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Ã|Ì°q   

 Á ÊËY~/£ cZ/ ËZ//�ÊÅZ/Ì³ Ä/]c�Â//�  Ê» ÃÂ¬·Z/]  |/À¿YÂe ^À»Ê   cZ/̂Ì¯�e |/Ì·Âe ÉY�]���YZ/]  Á ÊËÁ�Y{Y~/£ÊË    |/À¿Z/» ÓZ/]
¾Ìf°a   .|¿�Ì³ �Y�«  ¦Ì� ¾Ìf°aÃ{�f//�³  �ËZÀ//� �{ ¾ÌÀr¼Å Á Ê//�ËY�M Á ÊËÁ�Y{ cÓÂ//�v» �{ Y� ZÅ{�]�Z¯ �Y ÉY

Ã|ÀÀ¯ µ� ¶»Z� Ä¸¼m�Y ÊËY~£  ,Za ËÃ|ÀÀ¯�Y|  Ê¿|Ì/�Â¿ �{ZÅÃ|ÀÅ{ ºnu , �{  ÊÀË�Ì/� Á ÊËYÂ¿Z¿ É�aÊ» �/�Âa  .|Å{
f°aÌ¾ Ä] {ÂmÂ» É�Zne  �Â�Ã|¼�  �YcZ ËZ/�  \Ì/� Ä·Z¨e ZË cZ^¯�»  ZËÌ·Âe �Y Ê^¿Zm cÓÂ/�v»[M | d/�{ Ä] ÃÂÌ»
Ê»|ËM .d/�Y �ËY�§Y µZu �{ ¾Ìf°a kY�zf/�Y ÉY�] Ê^¿Zm cÓÂ/�v» �]ZÀ» Á |Ë|m ÊËY~£ cZ ËZ/� Ã�Á�»Y½Á�§Y . 

  ,¾ËY �]Ä]É�Ì³�Z¯ ÉZÅ{�°ËÁ�  Ä¿Y�ÁMÂ¿  kY�zf//�Y  É�Á�//� ¹Â//��» ÉZÅ|/ÀËM�§ dË{Á|/v» ¶/Ì·{ Ä] Ä] Á� Á Ã{Â]
  ��f�³d�Y  .�Á� �] ��Zu Ê���]��» É�ÁM�§ ÉZÅ kY�zf�Y) Ä¿Y�ÁMÂ¿ Á ¹ÂcÂ�Y�§ kY�zf�Y ,Ê¼Ë�¿M kY�zf�Y ,
®¼¯ Ä]  kÂ»�Ë�(  Ä]  �Â�À»ÄÌÆe  cZ ËZ� �Y ¾Ìf°a  Y~£ÊË   ¦¸fz» Ê^¿Zm cÓÂ�v» Á»  �¯�¼f  Ê´¿Â´q .d�Y kY�zf�Y
Ä] ¾Ìf°a   ,Z»{pHµÔu ,½Z»� , �ËZ» Ä] |»Zm d^/�¿ Á ZÅÄf/�]YÁ d/�Y  .ÉZÅ|ÀËM�§ �Y Ã{Z¨f/�Y ¾ËÂ¿ Ê» kY�zf/�Y  |¿YÂe

µÔu �Y Ã{Z¨f/�Y ,Z»{ ,kY�zf/�Y ½Z»� �ÅZ¯ Á ¾Ìf°a dÌ¨Ì¯ Á Ã{�Z] �ËY�§Y ÉY�] É|Ì¨» �Y�]Y  É|Ì/�Y �ËY�/� Á ZÅ
ÉY�] ÉÂ«  kY�zf�Y   ¾Ìf°a  .|�Z]Ä]½YÂÀ�µZj»  , {�]�Z¯ kYÂ»Y  cÂ�Y�§ Ê»  �ÅZ¯ Z] ¾Ìf°a Ã{�Z] �ËY�§Y Ä] �nÀ» |¿YÂe

 {Â/� Z»{ Á kY�zf/�Y ½Z»� . Z] Ä/�ËZ¬» �{ cÂ/�Y�§ �´Ë{ ÊËÂ/� �Y�Á�ZÅÉ   ,ÄÀÌÆ] ÉZ»{ �ÅZ¯ Z] kY�zf/�Y ¹Â/��»
//�Ì]ÄÀÌ    Á ²¿� �¨u Z] Y� ¾Ìf°a Ã{�Z]� Ë�ZfyZ//��    .{�Y{ ÃY�¼Å Ä] cZ ·Z�» ¾ÌÀr¼Å¹Zn¿YÃ|//�  ½Z//�¿»Ê|Å{  �Á�

 Y� ¾fÌ°a kY�zf�Y Ã{�Z] Ê¼Ë�¿M kY�zf�YÄ]�Â�  Z] Ä]Z�»Ä¿Â¼¿µ�fÀ¯ ÉZÅ  Ë�¿M ½Á|])(º  {Â^Æ]»Ê|�z].  
  

:É|Ì¸¯ cZ¼¸¯  
.cZ ËZ� ,kY�zf�Y ,kÂ» �Ë� ,cÂ�Y�§ ,¾Ìf°a  

  
  
  
  
*µÂX�» Ã|À�ËÂ¿: 
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Ä»|¬»  
�ÁM�§É  Y~£ {YÂ»ÊË  Ä]�Â�   {Á|u Ä¿ÓZ� ¾Ì´¿ZÌ»  100    |Ì·Âe  ZaÁ�Y ÄË{ZveY �{ ZÆÀe  Y� ÊËY~£ cZ ËZ� �Y ¾e ½ÂÌ¸Ì»

Ê»|À¯  .)  Ê¿|Ì�Â¿  d À�26  (|��{ �a  Á  ½M�Y �ËZÀ�  )  ÊÀf�]  Á  cZÌÀ^·3/21  (|��{  Á  ÃÂÌ»  É�Y|Æ´¿  Á  |Ì·Âe  Á
�^�ÉZÅ  )8/14  (|��{ �Ì] Ê»  |Ì·Âe  Y�  ÊËY~£  cZ ËZ� ½Y�Ì»  ¾Ë�e|ÀÀ¯  [1], [2]  .  ,ÊËY~£  cZ ËZ� �Y  �iR»  Ã{Z¨f�Y

dÌ§��   {�Y{  É{�°¸¼� cZ^Ì¯�e ½{�ÁM d�{ Ä] ÉY�]  É{ZË�  [3]  . Ä]½YÂÀ�  ÄË�ne ,µZj»  cZ ËZ�Y~£  ÊËÊ»  Z] |¿YÂe
|À¼���Y  cZ^Ì¯�e  É�Z�Y|mÉ  Ê¸a  |À¿Z»Ê¸a  ,ZÅ|Ë�Z¯Z�µÂÀ§¾£Á�  ,ZÅ²¿�  ,ZÅÄ¿Y{ ¾ÌXeÁ�a  ,ZÅ cZ^Ì¯�e  ,ZÅ

 º � ºË�¿M ,Ã|ÀÅ{ZÅ  Á {Â� ¹Zn¿Y Ê¼Ë�� ÉZÅ�^Ì§[4],[8].  
  Ä] ¾Ìf°a �ZfyZ�ÃÂÌ�\�ZÀ» ÉY  Ê» ¾ÌÌ e Y� ½M ÉZÅ{�]�Z¯ Á ÊËZÌ¼Ì�  Á Ê°Ë�Ì§ �YÂy|À¯  .  ½|� É�f�Y Äm�{

 Ä] ½M {�]�Z  ̄�] ¾Ìf°aÃ|ÀÀ¯ µ� ¶»Z� ½YÂÀ�  iPeÌ�  Ê» {�Y~³.  Ä] ÄmÂe Z]  ÊÀÌ�u ªÌ¬ve  ,½Y�Z°¼Å Á   ½|� É�f�Y Äm�{  
Ê» Ä]  |¿YÂeÃÁ�³  |��{  ½YÂÀ��f�Y  ¶Ì�¯Â]�¯  ÉZÅ ÉÃ|�   {Â�  ¦Ë� e  µÂ¿Zf»  Z]  [9], [10]  .¾ËY  �]  ÃÁÔ�   ªÌ¬ve

¹|À^»Z�ZÀ³  ½Y�Z°¼Å Á    É�f�Y Äm�{ Ä  ̄{�¯ �z�»½|��f�Y |Ì�Y ®Ì¿Á�Âf¯ÓZ³ ÉZÅ|uYÁ |��{ , ÉÃ|�   {Y| e �Y
�Y µÂ°·Â» �{ |Ì�Y ®Ì¿Á�Âf¯ÓZ³ ÉZÅ|uYÁ ¶¯d  [11]  . Ä]½YÂÀ�  ¾Ìf°a ,µZj»]ÄmÂe Z   Á{ Ä] ½|� É�f�Y Äm�{ Ä]

 Ê» ºÌ�¬e Ã|¼� ÃÁ�³¾Ìf°a :{Â�  Äm�{ Z]    �Y �f�Ì] É�Z� É�f�Y Äm�{ Z] ,ÓZ] ¶Ì�¯Âf»50  |��{    ¾Ìf°a Á Äm�{ Z]
 º¯ É�Z� É�f�Y Äm�{ Z] ,¾ÌËZa ¶Ì�¯Âf» �Y �e50  |��{[12] .  

¾Ìf°a®Ë�Ì§ �YÂy ¾ÌËZa Á ÓZ] ¶Ì�¯Âf» ÉZÅ  Á  |¿�Y{ ÊeÁZ¨f» ÊËZÌ¼Ì�    Á  Ê�ÂÀf» ÉZÅ{�]�Z¯Ê» Y|Ìa  .|ÀÀ¯  ¾Ìf°a
 Ê»  ÓZ]  ¶Ì�¯Âf» Ä]  |¿YÂeZa  ,Ã|ÀÀ¯  µ� ¶»Z�  ½YÂÀ� ËÃ|ÀÀ¯�Y|  Á   Ä·�  Á  Z]�»  |Ì·Âe  ÉY�]  Y~£  d À�  �{  �ËZ¨Ì�·Â»Y ZÅ

·Zu�{ ,{�Ì³ �Y�« Ã{Z¨f�Y{�Â»ÊÄ¯   Ê» ¾ÌËZa ¶Ì�¯Âf» ¾Ìf°a Ä] |¿YÂe  dza ,d�Z» ,ÊÀf�] �{ Ê]�q ¾Ë�´ËZm ½YÂÀ�
 Y Êf�Â³ cÓÂ�v» ,¹�³ ½Z¿º¯ cÓÂ�v» ZË Á Ã|� ½ÂÌ�·Â» Ê¿|Ì�Â¿ |À¿Z» É�·Z¯  Ã{Z¨f�Y{�Â» Ê¼Ë�� �Y{�Z³ ÉZÅ

 {�Ì³ �Y�«  [13], [14]  .�Y�Z]  Å Ê¿ZÆmÌÁ�|  WÂ¸¯Ì|   �{ �Ë�� |�� µZu �{ É{�]�Z¯ �m ®Ë ¾Ìf°a Ä¯ d�Y Ã{Y{ ½Z�¿
  �Y É�ZÌ�] �ËZÀ�  ¹�YÂ· ,Y~£ |À¿Z»Y�M Ë�Êd�Y ÊËÁ�Y{ �ËZÀ� Á Ê�z� d^«Y�» cÓÂ�v» ,¹Y{ ­Y�Ây ,  , Ê¸�Y �]ZÀ»

|Àf�Å |À«�|À¤q Ä·Z¨e Á  \Ì�  Ä·Z¨e ,cZ^¯�»  d�Âa  ,É�Zne  ¾Ìf°a  |Ì·Âe  ÉY�][14],[16]  .  É�Zne  ¾Ìf°a  ,d À� �{
 Ä] {ÂmÂ»Ê» d�{ Ä] |Ì�Y kY�zf�Y  �Y Ã{Z¨f�Y Z]  ÊËZÌ¼Ì� c�Â� �Á� Êy�] Z»Y |ËM¿ ÉZÅ ÉY�] kY�zf�Y Ä¿Y�ÁMÂ

 |ÀËM�§ {Â^Æ]kY�zf�Y  Ã{Y{ Ä �Âe ¾Ìf°a dÌ¨Ì¯ ÁÃ|�|¿Y   Ä¯ ºÆ» �Y Êy�]Äf§ZË ¾Ë�e��Y�³ �Ë� �{ ZÅÃ|�|¿Y .  
  

�Á�ZÅÉ kY�zf�Y  
  ¾Ìf°a kY�zf�Y Z]   �Á�[Zzf¿Y .d�Y Äf§�³ c�Â� Ê¨¸fz»  ÉZÅ   Ä] ¾Ìf°a  kY�zf�Y  ÉY�]  \�ZÀ» �Á� ®Ë  �Â�À»

½{�¯ ÄÀÌ�Ì]  d�Y ºÆ» µÂ�v» dÌ¨Ì¯ {Â^Æ] Á kY�zf�Y Ã{�Z] �Á� �Y . ¦¸fz» ÉZÅ  ¾Ìf°a ÄÌÆe  Z] kY�zf�Y �Á� ,
Å|Ì�YÉZ    µÁ|m) {�Y{ {ÂmÁ Ê¿| »1.( �Á� �´Ë{ �Y Ê» ZÅ ½YÂe   Ä] kY�zf�Y    ,cÂ�Y�§ kYÂ»Y ®¼¯  kÂ»�Ë�  Á 

�¿M Ëº ¿Z°» Z]Ì Ã�ZÅÉ ¦¸fz»  Ä»Y{Y �{ Ä¯ {�] ¹Z¿ Y����]{�Â»Ê Ê» �Y�« {�Ì³ µÁ|m) ÉZÅ2  Á3 Á 4( .  
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 µÁ|m1 :iPeÌ� ¾Ìf°a kY�zf�Y {�°¸¼� �] É|Ì�Y kY�zf�Y �ËY��  

  
 µÁ|m2 :iPeÌ� ¾Ìf°a kY�zf�Y {�°¸¼� �] cÂ�Y�§ �ËY��  

Ã{Z»  
kY�zf�Y �ËY��  

Ã{�Z]  �^À»  
 �¿Z¯�§   c�|«  Z»{  ½Z»�  µÔu  pH 

 �Z¿Y d�Âa  20  130  50-70  15-35  ��¬» [M  1-2  18/24-23/4  [25] 

 cZ ËZ�
 ÄmÂ³ Ê´¿�§  

37  -  60-80  15-90  �YÌ | ·Y�³YÌ ®  -  15-35  [26]  

 �Â´¿Y Ä·Z¨e  37  -  35-75  20-60   ®Ë�fÌ� |Ì�Y  1-2  38/29- 19/3  [27]  

  d�Âa
`Ë�³ cÁ�§  

20  800  60-80  20-40  
 ®Ë�¸¯Á�|ÌÅ

|Ì�Y  
5/1  51/27- 1/23  [28]  

  d�Âa
`Ë�³ cÁ�§  

20  800  30-80  10-60  
 ®Ë�¸¯Á�|ÌÅ

|Ì�Y  
5/1  11/18- 10  [29]  

  d�Âa
`Ë�³ cÁ�§  

24  200  50-70  4-30  
 ®Ë�¸¯Á�|ÌÅ

|Ì�Y  
5/1  92/17- 5/13  [30]  

  
 µÁ|m3 :iPeÌ�  ¾Ìf°a kY�zf�Y {�°¸¼� �] kÂ»�Ë� �ËY��  

Ã{Z»  
kY�zf�Y �ËY��  

Ã{�Z]  �^À»  
 c�|«  ½Z»�  µÔu  pH 

�^À» Ã{�Z]  
 (%)  

kY�zf�Y �ËY�� 
Ã{Z»  

pH µÔu   (Ä¬Ì«{) ½Z»�  Z»{ 

[17] 95/2 7/1 |Ì�Y ®Ë�¸¯Á�|ÌÅ 50 82   µZ¤e�a d�Âa 

[17] 15/3 7/1 |Ì�Y ®Ë�¸¯Á�|ÌÅ 50 82 Â¼Ì· d�Âa 

[18] 5/14 2 |Ì�Y ®Ë�¨·Â� 180 85  \Ì� Ä·Z¨e 

[19] 83/3 2/2 |Ì�Y ®]�fÌ� 60 50  ÉÂÌ¯ Ä·Z¨e 

[20] 2/12-2/5 5/2-4  |Ì�Y ®]�fÌ� 240-120 90-70  �Â» d�Âa 

[21] 2-18 53/2-2/1 |Ì�Y ®Ë�fÌ¿ 10-18 60-80  Â¸Å Ä·Z¨e 

[22] 2/15-5 5/2-5/0 |Ì�Y ®]�fÌ� 150-30 90-50  lËÂÅ Ä·Z¨e 

[23] 98/28-87/2 3-1 |Ì�Y ®]�fÌ� 200-40 95-35 Ã�]�y d�Âa 

[24] 34/14 04/2 |Ì�Y ®]�fÌ� 60 90 \Ì� Ä·Z¨eÊÀÌ»� 
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Ä¿YÁ|ÀÅ d�Âa  160-480  1-3  |Ì�Y ®Ë�¸¯Á�|ÌÅ  1-2  18/24- 09/13  [31] 

|À«�|À¤q Ä·Z¨e  150-250  2-4   ®Ë�¨·Â�|Ì�Y  1-2  4/32- 5  [32]  
 �Â» d�Âa  300-900  2-5  |Ì�Y ®Ë�¸¯Á�|ÌÅ  1-3  17/2- 09/1  [33]  

 µZ¤e�a d�Âa  160-480  1-3  |Ì�Y ®Ë�¨·Â�  1-2  59/18- 42/7  [34]  
  µZ¤e�a d�Âa

 ��e  
300-700  1-3  |Ì�Y ®Ë�fÌ�  3- 5/1  4/26- 2/5  [9], [10]  

 Â¸»Âa d�Âa  390-650  3-7  |Ì�Y ®Ë�¸¯Á�|ÌÅ  1-3  93/2- 05/0  [35]  

 
 µÁ|m4 :iPeÌ� ¾Ìf°a kY�zf�Y {�°¸¼� �] Ê¼Ë�¿M �ËY�� 

Ã{Z»  
kY�zf�Y �ËY��  

 {�°¸¼�  �^À»  
 ºË�¿M  Z»{  ½Z»�  

 ÉÂÌ¯ Ä·Z¨e   d�Z¯Â¸�  25  5/0  48/4  [19]  
 \Ì� Ä·Z¨e   d�Z¯Â¸�  50  18  5/14  [36]  
 \Ì� Ä·Z¨e   d�Z¯Â¸�  40  3  53/6- 01/4  [36]  

 Ä·Z¨e   \Ì�   �Z¿Â¯Y  40  3  22/4- 63/3  [36]  
 \Ì� Ä·Z¨e   ¹�§Â°�ËÁ  40  3  7- 67/4  [36]  

  
 Ê¿| » ÉZÅ|Ì�Y ®¼¯ Ä] kY�zf�Y 

Ä][M �{  ¾Ìf°a ,ÊfÀ�  �Â��YÌ|  05/0  Ze  2  �ÓÂ»  �Y  Z]Ì�Â¨·Â�| Ë®,  |Ì�Y  �¨�§  ,®Ë�fÌ¿ Ë®  �YÌ|  ®Ìf�Y  ,  |Ì�Y ZË
®Ë�¸¯Á�|ÌÅ  |Ì�YÉZ»{ �{  80  Ze  100    Äm�{�ÂÌ�¸�    c|» Ä]1    Z]  d�Z�½{� ºÅ  Ê»  kY�zf�Y ¹ÁY|» {Â�[17]. 

  kY�zf�Y]  ¾Ìf°a�Y|¬»  ,Z»{  Ä¸¼m�Y É{| f» ¶»YÂ� Ä pH  ,®�y |»Zm {YÂ»  ,µÔu Ä]  |»Zm d^�¿  ,µÔu �YÂy ,
 {�Y{ Ê´f�] }Â¨¿ d��� Á cY�} Ã�Y|¿Y  .  �Y|¬» ¾Ë�f�Ì]  » Y� ¾Ìf°aÊ½YÂe  �{ pH 0/2 �¸¯Á�|ÌÅ |Ì�Y �Y Ã{Z¨f�Y Z] ®Ë

 µÁ|m) {�ÁM d�{ Ä]1 ([37]. 
ÉZÅ{Â^¼¯  �Á� �Y Êy�] �Y Ã{Z¨f�Y Ä¯ d�Y Ã|� h�Z] {ÂmÂ»ZÅ    ÉZÅ|Ì�Y Á {�Ì³ �Y�« ÄmÂe{�Â» �´Ë{  .  ¾ËY �{
|Ì�Y ,Zf�Y�ÉZÅ  � |À¿Z» Ê·MÌ�f Ë®  �YÌ|  Ã{�¯ \¸m {Ây Ä] Y� É{ZË� ÄmÂe |Ì�Y ®Ìf�Y Á|¿Y[24] .  �{ ¾Ìf°a �ZfyZ�

  Z]  �À¯YÁ ¶Ì·{ Ä] kY�zf�Y µÂ�  �ËZ� Á |Ì�Y ¶u {YÂ» d�{ ,Ã|�Ì¤e �ÂyÊ» �Ì {Â�  .f¿�{ÌÄn  �Á� ¦¸fz» ÉZÅ
Ê» kY�zf�YÊ³�ËÁ Z]  ¾Ìf°a |À¿YÂe|ÀÀ¯ |Ì·Âe ¦¸fz»  É�ZfyZ� ÉZÅ  .  �Y Êy�]�Á�Á kY�zf�Y ÉZÅ   ÉZÅ{�°ËÁ�

Ã{Y{ ½Z�¿  �Ë� �{ Ä¿Y�ÁMÂ¿Ã|� |¿Y   Ä] kY�zf�Y Á kÂ»�Ë� ®¼¯ Ä] kY�zf�Y ,cÂ�Y�§ ®¼¯ Ä] kY�zf�Y ¶»Z� Ä¯
 ºË�¿M ®¼¯d�Y .  

 
kY�zf�Y  cÂ�Y�§ ®¼¯ Ä] 
cÂ�Y�§   ®�y ,kY�zf�Y Ä¸¼m�Y ÊËY~£ {YÂ» É�ÁM�§ ¦¸fz» ¥Y|ÅY ÉY�]  ½ÂÌ�Y�Ì¿�Â¼Å Á É�Z� ½ÂÌ�·Â»Y ,½{�¯

£ Á º�Ì¿Z³�YÁ�°Ì» ÉY�] ¾ÌÀr¼Å ÁÌµZ §�   �Á� �´Ë{ ½ZÌ» �{ ,ºË�¿M ½{�¯Ê» Ã{Z¨f�Y ZÅÂ�  {[38], [39].   ÉY�]¥|Å 
 ,kY�zf�Yh�Z] cÂ�Y�§ ÉÂ« {Á�ÁµÂ¸� Ä] µÔu �f�Ì] Á �eÊ» ¹�m µZ¬f¿Y |Ë|�e Á ZÅ {Â� .f¿�{ÌÄn ±��] ~§ZÀ» �e

Ê» w� ÊÅZÌ³ d§Z] É�ZfyZ� sÔ�Y Á ÃZÌ³ Ê·Â¸� Ã�YÂË{ �{|Å{  [40]  .¶]Z« ÉZËY�»  ÊÆmÂe�Á� �Y  Y�§ �{ cÂ�
 �Á�  ¶]Z¬»    ,ÄÌ¨�e  ½Z»�  ½{�¯ ÃZeÂ¯ ,¾ÌËZa  É��¿Y  ¥��» |À¿Z»  {�Y{ {ÂmÁ kY�zf�Y  ÉY�]  ¹Â��»  ÊÅ{ c�Y�u
º¯ Ã{Z¨f�Yd�Ë� ��¿�Y Á Ã{�Z]  �ËY�§Y ,µÔu �Y �e¾§ Ê�Ìv»£ É�ÁMÌe�Y�u�Ê  d�Y[41], [42]  .Âe Z] ÊËZ¿YÂe Ä] Äm
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cÂ�Y�§  |ÀËM�§  {Â^Æ]  �{   Ê^¿Zm  cÓÂ�v»  Á  cZ ËZ�  ,¦¸fz»  ÊÅZÌ³  ÊËY~£  {YÂ»  �Y  ¾Ìf°a  kY�zf�Y  ÉY�]

d�Y Äf§�³�Y�« Ã{Z¨f�Y{�Â» .    �{  ½Z»� �ÅZ¯ Á ¾Ìf°a {�°¸¼� {Â^Æ] ¶»Z� lËZf¿ cÂ�Y�§ ®¼¯ Ä] kY�zf�Y Z] Ä�]Y�
Ä»Y{Y �{ Ä¯ d�Y Z»{ Á  µÁ|m �{ Á2  ��Y�³ Ã|�|¿Y. 

µÂ� �{  |ÀËM�§  �Z¿Y É�ÁM�§  ,  cÓÂ�v» É{ZË� �Ë{Z¬»d§ZË�Z] ¶]Z«  Ê» |Ì·Âe|¿Â�.   ¶»Z� 0Ze|¼� Ê��§ cÓÂ�v» ¾ËY
) d�Âa78%) Ä¿Y{ Á (22%|Àf�Å (  .Y �] ÃÁÔ� �Z¿Y Ê��§ cÓÂ�v» Ë¾Ä¯  Êf¿M ºÆ» �^À» ®Ë Ê¸�Y Äf�Å ,|Àf�Å ½Y|Ì�¯Y

¾Ìf°a kY�zf�Y ÉY�] ªÌ¬veZÅ  �Ì¿  |Àf�Å[25].   �¿Z¯�§ Z] cÂ�Y�§ ÃZ´f�{ ®Ë �Y Ã{Z¨f�Y Z] cÂ�Y�§ ®¼  ̄Ä] kY�zf�Y
20  ¯Ì �e�ÅÂ¸   ½YÂe �j¯Y|u Á130   |� ¹Zn¿Y cYÁ   �Y �a  ¹Z¼eYZ»�M Ë�|ÀËM�§ ÉZÅ�Ì¤f» ÉÁ� �] Ê]�ne lËZf¿ ,  ) d^�¿

  ,�ËZ» Ä] |»ZmpHZ»{ Á kY�zf�Y ½Z»� ,  (�ne {�Â» Ë Ä¸veÁÌ¶  |Àf§�³ �Y�«  .¿ lËZf  Z« Ê´f�^¼Å ®Ë¶]  �Ë{Z¬» ¾Ì] µÂ^«
�ÌaÊÀÌ]  Ê]�ne �Ë{Z¬» Á Ã|� {Y{ ½Z�¿ Y� �Y Ã{Z¨f�Y �Y �a ¾Ìf°a kY�zf�Y Ã{�Z] ¾Ë�eÓZ] Ä¯ |Àf§�³ ÄnÌf¿ ¾ËY�]ZÀ] ,

|»Zm d^�¿ Ä]  ËZ» �1 Ä]18  �] ¹�³»Ì¸Ê·Ì�f Á   kY�zf�Y ½Z»�29  Ä¬Ì«{¾ÌÀr¼Å   kY�zf�Y ÉZ»{62  Äm�{�ÂÌ�¸�  Ä]
|»M d�{ . 

 ·Z�» ®Ë �{  ,�´Ë{ Ä  kY�zf�Y  ¾Ìf°a  �Y  �Â´¿Y Ä·Z¨e  cÂ�Y�§ ®¼¯ Ä]¹Zn¿YÃ|�    Ä¯ d�Y¹Zn¿Y ªÌ¬ve �Â�Â»Ã|�   Ä]
 É�Z»M ®ÌÀ°e ®¼¯ ÄÀÌÆ]É�Z� .|�  ,¾ËY �] ÃÁÔ� Ä^ m ÊuY�� �Y¾°À]  )BBD ( c|» ,\�ZÀ» ÉZ»{ ¾ÌÌ e ÉY�] ½Z»�

Á kY�zf�Y pH ¾Ìf°a [Â¸�» Ã{�Z] ½{�ÁM d�{ Ä] ÉY�]  ÉZÅkY�zf�Yd§�³ �Y�« Ã{Z¨f�Y{�Â» Ã|�  . ,ªÌ¬ve ¾ËY �{
�YÌ�|Ì�f Ë® Ä]  ½YÂÀ�µÔu    Á d§�³ �Y�« Ã{Z¨f�Y{�Â» ¹Â��» Ê¿| » |Ì�Y ÊÀË�´ËZm ÉY�] kY�zf�Y½Z¬¬v»   kY�zf�Y

Ê¸a  �Y  É�eÓZ]|¿{�ÁM d�{ Ä] ¹Â��»  �Á�  Z]  Ä�ËZ¬»  �{  ½Z¿Á�¯ÓZ³Â»ÂÅ Ä^�  ÉZÅ|Ë�Z¯Z�  . �Ë{Z¬»  ,¾ËY  �]  ÃÁÔ�
�ÌaÊÀÌ]Ã|� RSM Ã{Y{ Z]|¿{Â] ºn�À» Ê]�ne ÉZÅ  �{ .µ|» RSM   Z] �]Y�] ¾Ìf°a kY�zf�Y Ã{�Z]4/29%   ¾Ì´¿ZÌ» Z]

Ê·Â°·Â» ½�Á kDa 110-205 Á ½|� É�f�Y Äm�{    Z] �]Y�]1/62%   {Â].   Ä¯ Ê¿Z»� ,¾ËY �] ÃÁÔ�cÂ�Y�§   �Á� Z] ÉZÅ
  µ{Z » ÉZ»{ �{ ¹Â��» kY�zf�Y75  Äm�{   �¸�Ì�Â  ½Z»� ,60  Ä¬Ì«{  Á pH 2   Ê·Â°·Â» ½�Á ¾Ì´¿ZÌ» �ËY�§Y ,|� Ä�ËZ¬»

kY�zf�Y ¾Ìf°a Ã{�Z] Á  Ã|�20�f�Ì] %  �Y Ã{Z¨f�Y ¹Z´ÀÅ �{ Y� cÂ�Y�§|¿{�ÁM d�{ Ä][27]  . 
ÄmÂ³ cZ ËZ�  ¶»Z� 0Ze|¼� Ä¯ Ê^¿Zm cÓÂ�v» Á Ê´¿�§Ä¿Y{ ½M ÉÓZ] ÉYÂfv» ¶Ì·{ Ä] ,|Àf�Å �Ì¼y Á d�Âa ,ZÅ ZÅ

 Ä] Á |À¼���Y cZ^Ì¯�e �{Á ËÃ� Ã{�¯ \¸m {Ây Ä] Y� ÊËY~£ d À� Á ½Z¬¬v» ÄmÂe ,¾Ìf°a|¿Y . Ä] ½YÂÀ�  ÂÀÌ�Y�³ ,µZj»
) ½Y�Z°¼Å Á2016ÄmÂ³ cZ ËZ� �Y ¾Ìf°a kY�zf�Y ÉY�] ¦¸fz» �Á� Á{ �Y (|� Ã{Z¨f�Y Ê´¿�§  kY�zf�Y . ®¼¯ Ä]

�YÌZÅ|  Ê¿| » É Á    cÂ�Y�§ .cÂ�Y�§ ®¼¯ Ä] kY�zf�Y®Ì¿Â�Y�f·Y ¹Z¼u �Y Ã{Z¨f�Y Z] Ä¿Z³Á{ �¿Z¯�§ �{  |� ¹Zn¿Y .
cÂ�Y�§    µÂ�  �{15  ,30  ,45  ,60    Á90  |�  ¹Zn¿Y  Ä¬Ì«{  . Ä]  lËZf¿d�{  �{ Y�  ¾Ìf°a Ã{�Z]  �ËY�§Y  Ã|»M60   Äm�{

  Ê¿| » ÉZÅ|Ì�Y ®¼¯ Ä] �ÂÌ�¸�Z¼Ìe Z] Ä�ËZ¬» �{  �cÂ�Y�§   ÃZeÂ¯ kY�zf�Y ½Z»� Z»Y {Y{ ½Z�¿�eÉ  )15  Y�] (Ä¬Ì«{É 
cÂ�Y�§ ¿{�Â»Ì�Z  {Â].  ,¾ËY �] ÃÁÔ�cÂ�Y�§ ¯Z] ¾Ìf°aÌ¨ Ìd �Y) {�¯ |Ì·Âe É�fÆ]Ì|  Á Ê�¯Âf» ÉYÂfv» ,®Ì¿�Á|Ì¿Y

(É�Z�  É�f�Y  Äm�{ Á  cZf°a  ºÌ�¸¯. Ã�Z��Ä]  ÉZÅd�{� Z]  Ã|»MÌ ¦nÀ�Ê NMR Á FTIR |¿|�  �Ì·Z¿M    ¹Z¼e  �{  Á
 Ä¿Â¼¿���] ÉZÅ ÊÃ|�  �f�Y 0Ze|¼� ¾Ìf°a {ÂmÁ ÉÃ|�  |� Ã|ÅZ�»  . ¾Ìf°a Ã{�Z] Ä¯ |� Ã|ÅZ�» ,lËZf¿ Ä�ËZ¬» �Y �a

  ÉZ»{ �{ �Á� Á{ �Å ÉY�]80    Äm�{�ÂÌ�¸�   º¯]ÁÌ�   Ë½Z�°  ¶]Z« ½|� ÃZeÂ  ̄Z] Z»Y d�Y�Z¼Ìe ½Z»� ÄmÂe  ÉZÅ|Ì�Y)
  Ê¿| »36    cÂ�Y�§  Á  d�Z�15  .(Ä¬Ì«{  zf�Y  ¾Ìf°a  kY�  cÂ�Y�§  �Á�  ®Ë  �Y  Ã{Z¨f�Y  ÉY�]  Êf��§

v»Z]�Z³�Z�Ì� � Ëd�  �ÅZ¯  ÉZ»{  �{Äf§ZË Z]  Ä�ËZ¬»  �{   Ê¿| »  ÉZÅ|Ì�Y  ®¼¯  Ä]  kY�zf�Y  �Á�Ä§��  Á ÊËÂm
¶]Z« {�¯ ºÅY�§ É��¿Y ÄmÂe[26] .  

 { Ë�´  ZÌ³ {YÂ»  Ä¯ ¾Ìf°a kY�zf�Y ÉY�] ÊÅÄ«Ô�{�Â»    ½Z¬¬v»  d�Y Ê» d�{ Ä] �°� d À� �Y|ËM  . Ä] |À«�|À¤q Ä·Z¨e
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Ä] É{ZË� �Y|¬» Ê» |Ì·Âe �°� |Ì·Âe µÂ� �{ Ê^¿Zm µÂ�v» ½YÂÀ� {Â�  .  �Y ¾Ìf°a kY�zf�Y ÉY�]  Ä·Z¨e  |À«�|À¤q �Y
  cÂ�Y�§ kYÂ»Y|� Ã{Z¨f�Y. (Chen et al., 2015)   �Y ½Z¨·R» ,ªÌ¬ve ¾ËY �{µ|» RSM ÄÀÌÆ] ÉY�]ÉZÅ�f»Y�Za É�Z�   |ÀËM�§

|¿{�¯ Ã{Z¨f�Y ¾Ìf°a \�ZÀ» Ã{�Z] ½{�ÁM d�{ Ä] ÉY�]  .YcÂ�Y�§ kYÂ»    �¿Z¯�§ Z]25  ¯Ì�e�ÅÂ¸    Á10    µZ¼�Y Ä¬Ì«{
|�.  ) ¾Ìf°a �j¯Y|u lËZf¿63/%24) kY�zf�Y ½Z»� É�ÁM�§ �ËY�� dve Y� (49/30  (Ä¬Ì«{) kY�zf�Y �Z�§ ,7/10   Z´»

(µZ°�Za) |»Zm Ä] �ËZ» d^�¿ ,03/44»{ Á () kY�zf�Y ÉZ72/120  Äm�{  �ÂÌ�¸� {Y{ ½Z�¿ (  . ÉZÅ�Zf§� ,¾ËY �] ÃÁÔ�
iPe Z] ½ZË�mÌ�  ¼y Ê³�ËÁ Á{ �Å �] ¾Ìf°aÌ�  �Z�É  Êe�Y�u Á  �{  d§�³ �Y�« Ê]ZË��Y {�Â» c�} Äf�Z�¿  .  ÄnÌf¿ ½Z�¿

 {Y{ ¼y ÉZ»{ Ä¯Ì� �Z�É Ê» �ËY�§Y ¾Ìf°a ½{Á�§Y Z] Ê³�ËÁ ¹Z¼e Á |]ZË¼y ÉZÅÌ� �Z�É  Ä]¶]Z« �Â� �ÅZ¯ ÊÆmÂe
Ê»|À]ZË . Ä] ¾Ìf°a ½{Á�§Y ,¾ËY �] ÃÁÔ�¶]Z« �Â� {Y{ �ËY�§Y Y� Êb·Zf¿M Á ½|� ÄÀÌeÓ� ÉZ»{ ÊÆmÂe .  

 
 kYÂ»Y ®¼¯ Ä] kY�zf�YkÂ»�Ë� 

� ËkÂ»�ZÅ  ,¾§  Á  º¸� �{  Ê¼Æ»  �¬¿  Á{  �{ Y~£ É�ÁMÃ{�¯ Z Ë̈Y  Äf�~³  ÄÅ{|¿Y    Ä¯Y�Y Ë¾Á�  »Ê½YÂe   Ä]fuY�Ê    �{
ÃZ´�ËZ»�MÄ] d À� Á ZÅ�ÁZ6À§ ½YÂÀ�É  ÉY�]  1®�y (ÊËY~£ {YÂ» ½{�¯  ,2kÂ»�Ë� ®¼¯ Ä] kY�zf�Y (  ,3 ºË�¿M �ZÆ» (

  Á£ÌµZ §�  º�Ì¿Z³�YÁ�°Ì» É�Z�ZÅ   {�¯ Ã{Z¨f�Y[43]–[45]  kYÂ»Y . kÂ»�Ë�   n¿� Ä] {Á�Á ¹Z´ÀÅ �{ÌÃ�   {YÂ»  ,ÊËY~£   �a
�Z¼e �Y   Ê» |Ì·Âe Z»�³ ,Ê·Â¸� Ê^�« cZ^Ì¯�e Z]|À¯    Ä¯·Âe ÉZ»�³ÌÃ|�|   µÂ°·Â» Z] Ê¿ÂË dËY|Å \mÂ» Ä¯ ÊËZÅ

^�«Á{ �y�q ÁÊ  Ê» Ê» �À¯YÁ ,|¿Â�Å{|[46]  . ½ÂË ®Ìe�Â§Á�f°·Y µZ¬f¿Y �Z�Y �] Ê¿ÂË �¿Z�� ½Á�f°·Y Á ZÅ  ÉZÅ
É��¿Y ��Âe Ã|��Z£M   kYÂ»Y kÂ»�Ë�   Ê°Ë�f°·Y ½Y|Ì» Ä¯ ,d�Y¶Ì·{ Ä]   cY�} cZ¯�u  ·ÂeÌ Ã|�|  .d�Y  ·Zu�{Ê Ä¯ 

µÂ°·Â»  [ÁZÀf»  ÊËZn]Zm ̂�«Á{  �y�q  Ä]  Ê^�«  ÉZÅÊ   {�Y{  Ã�Z�Y,  µÂ°·Â»  Ê�y�q  ÊËZn]Zm �{  Ê^�«  ÉZÅ
Ä�v·Ê» �Z£M ÉYµÂ°·Â» Ä¯ {Â� ºÅ ÉY�] �Ôe �{ ZÅ|Àf�Å {ÂmÂ» Ê°Ë�f°·Y ½Y|Ì» Z] ½|� �Y�e  .  ¹�Ì¿Z°» Á{ ¾ËY �{

  ,ºÅ �ZÀ¯h�Z]  Z»�³ Á É��¿Y É�Z�{Y�M Ë�    �Ë��Ê»  Ä¯ |¿Â�f¿�{ÌÄn    ºÅ\Ë�ze h�Z]    �Ë��Ê·Â¸� Ã�YÂË{   ºÅ Á
  h�Z]cZ^Ì¯�e  ½|�  {Y�M  �ËY�§Y  ��¿{�Â»  Ê»  .{Â�  �{  ®¼¯  Ä]  kY�zf�Y  µÂ�Z»�³  ,kÂ»�Ë�  É·ÂeÌ Ã|�| 
Ã�YÂË{Ê» ºÅ �Y Y� µÂ¸� ÉZÅ ½Z�M µÔu d¼� Ä] Ê·Â¸� Ã{Z» �Y ��¿{�Â» ���YZ] cZ^Ì¯�e }Â¨¿ Á |�Za Ê» �e {Â� .

�Y Ã{Z¨f�Y   ®¼  ̄Ä] kY�zf�Y �Á�kÂ»�Ë�  Ä] ¦¸fz» ÊÅZÌ³ {YÂ» ÉY�]  µZ § d�Ë� cZ^Ì¯�e Ä] Ê]ZÌf�{ �Â�À»  ���YZ]
¶]Z«d�Y  Y�mY  . kÂ»�Ë� �ÁZ6À§  ®ËÉ    d�Y  Ä¿Y�ÁMÂ¿  kY�zf�Y  Á �Á�  Z]  µÔu  ¶»Z�  kY�zf�Y  ÊfÀ�  ÉZÅ  Ã{Z¨f�Y

»Ê {Â�[47], [48]  . Ä]¸¯�Â�Ê¾§ ,É�ÁMµÔu �Y Ê¼Ì�� �Ë{Z¬» Ä] kY�zf�Y ÊfÀ� ÉZÅ ¶¼� ½Z»�Z] ZÅ Ê¿ÓÂ� É�ÁM
·Zu�{  |¿�Y{  �ZÌ¿Ê Ä¯   ®¼¯ Ä]  kY�zf�YkÂ»�Ë�  ¶]Z«  �ËY�§Y  ,É�ÁM�§  ½Z»�  ½|� ÃZeÂ¯ ¶Ì·{  Ä] ,Ã{�Z]  �{ ÄmÂe

º¯ É��¿Y  ¥��»  �Y  Ã{Z¨f�Y  �ÅZ¯ Á  �eµÔud�Y ÄmÂe{�Â» ZÅ  .  ,¾ËY�]ZÀ]  ®¼¯ Ä]  kY�zf�YkÂ»�Ë�   ®Ë�Á�  
v»Z]�Z³�Z�Ì� � Ëd�    �{ kY�zf�Y |ÀËY�§  �Y d[41]. Z ËZ� �Y ¾Ìf°a kY�zf�Y®¼¯ Ä] Ê^¿Zm cÓÂ�v» Á ÊËY~£ c 

 kYÂ»YkÂ»�Ë� d�Y Ã{Â] ÊeZ¬Ì¬ve ÃÁ�³ ¾Ë|Àq Ä«Ô�{�Â» �Â�Â»  �Y É|Àq Ä] ¾ÌËZa �{ Ä¯ ½MZÅ Ã�Z�YÃ|�  .d�Y 
Ã|¼� µÂ�v» cZ^¯�»YÉ  Ä¯ d�Y  É�ZÌ�] �Ë{Z¬» ÉÁZu  » ¾Ìf°aÊ|�Z]. (Putnik et al., 2017) �{    ,cZ^¯�» ½ZÌ»  ÃÂÌ»

  Ä  ̄Â¸»ÂaÊ» d�  ̄ZÌ�M Ê«�� [ÂÀm �{ 0Ze|¼� {Â�  ¾Ì»ZfËÁ ,ZÅ|ÌWÂÀe�Z  ̄¶j» ¦¸fz» cZ^Ì¯�e �Y ½{Â] ÊÀ£ �] ÃÁÔ�E  ,
¾£Á� Á �^Ì§ ,¾ÌÀ´Ì· ,Ê·ÂÀ§ cZ^Ì¯�e  ,Ê�Z�Y ÉZÅÉÁZu  d�Y ½YÁY�§ ¾Ìf°a  .ÃÂÌ» �{ Ã|��¯} cZ^Ì¯�e �] ÃÁÔ�   ,Â¸»Âa  

·Âe Ê��§ cÓÂ�v»ÌÃ|�|  Ë� �Ë{Z¬» ÉÁZuÊ» �Ì¿ ¾Ìf°a Á ZÅ|ÌWÂÀa�e É{Z|À�Z][35] ÃÂÌ» d�Âa Ê·Â¸� Ã�YÂË{ �{ .
  Â¸¼a¾Ìf°a  � Ë {Z  ÉÊ» d§ZË Ä] �Â]�» �YÂy Êy�]  ÉY�Y{ Á {Â�f»Ô�Ê   Ä] d�Y½YÂÀ� t�� �ÅZ¯ ÊËZ¿YÂe  µZj»

µÁ�f�¸¯    .½Ây �ÅÁ�a  �{ÊÌf°a  kY�zf�Y  ,  dve  ¾  kYÂ»Y  kÂ»�Ë�  �{¹Â��»  kY�zf�Y  �ZÀ¯   ®¼¯  Ä]  kY�zf�Y)
  (Ê¿| » ÉZÅ|Ì�Y¹Zn¿Y lËZf¿ Ä�ËZ¬» ÉY�]d�Y Ã|�  .kY�zf�Y  kYÂ»Y dve ¾Ìf°a    kÂ»�Ë�  Á d§�³ c�Â�  kY�zf�Y Z]
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¾Ìf°a  ¹Â��» �Á� Z]  � Ä�ËZ¬»  Ä  ̄|Ã|ÅZ�» dË�» ¾Ì·ÁY¶]Z« ½|� ÃZeÂ¯ Ã|�¶¼� ½Z»� ÄmÂe Y Ä] ÉY�] É�ÁM kY�zf�

eÂaÌ¾  �Y Ã{Z¨f�Y Z]   kÂ»�Ë� kYÂ»Y  Ä�ËZ¬» �{.{Â] ¹Â��» �Á� Ä] kY�zf�Y Z]  kY�zf�Y    ®¼¯ Ä]kÂ»�Ë� 6   Ä¬Ì«{ Á
  ¹Â��» kY�zf�Y90  Ä¬Ì«{    µÂ� Ä]»Zn¿YÌ|  .  �ËY�� dve ,¾ËY �] ÃÁÔ�kY�zf�Y 520    ,cYÁpH   2 Á  6  Ä¬Ì«{  , Ã{�Z]

kY�zf�Y ¾Ìf°a�Y Ã{Z¨f�Y Z] Ã|�  kYÂ»YkÂ»�Ë�  29/%3   Ä] d^�¿�Á�  �f�Ì] ¹Â��» kY�zf�Y   |»M d�{ Ä][49].  
) ��e µZ¬e�aCitrus aurantium  (Ã{YÂ¿Zy �Y   x¸e º � Z] cZ^¯�»  �eZ¬» �{ ËÄ�  Z� Z] Ë�  »ÌÃÂZÅÉ  Y .d�Y cZ^¯�» Ë¾   «YÁÌd 

iPeÌ�  ¶]Z«ÆmÂeÊ  ~a �{ Ë��  ¥��»Y�]ZÀ] ,{�Y{ Ã|ÀÀ¯ Ë¾  µZ¤e�a    �{ �f¼¯ ��e�Y�Z]  » ¥��»Ê {Â�Y�]ZÀ] . Ë¾] ,Ì�f� 
Ä]Á�Y{ ¶¼°» ½YÂÀ�ÊË   ËZ   Y~£ÊË  Z¨f�YÃ{  »Ê {Â��ÁM�§ �Y �a ��e µZ¬e�a d�Âa .É  Ä¿Zy�Z¯ �{ZÅÉ  ·ÂeÌ|   [M»Ì ÃÂ  ,
Ä]  ½YÂÀ�  d§ZË�Z] ¶]Z« µÂ�v»Y Ë {Zn  »Ê {Â�    Ä¯»Ê |¿YÂe  Y�]É  ~¤e ËÄ  uÌZ¿YÂc  ÁZu Ä¯Zn¿M�Y Z»Y {Â� Ã{Z¨f�YÉ   {Z¬»Ë� 

¶]Z«ÆmÂeÊ  f°aÌ¾  d�Y¾Ìf°a kY�zf�Y ÉY�] .  Ã{Z¨f�Y{�Â»  Ê» �Y�«.{�Ì³   �u Ä ·Z�» �{ÌÀÊ  Å Á½Y�Z°¼   µZ¤e�a d�Âa
��e  Y�] É  f°a ½{�ÁM d�{ Ä]Ì¾    dve  kYÂ»YkÂ»�Ë�   kY�zf�Y ÉY�]    �Y�«d§�³ iPe  .Ì�    �Z¼Ìe¿Zi) ½Z»�ÌÄ  c�|« ,(

) kÂ»�Ë�W  Á (pH   Ä]¤f» ½YÂÀ�ÌZÅ�É  Ä] ¶¬f�»a �Â�À»Ì�] ÌÀÊ  f°a {�°¸¼� ¶°� Ä] x�Za Ì¾  )٪  (ÌÌ e¾  |�.  Y�� Ë�  Æ]ÌÄÀ  
Y�]É  kY�zf�Y  f°aÌ¾    �Y��e µZ¤e�a d�Âa  � s�� Ä] Ë�    kÂ»�Ë� c�|« :{Â]700    ,cYÁ180  ¿ZiÌÄ    Á ½Z»�{ ½Z»�pH 

5/1Àq .Ì¾  Y�� Ë�Ê  �nÀ»    Ä]1/29٪  Ìf°a¾  kY�zf�Y  �Y Ã|�d�Âa   M�§ ÃZeÂ¯ ½Z»� .|� Ë|À   kYÂ»Y ®¼¯ Ä] kY�zf�Y
¶]Z« {�°¸¼� Z] ÃY�¼Å kÂ»�Ë�ÆmÂeÊ  f°a �YÌ¾   �¿Zfa Ä¯ {Y{ ½Z�¿Ì¶    kYÂ»Y ®¼¯ Ä] kY�zf�Y Ä] kÂ»�Ë�  ½YÂÀ� Ë®ÃY� 

v» Z] �Z³�Z� ¶uÌ�� Ëd�  �{ {�Â»��e µZ¤e�a d�Âa d�Y ÓZ][9], [10] .  
 d�Âa ÃÂÌ»Ä] ÂWZ¯Z¯^¿Zm µÂ�v» ½YÂÀ�Ê  Ä¿Zy�Z¯ZÅÉ ·ÂeÌ| » {ÂmÁ Ä] cÔ°�ÊM Ë| {Z¬» . Ë�  � Ë {ZÉ  ÂWZ¯Z¯ d�Âa

·Âe �Y �aÌ|  ZÆ¿ µÂ�v»ÊË   «Z]Ê  »Ê|¿Z»  Ä¯   Ë®  � ¶°�»Ëd�v»Ì�Ê  ¶]Z«Y�]ZÀ] .d�Y ÄmÂe Ë¾f°a �Y|¬» Äq�³Y ,Ì ¾ 
Z¬» �{ ÂWZ¯Z¯ d�Âa �{ ËÄ�  d�Y �f¼¯ cZ^¯�» d�ÂaZ]  ¶°�»  ¶Ì·{  Ä] Z»Y ,� Ëd�v»Ì�  ÊÄmÂe{�Â»   ÉY�] ½Z¬¬v»

  .d�Y Äf§�³�Y�«  ¾Ìf°a  kY�zf�Y  ,ÃÁÔ ]d§ZË�Z]  ¸¯  �Y|¬»  �ÅZ¯  Z]  ,ÂWZ¯Z¯  d�ÂaÊ  ^¿Zm  cÓÂ�v»Ê  Âe·Ì Ã|�| 
Ê»  Ä]  |¿YÂev»Ì�� Ëd�  |À¯ ®¼¯  .Ê¬Ì¬ve �{    kY�zf�Y Ê¿| » ÉZÅ|Ì�Y ®¼¯ Ä]    �Y Ã{Z¨f�Y Z]  Á  kYÂ»YkÂ»�Ë� 

Ä]a ½YÂÀ�Ì�  .d§�³ c�Â� ÂWZ¯Z¯ d�Âa �Y �Z¼Ìe  ·Â»ÌZ  ) ½Y�Z°¼Å Á2008�fÆ] ( Ë ¾  Zf¿ Ë l    Z] Y�pH 5/2  c|» Á ½Z»�
  kY�zf�Y60   «{ÌÄ¬  Y �] ÃÁÔ� .{�ÁM d�{ Ä] Ë¾½M ,Àr¼Å ZÅÌ¾  Z»�M Ë�ZÅ  ÊË  �Y Ã{Z¨f�Y Z] Y�  kYÂ»Y Ä] kÂ»�Ë�  ½YÂÀ�

�Z¼Ìe �Ìa  uY��Ê  Zf¿ .|¿{Y{ ¹Zn¿Y  Á Ë l  ¶]Z« {Â^Æ] Ä¯ {Y{ ½Z�¿ÆmÂeÊ   f°a {�°¸¼� �{Ì) ¾6/3%  �Y Ã{Z¨f�Y �Y �a (
  kYÂ»YZ¬» �{ kÂ»�Ë� ËÄ�   Ä¿Â¼¿ Z]ZÅÉ  ¶^«  ÄmÂe Z]  .{�Y{ {ÂmÁ  ��¿Y  ¥��» Ä]É  ¸¯ �Y|¬» �ÅZ¯ Á �f¼¯Ê   d�Âa
ÂWZ¯Z¯a ,Ìd§�� f À� ��¿�Y Ê  {Â] {ÂÆ�» 0Ô»Z¯[50] . 

 
|À«�|À¤q  Ä·Z¨e    ½�Á  Z]  ¾Ìf°a  ¶»Z�  cZ^¯�»  d�Âa  �YÂ¿Y  Z]  Ä�ËZ¬»  �{  Ä¯  d�Y  ºÆ»  �ZÌ�]  Ê��§  µÂ�v» ®Ë  �Ì¿
¾ÌËZa Ê·Â°·Â»ÃÁ�³ Á �ed�Å ¶ÌWÂ·Á�§ ÉZÅ    ½M �Y ¶�Zu ¾Ìf°a Ä¯Ê» Ä] Ê¿|Ì�Â¿ d À� �{ |¿YÂe  dÌ^je �Â�À»

  [M �{ ¾£Á� ½ÂÌ�·Â»Y {�Ì³ �Y�« Ã{Z¨f�Y{�Â»  .�Y ¾Ìf°a �³Y ,¾ËY �] ÃÁÔ�   Ä·Z¨e|À«�|À¤q Ê» ,{Â� kY�zf�Y |¿YÂe
 Ä] É�Z�Á�Y{ d À� �{ d¿ÓÂ¯Â¸§ ,ZÅÁ�Y{ Ä �Âe �Â�À»[�Â�ÂÌ] Á ZÅ|�Z] |Ì¨» ZÅ .    �{  kYÂ»Y �Y Ê¬Ì¬ve kÂ»�Ë�   ÉY�]

�Y ¾Ìf°a kY�zf�Y   Ä·Z¨e|À«�|À¤q Ã{Z¨f�Y    Ä·Z¨e .|�|À«�|À¤q  |Ë{�³ ÄÌÆe Ä¿Zy�Z¯ ®Ë �Y   �� » �{ Á   kYÂ»YkÂ»�Ë� 

d§�³ �Y�«  .c�Z^� ¶¬f�» ÉZÅ�Ì¤f»�Y |¿Y:  c�|«    kYÂ»Y) kÂ»�Ë�150-250    ,(cYÁ) �Z¼Ìe ½Z»�2-4   «{ÌÄ¬(  Á  pH )1-
2(  �f»Â°�ËÁ ��Âe ¾Ìf°a {�°¸¼� |��{ ¾ÌÀr¼Å ,Ã�Y|¿Y³Ì�.|� É  Ä] lËZf¿d�{Z] Ä¯ {Y{ ½Z�¿ Ã|»M ¾Ìf°a ÄÀÌÆ] Ã{�

Y�� dve Ë� 152.63  kYÂ»Y c�|« cYÁkÂ»�Ë�,53/3  ½Z»� Ä¬Ì«{ ÁpH 57/1  »M d�{ Ä]| [32] .  
  

1634



  

مکانیکسیزدھمین مھندسی ملی کنگره
مکانیزاسیون و ایرانبیوسیستم

بیوسیستم  )١۴٠٠(مکانیک
  

 
 ºË�¿M ®¼¯ Ä] kY�zf�Y  

 ºË�¿M  kY�zf�Y |ÀËM�§ {Â^Æ] ÉY�] ZÅ  ªË�� �Y ÁÊ» �Y�« Ã{Z¨f�Y{�Â» ÃZÌ³ Ê·Â¸� Ã�YÂË{ �Ì·Á�|ÌÅ|¿�Ì³  .�À¯YÁ  ÉZÅ
Ê» ºÅ �Y Y� µÂ¸� Ê¼Ë�¿M  |À�ZaÁ    É�Ë~a}Â¨¿ �ËY�§Y h�Z]  �{ �f�Ì]µÂ¸�Ê» ZÅ {Â�  .ºË�¿M ®¼¯ Ä] kY�zf�Y   Ä]

�Y|¬» ,Z»{ ,ºË�¿M d�¸£ Á �Â¿ ,�À¯YÁ ½Z»� pH  {�Y{ Ê´f�] ÊÅZÌ³ {YÂ» cY�} Ã�Y|¿Y Á[8], [51]  .  µÁ|m4   ÉZËY�»
  ÊËY~£ {YÂ» �Y ¾Ìf°a kY�zf�Y ÉY�] Y� Ê¼Æ»  ÁÊ^¿Zm cÓÂ�v» Á cZ ËZ� ,ÊÅZÌ³  ºË�¿M ®¼¯ Ä]   Ê» ÄWY�Y|Å{  . ¾ËY

 Ê» �Á�]  Ä�ËZ¬» �{ Y� ¾Ìf°a kY�zf�Y Ã{�Z]  |¿YÂe  ÉZÅ|ÀËM�§ Z¹Â��»   Ê»  Á |Å{ �ËY�§Y ¾ÌËZa ÉZÅZ»{  �{ |¿YÂe
Ä]  |ÀËM�§ {�Ì³  �Y�«  Ã{Z¨f�Y{�Â»  É��¿Y  ¥��»  �ÅZ¯  �Â�À»  ºË�¿M  ®¼¯  Ä]  kY�zf�Y  .Ê»  ¾ÌÀr¼Å |¿YÂe 

Ä] ½Z»�¼Å�Â�  ¹Â��» kY�zf�Y Z]  Ê¿| » ÉZÅ|Ì�Y  ®¼¯ Ä]  Ã{Z¨f�Y{�Â»  .{�Ì³ �Y�«  µÂ� �{ Ã{Z¨f�Y{�Â» �ËY��  
  kY�zf�Y�¿M Ë¼Ê  Y� cY�ÌÆne Ê³{�Ây , {�Y{ Êa �{ Ê» Ã|ÅZ�» Ê¿Z»� \¸£Y Ä¯ ,  ¥Y|ÅY ÉY�] ÓZ] ÉZÅZ»{ Ä¯ {Â�

 Ê» Ã{Z¨f�Y  kY�zf�Y|¿Â�[8], [52]   .,¾ËY  �]  ÃÁÔ�  Ä] ¾Ìf°ad�{ ºË�¿M Ê³�ËÁ  Á  ÓZ]  Ã{�Z]  ¶Ì·{  Ä]  Ã|»M dÌ¨Ì¯ ZÅ
 {�Y{ É�f�Ì]  .YZ]Ë¾µZuÊ¸�Y cÓZ°�Y �Y Ê°Ë , Ê¼Ë�¿M kY�zf�Y ÄÀË�Å  ÓZ]  ºË�¿M|Àf�Å ½Y�³ 0Zf^�¿ Ä¯ ,d�Y ZÅ  . ÃÁÔ�
ºË�¿M ,¾ËY �]Ê¼¿ {ÂmÂ» ÉZÅ Ä] |À¿YÂeÃ�YÂË{ ¶»Z¯ �Â� ¾Ìf°a kY�zf�Y ¾ËY�]ZÀ] ,|ÀÀ¯ �Ì·Á�|ÌÅ Y� ÊÅZÌ³ µÂ¸� ÉY

  �YÂ�{d�Y[52]  . lËY� ºË�¿M  ¾Ë�eÊ¼Å  ,�ZXeÁ�a  ,�ÓÂ¸�  ,¾Ìf°a  kY�zf�Y  |ÀËM�§  µÂ�  �{  Ã{Z¨f�Y{�Â»  ÉZÅ ,�·Â¸�
¾Ì·Z°·Y|Àf�Å �Y�f�Y Êf°a Á �Z¿Á�Âf¯ÓZ³ Ê¸aÁ|¿Y ,�Y|Ë�Â¯Â¸³Zf] ,�ZÀË�eÂ¿ ,�ÔÌ»M ,�Z¿Á�Âf¯ÓZ³ Ê¸a ,�ÔÌ�¯ ,[18], 

[19], [53] . 
Ê¬Ì¬ve  �{  �Á�  Ä�ËZ¬»  ,�f�¯Zy  ,¾ÌXeÁ�a  ,Ã{�Z]  ��¿�Y  Ä¯  ÉÂÌ¯  ÃÂÌ»  Ä·Z¨e  �Y  ¾Ìf°a  kY�zf�Y  ¦¸fz»  ÉZÅ

Ê¸aÄf�Z�¿ �Ì£ ÉZÅ|Ë�Z¯Z�Ê·Â» ¹�m ,ÊjÀy |À« \Ì¯�e ,|Ì�Y ®Ì¿Á�Âf¯ÓZ³ ,ÉY  Á  �Ì] ÄfË�Â°�ËÁ Y� dË�» ¾Ë�e
  ¹Zn¿Y ,|Àf�Y{�.|  �Á��Y µÂ¸v» Z] |Ì�Y kY�zf�Y ¶»Z� kY�zf�Y ÉZÅÌ�|Ì�f Ë®  1Z] % pH 2/2   ÉZ»{ �{50   Äm�{

�ÂÌ�¸�    c|» Ä]60    ÉZ»{ �{ [M kY�zf�Y ,Ä¬Ì«{25    Äm�{�ÂÌ�¸�    c|» Ä]30    ÉZ»{ �{ Ê¼Ë�¿M kY�zf�Y Á Ä¬Ì«{
25    Äm�{�ÂÌ�¸�    c|» Ä]30    Ä¬Ì«{ºË�¿M .d§�³ ¹Zn¿YZÅ  µÂ¸� Ã�YÂË{Ì³ ÉZÅÊ» ÄË�ne Y� ÊÅZÀ¯À ½M Á |  Ä] Y� ZÅ

 Ê¿ÓÂ� �¯Â¸³ ÉZÅ�¼Ì¸a  Á  �ÂÌ]Â¸�  ,�¯Â¸³Ê»  ¶Ë|^e  �e  ¾ËY�]ZÀ]  ,|À¯�Á�  |Ì¨» É   ÃÂÌ»  �Y  ¾Ìf°a  kY�zf�Y  ÉY�]
d�Y ÉÂÌ¯  .  ÉY�] ÄÀÌÆ] �ËY��  kY�zf�YpH     Ã{Á|v» �{5/4-6    ÉZ»{ Á50-60    Äm�{�ÂÌ�¸�  d�Å  .]Ì�f� Ë¾   |��{
f°a {�°¸¼�Ì¾  �{¯ Ä·Z¨eÌÂ É �¿M kY�zf�Y Z] Ë¼Ê )5/4% d�{ Ä] (|»M[19].   

iPeÌ�  �Y Ã{Z¨f�Y Z] ¾Ìf°a Ê¼Ë�¿M kY�zf�Y�Z¼Ìe �Ìa  ºË�¿M  �ÓÂ¸� ÉY�] É�Zne  Ä� �Á{25 ,50  Á75  »ÌÁ�° ·Ì�f  �Å �{
  c|» Ä] \Ì� Ä·Z¨e ¹�³18    ÉZ»{ �{ d�Z�50    Äm�{�ÂÌ�¸�,pH 5/4    Z] Ä�ËZ¬» �{  |Ì�Y kY�zf�YÉ  �Y Z]Ì�Â¨·Â�| Ë ® 

  c|» Ä]3    ÉZ»{  �{ d�Z�85    Äm�{�ÂÌ�¸�  ¾ÌËZa  �{  Ê¼Ë�¿M  kY�zf�Y  Ä¯  {Y{ ½Z�¿  lËZf¿  .d§�³  c�Â� ¾Ë�e
)�Á{8/10% Z] Ä�ËZ¬» �{ (|Ì�Y kY�zf�Y)É2/8% ( Y�]É  kY�zf�Y {Â] �e|»M�Z¯ ¾Ìf°a[18]  

Àr¼Å�{ ¾Ì    É�´Ë{ ªÌ¬veÄÀÌÆ]¦¸fz» ºË�¿M �Â¿ Ä� �Y Ã{Z¨f�Y Z] \Ì� Ä·Z¨e �Y ¾Ìf°a kY�zf�Y É�Z�   �Z¿Â¯Y ,�ÓÂ¸�)
(¹�§Â°�ËÁ Á   ��Y�³ ��f�{ �{ É�Zned�Y Ã|�. ¦¸fz» �Ë{Z¬» pH 0/4  ,5/4  ,0/5    Á5 /5   {�Â» ÄÀÌÆ] Ã{�Z] ¾f§ZË ÉY�]

|Àf§�³ �Y�« �ËZ»�M  .Ä] ¾Ìf°a Ã{�Z] pH » ÄÌ·ÁY»Z¼e Á ,{�Y{ Ê´f�] �À¯YÁ �Â¸z  ÊºË�¿MÉZÅ  �{ Ã|� ½{Â»�M pH 

5/4  ¾Ë|Àq ,¾ËY �] ÃÁÔ� .|¿{Â] �e|»M�Z¯ Á Ë³�Ê  ÄÀÌÆ] ÉY�]¾Ìf°a kY�zf�Y É�Z�  Ã�Y|¿Y³Ì�¶»Z� Ä¯ |¿|� É Ä] ,
  �ËZ»�M {�Â» ºË�¿M  �Â¿ Á ÄÀÌÆ] kY�zf�Y ÉZ»{ ½{�ÁM d�{|¿{Â]  )50  Äm�{  �ÂÌ�¸�    ÉY�] Á �ÓÂ¸�  40   Äm�{

  �ÂÌ�¸�(¹�§Â°�ËÁ ÉY�]  .Ä]]Z�» �Â��ÓÂ¸� ÄÂ¯Y Á ¹�§Â°�ËÁ ,¿  dÌ·Z §  ¶Ì·{ Ä] ÃZÌ³ Ê·Â¸� Ã�YÂË{ ÄË�ne ÉY�] �Z
Ê» Ã{Z¨f�Y Ê°Ìf¿ÔËY� ZË ®ÌfÌ·Â·Â¸� ÉÓZ]f¿�{ ,|¿Â�ÌÄn  Ê» ¶ÌÆ�e Y� ¾Ìf°a kY�zf�Y|ÀÀ¯  . kY�zf�Y ,¾ËY �] ÃÁÔ�
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Z] Ê¼Ë�¿M  É|Ì�Y kY�zf�Y  |� Ä�ËZ¬» ºÅ.  Ä] kY�zf�Y Ã{�Z]d�{ºË�¿M �Y Ã{Z¨f�Y Z] Ã|»M    �ÓÂ¸�)95/18%   ¹�§Â°�ËÁ Á

86/17% (  �eÓZ] ) É|Ì�Y kY�zf�Y �Y52/14% ( {Â][36]  .  
 
f¿ÌÄn³Ì�É 

  {�]�Z¯cÂ�Y�§  Ê» {Â� Z»{  Á  kY�zf�Y  ½Z»�  �ÅZ¯ Z]  ¾Ìf°a  Ã{�Z]  �ËY�§Y  Ä]  �nÀ» |¿YÂe ½Á�§Y  .   \Ì¯�e  ,¾ËY �]
  Z] cÂ�Y�§Z»�³   Ê»  |¿YÂeÉ{�°ËÁ�  Z] Ä�ËZ¬» �{ ½M Ã{�Z] {Â^Æ] Á ¾Ìf°a kY�zf�Y ½Z»� �ÅZ¯ ÉY�]  �Á�   kY�zf�Y

¹Â��»  |�Z]. �Y�§ ¾ÌÀr¼ÅcÂ Ê»  �j¯Y|u Ä] Ze  |Å{  �ÅZ¯ Y� ¹Â��» kY�zf�Y �{ Ã{Z¨f�Y{�Â» ÄÀÌÆ]  ÉZ»{  |¿YÂe
 Ê» Á |]ZË d�{ ¾Ìf°a Ã{�Z]Z] Ä�ËZ¬» �{ Y� ¾Ìf°a �fÆ] �ZfyZ��Ë� Á ²¿� |¿YÂe   ¹Â��» kY�zf�Y �Á� |À¯ �¨u  .  ÃÁÔ�

 µÂ¸v» kY�zf�Y Z] Ä�ËZ¬» �{ ¾Ìf°a ÊÅ{�Z] �ËY�§Y �{ ºÅ Á kY�zf�Y ½Z»� �ÅZ¯ �{ ºÅ ,kÂ»�Ë� kY�zf�Y ,¾ËY �]
  É|Ì�Y  .{�Y{  É�fÆ]  {�°¸¼�  Ê¼Ë�¿M  kY�zf�Y  �Y  Ã{Z¨f�YÊ»  |¿YÂe  Ã{�Z]kY�zf�Y   Ä¿Â¼¿  Z]  Ä�ËZ¬»  �{ Y�  ¾Ìf°a ÉZÅ

|�z] {Â^Æ] (ºË�¿M ½Á|]) µ�fÀ¯  .  ¾ËYÃ|Ë|a  ºË�¿M ÊËZ¿YÂe Ä]Z¬·Y �{ ZÅÉ  f¿�{ Á �·Â¸� �Ì·Á�|ÌÅÌÄn   ¾Ìf°a É�Z�{Y�M
  �{ Ã{Zf§Y ¹Y{ Ä]Ã�Ìn¿�    �·Â¸�  .d�Y �^e�» ÄÀÌÆ] Ä] �ZÌ¿ ,Ä �Âe �Y Ä¸u�» ¾ËY �{�Z�{�Y|¿Zf�Y Á É�Z�É   É�ÁM�§ �ËY��

Y~£ cZ ËZ� ,��¿{�Â» ÊÅZÌ³ {YÂ» Z] ª]Z�» ºË�¿M Á kÂ»�Ë� ,cÂ�Y�§ kYÂ»Y ®¼¯ Ä]Ä] Ê^¿Zm cÓÂ�v» Á ÊË �Â�À»
 {�Y{ {ÂmÁ dÌ¨Ì¯ ¾Ë�eÓZ] Z] ¾Ìf°a Ã{�Z] �j¯Y|u kY�zf�Y¾¼� �{  .ÄÀÌÆ] ,  kY�zf�Y ÉZÅ�f»Y�Za É�Z�  ¶»Z�  ½Z»�

  ,Z»{ ,kY�zf�YpHkY�zf�Y Ã{Z» P�À» ,Ã|�   Á    Y�Ë� d�Y É�Á�� µÔu Ä]  Ã{Z» d^�¿Ê» ¶»YÂ� ¾ËY|À¿YÂe   Á �Y|¬»
kY�zf�Y ¾Ìf°a dÌ¨Ì¯ {Á|v»  Y�  Ã|�  Ä¯ |ÀÀ¯Ê°Ë�Ì§ cZÌ�Â�y- �ÌÌ¤e Y�  ½M Ê°Ë�Â·ÂÀ°e  Á  É{�°¸¼� ,ÊËZÌ¼Ì�

Ê» ¾ËY�]ZÀ] |Å{iPeÌ� ¶]Z«ÆmÂeÊ  ÉZÅ{�]�Z¯ �{ÃÂ¬·Z]   .d�Y{ |ÅYÂy ¾Ìf°a 
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Abstract 
Food and plant wastes can potentially be a source of valuable medicinal and nutritional compounds 
such as pectin. Pectin covers a wide range of applications in pharmaceutical and cosmetic products, 
as well as in the food industry, including gelling agent, stabilizer in beverages, bulking agent in bakery 
and confectionery. The commercial pectin available is mainly obtained from citrus or apple pulp 
waste or by-products of fruit juice production. New food waste and sources of by-products for pectin 
extraction are on the rise today. In addition, the use of innovative mining approaches is necessary and 
expanding due to the limitations of conventional processes. The present study focuses on 
conventional and innovative processing methods (ultrasound extraction, enzymatic extraction, 
microwave extraction) in order to prepare pectin from various food wastes and by-products. How 
pectin is extracted depends on temperature, pH, time, solvents and the ratio of solid to liquid. The use 
of modern extraction processes can be useful tools to increase the yield and quality of pectin and 
reduce extraction time, temperature, use of solvents and strong acidic conditions for pectin extraction. 
For example, the use of ultrasound can increase pectin efficiency by reducing extraction time and 
temperature. On the other hand, compared to conventional extraction methods, by reducing the 
optimum temperature, the maximum efficiency of pectin is maintained by maintaining the color and 
microstructure. Studies also show that the enzymatic extraction method improves the extraction 
efficiency of pectin similarly to control samples (without enzyme). 
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