

 ¾//¯  ®�y
�ËY�{ �Ë�§  

9/
902  

2/903  1/902  4/902  5/902  8/901  2/902  9/902  4/902  6/901  4/902  

  
Ê» Ã|� Ä^�Zv» �Ë{Z¬» Ä] ÄmÂeZ]®�y Z] |Ì�� ÄnÌf¿ ¾ËY Ä] ½YÂe ¾Ì»ZfËÁ d�¸£ µZ¬e�a Ä³�] ½{�¯

  �{ g100   {�¯ Y|Ìa �ËY�§Y ÃÂÌ» ¹�³,  Ê» �´Ë{ ¥�� �Y .{�Y{ d]Â�� �ÅZ¯ �Y ½Z�¿ Ä¯ ÄnÌf¿ ½YÂe

 ®�y �{ É�f�Ì] g ¾Ì»ZfËÁ d�¸£ d§�³  ¡Y{ ÉYÂÅ ¾¯®�y Ä] d^�¿  {ÂmÁ �ËY�{�Ë�§ ¾¯ ,d�Y{

Y|¿  {ÂmÁ �Á� Á{  ¾ËY  ¾Ì]  É{ZË�  cÁZ¨e  Ê·Ád�¶Ì·{  .  d�¸£  �ÅZ¯  ÊËZÆ¿  ¾Ì»ZfËÁ  g  ®�y ¾¯

Y�  �ËY�{  �Ë�§  Ê»�{  ½YÂe  �ËY�§Y  ®�y  ¶¼�  ¹Zn¿Y  c|»  Y�  ½{�¯ {�¯  ½ZÌ]  .¾ÌÀr¼Å   Ä°ÌËZn¿M�Y  

¾Ì»ZfËÁ  ,g  ¾Ì»ZfËÁ ®Ë  µÂ¸v»  �{  [M  d�Y  Z]  �ËY�§Y  YÂfv»É  ,Êf]Â��  ¹Zn¿Y d���  �À¯YÁ   \Ë�ze  
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½M  �f�Ì]  Ê»,{{�³  ¾¼�  Ä°¿M  ÉYÂfv» �ËY�§Y  ,Êf]Â��  ½Z»�  ¹Zn¿Y  |ÀËM�§  ®�y½|�  Y�  �ËY�§Y    Ã{Y{

Ä¯  \^�  Ê» {Â�  µÂ�v»  c|»  É�f�Ì]  �{  �� »  c�Y�u  ½�Ì�¯Y  Á  �Y�«   {�Ì³  Ä¯  ¾Ì¼Å  Ä¸X�»   w�¿  

\Ë�ze ¾Ì»ZfËÁ g ½M �ËY�§Y Y� Ê»|Å{ ]8 Á23[.  

�yZ�  ÊËZÆ¿ ²¿� ÉZÅL*   ،a*   Áb*  

®�y Z] {Y{ ½Z�¿ lËZf¿  �Y|¬» �Á� Á{ �Å �{ µZ¬e�a Ä³�] ½{�¯a*    Áb*   {�¯ Y|Ìa �ËY�§Y,   ½Z�¿ Ä¯

Y{  É�»�«  d¼� Ä]  {�¯  ¶Ì»¾ËY  .{  �ÌÌ¤e²¿�  �{   Ä¿Â¼¿®�y  ÉZÅÃ|�  Ê»|¿YÂe  Ä]  d¸�  �À¯YÁ ÉZÅ  

ÃÂÆ«½|� ÉY  {�ÔËZ»  µÂ� �{  |ÀËM�§  ®�y  ½|�  Á  ¶Ì°�e  Ä¿Y|´¿�ÉZÅ  ÃÂÆ«ÉY  |�Z]]6[®�y �{ .  ¾¯

Z»{ �ËY�§Y d¸� Ä] ¡Y{ ÉYÂÅ,    �Y|¬»L*  �À¯YÁ Á |� (�f�Ì] Ê³�Ìe) �f¼¯ÃÂÆ« ÉZÅÉY  Y� ½|� �ËY�§Y

d§ZË®�y �{ Ê·Á .�Y|¬» �ËY�{ �Ë�§ ¾¯ L* .|� (�f�Ì] ÊËZÀ�Á�) �f�Ì]  

      
                  )1                     (                                     )2)                                                                  (3    (  

 ¶°�5  -  :Ä³�] Ä¿Â¼¿1 -   ,Ã�Ze µZ¬e�a Ä³�]2 -  Á ¹�³ ÉYÂÅ Z] Ã|� ®�y Ä³�]3 - ®�y Ä³�] �ËY�{ �Ë�§ Z] Ã|�  

  

 µÁ|m2 – Ã|� Ä^�Zv» ÊËZÆ¿ ²¿� ÉZÅ �yZ�  

  Ã�Ze µZ¬e�a  ®�y ¡Y{ ÉYÂÅ ¾¯  ®�y �ËY�{ �Ë�§ ¾¯  

 Ä¿Â¼¿1  L*  92/80  70/58  99/77  
a* 97/3 -  72/11  23/4 -  
b* 61/42  14/48  84/44  

 Ä¿Â¼¿2  L*  96/80  47/64  66/79  
a* 42/2 -  61/5  72/0 -  
b* 19/48  15/42  57/60  

 Ä¿Â¼¿3  L*  97/76  97/65  35/80  
a* 77/0  45/4  06/5 -  
b* 49/52  49/32  84/43  

 Ä¿Â¼¿4  L*  82/79  53/57  80/75  
a* 84/3 -  19/13  39/1 -  
b* 16/40  59/49  61/55  

 Ä¿Â¼¿5  L*  57/79  45/55  77/88  
a* 84/2 -  87/12  05/3 -  
b* 64/33  23/47  60/29  
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 Ä¿Â¼¿6  L*  76/78  79/52  52/87  

a* 12/4 -  28/13  57/3 -  
b* 32/46  82/47  23/47  

 Ä¿Â¼¿7  L*  30/77  16/55  72/87  
a* 75/2 -  60/11  01/4 -  
b* 81/51  31/50  00/43  

 Ä¿Â¼¿8  L*  74/79  20/53  83/83  
a* 43/4 -  96/14  73/1 -  
b* 08/43  23/45  44/64  

 Ä¿Â¼¿9  L*  28/79  49/60  55/75  
a* 92/4 -  13/8  81/0 -  
b* 47/43  35/44  89/54  

 Ä¿Â¼¿10  L*  42/81  21/57  43/85  
a* 19/3 -  01/12  57/2 -  
b* 75/40  81/47  85/62  

 ¾Ì´¿ZÌ»  L*  48/79  09/58  26/82  
a* 17/3 -  78/10  71/2 -  
b* 25/44  51/45  68/50  

  
ÄnÌf¿:É�Ì³  

®�y �Â¿ �iY�Ì¤f» �] ¾¯ÊÀ » µZ¬e�a Ã|� ®�y Ä³�] �YÂy ÉZÅ  lËZf¿  .{Â] �Y{  ,ÄvËY� cY�ÌÌ¤e

�yZ� �ÌÌ¤e  Á  g ¾Ì»ZfËÁÊ»  ½Z�¿  Ê´¿� ÉZÅ®�y Ä¯ |Å{ÉYÂÅ Z]  ½{�¯Ã{Y{  ¹�³ ÉZÅ�´�u ÉZÅ

Ê» ²¿� dÌ¨Ì¯ �ÅZ¯ h�Z] c�Y�u �ËY�§Y d¸� Ä] Á Ã{�¯ \Ë�ze Y� ÊËZËÂ] �´Ë{ ¥�� �Y Ê·Á {Â�

�e .d�Y{ �ËY�{ �Ë�§ �Á� Z] Ä�ËZ¬» �{ É�f¼¯ Zf^�¿ g ¾Ì»ZfËÁ \Ë�ze �Y|¬»Ã{Y{ ª]Z ÉZÅ�´�u ÉZÅ

®�y ¾ËY �{ µZ¬e�a Ä³�] ÄvËY� �¨u �Y ½Z�¿ �ËY�{ �Ë�§ ¾¯ ®�y Á Ã�Ze µZ¬e�a Ä³�] �{ ÊËZËÂ]  ¾¯

 {Â]  µÂ^« ¶]Z« �ËY�{ �Ë�§ �Á� �{ ²¿� cY�ÌÌ¤e ¾ÌÀr¼Å .,{Â]  ÃÂÆ« �À¯YÁ Y�Ë� ÉY  É�f¼¯ �ZÌ�] ½|�

Ê» Ê¸¯ c�Â� Ä] .{�¯ Ä]�ne Y�®�y Ä¯ d§�³ ÄnÌf¿  ½YÂe g ¾Ì»ZfËÁ \Ë�ze ¹�³ ÉYÂÅ Z] ½{�¯

d�Y{ É�f¼¯, ®�y Ê·Á  ¶»Z� Y� É�fÆ] ²¿� Á ÄvËY� �ËY�{ �Ë�§ Z] ½{�¯� .|  

  
  
  

 �mY�»:  
١.   .½ ,ª�Z¿ Ê¸Ì¬� Á .s ,Êm�Ë{ Ê¯} .� ,Ã{Y� \Ë{Y1399 ½Z°»Y .  ÊnÀ�  �Ìz�e  ÄfË�YÁÉZÅ   ¦¸fz»  

�°�Ì¿  Z]  ÊÀÌ]  ®ÌÀ°e®Ì¿Á�f°·Y  �{   d]��    ,½Y�ËY  ºf�Ì�ÂÌ]  Ê�|ÀÆ»  Ä¸n»  .�°�Ì¿51)1  :(10-1  .
https://doi.org/10.22059/IJBSE.2019.287027.665209  
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٢.   .�  ,½ZnËZq É�Ì»Y  .¹  ,½Ó|ËÂ« É|¼uY1396ÄÀÌÆ]  .  É�Z�  ®�y  ½{�¯  �¤»  ©|À§  �{  ®�y   ¾¯  

½Á{Z»  �»�«  ]Z  �Ìa  �Z¼Ìe  ÂËÁÁ�°ËZ»  Ä]  ®¼¯  �Á�   t��   �ËZÀ� Á ¹Â¸� .x�Za    ,½Y�ËY ÊËY~£14)64  :(
178-165 .https://www.sid.ir/fa/journal/ViewPaper.aspx?id=268613  

٣.   .s,É|¼uY  Á  .¹,Êf�YÂz»Z¿�Á  Ê¼�Z«  .�,Ê^�fv»  .�,�§  ÊËZÀi1394,ÊuY��  .  dyZ�  Á   Ê]ZË��Y  
 {�°¸¼�  ¾Ì�Z»  ÊËZËÂ]  )ÊÀÌ]  Ê°Ì¿Á�f°·Y  (�]  ÄËZa  ÉZÅ�´�u  É{ZÅ Ä¼Ì¿  |Ì�¯Y  )É�¸§MOS( Ä]�Â�À»  

�ËZa  Ê³|Ì��    ,É��ÁZ�¯  ÉZÅ  ¾Ì�Z»  ÄË��¿  .�Â»5  )1  :(121-111  .
https://doi.org/10.22067/jam.v5i1.27159  

4. Aghili Nategh, N., Dalvand, M. J., Anvar, A. 2020. Detection of toxic and 
non‑toxic sweet cherries at different degrees of maturity using an electronic nose. 
Journal of Food Measurement and Characterization. Springer. 
https://doi.org/10.1007/s11694-020-00724-6. 

5. Aghilinategh, N., Rafiee, S., Hosseinpor, S., Omid, M., Mohtasebi, S,S. 2016. Real-
time color change monitoring of apple slices using image processing during 
intermittent microwave convective drying. Food Science and Technology 
International. 22(7): 634-646. https://doi.org/10.1177/1082013216636263. 

6. Arslan, D., and Özcan, M. 2011. Drying of tomato slices: changes in drying 
kinetics, mineral contents, antioxidant activity and color parameters Secado de 
rodajas de tomate: cambios en cinéticos del secado, contenido en minerales, 
actividad antioxidante y parámetros de color. CyTA-Journal of Food. 9(3): 229-
236. https://doi.org/10.1080/19476337.2010.522734. 

7. Chen, X.D. 2008. Food drying fundamentals. In: Chen, X.D., Mujumdar, A.S. 
(Eds.), Drying Technologies in Food Processing. Blackwell Publishing, pp. 1–3. 

8. Ekow, A. E., Haile, M. A., John, O. W. U. S. U., and Narku, E. F. 2013. 
Microwave-vacuum drying effect on drying kinetics, lycopene and ascorbic acid 
content of tomato slices. Journal of Stored Product and Postharvest. 4(1): 11-22. 
https://doi.org/10.5897/JSPPR12.030. 

9. Fellows, P.J. 2009. Food processing technology: principles and practice. Elsevier. 
10. Figiel, A. 2010. Drying kinetics and quality of beetroots dehydrated by combination 

of convective and vacuum microwave methods. Journal of Food Engineering. 
98(4): 461-470. https://doi.org/10.1016/j.jfoodeng.2010.01.029. 

11. Franco,P, J.L.n.d.M.P.M.2006. Development of a computer vision system to 
measure the color of potato chips.Food Research International. 39(10): 1092-1098. 
https://doi.org/10.1016/j.foodres.2006.03.009. 

12. Ghasemi, A., and Chayjan, R. A. 2019. Numerical simulation of vitamin C 
degradation during dehydration process of fresh tomatoes. Journal of Food Process 
Engineering. 42(6): 13189. https://doi.org/10.1111/jfpe.13189. 

13. Ghasemi-Varnamkhasti, M., and Aghbashlo, M. 2014. Electronic nose and 
electronic mucosa as innovative instruments for real-time monitoring of food 
dryers. Trends in Food Science and Technology. 38(2): 158-166. 
https://doi.org/10.1016/j.tifs.2014.05.004. 

14. Guclu, G., Keser, D., Kelebek, H., Keskin, M., Sekerli, Y.E., Soysal,Y., Selli, S., 
2020. Impact of production and drying methods on the volatile and phenolic 
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http://dx.doi.org/10.1016/j.foodchem.2020.128129. 

15. Heidarbeigi, K., Mohtasebi, S.S., Foroughirad, A., Ghasemi-Varnamkhasti, M., 
Rafiee, S., Rezaei, K. 2015. Detection of adulteration in saffron samples using 
electronic nose. Int. J. Food Prop. 18(7): 1391-1401.  
https://doi.org/10.1080/10942912.2014.915850. 

16. Hui, G., Jin, J., Deng, S., Ye, X., Zhao, M., Wang, M., & Ye, D. 2015. Winter 
jujube (Zizyphus jujuba Mill.) quality forecasting method based on electronic nose. 
Food Chemistry. 170(1): 484- 491. https://doi.org/10.1016/j.foodchem.2014.08.009 

17. Jin, X., Oliviero, T., van der Sman, R.G.M., Verkerk, R., Dekker, M. 2014. Impact 
of different drying trajectories on degradation of nutritional compounds in broccoli 
(Brassica oleracea var. italica). LWT - Food Science and Technology. 59(1): 189-
195. https://doi.org/10.1016/j.lwt.2014.05.031. 

18. Kiani, S., Minaei, S., Ghasemi-Varnamkhasti, M. 2018. Real-time aroma 
monitoring of mint (Mentha spicata L.) leaves during the drying process using 
electronic nose system. Measurement. 124: 447–452, 
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19. Kiani, S., Minaei, S. & Ghasemi-Varnamkhasti, M. 2016. portable electronic nose 
as an expert system for aroma-based classification of saffron. Chemo metrics and 
Intelligent Laboratory Systems. 156(15): 148-156. 
https://doi.org/10.1016/j.chemolab.2016.05.013. 

20. Kulapichitr, F., Borompichaichartkul, C., Suppavorasatit, I.,Cadwallader, K.R., 
2019. Impact of drying process on chemical composition and key aroma 
components of Arabica coffee. Food Chem. 291(1): 49–58, 
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Abstract 

In this study, the effects of freeze and hot air dryings on aroma, vitamin C and color change of orange 
slices were studied. The freeze dryer was dried at -50 ° C and the hot air at 60 ° C. The results showed that 
the freeze dryer maintained the color quality and aroma similar to fresh oranges (fresh oranges L*=48.79, 
a*=-3.17 and b*=44.25 and freeze dryer L*=82.26, a*=-2.71 and b*=50.68) but in case of hot air, the color 
quality decreases (L*=58.09, a*=10.78 and b*=45.51) and towards the browning is gone. The highest 
response of olfactory sensors in fresh orange, freeze dryer and hot air dryer were MQ9 and MQ7, MQ3, 
respectively, and the lowest response of olfactory sensors in all three MQ6. The biggest difference in the 
sensors' response is the change in the product's aroma during drying. The value of vitamin C in the freeze 
dryer increased by 13.08% compared to fresh oranges (fresh oranges 798 mg/100g and freeze dryer 902.4 
mg/100g) but the concentration of vitamin C in hot air dryers (956.6 mg/100g) was about 19.78% more. 
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