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1-Ä» .» 
'Á�Z¯Z- +% .�Z�Y |À^ .hYÁ Ê¼¸� `Ì$Z5» �# )ÊWZ/�2)�¯ |Ì5- |)�Z¯Z- "# (#�Y# .+23WZU» ¾2)Y �# "Z2À3» +2% |2À^ .hYÁ

 Ê» |À^ �Â7À»|�Z% .Ê» :Z6v/-Y �Y7Ì¿ Á |À^ �|Àam 'Y |À^#Â� .'Y |À$ e�� :Z¼� �# �Y7Ì¿6000fÌ�2» #bÌ2» 'Y Q2^^ :Z2- 
|� Ê» ,7¯ .|� 'Z£M |À^ .VÌ¿ZY» |ÌWÂe `$|n$ *�^ � YÁY �#]11[.CAZ)Y ,¾Ìm ,|À$ ,Q)'�% ZÌ¿# �# |À^ *Z(|ÀÀ¯ |ÌWÂe ¾)�/(�V%

 .|v/» |À/�$ &)VY» Á |À¸)Ze ,ZY)�»M .:Z- �# |À^ Ê¿ZÆ8 |ÌWÂe2007#Á|u P-Â/» �Â4 +% 150 Q2)'�% `Æ- +¯ .#Â% ¾e *ÂÌ¸Ì» 
,-Y .#Â% |!�# Á# Á ,�Ì% #Á|u |ÌWÂe *YVÌ» ¾)Y 'Y]12[.'Á� ?)YV_Y +% +8Âe Z% |À^ q�6» *ÁV_Y )#Á|2u *YVÌ» +%50*Â2Ì¸Ì» 

:Z- 'Y ¾e1960#Á|u Ze 150ÂÌ¸  :Z- �# ¾e *2008 ]12[("�ÁY�2_ Q2uY�» Ê24 "|2ÌWÂe |2À^ 'Y "#Z)' �)#ZR» qbeY |$Z� ,
`Ì/�$ .Ê» |À^ "�ÁY�_ Ê4 �# `)|^ "hÂWÂÀYe 'Y .#Z5/-Y Á *#Â% .VÌ¿ZY» �Ì£ ,CZ5¸e ¾)Y "Y�% QÌW# ¾)�/¼Æ»|� % .Ê2 �% ¾Ì2Ì3e

 +¸¯ ÊYÌ¿ZY» �YÂ  ,-Y "�Á�O ¾Y� |À^ .Z=/-# ÊuY�4 �Â<À¼% |À^.e*ÂÀ¯Z +23WZU» |2À^ +2¸¯ ÊYÌ¿Z2Y» �YÂ2  "Á� �2% "Y
 ,-Y +/_�=¿ C�Â! .*YÂ2e ,QY� �ÌÌae ,Á�Ì¿ CY�ÌÌae Ze .|� *M �% Ê3- pÌRve ¾)Y �# ,�Â<À» ¾Ì¼Æ% :Á|2» ,,�2Y� "h�2¿Y Á

#Â� Ê-��% ,&ÌeZ/-Y +^� P)Y�� �# |À^ Ê/;- Á +/Ì�Ì/-AY.
2-Z/�+� + {Y »:
1-2-{Y » 

Â¿ Á# ,+3WZU» ¾)Y �# ,2_�( �Y�2^ .#Z5/2-Y #�Â» CZ7)Z»'M KZn¿Y "Y�% ,,5- Á K�¿ ,|À^ +¸¯ i¸/;» x.|2À^ +2¸¯ #�Â2» "Z$
 ,,�e KZn¿Y "Y�% .#Z5/-Y *Y�Æe |¿ÁZ»# |À^ +¿Z �Z¯ 'Y |� +ÌÆe .+2¿Â¼¿ �# qZY2� Á @�e #Zn)Y 'Y "�Ì(Â¸8 Á |À^ +¸¯ B�% "Y�%

 Ê¿Y�Á# ,��- Z% "#Z% �ÂeÂ» &) 'Y ,+ÌÆe QuY�» Ê4 ,Z$23000 �Z72_ Z2% #Z% �Â-�„¼¯ P-Âe +¯ +RÌ^# �# �Á# 3/6,2¯�v% �Z2% 
Ê»�# |� .#Z5/-Y ,|»M .�U^ +% "Y .�)Y# +aÌe &) ,Z$ +¿Â¼¿ B�% "Y�%60,»Z;O Á �/¼Ì¸Ì» 2/0962¿ �Â2eÂ» "Á� �2% �/¼Ì¸Ì» 
|� .'Y �ÂeÂ» ¾)Y ¾/�Y# +=¿ "Y�%'�_ .Z=/-# &_)#Â% ¾¯Z- +¯ (|)#�( .#Z5/-Y )QY�1.iWY(..|¿�Y|Æ=¿ .�Ì( |2À^ 2% V2Ì¿ "Á� �

.Z=/-# VÌ» .|� :�/À¯ Á pÌ^# ,)Y|$ *ZY»Y 9Ìe�e ¾)|% Á |)#�( Q6/»|À^ |� `$Y�_ B�% +aÌe ,¼- +% .+% |À^ +¸¯ +¿Â¼¿ �$
|� `Ì�Re ¾Ì)ZN Á P-Á ,AZ% ,¼�^ +-)QY�1.[.(#Z3%Y Z% 93Y» "#Y|3e ,¼�^ �$ 'Y Z„-2055�/¼Ì¸Ì» |� .|)�% .

Y QY�.iWY .Z$ +¿Â¼¿ +ÌÆe "Y�% .#Z5/-Y #�Â» KVÌ¿ZY» QY�1.[.|À^ +¸¯ ÊuYÂ¿ &ÌeZ¼� 
|2� +2ÌÆe *Y�2Æe .Z=7¿Y# *Zv)�Â%Y Z)#�N .Z(�Z¯ �# |À^ Ê^3Y» "Z$ +¿Â¼¿ .Á "�ÁZ2À_ CZ2RÌRve V2¯�» �# ZÆ/�2e +2Ì¸¯

 '�ÁZ7¯ Ê-|ÀÆ» |� KZn¿Y •�¯ "..|� +ÌÆe "Z$ +¿Â¼¿ ¾Ì% 'Y72KZ2n¿Y "Y�% ,|¿#Â% @�e +¿Â(�$ |^Z_ +¯ Ê^3Y» �Â7À» +¿Â¼¿ 
|)#�( [Z;/¿Y ZÆ/�e .Q)�Â/¯Z_ ?)Z»'M 'Y pÌRve ¾)Y �#)�Â/¯Z_ +- Z% (Ê_#Z6e ˆb»Z¯ …�4 9WZ^ �#1|)#�( .#Z5/-Y �Y�Ye �ZÆm Z% .

# |À^ xÂ¿ ,9Ìe�e +% Z$�Â/¯Z_ fU- Á# �),5- Á K�¿(fU- +- �# "�Ì( +¿Â¼¿ +ÌuZ¿ ,)¾Ì)ZN Á P-Á ,AZ% (�# "�Y]2(�Z% ,��- Á
fU- +-)24/1,50Á100+RÌ^# �% �/¼Ì¸Ì» (|¿#Â%.Q- #ÂW Z% *Á�/�À)Y ,�e .Z=/-# +¸Ì-Â% ZÆ/�e +Ì¸¯500,^# Á ¾eÂÌ¿ 1/0

1CRD ( Completely randomized design) 
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|� KZn¿Y ¾eÂÌ¿.,��- �#24/1L̂Ze ,+RÌ^# �% �/¼Ì¸Ì» |2� Ê-��% *M ÊYÌ¿ZY» �YÂ  �% |À^ +¸¯ ÊuYÂ¿ Á xÂ¿ �Ì.�ÌL̂Z2e ¾Ì2Àd¼$
|� Ê-��% K�¿ xÂ¿ |À^ +¸¯ "Y�% Ê/;- Á +/Ì�Ì/-AY :Á|» ,,�Y� "h�¿Y Á *YÂe ,,�Y� "Á�Ì¿ "Á� �% ,��- .

QY�2.*Á�/�À)Y .Z=/-# .�YÂu�4 
Á�/�À)Y ,�e .Z=/-# VÌ» "Á� �% `0Z^ C�Â! +% Ê^3Y» "Z$ +¿Â¼¿ |� .#Y# �Y�^ *.,��2- Z% .Z=/-# @�v/» &_ Z„-

 Ê» �Y�^ "�Âv» �Z7_ ,ve Y� +¿Â¼¿ Á .#�¯ ,¯�u ¾Ì)ZN ,¼- +% z;7»|$# .�2$ �# +2¿Â¼¿ QY2� �2ÌÌae Á .#�YÁ "�Âv» Á�Ì¿
 Á�Ì¿ �Y#Â¼¿ Á .|)#�( .�Ì y �eÂÌ„»Z¯ P-Âe +<vW-|� `Ì-�e +4Â%�» �YV_Y K�¿ P-Âe QY� �ÌÌae .Á�2Ì¿ �Y#Â¼¿-ae+2% QY2� �2ÌÌ

 QY� �# :Zj» *YÂÀ�3,-Y .|� .#Y# *Z7¿ .+2¿Â¼¿ ,�2Y� "Á�2Ì¿ �=¿Z2Ì% ÊÀvÀ» �$ �# .|� .#Y# *Z7¿ "Á�Ì¿ `¼)V¯Z» ¾ÌWÁY
,-Y .+U%Y� 'Y .#Z5/-Y Z% ,�Â¯]» �Y#Â¼¿ ÊÀvÀ» �)' fU- +^-Zv» 'Y)1(|� +^-Zv» |À^ �Â7À» ,�Y� "h�¿Y .
+U%Y�)1(.aE F dx n f  ³
+¯ Ea,�Y� "Y�% Ê_�6» "h�¿Y):Áh Ê¸Ì»(,F"�Z7_ "Á�Ì¿ )¾eÂÌ¿(,X.Z=/2-# @�2v/» &_ Ê)Zn%Z8 )�2/» Ê2¸Ì» (Án

Á�Ì¿ �Y#Â¼¿ �)' "Z$ *Z¼WY #Y|3e-,-Y QY��ÌÌae .

QY�3.Á�Ì¿ �Y#Â¼¿-|À^ +¿Â¼¿ Á# "Y�% QY� �ÌÌae 
Ê=»�am1e ,�Y� +UR¿ Ze Ê_�6» "h�¿Y `Ì�Re 'Y +¿Â¼¿ +2U%Y� p2)�4 'Y +2  ̄|2)M Ê2» ,-# +% +¿Â¼¿ `nu �% |À^ �Â7À» P-Â

)2(#Â� Ê» +^-Zv».

1

aET
V

 +U%Y�)2(

+¯T+¿Â¼¿ Ê=»�am �=¿ZÌ% )Ê¸Ì»Ê¸Ì»�% :Áh93Y»�/» (ÁV1|À^ �Â7À» `nu )Ê¸Ì»93Y»�/» (,-Y .
KZYv/-Y1� 'Y .#Z5/-Y Z% ,�Y� +UR¿ �# |À^ �Â7À» +U%Y)3(|)M Ê» ,-# +%.

1 Toughness  
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 +U%Y�)3(

+¯QKZYv/-Y q�3» )Ê¸Ì» �% ¾eÂÌ¿�/» (ÁD,�Y� +UR¿ Ze +¿Â¼¿ QY� �ÌÌae )Ê¸Ì»�/» (|�Z% Ê».
+U%Y� 'Y *YÂe Ê» |À^ �Â7À» ¾/�Y� ,Æ8 'ZÌ¿ #�Â» *YÂe +^-Zv» "Y�%)4(#�¯ .#Z5/-Y.
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60000
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D

 +U%Y�)4(

+¯P|À^ �Â7À» ,�Y� ,Æ8 'ZÌ¿ #�Â» *YÂe )CYÁ (ÁV"�Y](�Z% ,��- )Ê¸Ì»+RÌ^# �% �/» (,-Y.
,Ì^¸! *ZÌ% "Y�% z Z� &) ,+/Ì�Ì/-AY :Á|»2,-Y |À^ �Â7À» .¾Ì2Ì3e "Y�% "�Âv» "�Z7_ "�Y](�Z% BÁ� 'Y +3WZU» ¾)Y �#

|� .#Z5/-Y z Z� ¾)Y .AY :Á|» +^-Zv» "Y�% +U%Y� 'Y *YÂe Ê» +/Ì�Ì/-)5(#Â¼¿ .#Z5/-Y.
FE

AG


l +U%Y�)5(

+¯E+¿Â¼¿ +/Ì�Ì/-AY :Á|» ):ZY-ZNZ=»(,F+¿Â¼¿ "Á� �% .|� :Z¼�Y �Z% )¾eÂÌ¿(,l"�Y]2( �Z% ,ve +¿Â¼¿ :Â4 )Ê2¸Ì»
�/»(,GÁ "�Âv» ?¿�¯A+¿Â¼¿ rUR» fU- )¸Ì»Êr%�» �/» (,-Y) .Ê)YV  Á Ê3^�%2002 +28Y Á *ZÌ¿AY ,2002Á �ÁÁZ2-�Á ,

*ÁÂ('ÁY2004*ÁÂ('ÁY Á �ÁÁZ-�Á ,2005 *Y�ZY¼$ Á �Z/¯Y *Z¯�e Á2007(
3-:;] + <ËZf¿ 
3-1-Y](� É+�Ì¿ 

'Y AZ% ,¼- +% |À^ ¾Ì)ZN 'Y ,�Y� "Á�Ì¿9/132Ze1/212 'Y Á K�¿ |À^ "Y�% ¾eÂÌ¿ 2/198 Ze 243 |2À^ "Y�2% ¾eÂ2Ì¿ 
,�Y# ?)YV_Y ,5- )QY�4Á5.(Z$�Ìa/» Z¿Z)�YÁ +)Vne :Á|8 +% +8Âe Z%):Á|81(fU2- �# "�2Ì( +2¿Â¼¿ +ÌuZ¿ �Â/¯Z_ �LY

 |!�# &))002/0P=(,|!�# MÀN fU- �# "�Y](�Z% ,��- �Â/¯Z_ �LY Á)0211/0P= (ÊÀ3» |� �Y#.'Y Q2!Zu M)Z/¿ +% +8Âe Z%
 ¾Ì=¿ZÌ» +�)ZR» ¾Y¿Y# BÁ� +% 3#Â2% |2À^ +2¸¯ ¾Ì)ZN +ÌuZ¿ 'Y �/7Ì% ,�Y� "Á�Ì¿ "Á� |À^ +¸¯ P-Á Á AZ% ÊuYÂ¿ �LY ,.'Y Ê2Y)

 ÊWZ=m *#Â% AZ% |¿YÂe Ê» 9¸U» ¾)Y Q)A# |À^ +¸¯ @Â¿ �# |�Z% |ÌWÂe |À)Y�_ xÂ¿ ,¸� +% ."�Y]2(�Z% ,��2- �LY ¾ÌÀd¼$24/1
"Z$ ,��- 'Y �/7Ì% ,�Y� "Á�Ì¿ "Á�50Á100Ê»|�Z% .M)Z/¿ Z% +¯ ,_Z) ?$Z¯ ,�Y� "Á�Ì¿ "�Y](�Z% ,��- ?)YV_Y Z%

 *Y�ZY¼$ Á "�À$ P-Âe .|� +0Y�Y]13[|�Z% |À^ .|ÀÀY� �Z/ Z- �4Z  +% ,-Y ¾Y¼» �»Y ¾)Y +¯ ,-Y ™^ZÀe �# .
3-2-Y](� É*�¿Y 

Â% fOYÁ |À^ xÂ¿ Á# �$ "Y�% |À^ +¸¯ "AZ% +% ¾Ì)ZN 'Y "h�¿Y Ê7)YV_Y |¿Á�#.ˆZ2^)�Re ,5- |À^ ,�Y� 'ZÌ¿ #�Â» "h�¿Y
7/1#Â% K�¿ |À^ �%Y�% .ÊÀ3» "�Y](�Z% ,��- �Â/¯Z_ �LY Á "�Ì( +¿Â¼¿ +ÌuZ¿ �Â/¯Z_ �LY +¯ #Y# *Z7¿ Z$�Ìa/» Z¿Z)�YÁ +)Vne M)Z/¿-
�Y# �# MÀN fU- �# |À^ xÂ¿ �LY ÊWÁ ,,�Ì¿ ÊÀ3» ,�Y� "h�¿Y "Á� |! |� �Y# .¿ +%Z7» ,¼�^ ¾)Y M)Z/¿ P2-Âe .|»M ,-|% M)Z/

 *Y�ZY¼$ Á �Z/¯M)2007(#Â% .,;- ,-ÂN +¯ Ê»Y#Z% +/)�YÁ #Y# *Z7¿ �Z/¯M#�Y# 'ZÌ¿ "�/7Ì% ,�Y� "h�¿Y #�Y# �e.

:Á|222281.
VÌWZ22222222¿M

Ä\�{
É{Y�1 

~ 04»
2ZR]�» 

OÌP¿ZÌ»
2ZRË�» 

Fte�
8Y µZ0f 

Ê/5- (f) 

�Z0Ì!8713068891332,650,0412
½Z(»(p) 2547683273841 8,130,0031

YX��(v)2101490507451,510,2485
)p*v(463895159730,470,7542

Zey1860655633697

Ê/;-)T(
�Z0Ì!87854981,85,860,0009

1 Firmness 

2 Stiffness  
3 Duncan’s multiple range test 
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½Z(»(p) 254152707,816,10`001
YX��(v)2484242,31,450,2616

)p*v(41954488,52,920,0507
Zey183016167,5

+/Ì�Ì/-AY :Á|»)Mpa(
�Z0Ì!878548/98186/50009/0
½Z(»(p) 25415270716/160001/0

YX��(v)24843/24245/12616/0
)p*v(419545/48892/20507/0

Zey 18 3016 6/167 

L]ZTTTTTTÀ»
2Y�Ìl!

Ä\�{
É{Y�1

~ 04»
2ZR]�» 

OÌP¿ZÌ»
2ZRË�» 

FteTTTT�
µZ0f8Y

*YÂe(p) 
�Z0Ì!8509646370,529,300`001
½Z(»(p) 24693923469107,90`001

YX��(v)226641332,16,130,0093
)p*v(41361340,31,570,2264

Zey183913217,4

"h�¿Y(E)
�Z0Ì!8539,967,40,570,7927
½Z(»(p) 273,236,60,310,7398

YX��(v)2427,4213,71,790,1956
)p*v(439,29,820,080,9868

Zey182149,9119
Á�Ì¿ (N) 
�Z0Ì!83019637744,010,0068
½Z(»(p) 21683684188,950,0020

YX��(v)29065,14532,54,820,0211
)p*v(44294,81073,71,140,3686

Zey 18 16923 940,1 
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Mechanical properties of sugarloaf 

S. H. Hashemifard, S. Mavaddati J. Khazaei , J. Rezaeifar. 

Abstract: 
Knowledge of the mechanical properties of Sugarloaf is considered to be necessary 

to design cracking and other processing machines. Although there are a large published 
works on the mechanical properties of agricultural products, information on the 
mechanical properties of Sugarloaf is not available. In this study, rupture force, rupture 
energy and power, toughness, firmness and modulus of elasticity of Sugarloaf under 
uni-axial compression were studied. Test were conducted on beam specimens (with 
dimension 5  5  20 mm) of Sugarloaf. The beam samples were prepared by using a 
pneumatic motor driving a jeweler’s saw 60 mm in diameter and 0.2 mm thick. The 
effect of loading velocity (at 1.24, 50 and 100 mm/min), types of Sugarloaf (soft and 
hard), and position of sampling the beam specimens (top, middle and bottom of 
Sugarloaf) were studied.  

The results showed that all the mentioned above parameters had significant effect 
on the measured mechanical properties (P = 0.01). The variation range of rupture force, 
energy, toughness, firmness and modulus of elasticity for soft Sugarloaf samples were 
79.6-295.5(N),14.7-61.9(mj), 0.029-0.123(mj/mm3),139.2-1154.1(N/mm), and 9.3-
92.7(Mpa), respectively. Corresponding values for hard samples were 131.2-
308.3(N), 20.8-83.6(mj), 0.0416-0.168(mj/mm3), 428.2-624.4(N/mm), and 34.4-
108.1(Mpa), respectively. The toughness and firmness increased from bottom to top of 
the sugarloaf. With increasing the loading velocity, from 1.24 to 100 mm/min, the mean 
values of rupture force and energy were increased from 105 to 166.1 N and from 27.1 to 
28 mj, respectively.

Keywords: mechanical properties, sugarloaf, Compression tests, modulus of elasticity, 
rupture force, energy.  
 


