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|��½�Â¼Å .���Ê/¼Ì¿�Á�¹Z/ ��®¼¿�,cY�fÌ��ºË|��É�e��b�
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d§�Ë~a�c�Â��Ä¬Ì«{��{��Á{ .��¶/¼��,dza�¶¼��¹Z¼eY��Y�| ]
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�¶°��. �dza�ÉZ»{�Á�ÊÅZÌ³�¾£Á���Y|¬»��iY�ÉY�]�x�Za�t���ÊÀvÀ»
)dza�½Z»� =���Ä¬Ì«{ (|Ì�¯Y�a��Ë|¿Y�½Y�Ì»��]  

  
Ã�Y|¿Y�ÊËZÌ¼Ì���YÂy�É�Ì³ :Ã�Y|¿Y�É�Ì³�����{|/��,É|/Ë�{|/�
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Ä¿Â¼¿�Z]�Ã|��ÊuY���cZ�ËZ»�M��Z�Y��]�Ã|���Ä¯�µ�fÀ¯�ÉZÅ
�¶»Z�Lc, ac,bc�Ê»|�Z] .��Á�ÊÅZ/Ì³�¾£Á��½Á|]���Á�a��ÌÀa

��{�Ã|��Ã{Z»M���Êf¿Z��Äm�{����c|/»�Ä/]�{Y�³������Ä/]�Ä/¬Ì«{
����|/��Ä/f§�³��/�¿��{�µ�/fÀ¯�Ä¿Â¼¿�½YÂÀ� .���Ë{Z/¬»Lc, ac, bc�

����Z/]��/]Y�]�|ÅZ/��Ä/¿Â¼¿ ��/��L= �,��/�- a=��Á��/�� b= 
{Â].  

�Ä·{Z »)�(  
∆E= [(L � Lc) 

�
 + (a � ac) 

�
 + (b � bc)

�
 ]

�/�
                                  

  
É�Z»M��Ì·Z¿M�Á�Ê�ËZ»�M�s��: RSM��Ä/�Â¼n»���Ê/uY����Y�ÉY

®ÌÀ°e�Á�cZ�ËZ»�M����Y��½Z/°»Y�¾/ËY�Ä¯�d�Y�É�Z��ÄÀÌÆ]�ÉZÅ
Ê»�ª¬v»�Ä]�Ì¤f»�¾Ì]��Z^e�Y�Ze�|Å{x�Za�Á�¶¬f�»�ÉZÅ����Z/Å
|À¯�¾ÌÌ e�Y� .�������¥Z/��É�/¯�»�\/¯�»�s�/��ª/Ì¬ve�¾/ËY��{

(FCCD)�Ä]����|/��Ä/f§�³��Z/¯ .����Á�¶¬f/�»�ÉZ/Å�Ì¤f»�sÂ�/�
Ã{Y{�Ä]�ÉZÅ������sÂ�/��c�Â/��Ä/]�Ê/�ËZ»�M�s����Y�Ã|»M�d�{

�Ê¬Ì¬ud�Y�Äf§�³��Y�«�ÄË�ne�{�Â» .Ã{Y{�Ä]�ÉZÅ���Ã|/»M�d�{
������Y�/§Y�¹�/¿��Y�Ã{Z¨f/�Y�Z/]�s���¾ËY��YDesign Expert���µ|/»

������µ|» ¶°��Á�Ã|��É�Z����É|/ ]�Ä��ÉZÅ)�Ê/ÀvÀ»���ÉZ/Å
x�Za�t�� (x�Za�½ZÌ»�Ä�]Y��Ê���]�dÆm���/Ì¤f»�Á�ZÅ���ÉZ/Å

|��º���¶¬f�» .Ã{Y{��]��ËZ»�M��Y�¶�Zu�ÉZÅ���|/Àq�µ|»�ZÅ
Ä¸¼m������ºfË�Â/´·Y��Y��b/��Á�Ã|/��Ã{Y{���Y�/]�¹Á{�Äm�{�ÉY

Backward�Ä¸¼m�{Y| e��ÅZ¯��Â�À»�Ä]���µ|/»�ÉZÅ��Ã{Z¨f/�Y
|�.  

�Ä·{Z »)�(  
Y=b0+ b1x1+b2x b3x3+b11x12+ b22x22+ b33x32+ b12x1x2+ 
b23x1x3+ b23x2x3+ å            

 
Ä¸¼m�|Àq�µ|»�\ËY���Ä]�ÉY��c�Â�b0 )��d/]Zi�c�Z/^�(�,b1, 

b2, b3 )Ê�y�cY�iY(�,b11, b22, b33 )¹Á{�Äm�{�cY�iY (�Áb23, 

b13, b12 )¶]Z¬f»�cY�iY (Ã|��½ZÌ] |¿Y .»ÊÀ ��µ|»�\ËY���É�Y{

��Y�Ã{Z¨f//�Y�Z//]R2�,R2��Ì//a�Á�Ã|//��sÔ//�Y��Á�Ã|//ÀÀ¯�Ê//ÀÌ]
ºÅ��]�»��Â¼n»�¾ÌÀq�����Ê/ÀÌ]��Ì/a�ÉZ/�y�ÉZ/Å PRESS)(�

d§�³��Y�«�Ê���]�{�Â» .  
Äf§ZË ZÅ  

µ|»���Y�] :Ã{Y{�Ä]��Â]�»�ÉZÅ��É|/Ë��Ë|¿Y )Y1(�,���Ë|/¿Y
|Ì�¯Y�a )Y2(Ê¿Â]Z���Ë|¿Y�, )Y3(�Êf]Â���ÉÂfv»�,)Y4( �Á
Y�ÌÌ¤e�Ê´¿��c)Y5( �����±Â·Z/¿M��/�Á�a��/ÌÀa�|/Ì·Âe��Y�¶�Zu

����{�,|/¿|»M�d/�{�Ä]�cZ�ËZ»�M�Ä¼Å��Y�Ä¯�Ê¿{�f�³��¶/Ì¸ve
d�Y�Ã|»M .Ã{Y{�����Ä/·{Z »�\ËY�/��Ä^/�Zv»�ÉY�]�Ê�ËZ»�M�ÉZÅ
Ä¸¼m�|Àq�|Àf§�³��Y�«�Ã{Z¨f�Y�{�Â»�¹Á{�Äm�{�ÉY.����/Å�ÉY�/]

c�Z^���Y�®Ë�����{|/��Á�±��/]�½ÂÌ/��³��\Ë���,µ|»��{�ZÅp�
�¿�®qÂ¯x�Za�ÉÁ��É�e�ÊÀ »�Z]��iY�Ã|ÀÅ{�½Z���Ä/�Â]�»�ÉZÅ

{�Y{ .ANOVA��Ä/¸¼m�|Àq�µ|»�Ä¯�{Y{�½Z�¿���¹Á{�Ä/m�{�ÉY
Ã{Y{�Ã|¿�Y�]�Ê^�ZÀ»��Â��Ä]�Ã|»M�d�{�Ä]�����Z/]�Ê/�ËZ»�M�ÉZ/Å

�Ä//¿Z³|Àq�¾Ì//Ì e�\ËY�//�)R2 (��/�, ��/�, ��/�, ��/����Á
��/���ÉY�]�\Ìe�e�Ä]É|Ë��Ë|¿Y�,����Ë|/¿Y�,|Ì/�¯Y�a��Ë|¿Y

Ê¿Â]Z�Êf]Â���ÉÂfv»�,��Á{Â]�Ê´¿��cY�ÌÌ¤e.   
Ê³�ËÁ�Ê���]�ÊËZÌ¼Ì��ÉZÅ :½Â»�M�lËZf¿�����/]�ÊËZÌ¼Ì/��ÉZÅ

�Ã{Z¨f�Y�{�Â»�ÄÌ·ÁY�{YÂ»�ÉÁ�)���Ã�/¯�Á�Ê/¿Y�ËY�|Ì¨/���ÌÀa (��{
��{�,�ÅÁ�a�¾ËY��{���Á�a��ÌÀa�|Ì·Âe��Ë�d�Y�Ã|»M .��lËZ/f¿

½Â//»�M��Á�Ä//Ì·ÁY�{YÂ//»�ÉÁ���//]�Ã|//��¹Z//n¿Y�ÊËZÌ¼Ì//��ÉZ//Å
µÂ»�§��ÉZÅ������ÅÁ�/a�¾/ËY��{�Ã|/��|/Ì·Âe���Á�a��ÌÀa)���

��{�µÂ»�§��Á�|Ì·Âe��Y�°e���½Â/»�M��Å�ÉY�]��Y�°e (�Ä/]���d/�{
d�Y�Ã|»M .���½Y�/Ì»�Z/Å�Z¼Ìe�ÄÌ¸¯��{pH���Ã{Á|/v»��{��/�-

�/��Ê]�q�,����¾ÌXeÁ�a�Á�|��{�������Ä/f§�³��/�¿��{�|/��{
|� .���¾/£Á��d^/�¿�Z»Y�d]Zi�¶¯�Ê]�q�½Y�Ì»��ÅÁ�a�¾ËY��{

·�Ê]�q�Ä]�ÊÅZÌ³ÊÅZÌ³�¾£Á���Y|¬»�Á��ÌÌ¤f»�ÊÀ^���,����Á
���{Â]�ÊËZÆ¿�µÂ�v»��{�{ÂmÂ»�Ê]�q�¶¯�|��{ .  

�½Y�Ì»�ZÅ�Z¼Ìe�ÄÌ¸¯��{pH��Ã{Á|v»��{��/�-�/��Ê]�q�,���
�¾ÌXeÁ�//a�Á�|//��{���|//��Ä//f§�³��//�¿��{�|//��{ .�¾//ËY��{

�����Ä/]�ÊÅZ/Ì³�¾/£Á��d^/�¿�Z»Y�d]Zi�¶¯�Ê]�q�½Y�Ì»��ÅÁ�a
Á���Y|¬»�Á��ÌÌ¤f»�ÊÀ^·�Ê]�qÊÅZÌ³�¾£���,����Á����|��{

{Â]�ÊËZÆ¿�µÂ�v»��{�{ÂmÂ»�Ê]�q�¶¯ .)��,  ��(  
ePx�Za��]�¶¬f�»�ÉZÅ�Ì¤f»��Ìi ZÅ  

É|Ë��Ë|¿Y��]�¶¬f�»�ÉZÅ�Ì¤f»��iY�Ê���] :���t�/���Ì·Z/¿M
Ê»�½Z�¿�x�Za��¾Ì]�Ä�]Y��Ä¯�|Å{�É|Ë��Ë|¿Y��ÉZ/Å�f»Y�Za�Á

�\�ZÀ»�½ÂÌ��³��\Ë���Z]�Á�¹Á{�Äm�{��Â¿��Y�¶¬f�»)��/ 

�R2= (Ê»�|�Z] .����/]�|/ÀËY�§�ÉZÅ�Ì¤f»�Ê¸¯��iY��¿ZË�YÁ��Ì·Z¿M
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 ���                                                                                      µ|»�cZÌ�Â�y�É�Z�  /...Ê¿Z^ ���z^¿ZÆm�°¼Å�Á½Y�Z 

 

 ٣٥٨

���Ê/�y�cY�/iY�ZÆÀe�Ä¯�{Y{�½Z�¿�É|Ë��Ë|¿Y�Ê¿ÂÌ��³��µ|»
�ÊÅZ//Ì³�¾//£Á�)����/�p < (��d//za�½Z//»��Á)��/�p< (�Á

���ÊÅZ////////Ì³�¾////////£Á��¹Á{�Ä////////m�{�c�Z////////^�  
)����/� p < (ÊÀ »��Y{���|/�)�¶°/� � .(���Ë|/¿Yp���\ËY�/�

����Ì¤f»�Z/]�É|/Ë��Ë|/¿Y�Ê¿ÂÌ/��³��µ|»����½Z/�¿�|/ÀËY�§�ÉZ/Å�
Ê»��ÊÅZÌ³�¾£Á���ÌiZe�Ä¯�|Å{)����/�p< (����ÌiZ/e��Y��f/�Ì]

�½Z»�)��/�p < (Ê»�|�Z] .��¥�/��Ä]�ÄmÂe�Z]�É{ZÆÀ�Ìa�µ|»
c�Z^���Y�½{�¯���¿�Ê]�ÉZÅ���Ä/]�É|/Ë��Ë|¿Y�ÉY�]�µ|»�ÊÀ »

Ê»��Ë��c�Â�|�Z]:  
�Ä·{Z »)�(  

É|Ë��Ë|¿Y = ��/��  + ��/�  ×ÊÅZÌ³�¾£Á� + ���/� × ½Z»� - 
����/�  × )ÊÅZÌ³�¾£Á�(  �       

 

  
  

�¶°��. �Á�ÊÅZÌ³�¾£Á���Y|¬»��iY�ÉY�]�x�Za�t���ÊÀvÀ»
�dza�ÉZ»{)dza�½Z»� =���Ä¬Ì«{ (|Ì�¯Y�a��Ë|¿Y�½Y�Ì»��]  

  
¶°��Z]�ª]Z�» �������Á�ÓZ/]�½Z/»���{�ÊÅZ/Ì³�¾/£Á���ËY�§Y

��µZ/u�,|/��É|Ë��Ë|¿Y��{��ËY�§Y�\^��,dza�¾ÌËZa�½M���Ä/¯
��������ÊÅZ/Ì³�¾/£Á��¾ÌËZ/a�Á�ÓZ/]��Y|/¬»�Á{��/Å��{�½Z/»���ËY�§Y

d�Y|¿�É|Ë��Ë|¿Y�ÉÁ��É�ÌiZe .¿Y½ZÌ]�É|Ë��Ë|���½Y�/Ì»��³
½{Â]��Z^�Y��Ì£�Ê»�[�q�ÉZÅ|Ì�Y��½Y�Ì»��ËY�§Y�Z]�Ä¯�|�Z]

�Z^�Y��Ì£�½{Â]Ê»��ËY�§Y�É|Ë��Ë|¿Y�,�|]ZË .���/ÌÀa�|Ì·Âe��{
ÊÅZÌ³�¾£Á��d^�¿��ËY�§Y�,±Â·Z¿M���Á�a�����\^/��Ã�/¯�Ä/]

�Ê]�q��{�{ÂmÂ»�[�q�ÉZÅ|Ì�Y�dÌ�Z^�Y��Ì£�½Y�Ì»��ËY�§Y
d§ZË��ËY�§Y�É|Ë��Ë|¿Y�Z^«Z f»�Ä¯�|���ÌÀa.  

��|Ì/�¯Y�a��Ë|/¿Y��]�¶¬f�»�ÉZÅ�Ì¤f»��iY�Ê���] :���Ë|/¿Y
���ÊÅZ/Ì³�¾/£Á��Á�½Z»��,Z»{��Ì¤f»�Ä���Å��ÌiZe�dve�|Ì�¯Y�a

Ä]�,Äf§�³��Y�«�É�Â�������Ä/���/Å�¹Á{�Ä/m�{�Á�Ê/�y�cY�/iY�Ä¯�
����ÊÅZ/Ì³�¾/£Á��¶/]Z¬f»��/iY�Á��Ì¤f»-�����µ|/»��{�d/za�ÉZ/»{

ÊÀ »��Y{�d�Y�Ã|� .�����/�¿�¥�/��Ä/]�ÄmÂe�Z]�É{ZÆÀ�Ìa�µ|»
c�Z^���Y�½{�¯���Ä/]�|Ì�¯Y�a��Ë|¿Y�ÉY�]�µ|»�ÊÀ »�Ê]�ÉZÅ
Ê»��Ë��c�Â��|�Z]:  

�Ä·{Z »)�(  
 |Ì�¯Y�a��Ë|¿Y ��/� =  + ���/�  × ÊÅZÌ³�¾£Á� � ���/�  × Z»{ + 

���/�  × ½Z»� � �����/�  × ÊÅZÌ³�¾£Á�( )�+ �����/�  × Z»{( )� 

� �����/�  × ½Z»�( )�� ������/�  ×¾£Á� × Z»{                

  
  

¶°�� .�dza�½Z»��Á�ÊÅZÌ³�¾£Á���iY�ÉY�]�x�Za�t���ÊÀvÀ»
)�dza�ÉZ»{ =���Êf¿Z��Äm�{�{Y�³ (|Ì�¯Y�a��Ë|¿Y�½Y�Ì»��]  
  

��Ê¿Â]Z/���Ë|/¿Y��]�¶¬f�»�ÉZÅ�Ì¤f»��iY�Ê���] :����/iY�Z/ÆÀe
�Ê�y)����/� p < (�¹Á{�Äm�{�Á)��/� p < (��ÊÅZ/Ì³�¾£Á�

�Ê¿Â]Z���Ë|¿Y��]�µ|»��{ÊÀ »��Y{�|¿|� .�Z]�É{ZÆÀ�Ìa�µ|»
ÊÀ »�Ä]�ÄmÂeÊ»��Ë��c�Â��Ä]�\ËY���É�Y{�|�Z] :  

�Ä·{Z »)�(  
  

 =Ê¿Â]Z���Ë|¿Y ��/���  + ��/�  × ÊÅZÌ³�¾£Á� � �)ÊÅZÌ³�¾£Á� ( ×���/�                

  
��¶°�����Ê¿Â]Z/���Ë|¿Y�ÉÁ��Y��ÊÅZÌ³�¾£Á��Á�Z»{��ÌiZe

Ê»�½Z�¿�Ä¬Ì«{�Ã{�d]Zi�½Z»���{�|Å{ .�¶°��Z]�ª]Z�»���Z/»{�,
���ÊÅZ/Ì³�¾/£Á���ËY�§Y�Z»Y�,d�Y|¿�Ê¿Â]Z���Ë|¿Y��{�É�ÌiZe
������Ë|/¿Y��ÅZ/¯�\/mÂ»�d/za�ÉÓZ]�Á�dza�¾ÌËZa�ÉZ»{��{

|��Ê¿Â]Z� .�Ë|¿Y�¾£Á��Ê¿Â]Z�����Ã�/Ìn¿��µÂ/���ËY�§Y�Z]�ZÅ
Ê»��ÅZ¯�[�q�|Ì�Y�����¾/£Á��d^/�¿��ËY�/§Y�Z]�¾ËY�]ZÀ]�,|]ZË

������¶/ËÂ��¶/Ì·{�Ä//]��/�Á�a��/ÌÀa�|/Ì·Âe��{�ÊÅZ/Ì³ ��½{Â//]��/e
�d^�¿�Ê·Â°·Â»�½�Á�½{Â]�ÓZ]�Á�ÊÅZÌ³�¾£Á��[�q�ÉZÅ|Ì�Y
�d//§ZË��ÅZ//¯�Ê¿Â]Z//���Ë|//¿Y�,Ã�//¯�[�//q�ÉZÅ|Ì//�Y�Ä//]  

 )���,��.(  

0.0769182  
0.124107  
0.171296   
0.218485   
0.265674   

20.00   
25.00   

30.00   
35.00  

40.00   
  5.00 

  7.50 
  10.00 

  12.50 
  15.00 ½Z»�)Ä¬Ì«{( 

0.134582  
0.199353  
0.264125  
0.328897  
0.393668  

20.00  
25.00   

30.00   
35.00   

40.00   

  65.00 
  70.00

  75.00 
  80.00

  85.00 
ÊÅZÌ³�¾£Á�  

)|��{( �Z»{){Y�´Ìf¿Z��Äm�{( 
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ÊÅZÌ³�¾£Á�)|��{( 
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�µZ��,½Y�ËY�ÊËY~£��ËZÀ��Á�ÄË~¤e�¹Â¸��Ä¸n»ºf¨Å�Ã�Z¼��,�,�Ã�ËÁ�Ä»Z¿ ½Zf�»� ����                                                              ��� 

 

  
�¶°�� .�Á�ÊÅZÌ³�¾£Á���Y|¬»��iY�ÉY�]�x�Za�t���ÊÀvÀ»

dza�ÉZ»{)dza�½Z»� =���Ä¬Ì«{(Ê¿Â]Z���Ë|¿Y�½Y�Ì»��]  
  

Êf]Â���ÉÂfv»��]�¶¬f�»�ÉZÅ�Ì¤f»��iY�Ê���] :�Ä]�ÄmÂe�Z]
�¶°�� Ã|ÅZ�» »Ê {Â�����Ä/]�d/]Â���ÉY�]�Ã|��ÄWY�Y�µ|»�Ä¯

�t����{�Á�Ê�y�c�Â������|/��{)����/� p< (�Ê/À » ��Y{
��Ê/À »�½M���Y�/]�¦ ��½Â»�M�Á�Ã{Â]��d/�Ì¿��Y{)��/� p> (

Ê»�½Z�¿��»Y�¾ËY�Ä¯������\/�ZÀ»�Ê·|/»�,Ã|/��Äf/�Z¯�µ|»�|Å{
Ê»|�Z] .���{�d/]Â���ÉÂfv»��]�dza�½Z»��Á�Z»{�Ê�y�cY�iY

ÊÀ »���Á�a��ÌÀa�|¿{Â]��Y{)¶°� � .(�ª]Z�»¶°� � �Ô»Z¯
��������/]�Y���ÌiZ/e�¾Ë�f/�Ì]�d/za�ÉZ/»{�Ä/¯�d/�Y��z�»��ÉÁ�

d�Y{�d]Â���ÉÂfv» .���ª/Ë����Y�Ä/¿Z³|Àq�½ÂÌ��³��\ËY��
�Ìa��Â�À»�Ä]�cZ ]�»�¶«Y|u��Á��Ä¸¼m�|Àq�µ|»�ÊÀÌ]��ÉY

���Ê/À »�Ä/]�Ä/mÂe�Z]�Á�|��{ZnËY�x�Za��Ì¤f»�ÉY�]�¹Á{�Äm�{-

|��ÄWY�Y��Ë��É{ZÆÀ�Ìa�µ|»�\ËY���É�Y{ :  
�Ä·{Z »)�(  

 =�d]Â���ÉÂfv»��/��  � ��/�  × Z»{ � ��/�  × ½Z»�                            
 

Ä¿Â¼¿�²¿���]�¶¬f�»�ÉZÅ�Ì¤f»��iY�Ê���]�ZÅ :�cY�ÌÌ¤e�|¿Á�
��ÉZ/Å�Ì¤f»�Z]�|Ì·Âe�|ÀËM�§�Ê���{�±Â·Z¿M���Á�a��ÌÀa�²¿�

�¶°���{�¶¬f�»���d/�Y�Ã|��Ã{Y{�½Z�¿ .����{�{Â/mÂ»�lËZ/f¿
¶°� )� (Ê»�½Z�¿dza�ÉZ»{�Ä¯�|Å{ )����/�p< (�½Z»��Á
dza )��/�p< (Y�iY�c�Â��Ä]������/ÌÀa�²/¿��ÉÁ���/]�Ê/�y�c

ÊÀ »���Á�a|¿{Â]��Y{ .��Ê/À »�¹Á{�Ä/m�{�c�Z^��ZÆÀe��{��Y{
dza�½Z»��µ|»�¾ËY )����/�p< (�{Â/] .����pÌ/Å�µ|/»�¾/ËY��{
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//¬»��{��ÅZ//¯�\^//�|//��²//¿��cY�//ÌÌ¤e��Y|.��Á�Z//ÅZ»{��{
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�d]Zi�½Z»���{�ÊÅZÌ³�¾£Á��Á�dza�ÉZ»{��iY)���Ä¬Ì«{ (

��¶°/���{�|Ì/�¯Y�a��Ë|¿Y��] �����d/�Y�Ã|/��Ã{Y{�½Z/�¿ .��{
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|¿Y���d/§ZË��ÅZ/¯�|Ì/�¯Y�a��Ë .����Á�Êf]Â/���ÉÂ/fv»�½Y�/Ì»
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]��ÌÀa��{����Ê/»�Á�Äf/�³��/Ìz^e��f/�Ì]�É��¿Y�[~m�Z���Y�|/À¿YÂe
|¿Â��k�Zy��ÌÀa�d§Z])��(.  

  
  

  
  

References

1. Chevanan N, Muthkumarppan K. Effect of calcium 
and phosphorus, residual lactose, and salt-to-
moisture ratio on the melting characteristics and 
hardness of cheddar cheese during ripening. J  Food 
Sci 2007; 72(4): 168-76 

2. Emmons DB, et al. Milk gel structure, x. Texture 
and microstructure in Cheddar cheese made from 
whole milk and from homogenized low fat milk. J. 
of Tex Stu. 1980;11:15�34. 

3. Fenelon MA, O�Connor P, Guinee TP. The effect of 
fat content on the microbiology and proteolysis in 
cheddar cheese during ripening. J Dairy Sci. 2000; 
83:2173�83. 

4. Fox PF, Guinee TP, Cogan TM, Mc Sweeney PL H. 
Fundamentals of Cheese Science, Aspen Publishers, 
Inc. Gaithersburg, MD. 2000. 

5. Guinee TP, Caric M, Kalab M. Pasteurized 
processed cheese and substitute/imitation cheese 
products. In: Fox PF, editor. Cheese: chemistry, 
physics and microbiology. Volume 2: major cheese 

groups. 3rd ed. London, U.K.: Elsevier Applied 
Science. 2004; P 349�394 

6. Gupta VK, Reuter H. Firmness and melting quality 
of processed cheese foods with added whey protein 
concentrates. Lait 1992; 73: 381-388. 

7. Kalab M, Yun J, Yiu SH. Textural properties and 
microstructure of process cheese food rework. Food 
Mic. 1987; 6:181�192. 

8. Keshani S, Chuau L, Nourouzi MM, Russly AR, 
Jamilah B. Optimization of concentration process 
on pomelo fruit juice using response surface 
methodology (RSM). Int Food Res J 2010; 
17:733−742. 

9. Kichline TP, Scharpf LG. inventors; Monsanto 
Company, assignee Preparation of process cheese. 
St. Louis, Mo. U.S. patent. 1969; 3:635-733. 

10. Kindstedt PS. Mozzarella and pizza cheese. In P. F. 
Fox (Ed.), Cheese: Chemistry, physics and 
microbiology. London: Else. 1993; 2:337�362.  

    

pdfMachine - is a pdf writer that produces quality PDF files with ease! 
Get yours now!  

“Thank you very much! I can use Acrobat Distiller or the Acrobat PDFWriter but I consider your 
product a lot easier to use and much preferable to Adobe's" A.Sarras - USA  

 

 [
 D

ow
nl

oa
de

d 
fr

om
 n

sf
t.s

bm
u.

ac
.ir

 o
n 

20
25

-0
6-

30
 ]

 

                               6 / 8

http://www.pdfmachine.com?cl
http://nsft.sbmu.ac.ir/article-1-1024-fa.html


�µZ��,½Y�ËY�ÊËY~£��ËZÀ��Á�ÄË~¤e�¹Â¸��Ä¸n»ºf¨Å�Ã�Z¼��,�,�Ã�ËÁ�Ä»Z¿ ½Zf�»� ����                                                              ��� 

 

11. Kindstedt PS, Rippe JK. Rapid quantitative test for 
free oil (oiling off) in melted Mozzarella cheese. 
J.of Dairy Sci. 1990; 73: 867�873. 

12. Lefevere I, Dewettinck K, Huyghebaert A. Cheese 
fat as driving force in cheese flow upon melting. 
Milchwiss. 2000; 55:563�566. 

13. Meyer A. Processed cheese manufacture. London: 
Food Trade Press. 1973. 

14. Mistry VV. Low fat cheese technology. In. Dairy J. 
2001;11:413�422. 

15. Olson NF, Vakaleris DG, Price WV. Acidity and 
age of natural cheese as factors affecting the body 
of pasteurized process cheese spread. J. Dairy Sci. 
1958; 41:1005�1116. 

16. Rayan AA, Kalab M, Ernstrom CA. Microstructure 
of Processed Cheese. Scan Electron Micr.. 
1980;3:635�643. 

17. Tatsumi K, Nishiya T, Ido K, Kawanishi G. Effects 
of heat treatment on the meltability of processed 
cheese. J. Jpn. Soc. Food Sci. Technol. 1991;38: 
102�106. 

    

pdfMachine - is a pdf writer that produces quality PDF files with ease! 
Get yours now!  

“Thank you very much! I can use Acrobat Distiller or the Acrobat PDFWriter but I consider your 
product a lot easier to use and much preferable to Adobe's" A.Sarras - USA  

 

 [
 D

ow
nl

oa
de

d 
fr

om
 n

sf
t.s

bm
u.

ac
.ir

 o
n 

20
25

-0
6-

30
 ]

 

                               7 / 8

http://www.pdfmachine.com?cl
http://nsft.sbmu.ac.ir/article-1-1024-fa.html


Iranian Journal of  Nutrition Sciences & Food  Technology 
Vol. 7, No. 5, Winter 2013 

 

 

362

٢

 

Modeling of processed analogue cheese physicochemical properties on 
the base of Uf- feta Iranian cheese 

Shabani J1, Mirzaei HA2,Habibi Najafi MB 3,Jafari SM4 , Najafzadeh M7 

 
1. MS.c. student of Food Science Industries, Gorgan University of Agricultural Sciences and Natural Resources. Iran 
2. *Corresponding author: Assistant Prof. Food Science Industries, Gorgan University of Agricultural Sciences and Natural 

Resources. Iran 

3. Food Science Group,Ferdowsi University,mashhad,Iran. 

4. Assistant Professor Food Science Industries, Gorgan University of Agricultural Sciences and Natural Resources 

5. Msc student of Food Science Group,Ferdowsi University,mashhad,Iran. 

 
 

 
 

Abstract 
 

Background and Objective: In this study, response surface methodology was used to investigate the 
influence of vegetable oil in three level 20, 30 and 40 percent of total fat in process cheese in cooking 
temperatures (65,75, 850c) and time (5,10 and 15 minute) on iodine value; Saponification value, peroxide 
value, moisture content and color difference of processed analogue cheese on the base of Uf- feta Iranian 
cheese. 

Materials and Methods: Optimum conditions factors by Design Expert software was used for 
manufacturing of process analogue cheese and responses as were found to be vegetable oil 20%, cooking 
temperature 850c and cooking time 15 minute  

Results: Vegetable oil content was significant on iodine value (p<0.05) as increased this value. Peroxide 
value influenced cooking temperature and time and Vegetable oil (p<0.05). Cooking temperature and time 
was significant on color difference (p<0.05), as increasing in cooking temperature and time decreased 
color difference to control sample 

Conclusion: The result of the statistical analysis for each response, a second-order polynomial model 
exceptional moisture content that was linear was developed. Saponification value influenced cooking 
temperature and vegetable oil, as cooking temperature has no effect on saponification value but increasing 
in vegetable oil decreased it. 

Keyword: Process cheese, Iodine value, Saponification value, Peroxide value, Color, RSM 
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