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 Ê» Ã|Ì°»Ê» �¼�Y -{Â�  É�ÁZÀ§ �{ .|Àf�Å cZ �« Ã�Y|¿Y �¼�Y ¶¼� dÌ¨Ì¯ �{ ºÆ» ¶»YÂ� �Y Ê°Ë .|�Z]
 ¾ËY Ä¯ Ã|� d]�� ½|� �|¯ h�Z] cZ �« ½|� É�Ì¼y Á �Ë� cZ �« Ä] �|À¤q ½{�¯ {�y ,|À« |Ì·Âe

|Ì·Âe �Y �¿Z» Z^Ë�¬e �»Y  Ê» |Ì¨� �°�  {Â�]15 .[Ê» Ã|ÅZ�» ¾ËY�]ZÀ]  �{ �|À¤q ½{�¯ {�y ÃÂv¿ Ä¯ {Â�
  .{�Y{ dÌ¼ÅY �ZÌ�] |À« |Ì·Âe |ÀËM�§¬ve Á cZ ·Z�»cZ¬Ì  Á�É  Y¾Ë  Z] �|À¤q µÔy {Y{ ½Z�¿ ºÆ» ¶»Z� |Ë  
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 �¼fn»ZÅÉ  ³Â¸m  Ã{��§  ºÅ  Ä]É�Ì  » Ê|À¯  ]3 .[  ÉY�]  Ã|�  Ê�  �Ì�»  ,dÌ¨Ì¯  Z]  µÔy  �{  ¾ÌÀr¼Å
|�Z]  ÃZeÂ¯  |ËZ]  ¾°¼»  |u  Ze  d]��  kÁ�y  .]  Ä]  ÄmÂe  �|À¤q  ¾´¼ÅZ¿  d§ZµÔy  ��]  Á  |À«ZÅ    �{

dÆm  |¿YÂe  Ê»  É�ZfyZ�  cÁZ¨e  ¾ËY  Ä¯  |�  |ÅYÂy  {ZnËY  cÁZ¨f»  d§Z]  Z]  ÊËZÅ  µÔy  ,¦¸fz»  ÉZÅ
.|À¯ {ZnËY Ê·Â¸� ½Á�{ {YÂ» �Z�f¿Y �{ ÊeÁZ¨f» �ËY��    |»Zm º�m �Y |À« kÁ�y �Zf§� kY�zf�Y ®ÌfÀÌ�
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|À«�|À¤q �Y |À« �Z�f¿Y  |Ì» �Z¼Ìe �Ìa �Y �iPf»  Ä ·Z�» Ê°Ë�f°·Y ½Y  d�Y Ã|�]8 .[ ½M  Ä ·Z�» ¾ËY ÉY�] ZÅ

µ|» �Y Ê°Ë .|¿{�¯ Ã{Z¨f�Y Ê�ZË� µ|» Á{ �Y �ËZ» kY�zf�Y �Zf§� ½M ®¼¯ Ä] Ä¯ {Â] ®Ì§ Ä�]Y� ZÅ
Ê»  ¦Ì�Âe |»Zm Ê·Â¸� d§Z] �Y  {Â�]9 .[�´Ë{ Ê�ÅÁ�a �{ ¾Ì¬¬v» ¾ËY   Y� �|À¤q �Y |À« ¹�m µZ¬f¿Y

a ¦¸fz» sÂ�� �Y �iPf»  ,d]�� kY�zf�Y ÉY�] Ä ·Z�» ¾ËY �{ .|¿{�¯ Ê���] Ê¿Z]�� Ê°Ë�f°·Y �Z¼Ìe �Ì
µÔy½Y|Ì» �{ ½|� �Z¼Ìe  �Y �a ZÅ  ÉZÅ¦¸fz» c�|«  Z]  Ê°Ë�f°·Y   ÉZ»{ Z]  Ê]M  �{ ÉÁZ�»  d^�¿  Ä]

  .|� Ã{Z¨f�Y -Ê�ZË� µ|» ®Ë �Y kY�zf�Y ®ÌfÀÌ� Ê���]  ÉY�] Ä ·Z�» ¾ËY �{ .|Àf§�³ �Y�« �Ìv»  �{
Ä ·Z�»ÉZÅZ»{ �{ �¼�Y �Á� Ä] |À«�|À¤q �Y |À« kY�zf�Y |ÀËM�§ �´Ë{ ÉY20  ,40  Á70   �ÂÌ�¸� Äm�{

  Ê���]  |�]12[  .¾ÌÀr¼Å  �« �Y |À« kY�zf�Y ®ÌfÀÌ� �Ìa d·Zu Á{ �{ Y� �¼�Y �Á� Ä] |À«�|À¤q cZ 
  Z»{ �{  Á Ê°Ë�f°·Y �·Za Á c�Y�u Z]  �Z¼Ìe30    Ze80    Ê���] �ÂÌ�¸� Äm�{  |�]11[  . ÂÌ]Á�Á Á ÊËZ¼m

)2200ºËÔ» Ê°Ë�f°·Y  ½Y|Ì»  �·Za �Z¼Ìe  �Ìa �iY (1(MEFP)    Á |À«�|À¤q �Y  |À« kY�zf�Y ®ÌfÀÌ� �] Y�

 
1Moderate electric field pulses 
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  �] µÔy  |ÀËM�§  Ä ·Z�» ¾ËY �{ d�Y �Y~³ �iY �ZÌ�] |À« kY�zf�Y �{ �|À¤q Ê¸yY{ d§Z] �iY Ä] ÄmÂe Z]

  ��] dÆm �iY ,Ê·Â¸� ½Á�{ {YÂ» �Z�f¿Y  , Z] Ä¯ ÊËZÅ µÔy ÉY�] µÔy �ËZ»�³ �Ìa ½Z»� Á d»Zz�
Ã�Y Ä^· Ä¤Ìe �Â¿ Á{ .d§�³ �Y�« Ê���] {�Â» kY�zf�Y ®ÌfÀÌ� �] |¿Y Ã|� ÄÌÆe ¥Z� Á ÉY  

  
ZÅ �Á� Á {YÂ»  

Z´�¿Y{  Ä���» �Y  �ZÌ¿  {�Â»  |À«  �|À¤q  ÉZ»{  Z] Ä¿Zy�� �{ Á ÄÌÆe |Æ�» �Á{�§ Ã4   {Y�´Ìf¿Z�  Äm�{
  Ä¯  {Â]  ¹�Ó  |À«  kY�zf�Y  ®ÌfÀÌ�  �]  �|À¤q  Ê¸yY{  d§Z]  �iY  Ê���]  Ä]  ÄmÂe  Z]  .|�  É�Y{  Ä´¿

  {Á|u ½�Á Z] ÊËZÅ�|À¤q cZ�ËZ»�M ¹Zn¿Y ÉY�] ¾ËY�]ZÀ] |¿Â� [Zzf¿Y ½Z�¼Å ¶°� Z] ÊËZÅ�|À¤q500  
  ¹�³[Zzf¿Y ÉY�] .|� [Zzf¿Y   �Z°ÀËY  ÉY�] .|� Ã{Z¨f�Y dËÁ�¯ \Ë�� �yZ� �Y ¶°� ºÅ ÉZÅ Ä¿Â¼¿
Y|f]Y    �Z¨¿�Y Á ��� ,µÂ� É�Ì³ Ã�Y|¿Y  Z]¹|� ®Ë d«{ Z]  �Ì·Â¯ ®Ë Z] �|À¤q  �Y  dËÁ�¯ \Ë��

 Ä�]Y�1  |� Ä^�Zv»]13[ .  
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  ZnÀËY  �{L    ,µÂ�W    Á  ���H   d�Y �f»  Ê¸Ì»  Ä]  |À« �|À¤q  d»Zz�. ¹Z«�Y  �{ dËÁ�¯ \Ë��
  ¾Ì]  |À«  �|À¤q  ¦¸fz»60    Ze66    d�Y  |��{]3[  .  \Ë��  Z]  ÊËZÅ�|À¤q  Ä ·Z�»  ¾ËY  �{  �Z�Y  ¾ËY  �]

  dËÁ�¯60    Ze64  .|� [Zzf¿Y cZ�ËZ»�M ÉY�]  |��{    Á Y|m ZÅ�|À¤q Ê¿ZÌ» ¹Â� ®Ë µÔy ÄÌÆe ÉY�]
 Ä¯ d»Zz� ºÌ�Àe Á Ä¤Ìe �ËÂ e dÌ¸]Z« Z] Êf�{ ��] ÃZ´f�{ ®Ë �Y µÔy ÄÌÆe ÉY�] .|� É�Ì³ d�Âa

¶°�) |� Ã{Z¨f�Y {Â] Ã|� ÄfyZ� Ê�Á{�§ ÃZ´�¿Y{ ÃZ³�Z¯ �{1.(  

       
 ¶°�1 - a -  ¹�ÅY ,|À«�|À¤q ��] ÃZ´f�{)�Z�§1) ºÌ�Àe pÌa ,(2( b - |À« �|À¤q µÔy  

 
Ä¤Ìe �Y Ã{Z¨f�Y ,�ÅÁ�a ¾ËY ¥Y|ÅY Ä]  ÄmÂe Z]Ã�Y Ä^· Z]  ÊËZÅ  ��¿  |» ,µÔy ÄÌÆe ÉY�] ¥Z� Á ÉY

  d»Zz�  Z]  ¥Z�  Ä^·  Ä¤Ìe  �Â�À»  ¾Ë|]  .d§�³  �Y�«  ¾ËY1Ê¸Ì»  É�Ìe  ÄËÁY�  Á  �f»15  d»ÁZ¬»  Ä¯  Äm�{
Ê» {ZnËY ��] ¾Ìu �{ É�f¼¯ Ê��]  [Zzf¿Y -|À¯  .|� Ã�Y Ä^· Ä¤Ìe ¾ÌÀr¼ÅZz� Z] ÉY  d»1  Á �f» Ê¸Ì»

10  Êf¿Z� �{ �ZÌ�µÔy ��] ÉY�] �f»Ä¤Ìe .|� [Zzf¿Y ZÅ    Ä^·Ã�Y Ä¤Ìe Á |� ÄfyZ� ��¿ {�Â» ¥Z�  Z] ÉY
ÉÁ�  Á  ÄÌÆe  �Y�Z]  �Y  ©Â§  cZ�z�» ��]  ÃZ´f�{   Z]  ÊËZÅ  Ä¬¸u  c�Â�]  Y|f]Y  |À«  �|À¤q  .|�  ÄÌ^ e

  ÉZÅ d»Zz�3,5/4    Á6    �¨�) Ê·Â� dÆm �{ �f» Ê¸Ì») [�Â» ,(Äm�{45  ) Ê��� Á (Äm�{90    (Äm�{

)b( )a( 
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y ��]Â� Á  Ã{�µÔy c�Â�]  �b��¿  {�Â»  d»Zz� Z]  ÊËZÅ  |�  Ã{� ��]   ¶°�)1-b.(   ½ZÌ»  ¾ËY  �Y

  ÉZÅ µÔy8  Êf¿Z�.|¿|� Y|m |À« kY�zf�Y ÉY�] É�f»    �ÅÁ�a ¾ËY �{  �{ |Ë|m {�°ËÁ� Ä] ÄmÂe Z]
É�Ì¤f» ½YÂÀ� Ä]  �ËZ»�³  �Ìa ½Z»� ,µÔy ÄÌÆe  �Á�  Ê»  Ä¯  |�Z]  �Y~³�iY  kY�zf�Y  |ÀËM�§  �]  |¿YÂe

  Ê«ZÌf�Y Á Ê¯Â°�» ��Âe Ã|� ¹Zn¿Y Ä ·Z�» Á d À� �{ lËY� �Á� Ä] ÄmÂe Z] .d§�³ �Y�« Ê���] {�Â»
)1389Ã{Á|v»  �{  �ËZ»�³  �Ìa  µZ¼�Y  ½Z»�  (  É3    Ze15   |�  [Zzf¿Y  Ä¬Ì«{  ]4[ .    �Ìa  ¹Zn¿Y  ÉY�]

  �ËZ»�³130    �{ Á  |�  ½�Á µÔy ¹�³260    [M ¹�³70    �Y�«  ��¿  {�Â» ½Z»� �{ É�Z» ¾]  �{  Äm�{
  �{ {|n» Á Ã|� [M �Y ZÅ µÔy Ä¸u�» ¾ËY ½ZËZa �Y �a .d§�³260    [M ¹�³73   É�Z» ¾] �{ Äm�{

Z]  �{  d]��  �°Ë�]  .d§�³  �Y�«  kY�zf�Y  dveÃ�ZÅ  Ê¿Z»�  É5  ,10  ,15  ,20    Z]  �°Ë�]  ½|�  d]Zi  Ze
  ÃZ´f�{  �Y  Ã{Z¨f�Y�f»Âf¯Y�§�µ|»)Atago-pal3(    ½Z�¿  �°Ë�]  ½|�  d]Zi  .|�  d^i  Á  É�Ì´Å�Y|¿Y

  �Z�f¿Y ¶¼� Á Ã|Ì�� µ{Z e Ä] Ê·Â¸� ½Á�{ {YÂ» Z] µÂ¸v» d�¸£ Y�Ë� d�Y |À« kY�zf�Y ½ZËZa Ã|ÀÅ{
 .{Â� Ê» ¦«Âf»  

  É�ZÌ » kY�zf�Y Ã{�Z]Ã{Z¨f�Y ¦¸fz» ÉZÅ�Z¼Ìe �{ kY�zf�Y |¿Á� Ê���] ÉY�] Ä¯ d�Y  Ê» {Â� .
Ê» �Z°] -|�Z] cÁZ¨f» Ã{Z¨f�Y {�Â» ÉZÅ�|À¤q |À« �ZÌ� Ä¯ Ê�ËY�� �{ �f»Y�Za ¾ËY Ä ·Z�» ¾ËY �{ .{Á�

 Ä�]Y� �Y ¦¸fz» ÉZÅ ½Z»� �{ Ã{�Z]2  |� Ä^�Zv»]12[ .  

)2(  100t
t

CY
MES

= ×  

 Ä�]Y� ¾ËY �{tC ½Z»� �{ �°Ë�]t   Á2MES d]�� ½Z»� ½ZËZa �{ Ã|� kY�zf�Y d]�� �°Ë�] É�Ì³
Ê» .|�Z]  

 ¶�¯Y �Y�§Y ¹�¿ Ä] Ã|»M d�|] �Ë{Z¬» {Á�Á Z]2016  .|� º�� kY�zf�Y ®ÌfÀÌ� ÉZÅ�Y{Â¼¿  
  

hv] Á lËZf¿  
�À»  Ä]ªÌ«{  Ê���]  �Â ,|ÀËM�§  ¾ËY  �]  Ä ·Z�»  {�Â»  ÉZÅ�Ì¤f»  �iY  Ê´¿Â´q  Á  kY�zf�Y  |ÀËM�§  �e

  cY�ÌÌ¤e½Z»�  �{  d]��  Ã{�Z] Ã{�Z]  cY�ÌÌ¤e  |¿Á�  Ê���]  .d§�³  �Y�«  Ê���]  {�Â»  ¦¸fz»  ÉZÅ
Ê» ½Z�¿  kY�zf�Y|Å{   �� kY�zf�Y  �¼�Y  ¶¼� �Á�� �{�f Ë    ¹Zn¿YÃ|�  ]  Á  ½M d��� ½Z»� d�~³ Z

Ê» �ÅZ¯ ¶°�) |]ZË2.(   
  ¶¼� �Á�� �{kY�zf�Y  ·{ Ä]Ä°ÀËY ¶Ì  ] d�¸£ ¥ÔfyY ¾Ì  ·Â¸� ½Á�{ {YÂ» Á µÂ¸v»Ê    -d�Y �f�Ì]

�� ¹�m µZ¬f¿Y �Ë�e  Ê» ¹Zn¿Y.{Â�    ½Z»� d�~³ Z]µÂ¸� ½Á�{ d]�� Á µÂ¸v» ¾Ì] d�¸£ ¥ÔfyY  ÉZÅ
Ê»  º¯  µÔyd���  ÄnÌf¿  �{  Ä¯  Ã|�  µÂ¸v»  ��¯  �ÅZ¯  h�Z]  �»Y  ¾ËY  .{Â�  ¯  kY�zf�Y �ÅZ
.d§ZË |ÅYÂy  ¿Z»�Ê    µ{Z e Ä] µÂ¸v» Ä¯-|��]    -|��] �¨� Ä] d�¸£ ¥ÔfyY  ¦«Âf» ¹�m µZ¬f¿Y  Ã|�  Á

Za kY�zf�Y½ZË  » Ê  d�Y ÄÀÌ»� ¾ËY �{ Ã|� ¹Zn¿Y cZ ·Z�» Z] Ä]Z�» kY�zf�Y Ã{�Z] cY�ÌÌ¤e |¿Á� ¾ËY .|]ZË
¥ÔfyY �ÅZ¯ Z] ½Z»� d�~³ Z] Á Ã{Â] {ZË� kY�zf�Y ÉY|f]Y �{ |À« kÁ�y [Zf� ½M �{ Ä¯،غلظت

Ê» �ÅZ¯ kY�zf�Y [Zf�ZË |]]8 ,15Á10[ .  
d»Zz�  �{  Ã{�Z]  �ËY�§Y  |¿Á�  �{  ¥ÔfyY  ¾Ì^»  ®ÌfÀÌ�  ÉZÅ�Y{Â¼¿  Ê���] µÔy  ¦¸fz»  ÉZÅ

  �{  Ä¯ �Â�¿Z¼Å  .d�YÊ»  Ã|ÅZ�»  Z]  Ã{�Z]  ÉZÅ�Y{Â¼¿  \Ì� -{Â� Ê»  º¯ µÔy d»Zz� �ËY�§Y .{Â�

 
2 Maximum extractable solute 
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µÔy �{ kY�zf�Y Ã{�Z]  ÉZÅ3  Ê¸Ì»Ê» �ËY�§Y É�f�Ì] [Zf� Z] É�f»  ¶°�) |]ZË2-a  .(°�  ¶2-b    ½Z�¿

Ê»µÔy  �{  Ä¯  |Å{  ÉZÅ5/4   ¾ÌÀr¼Å  .d�Y  Äf§ZË  �ÅZ¯  �Y{Â¼¿  \Ì�  Á  Ã{�Z]  [Zf�  É�f»  Ê¸Ì»
µÔy �{ Ã{�Z] �ËY�§Y [Zf� ¾Ë�f¼¯ ÉZÅ6  ¶°�) |� Ã|ÅZ�» É�f» Ê¸Ì»2-c.(   

 
 ¶°�2 - ½Z»� Á µÔy ÄÌÆe ÄËÁY� ,Ä¤Ìe �Â¿ Ä] ÄmÂe Z] kY�zf�Y Ã{�Z] cY�ÌÌ¤e �ËZ»�³ �Ìaa -  d»Zz�3 Ê¸Ì» ,�f»b -  

 d»Zz�5/4 Ê¸Ì» ,�f»c -   d»Zz�6  Ê¸Ì»�f»  
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ªÌ«{ Ê���]Ã�Y Ä¤Ìe ÉY�] Ã{�Z] cY�ÌÌ¤e º�� Z] kY�zf�Y ®ÌfÀÌ� �] µÔy d»Zz� �iY �e ¹Zn¿Y ÉY

  ¶°�) |�3Ê» Ã|ÅZ�» Ä¯ �Â�¿Z¼Å .(Ê» �ÅZ¯ Ã{�Z] �ËY�§Y [Zf� ,µÔy d»Zz� �ËY�§Y Z] {Â� |]ZË
½Z»� �{ ÁµÔy �Y kY�zf�Y Ã{�Z] �eÓZ] sÂ�� ,½Z�°Ë ÉZÅ®Ë�Z] ÉZÅÊ» ¶�Zu �e  ½Z»� d^i Z] .{Â�

 µÔy �Y kY�zf�Y ¶¼� ÉY�] ¹�Ó ½Z»� ¾Ì´¿ZÌ» ,�Z¼Ìe �Å ÉY�] kY�zf�Y Ä¸u�» ½ZËZa  ÉZÅ3    ,5/4    Á6  
Ê¸Ì»  \Ìe�e Ä] É�f»25 ,42  Á48   ¶°�) |»M d�|] Ä¬Ì«{3 .(  

 ¶°�3 -µÔy �Y d]�� kY�zf�Y Ã{�Z] cY�ÌÌ¤e |¿Á�  d»Zz� �{ |À« �|À¤q¦¸fz» ÉZÅ  

µÔy  d»Zz�  Äq  �Å  ,kY�zf�Y  |ÀËM�§  �{  d]Zi  ½�Á  �{  µÔy  Ã{Âe  Ê^�¿  t��  -|�Z]  �f¼¯  ZÅ
  t�� �ËY�§Y ¾ËY .d�Y �f�Ì]Ê» h�Z] Ê^�¿ �Ë�� Á �fÆ] �Z�f¿Y ¶¼� {Â� �´Ë{ ºÆ» ¶»Z� .{Â� ¹Zn¿Y �e
µÂ¸� Ä¸�Z§ ,�Z�f¿Y |ÀËM�§ �{ �f¼¯ Ä¸�Z§ ¾ËY Äq �Å Ä°Ë�Â�] d�Y Ê¿Â»Y�Ìa µÂ¸v» Ze d§Z] ½Á�{ ÉZÅ

 �Ë�� �Z�f¿Y  ¶¼� -|�Z]Ê»  ¹Zn¿Y  �eµÔy �{  .{Â� �Z�f¿Y ¶¼� Ä¸�Z§  ¾ËY ½{Â]  º¯ ¶Ì·{  Ä]  ­�Z¿  ÉZÅ
� �Ë� �Ë�� d]�� Á Ã|� ¹Zn¿Y É�f�Ì]  [Zf� Z]  Á  �eÊ»  µ{Z e d·Zu Ä]  �e  �] Ä¤Ìe �Â¿ �iY Ä�ËZ¬» .|��

Ê» ½Z�¿ lËZf¿  .|� ¹Zn¿Y Ä¤Ìe �Å ÉY�] cY�ÌÌ¤e ¾Ì´¿ZÌ» º�� Z] kY�zf�Y Ã{�Z] cY�ÌÌ¤e Ã{Z¨f�Y Ä¯ |Å{
 Ã�Y  Ä¤Ìe  �Y ½Z»�  �{  Ã{�Z]  �ËY�§Y  h�Z]  ,µÔy  ÄÌÆe  ÉY�]  ÉY¸fz»  ÉZÅ Ê»  ¦ ½Z»�  �{  Ã{�Z]  Á  {Â�

ÃZeÂ¯Ê» {Ây ÄÀÌ�Ì]  Ä] É�e�{ Ä¸X�» ¾ËY .|��   ¶°�4 -b   µÔy ÉY�]  d»Zz� Z]  ÉZÅ5/4    Ä] �f» Ê¸Ì»
µÔy �Y  d]�� kY�zf�Y  Ã{�Z]  .d�Y  Ã|ÅZ�»  ¶]Z«  Ê]Ây  ÉZÅ3  ¥Z� Ä¤Ìe  Z]  Ä¯ É�f»  Ê¸Ì»   ÁÃ�YÉY  

  ½Z»� �{ \Ìe�e Ä] |¿|� ÄÌÆe5/27    Á25  ) d�Y Ã|Ì�� {Ây ÄÀÌ�Ì] �Y|¬» Ä] Ä¬Ì«{  ¶°�4(  �{ ¾ÌÀr¼Å .
µÔy  ÉZÅ6  Ê¸Ì»  ½Z»� �{ kY�zf�Y É�f»45    Á5/52   Ä¤Ìe ÉY�] \Ìe�e Ä] Ä¬Ì«{Ã�Y Á ¥Z� ÉZÅ ¹Zn¿Y ÉY

µÔy  Ä]  �Â]�»  ÉZÅ�Z¼Ìe  Ä¯  Zn¿M  �Y  .|�  d»Zz�  Z]  ÊËZÅ5/4  Ê¸Ì»¨f»  �f»µÔy  �ËZ�  Z]  cÁZ -{Â]  ZÅ
µÔy ¾ËY �{ .d§�³ �Y�« Ê���] {�Â» Ä¿Z³Y|m ½M �Y{Â¼¿Ã�Y Ä¤Ìe ÉY�] kY�zf�Y �Ì¿ ZÅ  Ä] ¥Z� Á ÉY

 ½Z»� �{ \Ìe�e40  Á54 |� ¹Zn¿Y Ä¬Ì«{ ) ¶°�4-b  .(  
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 ¶°�4 - µÔy �Y d]�� kY�zf�Y Ã{�Z] �ËY�§Y |¿Á� d»Zz� Z] ZÅa -3Á6  �f» Ê¸Ì»b -5/4  �f» Ê¸Ì»  

Ã|Ë|a Z] |À«�|À¤q Ê¸yY{ d§Z] �Y ¹�m µZ¬f¿Y ÉZÀ^» �] �ÅÁ�a ¾ËY �{ d]�� ÄÌÆe �Z�Y �Z�f¿Y É
Ê»|�Z]  . ¾Ë�f¼Æ» �Y Ê°Ë |� Ã�Z�Y Ä¯ �Â�¿Z¼Å Ä¯ d�Y �Y~³ �iY �Z�f¿Y ¶¼� dÌ¨Ì¯�] É{| f» ¶»YÂ�
 ½M Ä¯ É�Â� Ä]  d�Y �ËZ»  Z]  |»Zm  º�m  �Z¼e  t�� ZÅ    �fÆ]  kY�zf�Y  |�Z]  �f�Ì]  �Z¼e  t�� Äq�Å

Ê»  ¹Zn¿Y  {Â�]6[.   Ä¤ÌeÃ�Y  Ä^·  ÉZÅ  Ä]  t�� d^�¿  �ËY�§Y  h�Z]  ,��]  t�� �{  ÊËZÅ�ZÌ�  {ZnËY  Z]  ÉY
Ê» µÔy ºnuµÔy Z] Ä�ËZ¬» �{ Ä¯ |¿Â�ÄÌÆe ÉZÅ   µÂ¸v» Z] É�f�Ì] �Z¼e t�� ¥Z� Ä^· Ä¤Ìe Z] Ã|�

 �Ì]  {YÂ»  {Á�Á  h�Z]  �»Y  ¾ËY  .|¿�Y{  h�Z]  dËZÆ¿  �{  Á  µÂ¸v»  �°Ë�]  ½Y�Ì»  �ËY�§Y  Á  µÂ¸v»  Ä]  �f
 Ê» µÂ¸v» Ã{�Z] �ËY�§Y  .{Â� �Ìa ½Z»� Á ��] ÄËÁY� �iY ,kY�zf�Y Ã{�Z] cY�ÌÌ¤e Ê���] Ä»Y{Y �{ ¹�³

  ÄËÁY�  Z]  µÔy  ÄÌÆe  Ä¯  {Y{  ½Z�¿  lËZf¿  .|�  Ê���]  kY�zf�Y  ®ÌfÀÌ�  �]  ¾¯90   Ê»  h�Z]  Äm�{ {Â�
�f Ë��  d]��  kY�zf�Y   �Ë��  d]��  Á  {Â�  ¹Zn¿Y  ½Z»�  c|»  �{  ¾ÌÀr¼Å  .|��]  µ{Z e  d·Zu  Ä]  �e

Ê» d�|] kY�zf�Y Ã{�Z] �Y É�eÓZ] sÂ�� ÉÁZ�» ¶°�) |ËM5 .(  

 
 ¶°�5 - �Ìa ½Z»� Á µÔy ÄÌÆe ÄËÁY� �iY Ê���] d]�� kY�zf�Y ®ÌfÀÌ� �] ¾¯ ¹�³  
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  Z] Á d�Y ½Z�°Ë 0Zf^�¿ µÁY Ä¬Ì«{ Ã{ �{ kY�zf�Y [Zf� µÔy �Y kY�zf�Y ,½Z»� d�~³ Ê��� ÉZÅ

 �Ì] ²ÀÅM Z] Ê» ¹Zn¿Y É�eµÔy �ZfyZ� �{ .{Â�d§Z] Ê��� ÉZÅµÔy �ËZ� Ä] d^�¿ É|¿ÁM ÉZÅ ZÅ
 ¾ËY �{ -d�Y Ã|� Ã�Ìy} |À« �|À¤q �Y d§Z] ¾ËY �{ ��Z¯Z� �Ë{Z¬» ¾Ë�f�Ì] Ä°ÀËY Ä] ÄmÂe Z] .d�Y �f�Ì]

µÔy  Ê¸yY{ d§Z] �Y |À« �Z�f¿Y ZÅÊ» ¹Zn¿Y �fÆ] �iY ,|� ¶�Zu kY�zf�Y ®ÌfÀÌ� Ê���] �Y Är¿M .{Â�
µÔy d»Zz� ,Ä¤Ìe Ä^· �Â¿ ÄmÂe ¶]Z« d�Y kY�zf�Y Ã{�Z] �] ��] dÆm Á  .  

  
É�Ì³ ÄnÌf¿  

 Ê¸»YÂ/� -d�Y |»Zm d§Z] �Y �ËZ» �Z�f¿Y �Á� Ä] |À«�|À¤q �Y |À« kY�zf�Y �Z�Y Ä°ÀËY Ä] ÄmÂe Z]
e t�� Á cZ �« d»Zz� |À¿Z» µÔ/y Ä/ÌÆe ¾ËY�]Z/À] .|/¿�Y{ �iY |ÀËM�§ dÌ¨Ì¯ �{ µÔu Z] cZ �« �Z¼

  d»Zz� Á �f�Ì] Ê^�¿ t�� Z] ÊËZÅ3   Ä/¤Ìe �Y Ã{Z¨f/�Y .|/�z] Ê/» {Â^Æ] Y� {YÂ» �Z�f¿Y �ËY�� �f» Ê¸Ì»
 ¾ÌÀr¼Å .|À¯ {ZnËY µÔy ÉY�] Y� �ËY�� |¿YÂe Ê» ÉY Ã�Y Ä^· ÉZÅ �{ �Z/�f¿Y d��/� Ä/°ÀËY Ä] ÄmÂe Z]

  µÔy ÉY Ä/¿Â³ Ä/] Y� [ZÌ/�M É{Á�Á µÔy ÄÌÆe |ÀËY�§ �{ ½YÂe Ê» {�Y{ Y� d·Zu ¾Ë�fÆ] Ê��� ÉZÅ
µÔy �Y ÊËÓZ/] |/��{ Z/e |¿Â/� [ZÌ/�M {�YÁ Ä¤Ìe �] {Â¼� c�Â�] ZÅ�|À¤q �j¯Y Ä¯ {�¯ ÊuY�� Z/Å

 .|¿Â�  ÄÌÆe Ê��� c�Â�]  
 

 �]ZÀ»  
١-w ,{Y�Æ].    .¹ ,Ê]Z«Â¿  É|ÌÆ� Á1395  . d]�� Á É�Z�|À«  Ê¿Z^»  Ze  Ä���» �Y)  |À«�|À¤q �Y É�Ì³

¿Zy�Z¯ �{ kY�zf�Y .(Ä.|Æ�» ,|Æ�» Ê�Á{�§ ÃZ´�¿Y{ cY�Z�f¿Y µÁY _Zq 
٢- .� ,Ê»Ô�ÓY xÌ�1382 .½Y�Æe ,¦·Â» .|À« É�Â·ÂÀ°e .  
٣-� ,Ê¿Z»�¯  ,.¹  ,Ê»Ô£ ,.¹  ,ÊÅZ�°¸».    .¹  ,É|Ì�� Á1392  .¾ÌÌ e��YÂy�Ê°Ë�Ì§�Ä��º«��

|À«�|À¤q  Ä¬�À»�ÃZ�¿Z»�¯  .¾Ì»Á{� �ËZ¼Å�Ê¸»�Ä �Âe��Y|ËZa�É��ÁZ�¯�Á��Ìv»� d�Ë��

º·Z� .½Y|¼Å .  
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½Y�ËY ÊËY~£ �ËZÀ� Á ¹Â¸� ÉZÅ �ÅÁ�a .|À« �|À¤q �Y |À« kY�zf�Y, 5 )2:( 151   Ze162.  
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Abstract 

In the process of sugar production from sugar beet, sugar is extracted by diffusion of 
intracellular substances into water with osmosis process. One of the most important 
factors that effect on the diffusion process of intracellular material is the relative surface 
and quality of sugar beet slices. Therefore, it is important to use the blades that create the 
highest relative surface. Diffusion is a type of mass transfer from the internal tissue, so 
because sugar beet has a heterogeneous texture, slices with different textures can effect 
on the extraction process. In this study, the effect of two types of blade ( flat and serrated 
edge), cutting thickness in three levels (3, 4.5 and 6 mm), slicing angle in three levels (0, 
45 and 90 degree) and preheating time in three levels ( 3, 9 and 15 min) were studied on 
extraction kinetics. The average time required for extraction from 3, 4.5 and 6 mm slices 
was 25, 42 and 48 minutes, respectively. The results also showed that the sugar is 
extracting in less time and more acceleration from slices prepared with a serrated edge 
blade with a thickness of 3 mm in the transverse direction.  
 
Key words: Extraction efficiency, cutting direction, sugar beet, kinetics, blade edge 
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