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 Application of traditional methods for the separation and sorting of healthy products from defective is a 
tedious and laborious, which needs fast and low cost non-destructive diagnostic system to overcome this 
problem. The present study was conducted with the aim of determining the internal quality of the tuber 
agricultural product (potato, Banba variety) with nondestructive sound test during the storage duration of 44 
days with 78% moisture content. In order to determine the internal quality of the product during shelf  life 
storage, sound and pressure test (as a control) were used. The results showed that the acoustic test has the 
ability to determine the quality of potato during the storage period. Also the effect of two independent 
variables of storage time and sample mass was compared on the bio-yield force (pressure test) and the 
firmness index using acoustic test. The results of this research revealed that the storage duration and mass of 
samples were significant at 1% probability level on quality parameters. In this study, the correlation 
coefficient between the firmness index and bio-yield force and the modulus of elasticity was 66% and 63%, 
respectively. The overal results of this research revealed sound test is capable for diagnostic internal quality of 
potato during 44 days of storage. 

Keywords: 
Nondestructive 
Firmness index 
Potato 
Shelf life 
Sound test 

 

  

1- �»�Ä�»�|�¬ 

�½�Â�»�•�M���•�Y���Ã�{�Z�¨�f�‡�Y���É�Z�f�‡�Y�•���•�{���É�{�Z�Ë�•���c�Z� �·�Z�˜�»���€�Ì�y�Y���½�Z�Ì�·�Z�‡���•�{ ���É�Z�Å

���¹�Â�¸�Ÿ�� �Š�z�]�� �•�{�� �c�Ó�Â�•�v�»�� �d�Ì�¨�Ì�¯�� �Ž�Ì�z�Œ�e�� �É�Y�€�]�� �[�€�z�»�€�Ì�£

���É�•�•�Á�Z�Œ�¯�d�‡�Y���Ä�f�§�€�³���c�•�Â�•���Ê�Ë�Y�~�£���ž�Ë�Z�À�•���Á .���Ã�•�Á�€�»�Y���c�Ó�Â�•�v�»

�Ã�|�£ ���É�Y���|�À�¿�Z�»�‡�Ì�\ �»�•�Ì�À�Ê���,�|�À�«�•�|�À�¤�q ���Á... ���É�{�Z�Ë�•���d�Ì�¼�Å�Y�Ä�f�‹�Y�{ ���Á

�� �Ê� �Ì�‡�Á�� �t�˜�‡)�{�Á�|�u 90 �•�Z�f�°�Å�� �½�Â�Ì�¸�Ì�» (�� �Ê�“�Y�•�Y�� �•�Y�� �É�•�•�Á�Z�Œ�¯���Y�•

�Ê�»�€�]���•�{ �|�¿�€�Ì�³]1.[ �Z�‡�Z�À�‹�Ë���É�Y�€�]���c�Ó�Â�•�v�»�� �¾�Ë�Y���Ê�¿�Á�•�{���d�Ì�¨�Ì�¯���Ê

�¥�€�•�» �½�Z�³�|�À�À�¯ �d�‡�Y���d�Ì�¼�Å�Y���‚�W�Z�u���•�Z�Ì�ˆ�]���½�Z�³�|�À�‹�Á�€�§���Á .  
 

1 -1- �¼�Å�Y�d�Ì �Á�•���€�]���Ä� �·�Z�˜�»�µ�Â�•�v�»���É �‡�Ì�\ �»�•�Ì�À�Ê  

�‡�Ì�\ �»�•�Ì�À�Ê �¼�Æ�»���Š�z�]�Ê �£���•�Y�Y�~�Ê�Ë ���½�Z�Æ�m���€�‡�Y�€�‡���•�{���¹�{�€�»���Ã�€�»�•�Á�•

http://www.smeir.org
mailto:abonajmi@ut.ac.ir
mailto:abonajmi@ut.ac.ir


  

�‡�•�€�]�Ê �£�Ì�€�[�€�z�» �•�•�Á�Z�Œ�¯���c�Ó�Â�•�v�»�É �Ã�|�£ �Y�É �—�Ê �¿�Z�»�•�Z�^�¿�Y���Ã�•�Á�{�Ê ���Z�]�½�Â�»�•�M ���Ê�e�Â�•���É�Z�Å�•�Z�Œ�§���Á�É  �Ê�¼�Ë�€�¯���µ�Â�‡�• �½�Y�•�Z�°�¼�Å���Á  
  

53  ���,�½�Y�€�Ë�Y���|�Ì�·�Â�e���Á���d�y�Z�‡���Ê�‡�|�À�Æ�»���É�{1398���Ã�•�Á�{���,6 ���Ã�•�Z�¼�‹7  

 

�°�Œ�e���Y�•�¶�Ì ���Á���Ã�{�Y�{�Ã�€�Æ�] �•�Á�É ���Á�©�Z�^�˜�¿�Y �~�a�Ë�€�É �Y�€�]���Y�•���Y�~�£�É �ˆ�]�É�•�Z�Ì ���•�Y

�d�‡�Y�� �Ã�{�•�Á�M�� �½�Z�¤�»�•�Y�� �Ä�]�� �¹�{�€�»]2[ .���Ã�|�£�� �¶�°�‹�� �Á�� �Ã�•�Y�|�¿�Y�� �,�²�¿�•

�‡�Ì�\ �»�•�Ì�À�Ê ���•�Y� �»�•�Z�Ì�É�Z�Å �º�Æ�» �d�Æ�m���É�€�Å�Z�› �[�Z�z�f�¿�Y �É�Y�€�] �€�y�|�Ë 

�‡�Ì�\ �»�•�Ì�À�Ê ���–�‡�Â�e�¥�€�•�» �½�Z�³�|�À�À�¯ �»�Ê �|�À�‹�Z�]�, ���¾�Ì�À�r�¼�Å���Á���d�]�Â�—�•

�� �½�Y�‚�Ì�»�f�‡�Y�v�µ�Â�•�v�»�� �d�§�Z�]�� �¹�Z�° �Á�� �•�Y�Ê�³�„�Ë �É�Z�Å �¯�Ê�¨�Ì �� �Ê�¿�Á�•�{���º�Æ�»

�Y�€�]�É �|�À�ˆ�a�•�Y�•�Z�]�É �|�Ì�¨�»�� �€�¼�Ÿ�� �Á �‡�Ì�\ �»�•�Ì�À�Ê �»�Ê �|�‹�Z�]  .���Ã�|�£�� �•�{

�‡�Ì�\ �»�•�Ì�À�Ê ���{�Á�|�u75 ���|�•�•�{���•�Y�®�Œ�y���Ã�{�Z�»���¶�¯ ���c�Y�•�|�Ì�Å�Â�]�€�¯���Y�•

�� �¶�Ì�°�Œ�e�Ä�¯�� �Ã�{�Y�{ �� �Š�z�]�� �Ã�|�¼�Ÿ�Y�¾�Ë �Å�Â�]�€�¯�c�Y�•�|�Ì �Z�Å ���Ä�f�‡�Z�Œ�¿�� �•�Y

�°�Œ�e�Ì�¶  �Ã�|�‹ �d�‡�Y]3[ .  
 

1 -2 - �•�Z�Œ�§���½�Â�»�•�M�É  

�Y�€�]�É �»���Š�Å�Z�¯�Y�‚�Ì�½ �Ó�Â�•�v�»���d�§�Z�]���Ä�]���Ã�{�•�Y�Á���c�Z�»�|�•���Á���É�•�•�Á�Z�Œ�¯���c

�Ê�Ë�Y�~�£�¸�v�e���Á���Ä� �·�Z�˜�»���,�¶�Ì �•�Y�~�³�•�Z�]���d�v�e���Ã�{�Z�»���•�Z�f�§�•�É �»���¹�•�Ó�Ê �|�‹�Z�] .

�Ë�Z�n�]�Z�m�� �,�d�‹�Y�{�€�]�,�Ê �Ä�m�•�{ �|�À�]�É�, �¶�¼�u �¶�¬�¿�Á�Ä�f�ˆ�]�� �, �|�À�]�É ���Á

�•�Y�{�•�Z�^�¿�Y�É �•�Y �Ä�¸�¼�m �Z�Å�|�À�Ë�M�€�§�É �¿�Z�°�»�Ê�°�Ì �¯�� �€�]�� �€�i�R�»�d�Ì�¨�Ì �Ë�Z�Æ�¿�Ê 

�»���µ�Â�•�v�»�Ê �|�À�‹�Z�]. �¤�e�€�Ì�Ì �‹�Z�¿���¶�°�‹�Ê �•�Y�~�³�•�Z�]���•�Y�É �•�Z�Œ�§�É �]�Á�•���€�É 

���É�•�•�Á�Z�Œ�¯���c�Ó�Â�•�v�»�ƒ�Â�·�Â�W�•���º�¸�Ÿ���®�¼�¯���Ä�]���Y�•�É ���Á�…�Z�‡�Y���€�] ���•�Z�f�§�•

�Á�®�Ì�f�‡�Ó�Y�Â�°�ˆ�Ë �»�Ê �½�Y�Â�e �‡�•�€�]�Ê �{�Â�¼�¿ .�Z�Å�€�f�»�Y�•�Z�a�É �•�É�{�Z�Ë ���•�Y

�À�v�À�»�Ê �¿�Á�€�Ì – �€�Ì�Ì�¤�e �»�� �d�‡�{�� �Ä�]�� �¶�°�‹�Ê �|�Ë�M �Y�€�]�� �Ä�¯�É �‡�•�€�]�Ê 

�¯�Ê�¨�Ì �•�Â�•�y�c�Z�Ì �d�§�Z�] �•�•�Á�Z�Œ�¯�� �c�Ó�Â�•�v�»�É �Y�~�£�� �{�Y�Â�»�� �Á�Ê�Ë 

�¨�»�|�¿�|�Ì]4.[ �À�v�À�»�� �•�Y�Ê �¿�Á�€�Ì -�€�Ì�Ì�¤�e �»�� �¶�°�‹�Ê �½�Y�Â�e �]�Ì�Ä�À�Ì�Œ �¤�e�€�Ì�Ì 

�¸�ˆ�e�� �Ä�˜�¬�¿�� �,�¶�°�‹�º�Ì �]�,�Ê�°�Ë�ƒ�Â�·�Â�Ì �ˆ�³�� �Ä�˜�¬�¿�,�Ê�´�f�z�Ì �ƒ�€�¿�Y�É 

�ˆ�³�,�Ê�´�f�z�Ì �´�»�€�¤�q�Ê �€�“�� �Á�\�Ë �¿�Z�ˆ�Œ�¯�Ê �€�Å�Z�›�É ���d�‡�{�� �Ä�]�� �Y�•

�{�•�Á�M]5[ )�¶�°�‹ 1.(  
  

1 -3- �•�Á�€�»�É �€�] �ž�]�Z�À�»  

�•�� �µ�Â�•�v�»�� �d�]�Â�—�Ê�°�Ë �� �•�Y�º�Æ�» �€�e�Ë�¾ �Á�Ê�³�„�Ë �É�Z�Å ���c�Ó�Â�•�v�»

�]�®�Ë�ƒ�Â�·�Â�Ì �� �Ã�Á�Ô�Ÿ�� �Ä�¯�� �d�‡�Y�•�Y�Â�y�� �€�] �§�,�Ê�°�Ë�‚�Ì �¿�Z�°�»�� �•�Z�f�§�•�� �€�]�Ê�°�Ì 

�½�M �»�� �€�i�Y�� �Z�Å�Ê �{�•�Y�~�³ �»�� �Ä�¯�Ê �½�Y�Â�e �¸�]�Z�«�� �Ä�]�d�Ì ���c�Ó�Â�•�v�»�� �½�{�€�¯�� �•�Z�^�¿�Y

�{�Â�¼�¿�� �Ã�•�Z�‹�Y .�{�� �¶�»�Y�Â�Ÿ�É�€�´�Ë �»�� �,�º�«�•�� �¶�j�»�½�Y�‚�Ì �‡�•�,�Ê�³�|�Ì ���{�Z� �]�Y

�‡�|�À�Å�Ê �•�Y�~�³�•�Z�]���d�Æ�m���Á���µ�Â�•�v�»�É �¿�Z�°�»���•�Y�Â�y���€�]�Ê�°�Ì ���µ�Â�•�v�»

�|�¿�€�i�R�»]4.[  
  

 

Figure 1 Details of the diagram force – deformation 

���¶�°�‹1 ���•�Z�¬�¿�{�•�Â�» �¿�Ì�•�Z ���Á�€�Ì�¿���•�Y�{�Â�¼�¿���•�Y– �Ì�¤�e���¶�°�‹���€�Ì]7[ 

�¯�� �•�{�� �€�i�R�»�� �¶�»�Z�Ÿ�d�Ì�¨�Ì �‡�\�Ì �Ê�À�Ì�»�• �¿�Z�»�•�Z�^�¿�Y�Ê �»�Ê �]�|�‹�Z .

�•�Y�{�•�Z�^�¿�Y�É �‡�\�Ì �Ê�À�Ì�»�• �Y�€�]�É �»�P�e�¾�Ì �¯�Y�•�Â�y�� �¥�•�Z�•�»�Ê �f� �À�•�� �Á�Ê 

�•�Á�€�“�É �·�Á���d�‡�Y�Ê �—�Ê �•�Y�|�Æ�´�¿�É �Z�Å�|�À�Ë�M�€�§���,�•�Z�^�¿�Y�� �•�{�É �]�Ê�°�Ë�ƒ�Â�·�Â�Ì 

�¤�e�� �h�Ÿ�Z�]�� �d�]�Â�—�•�� �½�{�Y�{�� �d�‡�{�� �•�Y�� �Á�� �†�¨�À�e�� �|�À�¿�Z�»�€�Ì�Ì ���•�Y�Â�y�� �•�{

�°�Ë�ƒ�Â�·�Â�W�•�Ê �|�‹���|�Å�Y�Â�y���µ�Â�•�v�» .�Ã�|�£ �—���•�{���Z�Å�Ê �•�Y�|�Æ�´�¿���c�|�»�É �Z�e 

�|�u�É �|�‹�� �|�À�Å�Y�Â�y�� �½�•�Á�� �Š�Å�Z�¯�� �•�Z�q�{ .�]�� �•�{�¾�Ì �‡�� �¹�Z�«�•�Y�\�Ì �Ê�À�Ì�»�• 

���Z�Ë�€�³�M�¹�Á�Z�¬�» �€�e�Ë�¾ �Y�€�]���º�«�•�É �•�Y�|�Æ�´�¿�É �¿�Ó�Â�—�Ê  �c�|�» ���Á���d�‡�Y�Z�f�¿�Z�‡ ���Á

���Z�¿�Â�§�•�Z�»�•�Y �€�œ�¿ �•�Z�^�¿�Y�Ê�¿�Z�» �¿�Y�€�v�]�Ê �€�e�Ë�¾ � �“�Á�d�Ì �»���Y�•�Y�{���Y�•�Ê �|�À�‹�Z�]]6.[ 

�c�|�» �¿�Z�»�•�Z�^�¿�Y���Ã�•�Á�{�Ê �‡�Ì�\ �»�•�Ì�À�Ê �•���{�Á�|�u���Z�e�É�{�Z�Ë �Z�»�{���Ä�]�É ���¶�v�»

�|�Æ�´�¿�,�É�•�Y �¯�d�Ì�¨�Ì �•�Y�Á���Á���µ�Â�•�v�»�Ä�f�Ë �´�f�ˆ�]�Ê �{�•�Y�{]7.[   

�f�¨�‡�Ê1 �Ê�°�Ë �•�Â�•�y�� �•�Y�c�Z�Ì �¸�y�Y�{�Ê �»�Ã�Â�Ì �—�� �•�{�� �Ä�¯�� �d�‡�Y�Ê 

�•�Z�^�¿�Y�Ê�¿�Z�» �¤�e�€�Ì�Ì �»�Ê �|�À�¯]8�, 9[. �µ�Z�À�´�Ì�‡���¶�Ì�¸�v�e���Z�] �Ä�]���É�Z�Å �d�‡�{ ���Ã�|�»�M

�� �‰�Á�•�� �•�Y�£�Ì�€�[�€�z�» �Ê�»�� �®�Ì�f�‡�Â�¯�M �Ê�³�„�Ë�Á�� �½�Y�Â�e ���Ê�¨�Ì�¯�� �º�Æ�»�� �É�Z�Å

���µ�Á�|�»�� �,�Ê�f�¨�‡�� �,�É�{�€�e�� �|�À�¿�Z�»�� �Ê�Ë�Y�~�£�� �Á�� �É�•�•�Á�Z�Œ�¯�� �c�Ó�Â�•�v�»

�� �,�Ä�f�Ì�ˆ�Ì�f�‡�Ó�Y�·�Z� �§�d�Ì �{�� �Á�� �[�M�€�´�Ë �§�� �c�Z�•�z�Œ�»�Ê�°�Ë�‚�Ì ���Ê�]�Z�Ë�•�•�Y�� �Y�•

�{�Â�¼�¿. ���|�Ë�€�y���®�ˆ�Ë�•���‰�Á�•���¾�Ë�Y���•�Y���Ã�{�Z�¨�f�‡�Y���Z�]�]���c�Ó�Â�•�v�»�Ê �d�Ì�¨�Ì�¯ 

�Y�€�]�É �·�Â�e�½�Z�³�|�À�À�¯�|�Ì �Ä�]�� �½�Z�³�|�À�‹�Á�€�§�� �Á �¶�]�Z�«�� �•�Â�— �Æ�m�Â�e�Ê ���Š�Å�Z�¯

���Á���Ä�f�§�Z�Ë���|�»�M�•�{�·�Â�e�Ì�½�Z�³�|�À�À�¯�| �c�Ó�Â�•�v�» �Z�] �¯�d�Ì�¨�Ì �Y�‚�§�Y�Š�Ë ���|�Å�Y�Â�y

�d�§�Z�Ë]10[. �•�{���Ä�¯���|�‹���Ž�z�Œ�»���Ê�¬�Ì�¬�v�e���•�{ ���½�Y�•�•�Y���Á���½�{�Â�]���…�€�f�‡�{

�e�Â�•���‰�Á�•���½�{�Â�]�Ê �»�Ê �|�¿�Y�Â�e �Ê�°�Ë �Y�‚�»���•�Y�É�Z�Ë ���Á���Y�~�£���d� �À�•���•�{���Ã�|�¼�Ÿ

�Z�À�•�ž�Ë �Y�~�£�Ê�Ë �|�‹�Z�]. �«�{�� �Á�� �{�€�]�•�Z�¯�d �‰�Á�• �É�Z�Å �e�Â�•�Ê ���Z�]�� �Ã�Y�€�¼�Å

�Y�‚�§�Y�Š�Ë �Ã�{�Y�{���‰�•�Y�{�€�a���d�Ÿ�€�‡ �¼�•�e���Á���Z�Å�º�Ì �É�€�Ì�³ ���–�y�€�]�»�Ê �|�¿�Y�Â�e �•�{ 

�Ä�¿�Z�»�Z�‡���Ä� �‡�Â�e �É�Z�Å �•�•�Y�Ê�]�Z�Ë �¯�Ê�¨�Ì ���Ä� �‡�Â�e�|�‹�Z�]���€�i�R�»]11[.  

�Ä� �·�Z�˜�»���•�{ �Y�É ���Á�•���€�/�]���Ä�¯�É ����� �e���•�{���c�Â�/�•���{�€�]�•�Z�/�¯���¾�Ì�/�Ì �¯���d�/�Ì�¨�Ì 

�Y�~�£���c�Ó�Â�•�v�»�Ê�Ë �•�•�Á�Z�Œ�¯���Á�É ���d�/�§�€�³���c�•�Â�•�, ���|�/�À�¼�¿�Y�Â�e�É �����½�Â�/�»�•�M

�e�Â�•�Ê �z�Œ�e���•�{�Ž�Ì �¯���Á���d�§�Z�]�d�Ì�¨�Ì �¸�y�Y�{�Ê ���Ä�/�] �����c�•�Â�/�•�£�Ì�€���[�€�/�z�» 

�€�¯�} �Ã�|�‹ �d�‡�Y]11[. �Z�f�‡�Y�•���¾�Ì�¼�Å���•�{ ���Ä�/� �·�Z�˜�»���•�{ �Y�É���,���º�/�Å ���½�Z�/�»�• �����Z�/�]

�������e�Â�/�•���k�Y�Â�/�»�Y���•�Z�/�Œ�f�¿�Y���•�Y���,�}�Â�¨�¿���½�Â�»�•�M�Ê �����Ã�|�Å�Z�/�Œ�»���É�Y�€�/�] �¤�e���É���c�Y�€�/�Ì�Ì 

�¯�d�Ì�¨�Ì �‡���d�§�Z�]�\�Ì �|�‹���Ã�{�Z�¨�f�‡�Y. �•�{ �Y�¾�Ë �€�]���/�‡�•�Ê �������Ê�f�¨�/�‡���c�Y�€�/�Ì�Ì�¤�e

�—���•�{�Ê ���½�Z�»�•�•�Z�^�¿�Y�¿�Z�»���Ê�‡�\�Ì �Z�Å � �e�¾�Ì�Ì �|�‹ .�Y���•�{�¾�Ë ���/�‡�•�€�]�Ê �����¹�Â�/�¸� �»

�{�€�³�,�|�Ë ���e�Â�/�•���É�Z�Å�€�f�»�Y�•�Z�a�Ê ���Á�•�Y ���Ä�/�¸�¼�m �����e�Â�/�•���É�ƒ�€�/�¿�Y�Ê �������Ä�/�]���d�^�/�ˆ�¿

�¤�e�c�Y�€�Ì�Ì �§�Ì�‚�Ê�°�Ë�ƒ�Â�·�Â�Ë �‡�\�Ì �Z�Å ���•�{�Ê�— ���½�Z�»�•�•�Z�^�¿�Y�¿�Z�»���Ê�����Ä�/�]���d�^�ˆ�¿���,

�¿�Z�°�»���É�Z�Å�€�f�»�Y�•�Z�a�Ê�°�Ì � �e�¾�Ì�Ì �¯�d�Ì�¨�Ì �‡�,�\�Ì ���…�Z�/�ˆ�u ���|�/�¿�€�e]12[. ���•�{

�¬�v�e�Ì�ª �{�É�€�´�Ë �‰�Á�•���•�Y �Ä�]�€�“ �e�Â�•���É�Ê � �e���É�Y�€�]�¾�Ì�Ì �‡�•�Ê�³�|�Ì ���Ã�Â�Ì�»

�‡�\�Ì  ���º�«�•�·�{���½�|�¸�³�†�Œ�Ì �—���•�{�Ê �—���•�{���Á���|�‹�•���¶�•�§�Ê �����Ã�Z�/�»���d�Œ�Å

�•�Z�^�¿�Y�Ê�¿�Z�» �f�‡�Y���Ä�¿�Z�y�{�€�‡���•�{�Ã�{�Z�¨ �|�‹ .�Z�f�¿�l�Ë �����ª�/�Ì�¬�v�e�����Š�Å�Z�/�¯���µ�Á�|�/�» 

�f�‡�Ó�Y�Ä�f�Ì�ˆ�Ì �f�¨�‡���Á�Ê �•���•�{���Y�Ê�— �•�Z�^�¿�Y���c�|�»���Ê�¿�Z�»���½�Z�Œ�¿�{�Y�{]13.[  

�É�Á�Z�f�^�·�Y �f�‡�Â�¯�M���Ä�]�€�“���‰�Á�•���•�Y�®�Ì �Y�€�]�É �z�Œ�e�Ž�Ì ���Ã�€�/�¨�u ���Ê�/�¿�Á�•�{ 
                                                             
1 Stiffness 



  

�‡�•�€�]�Ê �£�Ì�€�z�»�[�€ �•�•�Á�Z�Œ�¯���c�Ó�Â�•�v�»�É �Ã�|�£ �Y�É �—�Ê �¿�Z�»�•�Z�^�¿�Y���Ã�•�Á�{�Ê ���Z�]�½�Â�»�•�M ���Ê�e�Â�•���É�Z�Å�•�Z�Œ�§���Á�É  �Ê�¼�Ë�€�¯���µ�Â�‡�• �½�Y�•�Z�°�¼�Å���Á  
  

���,�½�Y�€�Ë�Y���|�Ì�·�Â�e���Á���d�y�Z�‡���Ê�‡�|�À�Æ�»���É�{1398���Ã�•�Á�{���,6 ���Ã�•�Z�¼�‹7  54  

 

�‡���Ã�|�£�\�Ì �»�•�Ê�À�Ì ���{�Â�/�¼�¿���Ã�{�Z�¨�f�‡�Y .���•�Y���Á�Y���®�/�Ë �‡���º�f�/�ˆ�Ì ���\�/�e�€�» ���É�•�Z�/�‡ 

�f�‡�Â�¯�M�®�Ì �Y�€�]�É �z�Œ�e�Ž�Ì �·�Z�y�Â�e���\�¸�«�Ê �Ã�|�£���•�{ �Ê�À�Ì�»�•���\�Ì�‡ )�º�«�• 

Spunta( �{�Â�¼�¿���Ã�{�Z�¨�f�‡�Y .�©�Â�§���Ä�¿�Z�»�Z�‡ ���¶�»�Z�‹�,�½�Â�§�Á�€�°�Ì�» �d�z�‡ ���•�Y�‚�§�Y

�‡���‰�•�Y�{�€�a�µ�Z�À�´�Ì �{�µ�Z�f�Ì�n�Ë �Æ�n�e���Á�c�Y�‚�Ì �¶�¼�u �{�Â�]���{�Y�Â�» .�Y�¾�Ë ���Ä� �·�Z�˜�»

�z�Œ�e���½�Z�°�»�Y���Ä�¯���{�Y�{���½�Z�Œ�¿�Ž�Ì �Ã�|�£ ���Ê�À�Ì�»�•���\�Ì�‡���[�Â�Ì� �»���Z�/�] �����Ã�€�/�¨�u

�¿�Á�•�{�Ê �Ã�|�£���•�Y �Z�Å�É �º�·�Z�‡ �{�Â�m�Á �{���Ê�e�Â�•���x�‡�Z�a���¶�Ì�¸�v�e���Á���Ä�f�‹�Y� �»���•�Z�/�Ì 

���•�{���Ê�¼�Æ�»�z�Œ�e�Ž�Ì �Ã�|�£ �Z�Å�É �·�Z�y�Â�e�Ê �Ê�»�|�‹�Z�]]14[.  

�¶�³�|�¼�v�»�É �¿�Z�°�»���•�Y�Â�y���Ä� �·�Z�˜�»���Ä�]�Ê�°�Ì ���d�§�Z�]�‡�Ì�\ �»�•�Ì�À�Ê ���•�{

�Ê�— �y�}�Ì�Ã�€ �•�Z�‡�É �{�Â�¼�¿���¹�Y�|�«�Y. �Z�f�¿�,�Ä�¯���{�Y�{���½�Z�Œ�¿���Ê�‡�•�€�]���¾�Ë�Y���l�Ë ���€�i�Y

���½�Z�»�•�y�}�Ì�Ã�€ �•�Z�‡�É ���Á���º�«�•���Á�¶�]�Z�¬�f�»���€�i�Y ���½�Z�»�• ×�Z�Å�€�f�»�Y�•�Z�a���€�]���º�«�•�É 

�¿�Z�°�»�Ê�°�Ì �•�Y �Ä�¸�¼�m�, �´�f�ˆ�°�‹�� �Š�À�e�� �€�j�¯�Y�|�u�Ê�, �f�¨�‡�Ê �ƒ�€�¿�Y�� �Á�É 

�ˆ�³�Ê�´�f�z�Ì �•�Y �€�œ�¿ �•�Z�»�M�É ���t�˜�‡���•�{1�� �À� �»�Ê �•�Y�{ �Ê�»�|�‹�Z�]]15 .[���•�{

�¬�v�e�Ê�¬�Ì �§�� �•�Y�Â�y�Ê�°�Ë�‚�Ì �¿�Z�°�»�� �Á�Ê�°�Ì �Ã�|�£ �Z�Å�É �‡�Ì�\ �»�•�Ì�À�Ê ���•�{

�¾�Ì�u �y�}�Ì�Ã�€ �•�Z�‡�É ���Ä�¿�Z�y�{�€�‡���•�{�|�‹���Ä� �·�Z�˜�» .�Z�»�•�M�Ë�Š �Z�Å ���É�Á�•���€�]���Á�{

���º�«�•)Solanum tuberosum L. CVS�� �,Vivaldi ���ÁPrimura (�—�Ê 

�|�‹���¹�Z�n�¿�Y���d�‹�Y�{�€�]���µ�Z�‡���Á�{ .�Ã�|�£ ���Z�Å���Ä�]�c�|�» 240 �Y�€�‹���•�{���•�Á�•�–�Ë 

�•�Y�|�Æ�´�¿�É �µ�€�f�À�¯ �Ã�|�‹ )�Z�»�{�É 5/4 �� �Ä�m�•�{�…�Â�Ì�ˆ�¸�‡ �Á ���d�]�Â�—�•

80�� (�É�•�Y�|�Æ�´�¿ �|�¿�|�‹ .�•�M�½�Â�»  �Ã�{�€�Œ�§ �•�Z�‡�É �Ä�^�‹ �e�Z�f�‡�Y�Ê�°�Ì ���€�]

�Á�•�É �Ã�|�£ �Y�€�]���Z�Å�É � �e�¾�Ì�Ì �¿�Z�°�»���•�Y�Â�y�Ê�°�Ì �Ä�¿�Â�¼�¿���Á���d�ˆ�°�‹���•�{ �Z�Å�É 

�Ä�¿�Y�Â�f�‡�Y �Y�É �Y�€�]�É �•�Y�•�Ê�]�Z�Ë �� �µ�Á�|�»�²�¿�Z�Ë ���|�‹�� �¹�Z�n�¿�Y�� �½�Â�‡�Y�Â�a�� �d�^�ˆ�¿�� �Á

�d�‡�Y .�� �º�«�•�� �Á�{�{�•�Â�» �Ä� �·�Z�˜�» �Y�� �•�{�¾�Ë �¬�v�e�ª�Ì �¿�Z�°�»�� �•�Y�Â�y�Ê�°�Ì 

�¨�¸�f�z�»�Ê �Ã�{�Y�{�� �Ä�W�Y�•�Y�� �Y�• �Y�€�]�� �Z�»�Y�� �,�|�¿�Y�É �� �µ�Á�|�»�� �,�º�«�•�� �Á�{�� �€�Å�²�¿�Z�Ë ���Z�]

�Y�‚�§�Y�Š�Ë �Z�Å�•�Á�•�� �{�Y�|� �e�É �y�}�Ì�Ã�€ �•�Z�‡�É �Š�Å�Z�¯  �Ë�Ä�f�§�Z �d�‡�Y]16 .[���•�{

�•�Z�^�¿�Y���c�|�»���Ê�¿�Z�»�, �·�{���Ä�]�¶�Ì �z�^�e�€�Ì �‡�Â�a���~�§�Z�À�»���ª�Ë�€�—���•�Y���d�]�Â�—�•���•�{���d

�‡�Ì�\ �»�•�Ì�À�Ê �Y�Â�f�v�»���d�§�Y�É �»���w�•���d�]�Â�—�•�Ê �|�Å�{ .���d�]�Â�—�•���µ�{�Z�^�e���¾�Ë�Y

�¤�e���{�Z�n�Ë�Y���h�Ÿ�Z�]�€�Ì�Ì ���•�Z�Œ�§���•�{���¾�Ì�]���µ�Â�¸�‡�‡�Ì�\ �»�•�Ì�À�Ê �»�Ê �{�Â�‹ ���Ä�¯���•�{

���¶�°�‹2 �Y�¾�Ë ���½�Z�Œ�¿���¶�»�Y�Â�Ÿ�Ã�{�Y�{  �Ã�|�‹ �|�¿�Y] 17[.  
  

 

Figure 2. Moisture exchange between potato tubers and surrounding air 
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�½�Â�»�•�M �É�Z�Å �Ê�e�Â�• �� �•�Z�Œ�§�� �Á�®�e �Ã�•�Â�v�» �Á�•�� �€�]�É 90 �Ã�|�£ �‡�\�Ì 

�»�•�Ê�À�Ì  �•�Y�Á�Ä�f�Ë �Z�^�¿�Z�] �Y�€�‹���•�{�–�Ë �¾�Ì�]���Ê�Ë�Z�»�{ 4 ���Z�e8 ���Ä�m�•�{�…�Â�Ì�ˆ�¸�‡ 

�–�‡�Â�f�»�� �Á �� �d�]�Â�—�•78 %�� �•�{�µ�Z�r�z�Ë�� �É�•�Y�|�Æ�´�¿�� �–�Ë�Y�€�‹ ���¹�Z�n�¿�Y

�d�§�€�Ë�~�a .�Ä�¿�Â�¼�¿ �\�Ì�‡�� �É�Z�Å�•�•�{�� �Ê�À�Ì�» �� �t�˜�‡�� �Ä�‡�� �¹�€�m)100m<���,

170<m<100 ���Á250<m<170 �¹�€�³���|�u�Y�Á���•�{ (�Ä�f�‡�{ �|�À�]�É �|�‹���Ã

�Á ���Ä�¸�•�Z�§���Ä�]���Á���d�]�Â�¿���Ä�‡���•�{���½�Â�»�•�M22 ���•�Á�•���¹�Z�n�¿�Y�d�§�€�³. �Ä�¿�Â�¼�¿ ���Z�Å

24 �½�Â�»�•�M�� �¹�Z�n�¿�Y�� �•�Y�� �¶�^�«�� �d�Ÿ�Z�‡ �É�Z�Å �Ê�e�Â�• �•�Z�Œ�§�� �Á�É �� �•�Y�µ�Z�r�z�Ë 

�� �k�•�Z�y�|�‹�Ã �Y�€�]�� �Á�É �‡�•�� �µ�{�Z� �e�� �Ä�]�½�|�Ì �Z�»�{�� �Z�]�É �v�»�–�Ì ���•�{�� �½�Â�»�•�M

�Z�»�{�É �v�»�–�Ì �³�� �•�Y�€�«�|�À�f�§�€ .�Ä�] �•�Â�œ�À�» �·�Z�¿�M�Ì�‚ �Ã�{�Y�{ �� �•�Y�� �Z�Å�½�Â�»�•�M 

�¶�Ë�•�Â�f�¯�Z�§ �s�€�—���\�·�Z�«���•�{ �0�Ô�»�Z�¯ ���Z�]���Ê�§�{�Z�•�e�Ã�{�Z�¨�f�‡�Y ���•�Y�¹�€�¿ �•�Y�‚�§�Y SAS 

���Ä�z�ˆ�¿9.3 �|�Ë�{�€�³���Ã�{�Z�¨�f�‡�Y.  

  

2-1 - ���½�Â�»�•�M�Ê�e�Â�•  

�Y�€�]�É �‡�� �½�{�•�Á�M�� �d�‡�{�� �Ä�]�µ�Z�À�´�Ì �Y�|�•�É �¶�]�Z�« �‰�•�Y�{�€�a ���•�Y�� �¹�Y�|�¯�€�Å�� �•�Y

�‡�Ì�\ �»�•�Ì�À�Ê �É�Z�Å �Z�»�•�M�� �{�•�Â�»�Š�Ë�, �Ä�¿�Z�»�Z�‡ �É �� �•�Y�� �¶�°�Œ�f�»���€�e�Â�Ì�b�»�Z�¯

�f�‡�{�Ê�� �Ã�Z�´�f�‡�{�� �,�l�À�‡�Y�|�• �� �µ�|�»HT 157 �� �Z�]�…�Ô�¯ �d�«�{ �®�Ë 

�Y�� �•�Â�Œ�¯�� �d�y�Z�‡�,�Z�Ì�·�Z�f�Ë �¹�€�¿ �•�Y�‚�§�Y �µ�Â�¯�{�Y�d�Ë2 �Y�€�]�É ���‰�•�Y�{�€�a�� �Á�� �–�^�“

�·�Á�Y�Ä�Ì �Á�•�� �€�]�É �‡�µ�Z�À�´�Ì �Z�Å �� �Á�¹�€�¿ �•�Y�‚�§�Y �� �Ä�z�ˆ�¿�� �\�¸�f�»b2017 ���d�Æ�m

�‰�•�Y�{�€�a �Z�Æ�¿�Ê�Ë �‡�µ�Z�À�´�Ì �É�Z�Å �{�€�³���Ã�{�Z�¨�f�‡�Y���Y�|�•�|�Ë. ���É�Y�€�m�Y���•�Â�œ�À�»���Ä�]

�[�€�z�»�€�Ì�£���½�Â�»�•�M���–�Ë�Y�€�‹���{�Z�n�Ë�Y���Á���½�Â�»�•�M �,�½�Z�ˆ�°�Ë �¼�¿�Ä�¿�Â �Z�Å �•�Y ���•�Z�¨�e�•�Y

40 �‡�Ê�f�¿�Z �� �É�€�f�»�� �É�Á�•�� �€�]�� �{�Ó�Â�§�� �†�À�m�� �•�Y�� �{�•�Â�y�€�]�� �t�˜�‡���Z�Å�•

�|�¿�|�Ë�{�€�³ .���l�À�‡�Y�|�•���–�‡�Â�e���t�˜�‡���Z�]���Ä�¿�Â�¼�¿���{�•�Â�y�€�]���•�Y���¶�•�Z�u���É�Y�|�•

�Ã�•�Y�|�¿�Y �|�‹���É�€�Ì�³. ���Ä�m�Â�e���Z�]���Ê�‡�•�€�]���¾�Ë�Y���•�{���Ã�|�‹���€�¯�}���Ê�e�Â�•���½�Â�»�•�M

���{�Á�|�u�� �•�{�� �Ã�|�£�� �€�Å�� �Ê�e�Â�•�� �‰�•�Y�{�€�a�� �Á�� �Ž�Ì�z�Œ�e�� �Ã�Z�e�Â�¯�� �c�|�»�� �Ä�]

���•�Y���É�€�ˆ�¯���Ä�Ì�¿�Z�i)�Z�] �{�€�a���c�•�|�«���Ä�]���Ä�m�Â�e���É�€�e�Â�Ì�b�»�Z�¯���º�f�ˆ�Ì�‡���€�´�‹�•�Y

�Ê�e�Â�•���Ä�¿�Z�»�Z�‡���•�{���Ã�{�Z�¨�f�‡�Y���{�•�Â�» (�d�Ë�‚�»���¾�Ë�Y���Ä�¯���|�Ì�Œ�¯���|�Å�Y�Â�y���µ�Â�— 

�Ã�|�¼�Ÿ �Ê�•�Ì�z�Œ�e�� �‰�Á�•�� �¾�Ë�Y�� �•�Y�� �Ã�{�Z�¨�f�‡�Y�� �É�Y�€�] ���€�Ë�Z�‡�� �Z�]�� �Ä�ˆ�Ë�Z�¬�»�� �•�{

�‰�Á�•�Ê�»���µ�Â�•�v�»���Ê�¨�Ì�¯���®�Ì�°�¨�e���Á���É�|�À�]���Ä�m�•�{���É�Z�Å�|�‹�Z�].  
  

2-2- �‡���‰�•�Y�{�€�a�µ�Z�À�´�Ì  

�d�Ÿ�€�‡ �Ä�¿�Â�¼�¿ �•�Y�{�€�]�É3 �Y�€�]�É �‡���–�^�“�µ�Z�À�´�Ì �É�Z�Å ���Y�|�•48 �¯�‚�e�€�Å�Â�¸�Ì 

                                                             
1 Punch test 
2 Cool Edit pro 2.0 
3 Sampling rate 



  

�‡�•�€�]�Ê �£�Ì�€�[�€�z�» �•�•�Á�Z�Œ�¯���c�Ó�Â�•�v�»�É �Ã�|�£ �Y�É �—�Ê �¿�Z�»�•�Z�^�¿�Y���Ã�•�Á�{�Ê ���Z�]�½�Â�»�•�M ���Ê�e�Â�•���É�Z�Å�•�Z�Œ�§���Á�É  �Ê�¼�Ë�€�¯���µ�Â�‡�• �½�Y�•�Z�°�¼�Å���Á  
  

55  ���,�½�Y�€�Ë�Y���|�Ì�·�Â�e���Á���d�y�Z�‡���Ê�‡�|�À�Æ�»���É�{1398���Ã�•�Á�{���,6 ���Ã�•�Z�¼�‹7  

 

�]���Á�·�Á�•�•���Z�¾�Œ�Ì 16 �]�d�Ì ���Ä�f�§�€�³���€�œ�¿���•�{�|�‹ .���Y�|�f�]�Y�µ�Z�À�´�Ì�‡ ���Y�|�•���É�Z�Å

�¹�€�¿�� �–�‡�Â�e �µ�Â�¯�� �•�Y�‚�§�Y�� �d�»�€�§�� �Z�]�� �d�Ë�{�Ywav �� �Ä�œ�§�Z�u�� �•�{�€�e�Â�Ì�b�»�Z�¯ 

�y�}�Ì�Ã�€ �•�Z�‡�É �†�b�‡�, �¹�Y�|�¯�€�Å�� �•�Y �‡�� �•�Y�µ�Z�À�´�Ì �Z�Å�É �–�^�“ �Ã�|�‹ ���•�{

�Ã�•�Â�u �Ê�¿�Z�»�•���µ�Â�—���Ä�]���Ê�·�Z�À�´�Ì�‡���,�½�Z�»�• 150 �»�Ì�¸�Ê �¿�Z�i�Ì�Ä �|�‹���[�Z�z�f�¿�Y�Ã 

�•�{ �•�Â�¼�n�» 7200 �Ã�{�Y�{�� �Ä�˜�¬�¿ �‰�•�Y�{�€�a�� �d�Æ�m �� �Ä�]�|�»�M�� �d�‡�{. 

�µ�Z�À�´�Ì�‡ ���Z�Å�•�{ �¹�€�¿ �¿�Y�Â�y�Y�€�§���\�¸�f�»���•�Y�‚�§�Y�Ê �‹�|�|�¿ ���|�¯���•�Y�� �Ã�{�Z�¨�f�‡�Y���Z�]���Á

�Ä�f�‹�Â�¿ �Ã�|�‹ ���•�{�¹�€�¿���•�Y�‚�§�Y���\�¸�f�»�–�‡�Â�e �|�^�e�¶�Ë �€�‡�ž�Ë �•�Â�§�Ä�Ë )FFT (���•�Y

�½�Z�»�•���Ã�•�Â�u1 �†�¿�Z�¯�€�§���Ã�•�Â�u���Ä�]2 ���Ã�{�Y�{���µ�Z�¬�f�¿�Y �‹���|�¿�|)�¶�°�‹ 3.(  

�� �¶�°�‹�� �•�{3 ���Ê�À�Ì�»�•�� �\�Ì�‡�� �Ä�¿�Â�¼�¿�� �®�Ë�� �Ê�e�Â�•�� �µ�Z�À�´�Ì�‡�� �¦�·�Y�� �d�¼�ˆ�«

���Ä�f�‡�{���•�{170���Z�e250 �Z�]���¹�€�³ ���¹�€�m230 ���½�Z�Œ�¿���½�Z�»�•���Ã�•�Â�u���•�{���¹�€�³

�d�‡�Y�� �Ã�|�‹�� �Ã�{�Y�{ .�|�Å�Z�Œ�»�� �¶�]�Z�«�� �¶�°�‹�� �•�Y�� �Ä�¯�� �Ä�¿�Â�³�� �½�Z�¼�Å�Ã ���d�‡�Y

�Ê�¼�¿���k�Y�€�z�f�‡�Y���¶�]�Z�«���½�M���•�Y���Ê�¿�Y�|�À�q���c�Z�Ÿ�Ô�—�Y�|�‹�Z�].  
  

�¦�·�Y )a( 

�[ )b(  
Figure 3 A sample of sound signal of potato impact with mass of 230 
g, a: time domain, b: frequency domain 

�‹�¶�° 3 �Ä�¿�Â�¼�¿ �•�Y�� �É�Y �µ�Z�À�´�Ì�‡ �\�Ì�‡�� �{�•�Â�y�€�]�� �É�Y�|�• �Ê�À�Ì�»�• �� �¹�€�m�� �Z�]230 �¹�€�³:  

�¦�·�Y( �•�Â�u���½�Z�»�•���Ã���Á�[( �†�¿�Z�¯�€�§���Ã�•�Â�u 
  

�\�Ì�‡�� �Ä�¿�Â�¼�¿�� �½�Z�¼�Å�� �É�Y�€�]�� �¶�°�‹�� �¾�Ë�Y�� �[�� �d�¼�ˆ�«�� �•�{�� �Z�»�Y���Ê�À�Ì�»�•

�†�¿�Z�¯�€�§�� �•�{�� �Ê�e�Â�•�� �Ä�À�»�Y�{�� �c�Y�€�Ì�Ì�¤�e ���Ã�|�Å�Z�Œ�»�� �¶�]�Z�«�� �Ž�z�Œ�»�� �É�Z�Å

�Ê�»���{�Z�n�Ë�Y���Y�•���½�Z�°�»�Y���¾�Ë�Y���†�¿�Z�¯�€�§���Ã�•�Â�u���Ê�³�„�Ë�Á���¾�Ë�Y���Ä�¯���d�‡�Y ���Z�e���|�À�¯

                                                             
1 Time Domain 
2 Frequency domain 

���•�Y�{�Â�¼�¿���Ã�{�Z�¨�f�‡�Y���d�Ì�¨�Ì�¯���Ê�•�Ì�z�Œ�e���•�Z�¯���É�Y�€�]���Ã�•�Â�u���¾�Ë�Y  .  

���Ä�¯���d�‡�Y���µ�Â�•�v�»���®�Ë���Ê�f�¨�‡���½�Y�‚�Ì�»���•�Y���É�•�Z�Ì� �»���Ê�f�¨�‡���Ž�y�Z�‹

�d�‡�Y���Ä�¿�Â�¼�¿���¹�€�m���Á���µ�Â�•�v�»���\�·�Z�£���†�¿�Z�¯�€�§���Z�]���º�Ì�¬�f�ˆ�»���•�Z�^�e�•�Y���•�{ .

�Ä�¿�Â�¼�¿�� �Ê�f�¨�‡�� �Ž�y�Z�‹ �Z�Å�É �� �Ä�˜�]�Y�•�� �•�Y�� �Ã�{�Z�¨�f�‡�Y�� �Z�]�� �½�Â�»�•�M�� �{�•�Â�»)1( 

�|�Ë�{�€�³���Ä�^�‡�Z�v�» ]18[:  

)1(  �(�+= �B�6× �I �6/ �7 

�{�Ä�˜�]�Y�•���• )1(�, FI ���,�Ê�f�¨�‡���Ž�y�Z�‹�B ���\�·�Z�£���†�¿�Z�¯�€�§)�‚�e�€�Å(  ���Á

m �Ä�¿�Â�¼�¿���¹�€�m ���Z�Å)�¹�€�³�Â�¸�Ì�¯( �Ê�»�|�‹�Z�].  
  

2-3 - �•�Z�Œ�§���½�Â�»�•�M�É  

�Y�€�]�É �•�Z�Œ�§�� �½�Â�»�•�M�� �¹�Z�n�¿�Y�É �� �Ã�Z�´�f�‡�{�� �•�Y�½�Â�»�•�M �� �•�Z�Œ�§�®�e �•�Â�v�»�É 

�Ä�f�y�Z�‡ �Ã�|�‹ �� �½�Y�•�Z�°�¼�Å�� �Á�� �Ê�^�Ë�Z�£�� �–�‡�Â�e]19[ )�Z�»�•�M�Ã�Z�´�Œ�Ë ���{�Y�Â�»

�]�Ê�°�Ë�ƒ�Â�·�Â�Ì �� �½�Z�v�Ë�•�Â�]�Y�� �†�Ë�{�€�a�½�Y�€�Æ�e�� �Ã�Z�´�Œ�¿�Y�{( �Z�] �d�Ÿ�€�‡ �•�Y�~�³�•�Z�]�É 

25 �»�Ê�¸�Ì �€�f�» �«�{�� �€�]�Ä�¬�Ì �� �¶�‡�{�Â�·�� �•�Y�� �Á200 �¿�¾�e�Â�Ì �{�€�³�� �Ã�{�Z�¨�f�‡�Y�|�Ë 

)���¶�°�‹4(. �Ä�f�Ì�ˆ�Ì�f�‡�Ó�Y���µ�|�»���¾�Ì�Ì� �e���É�Y�€�]�, �Ä�¿�Â�¼�¿ �]���Z�Å�¾�Ì �Ä�v�¨�•���Á�{ 

�e�z���d�Ä�] �c�•�Â�• �¶�»�Z�¯ �Ä�¿�Â�¼�¿���É�Y�€�] ���•�Y���€�f�¼�¯���¹�€�m���Z�]���É�Z�Å100 ���Á���¹�€�³

�Ä�¿�Â�¼�¿ �Ä�¿�Â�¼�¿�� �É�Y�€�]�� �Ã�|�‹�� �¦�•�¿�� �É�Z�Å �� �•�Y�� �€�f�Œ�Ì�]�� �¹�€�m�� �Z�]�� �É�Z�Å100�¹�€�³ 

�€�³���•�Y�€�«���É�•�Y�~�³�•�Z�]���d�v�e�|�À�f�§.   
  

  
Figure 4 Biological material test device fabricated by Ghaebi et al [19] 

�� �¶�°�‹4 �� �½�Â�»�•�M�� �Ã�Z�´�f�‡�{�� �Ê�°�Ë�ƒ�Â�·�Â�Ì�]�� �{�Y�Â�»�Ä�f�y�Z�‡ �Ã�|�‹ ���Á�� �Ê�^�Ë�Z�£�� �–�‡�Â�e

�½�Y�•�Z�°�¼�Å ]19[  

  

�Y�� �•�{�¾�Ë �½�Â�»�•�M �{�•�Y�|�¿�Z�f�‡�Y�� �…�Z�‡�Y�� �€�] [ASAE S368.4] ���Á�€�Ì�¿



  

�‡�•�€�]�Ê �£�Ì�€�z�»�[�€ �•�•�Á�Z�Œ�¯���c�Ó�Â�•�v�»�É �Ã�|�£ �Y�É �—�Ê �¿�Z�»�•�Z�^�¿�Y���Ã�•�Á�{�Ê ���Z�]�½�Â�»�•�M ���Ê�e�Â�•���É�Z�Å�•�Z�Œ�§���Á�É  �Ê�¼�Ë�€�¯���µ�Â�‡�• �½�Y�•�Z�°�¼�Å���Á  
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�Ä�] �‡�Á�Ì�Ä�¸ �Ä�v�¨�• �� �t�˜�ˆ�»�� �É�Y�Ä�] �c�•�Â�• �Ë�d�y�Y�Â�À�° �¿�Â�¼�¿�� �t�˜�‡�� �€�]�Ä ���Z�Å

�� �Á�� �¶�»�Z�¯�€�]�Ë�Ã�| �Ã�|�‹ �� �|�Ë�{�€�³�� �µ�Z�¼�Ÿ�Y)�¶�°�‹ �É�Z�Å 5 �� �Á6.( ���É�Y�€�]

�� �®�Ë�ƒ�Â�·�Â�Ì�]�� �c�Ó�Â�•�v�»)�Ê�Ë�Y�~�£�� �Á�� �É�•�•�Á�Z�Œ�¯�� �c�Ó�Â�•�v�» (���•�{�� �{�Y�Â�»�� �•�Z�f�§�•

���Ã�{�Á�|�v�»���•�{���Ê�‡�•�€�]���Á���d�·�Â�Æ�‡���d�Æ�m���Á���Ã�{�Â�]���®�Ì�f�‡�Ó�Y�Â�°�ˆ�Ë�Á���{�•�Y�Â�»���€�j�¯�Y

�¶�°�‹���€�Ì�Ì�¤�e�Ê�»���Ã�{�Z�¨�f�‡�Y���®�Ì�f�‡�Ó�Y���–�]�Y�Á�•���•�Y���®�q�Â�¯���É�Z�Å���{�Â�‹]4�, 9[.  

�Y�€�]�É �f�‡�Ó�Y���µ�Á�|�»���Ä�^�‡�Z�v�»�Ì�ˆ�Ì�Ä�f �Ä�¿�Â�¼�¿ �Y�€�]���Z�Å�É �Ä�¿�Â�¼�¿ �Z�Å�É ���Ä�¯

�Ä�] �c�•�Â�• �•���¶�»�Z�¯�€�Ë ���Ä�˜�]�Y�•���•�Y���|�¿�|�‹���Ã�{�Y�{���•�Y�€�«���Ã�Z�´�f�‡�{)2( �Y�€�]���Á�É 

�Ä�¿�Â�¼�¿ �Z�Å�É �� �Ä�¯�Ä�] �c�•�Â�• �•�� �•�{�� �Ä�¨�•�¿�€�Ë �� �Ã�Z�´�f�‡�{�Ã�{�Y�{�� �•�Y�€�« ���•�Y�� �|�¿�|�‹

���Ä�˜�]�Y�•)3( �{�€�³���Ã�{�Z�¨�f�‡�Y�|�Ë.  
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Figure 5 Loading geometries for determining apparent modulus of 
elasticity: A. Parallel plate in contact with a curved surface. B. Single 
plate in contact with a curved surface [5] 
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Figure 6 Calculation  of R'L ,RL minimum and maximum curvature in 
contact point  
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Figure7 The trend of increasing the force required to reach the bio-
yield point for the three samples with mass of under 100 g, between 
100 to 170 g and between 170 to 250 g 
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Figure 8 The trend of reducing the force required to reach the bio-yield 
point during storage time from diagram of force-storage period (part a) 
and force-displacement diagram for 3 samples with different mass in 
the range of 100 to 170 grams (part b). 
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Figure 9 The average variations of mass of the tubers during the 44-
day storage  period (m1, m2, m3 is (m<100, 100< m<170 and 
170<m<250) ) 
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���|�u�� �É�Á�€�Ì�¿�� �Á�� �Ê�e�Â�•�� �½�Â�»�•�M�� �•�Y�� �Ê�f�¨�‡�� �Ž�y�Z�‹�� �Ä�f�ˆ�]�Y�Á�� �€�Ì�¤�f�»�� �Ä�‡
�Ó�Y�� �µ�Á�|�»�� �Á�� �,�º�Ì�¸�ˆ�e�� �•�{�� �É�•�Z�Œ�§�� �½�Â�»�•�M�� �•�Y�� �Ä�f�Ì�ˆ�Ì�f�‡�¤�f�»�Ì�€ ���¶�¬�f�ˆ�»

�Ä�f�‡�{ �� �•�Y�� �€�f�¼�¯�� �Ê�¿�•�Á�� �Ä�f�‡�{�� �Ä�‡�� �€�Å�� �•�{�� �Ê�¿�•�Á�� �É�|�À�]100���•�Y�� �,�¹�€�³
100���Z�e170 ���Á170���Z�e250 ���¹�€�³�À� �»�Ê �•�Y�{ �d�‡�Y���Ã�{�Â�]�-   



  

�‡�•�€�]�Ê �£�Ì�€�z�»�[�€ �•�•�Á�Z�Œ�¯���c�Ó�Â�•�v�»�É �Ã�|�£ �Y�É �—�Ê �¿�Z�»�•�Z�^�¿�Y���Ã�•�Á�{�Ê ���Z�]�½�Â�»�•�M ���Ê�e�Â�•���É�Z�Å�•�Z�Œ�§���Á�É  �Ê�¼�Ë�€�¯���µ�Â�‡�• �½�Y�•�Z�°�¼�Å���Á  
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Figure 10 The trend of reducing the amount of modulus of elasticity during shelf life for the test samples  

���¶�°�‹10 �»���Š�Å�Z�¯���|�¿�Á�•�•�Y�|�¬ �f�‡�Ó�Y���µ�Á�|�»�Ä�f�Ì�ˆ�Ì �—���•�{���Ê�•�Y�|�Æ�´�¿���Ã�•�Á�{�É �Y�€�]�É �Ä�¿�Â�¼�¿ �Z�Å�É �½�Â�»�•�M���{�•�Â�» 
  

�� �µ�Á�|�m1 �Ä�¿�Â�¼�¿���¹�€�m���¶�¬�f�ˆ�»���É�Z�Å�€�Ì�¤�f�»���€�i�Y���†�¿�Z�Ë�•�Y�Á���Ä�Ë�‚�n�e���l�Ë�Z�f�¿ ���º�Ì�¸�ˆ�e���|�u���É�Á�€�Ì�¿�����Ä�f�ˆ�]�Y�Á���É�Z�Å�€�Ì�¤�f�»���€�]���É�•�Y�|�Æ�´�¿���½�Z�»�•���Á���Z�Å)�¶�•�Z�u �•�Y �½�Â�»�•�M �•�Z�Œ�§(���Ž�y�Z�‹���Á�,

�Ê�f�¨�‡)�¶�•�Z�u �•�Y �½�Â�»�•�M �Ê�e�Â�• (�f�Ì�ˆ�Ì�f�‡�Ó�Y���µ�Á�|�»���Á���Ä)�¶�•�Z�u �•�Y �½�Â�»�•�M �•�Z�Œ�§(  
Table 1 The results of analysis of variance (ANOVA) of independent parameters of samples mass and storage time on dependent parameters of the 
bio-yield force,  firmness index and modulus of elasticity 

�c�Y�€�Ì�Ì�¤�e���ž�^�À�» �É�{�Y�•�M���Ä�m�•�{ �É�Á�€�Ì�¿ �|�u �º�Ì�¸�ˆ�e �Ê�f�¨�‡���Ž�y�Z�‹ �Ä�f�Ì�ˆ�Ì�f�‡�Ó�Y���µ�Á�|�»  

�Ä�¿�Â�¼�¿���¹�€�m  2 **4243057 **442671688 **41525/3  

�É�•�Y�|�Æ�´�¿���½�Z�»�• 2 *44/25465 **727985032 *021793/0  

���Ä�¿�Â�¼�¿���¹�€�m× �É�•�Y�|�Æ�´�¿���½�Z�»�• 4 n.s778/1425 **33412792 n.s008525/0  

�c�Y�€�Ì�Ì�¤�e���\�Ë�€�“    86/5 28/4 7/2 
** ���t�˜�‡���•�{01/0 �À� �»�Ê �•�Y�{���,* ���t�˜�‡���•�{05/0 �À� �»�Ê �•�Y�{ ���Án.s  �£�€�Ì �À� �»�Ê �•�Y�{ �d�‡�Y.  

  

�� �É�Y�€�]�� �Z�»�Y�Z�¬�»�Ë�Ä�ˆ �¾�Ì�´�¿�Z�Ì�» ���€�Ì�¤�f�»�� �•�{�� �Ä�f�ˆ�]�Y�Á�� �€�Ì�¤�f�»�� �Ä�‡�� �É�Z�Å

�Ê�»�� �½�Z�Œ�¿�� �É�•�Y�|�Æ�´�¿�� �½�Z�»�•�� �¶�¬�f�ˆ�» ���Ä�f�ˆ�]�Y�Á�� �€�Ì�¤�f�»�� �É�Y�€�]�� �Ä�¯�� �|�Å�{

���Ä�f�Ì�ˆ�Ì�f�‡�Ó�Y���µ�Á�|�»���Á���º�Ì�¸�ˆ�e���|�u���É�Á�€�Ì�¿�À� �»�Ê �•�Y�{ ���€�Ì�¤�f�»���•�{���Z�»�Y���{�Â�^�¿

���Ê�f�¨�‡���Ž�y�Z�‹���Ä�f�ˆ�]�Y�Á�À� �»�Ê �•�Y�{ �»�Ê �|�‹�Z�].  
  

���µ�Á�|�m2 �€�Ì�ˆ�¨�e���|�¯ �¾�Ì�´�¿�Z�Ì�»���Ä�ˆ�Ë�Z�¬�»���•�Y�{�Â�¼�¿ �Z�Å  
Table 2 Interpretation code Mean comparison 

 
100m< 170m<<100 250m<<170  

���•�Á�•1 11  12 13 

���•�Á�•22 21 22 23 

���•�Á�•44 31 32 33 

  
Figure 11 Mean comparison chart of the interaction between the 
sample mass and the storage time on the force at the bioyield point 

�� �¶�°�‹11 ���•�Y�{�Â�¼�¿�Z�¬�»�Ë�Ä�ˆ �¾�Ì�´�¿�Z�Ì�» ���É�Á�€�Ì�¿���€�]���É�•�Y�|�Æ�´�¿���½�Z�»�•���Á���Ä�¿�Â�¼�¿���¹�€�m���¶�]�Z�¬�f�»���€�i�Y���Z�Å

�Ê�°�Ë�ƒ�Â�·�Â�Ì�]���º�Ì�¸�ˆ�e���|�u���Ä�˜�¬�¿���•�{  

  
Figure 12 Mean comparison chart of the interaction between sample 
mass and storage time on the Firmness index 

�¶�°�‹12 �»���•�Y�{�Â�¼�¿�Z�¬�Ë�Ä�ˆ �»�¾�Ì�´�¿�Z�Ì �Z�Å �•�Y�|�Æ�´�¿���½�Z�»�•���Á���Ä�¿�Â�¼�¿���¹�€�m���¶�]�Z�¬�f�»���€�i�Y�É �€�] ���Ž�y�Z�‹

�Ê�f�¨�‡  

  
Figure 13 Mean Comparison chart of the interaction between the 
sample mass and the storage time on the modulus of elasticity 

�¶�°�‹ 13 �Z�¬�»���•�Y�{�Â�¼�¿�Ë�Ä�ˆ �»�¾�Ì�´�¿�Z�Ì �Z�Å �Æ�´�¿���½�Z�»�•���Á���Ä�¿�Â�¼�¿���¹�€�m���¶�]�Z�¬�f�»���€�i�Y�•�Y�|�É �€�] ���µ�Á�|�»

�Ä�f�Ì�ˆ�Ì�f�‡�Ó�Y 



  

�‡�•�€�]�Ê �£�Ì�€�[�€�z�» �•�•�Á�Z�Œ�¯���c�Ó�Â�•�v�»�É �Ã�|�£ �Y�É �—�Ê �¿�Z�»�•�Z�^�¿�Y���Ã�•�Á�{�Ê ���Z�]�½�Â�»�•�M ���Ê�e�Â�•���É�Z�Å�•�Z�Œ�§���Á�É  �Ê�¼�Ë�€�¯���µ�Â�‡�• �½�Y�•�Z�°�¼�Å���Á  
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�µ�Á�|�m 3 ���l�Ë�Z�f�¿�¾�Ì�´�¿�Z�Ì�»���Ä�ˆ�Ë�Z�¬�»�c�Y�€�i�Y���É�Z�Å �Ã�•�Y�|�¿�Y���É�Z�Å�€�Ì�¤�f�» ���d�v�e���Ã�|�‹���É�€�Ì�³�i�P�e�Ì�€ ���Ä�¿�Â�¼�¿���¹�€�m�Ê�¿�Z�»�•�Z�^�¿�Y���c�|�»���Á  
Table 3 Mean comparison of measured variables under the influence weight classification and storage time 

�¤�f�»�Ì�€ �¶�¬�f�ˆ�»  �t�˜�‡  
�Á�€�Ì�¿�É �e���|�u�º�Ì�¸�ˆ  

)N(  

�Ê�f�¨�‡���Ž�y�Z�‹  

)Hz�6.m�6/ �7(  

�Ä�f�Ì�ˆ�ˆ�Ì�f�‡�Ó�Y���µ�Á�|�»  

)MPa(  

  �€�f�¼�¯ ���•�Y100�¹�€�³  c 549  c 3/10674   c100/2  

���¹�€�m)�¹�€�³(   �•�Y100 ���Z�e170�¹�€�³  b 67/1448  b 4/20330     b097/0  

   �•�Y170 ���Z�e250�¹�€�³   a33/1897  a /.24313  a230/3  

  �µ�Á�Y���•�Á�•   a78/1357   a7/27859   a842/2  

�•�Y�|�Æ�´�¿���½�Z�»�•�É )�•�Á�•(  ���d�ˆ�Ì�]���•�Á�•���Á�¹�Á�{   a00/1282   b4/17514   a830/2  

  �¹�•�Z�Æ�q���Á���¶�Æ�q���•�Á�•   a22/1255   c7/9943  a751/2  

�»���¥�Ô�f�y�Y�¾�Ì�´�¿�Z�Ì �É�Z�Å ���½�Â�f�‡���€�Å���•�{����€�f�Œ�»���¥�Á�€�u���Z�]�€�œ�¿�•�Y �À� �»���É�•�Z�»�M�Ê �•�Y�{ �f�ˆ�Ì�¿�|�À.  

  

���Ê�‡�•�€�]���•�{�Z�¬�»�Ë�Ä�ˆ �¾�Ì�´�¿�Z�Ì�» ���•�Â�¯�~�»���Ä�f�ˆ�]�Y�Á���€�f�»�Y�•�Z�a���Ä�‡���É�Y�€�]���Z�Å

�Â�¼�¿�� �¹�€�m�� �¶�]�Z�¬�f�»�� �€�i�Y�� �¶�]�Z�¬�»�� �•�{�Ä�¿ �¶�°�‹�� �É�•�Y�|�Æ�´�¿�� �½�Z�»�•�� �•�{�� �Z�Å ���É�Z�Å

11 �Z�e 13 �½�Z�Œ�¿ �Ê�» �� �|�¯�� �Z�]�� �•�Z�¼�Ì�e�� �,�|�À�Å�{31 )�µ�Á�|�m 2( ���É�Y�•�Y�{

�Z�Å�•�Z�¼�Ì�e���€�Ë�Z�‡���Ä�]���d�^�ˆ�¿���{�€�°�¸�¼�Ÿ���¾�Ë�€�f�Æ�] �d�‡�Y���Ã�{�Â�] .  

�� �½�Â�»�•�M�� �¾�Ì�]�� �Ê�´�f�ˆ�^�¼�Å�� �Ê�‡�•�€�]�Ê�e�Â�• ���•�{�� �É�•�Z�Œ�§�� �½�Â�»�•�M�� �Á

�� �µ�Á�|�m4 �� �Š�Ë�Z�¼�¿�Ã�{�Y�{  �Ã�|�‹ �d�‡�Y .���Ä�Ë�Á�•�� �ª�Ë�€�—�� �•�Y�� �½�Â�»�•�M�� �¾�Ë�Y

���•�{���Ê�´�f�ˆ�^�¼�Å�¹�€�¿ �•�Y�‚�§�Y SAS 9.3 �Y�¹�Z�n�¿ �Ä�f�§�€�³ �d�‡�Y.  

�l�Ë�Z�f�¿ �,�Ê�f�¨�‡�� �Ž�y�Z�‹�� �É�Z�Å�€�f�»�Y�•�Z�a���¾�Ì�]���Ê�´�f�ˆ�^�¼�Å �Á�€�Ì�¿�É ���|�u

�Ä�f�Ì�ˆ�Ì�f�‡�Ó�Y���µ�Á�|�»���Á���º�Ì�¸�ˆ�e ���•�{�µ�Á�|�m 4 �Ê�»���½�Z�Œ�¿ ���Ä�¯���|�Å�{���•�Y�|�¬�»

���Ê�´�f�ˆ�^�¼�Å�¾�Ì�] ���Z�]���€�]�Y�€�]���º�Ì�¸�ˆ�e���|�u���Á�€�Ì�¿���Á���Ê�f�¨�‡���Ž�y�Z�‹�� �€�f�»�Y�•�Z�a

66 %���Z�]���€�]�Y�€�]���Ä�f�Ì�ˆ�Ì�f�‡�Ó�Y���µ�Á�|�»���Á���Ê�f�¨�‡���Ž�y�Z�‹���¾�Ì�]���Ê�´�f�ˆ�^�¼�Å���Á

63 %�•�Z�a�� �¾�Ì�]�� �Ê�´�f�ˆ�^�¼�Å�� �¾�Ì�À�r�¼�Å���µ�Á�|�»�� �Á�� �º�Ì�¸�ˆ�e�� �|�u�� �Á�€�Ì�¿�� �€�f�»�Y

�� �Ä�f�Ì�ˆ�Ì�f�‡�Ó�Y96 %�»�Ê �|�‹�Z�]. �Ê�»�� �½�Z�Œ�¿�� �l�Ë�Z�f�¿ �� �|�Å�{���¾�Ì�]�� �Ê�´�f�ˆ�^�¼�Å

�¾�Ë�Y�� �É�Z�Å�€�f�»�Y�•�Z�a �� �½�Â�»�•�M�� �t�˜�‡�� �•�{1 %�À� �»�Ê �•�Y�{ ���Ä�¯�� �d�‡�Y�� �Ã�|�‹

�½�Z�Œ�¿ �Ã�|�À�Å�{ �½�Â�»�•�M�� �Á�{�� �¾�Ì�]�� �•�{�� �º�Ì�¬�f�ˆ�»�� �|�¿�Á�• �Ê�e�Â�• ���½�Â�»�•�M�� �Á

�É�•�Z�Œ�§ �»�Ê �|�‹�Z�].  

  
�µ�Á�|�m 4 �Y�€�“�\�Ë �´�f�ˆ�^�¼�Å�Ê �]�¾�Ì �Ã�•�Y�|�¿�Y���É�Z�Å�€�f�»�Y�•�Z�a �³�É�€�Ì �Ã�|�‹  

Table 4 Correlation coefficients between measured variables 

  �º�Ì�¸�ˆ�e���|�u���É�Á�€�Ì�¿  �Ê�f�¨�‡���Ž�y�Z�‹  �Ä�f�Ì�ˆ�Ì�f�‡�Ó�Y���µ�Á�|�»  

�º�Ì�¸�ˆ�e���|�u���É�Á�€�Ì�¿  1  66/0  96/0  

�Ê�f�¨�‡���Ž�y�Z�‹  66/0  1  63/0  

�Ä�f�Ì�ˆ�Ì�f�‡�Ó�Y���µ�Á�|�»  96/0  63/0  1  

  

4- �f�¿�Ì�Ä�n �³�Ì�€�É  

�� �•�Y�Ê�‡�•�€�]�� �l�Ë�Z�f�¿ �� �€�i�Y�Ê�¿�Z�»�•�Z�^�¿�Y�� �Ã�•�Á�{�� �µ�Â�— �Ä�¿�Â�¼�¿�� �¹�€�m�� �Á �Z�Å�É ���{�•�Â�»

�»�•�M�½�Â �Ä�] �•�Â�œ�À�» �� �Ê�¿�Á�•�{�� �d�Ì�¨�Ì�¯�� �¾�Ì�Ì� �e�� �µ�Â�•�v�»�‡�Ì�\ �»�•�Ì�À�Ê ���•�{

���Ã�•�Á�{���µ�Â�—44 �•�Y�|�Æ�´�¿���•�Á�•�É ���•�{�µ�Z�r�z�Ë )4 ���Z�e8 ���Ä�m�•�{�…�Â�Ì�ˆ�¸�‡ 

���d�]�Â�—�•���Á78%( �Z�¬�»���Á�Ä�ˆ�Ë ���½�Â�»�•�M�Ê�e�Â�• ���Z�]�½�Â�»�•�M �•�Z�Œ�§�É )���½�Â�»�•�M

�Z�a�Ä�Ë (�� �½�Z�Œ�¿�»�Ê �|�Å�{ �� �½�Â�»�•�M�� �Ä�¯�Ê�e�Â�• �»�Ê �|�¿�Y�Â�e �^�‡�Z�À�»�� �‰�Á�•�Ê 

�Ä�] �½�Y�Â�À�Ÿ �£�� �½�Â�»�•�M�€�Ì�Y�€�]�� �[�€�z�»�É �z�Œ�e�Ž�Ì �¯�d�Ì�¨�Ì �¿�Á�•�{�Ê 

�»���c�Ó�Â�•�v�Ã�|�£ �É�Y ���|�À�¿�Z�»�‡�Ì�\ �»�•�Ì�À�Ê �e�Ó�Â�•�v�»���Á�Ê �Z�] ���d�§�Z�]�Ä�]�Z�Œ�» 

�{�{�€�³�� �Ã�{�Z�¨�f�‡�Y. �€�´�Ë�{�� �É�Â�‡�� �•�Y �Ê�»�� �½�Z�Œ�¿�� �l�Ë�Z�f�¿ �|�Å�{ ���d�‹�~�³�Z�]�� �Ä�¯

���•�Á�•���Z�e���µ�Á�Y���•�Á�•���•�Y���½�Z�»�•44 �Ê�¿�Z�»�•�Z�^�¿�Y ���d�]�Â�—�•���¾�f�§�•���d�‡�{���•�Y���€�i�Y���•�{

�»�� �d�‡�{�� �Ä�]�� �µ�Â�•�v�»�� �•�Y�� �Ä�¯�� �c�Â�•�� �•�Z�Œ�§�� �Ä�À�»�Y�{�� �µ�Â�•�v�»�� �•�Y�Ê �|�Ë�M ���Á

�»�� �–�‡�Â�e�½�Â�§�Á�€�°�Ì �»�� �d�^�i�Ê �,�{�Â�‹ �Å�Z�¯�� �|�¿�Á�•�Œ�Ê �À�r�¼�Å�� �{�•�Y�{�¾�Ì ���Z�]

�Ä�f�‡�{�� �Ä�]�� �Ä�m�Â�e �|�À�]�É �¿�•�Á�Ê �€�Å�� �Ä�f�§�€�³�� �c�•�Â�• ���Ä�¿�Â�¼�¿�� �¹�€�m�� �•�|�¬�q

�±�•�‚�]�� �½�Â�»�•�M �]�� �€�e�|�‹�Z �{�Y�Y�‚�§�Y�� �½�M�� �Z�]�� �€�›�Z�À�f�»�� �•�Z�Œ�§�� �Ä�À�»�Š�Ë �»�Ê �|�]�Z�Ë .

�Y�•�Y�{���c�Ó�Â�•�v�»�É ���Ã�•�Z�e���Á���•�Y�|�]�M���d�§�Z�]���t�˜�‡���Z�]���{�•�Â�y�€�]���€�i�Y���•�{���•�Y�{�Â�y 

�Y�|�•�É �•�€�Ë )�|�Œ�e���†�¿�Z�¯�€�§�|�Ë �Ó�Z�] (�·�Â�e�|�Ì�Ã�{�€�¯ ���Á���½�Z�»�•���d�‹�~�³���€�i�Y���•�{

�{�� �•�Y�� �Z�]�� �Á�¯�� �Á�� �d�]�Â�—�•�� �½�{�Y�{�� �d�‡�d�Ì�¨�Ì �€�Å�Z�›�É �¸�y�Y�{�� �Á�,�Ê �Y�|�•�É 

�Y�|�•���,�t�˜�‡���Ä�]���µ�Â�•�v�»���{�•�Â�y�€�]���•�Y���¶�•�Z�u���É���º�])�|�Œ�e���†�¿�Z�¯�€�§�|�Ë 

�Z�a�¾�Ì�Ë (���|�Å�Y�Â�y�|�‹ .���½�Â�»�•�M���¾�Ì�]���Ê�´�f�ˆ�^�¼�Å���½�Y�‚�Ì�»�Ê�e�Â�• ���½�Â�»�•�M���Á

���É�•�Z�Œ�§�®�e �•�Â�v�»�É �Á�€�Ì�¿���É�Z�Å�€�Ì�¤�f�»���É�Y�€�]�É ���Ž�y�Z�‹���Á���º�Ì�¸�ˆ�e���|�u

���Ê�f�¨�‡66 %���Ä�f�Ì�ˆ�Ì�f�‡�Ó�Y���µ�Á�|�»���Á���Ê�f�¨�‡���Ž�y�Z�‹���¾�Ì�]�Z�»���Á63 %���Ä�]

�»�M���d�‡�{�|.  

�Z�f�¿�l�Ë �� �Ê�¸�¯�� �Š�Å�Á�„�a�]�€�´�¿�Z�Ì �Y�¾�Ë �½�Â�»�•�M�� �Ä�¯�� �d�‡�Y  �£�€�Ì���[�€�z�»

�e�Â�•�Ê �� �Ê�¿�Á�•�{�� �d�Ì�¨�Ì�¯�� �Ž�Ì�z�Œ�e�� �Ê�Ë�Z�¿�Y�Â�e�Ã�|�£�� �c�Ó�Â�•�v�» �Y�É ���|�À�¿�Z�»

�‡�\�Ì �Ê�À�Ì�»�• �Ê�»���Y�•�Y�{���½�Z�»�•���¶�«�Y�|�u���•�{���Y�• �|�‹�Z�].  
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