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À9 Ê°Ì0Z°& Á Ê 2SÌ9 pY-y Êy�] SB& Á s|83)225(
Ê¸� Ê<Z»�+ ,2YŽZ�Z»1

Ã|Ì°" 
Ê3Ë=E' Ê¸v» 7'$ €|3T Er» = ,<Y. Ê°ËEÌT >Y1? �Y É.Y|X4 ªÌ:v4 ¾ËY $.,],Ç.=|/v» $. )]1A$ �Y ÊX]Z4 h$1"5%Z/4

20 %Ã�Y|<Y �4 ÈËZ_ �] |Ë.�U Ê]ZË�$Y = É�ÌU .ÊUƒË= C»Z� €|3T Er» = ,<Y. Ê°ËEÌT >Y1? É.ZX]Y ÉZ#)A)»Zz/j = p�� ,V1(,
Ê�|3# >Y1? = L�=)GS:» RS� = ,Ë=$ RS� )@Z�» ,76@ ,Ê�|3# O�1-» �S' (Ê/» �ËYE/TY ,)/]1A$ �ËYE/TY Z/] )/TZË .

|Ë.�U €|3T Er» = ,<Y. )Ë=�ž+ �#Z+ Wm1» )]1A$ �ËYETY .p�� ,V1A O�1-» �Ë.Z:»)Z3/_ ()»Zzj =);Z*4$Y(O�1-» �S' ,
$ RS� )@Z�» ,76@ ,L�= ,Ê�|3# )]1A$ $. €|3T È<Y. )Ë=�ž+ = GS:» RS� )@Z�» ,,Ë=5%h$Z/H� W/Ì4�4 ,/] �/4 ,ËZ_ �]

,�Y |<.1]92/16,51/17,33/15,55/16Ê¸Ì» ,�-»95/1,&�U ˼cm 40/2,-cm 63/8,-cm 16/2=52/93%�Ë.Z/:» ¾Ì3n5# ,
] €|3T Er» ÉY�] �oZ3-» ,h$1"55/13,59/13,89/11,00/13Ê¸Ì» ,� -»92/0,&�/U ˼cm 16/1,-cm 02/5,-cm 26/1=

85/92%.1] .€|3T È<Y. )�1_ )H�< |"$.81/52%|Ë.�U Ê]ZË�$Y .v*" =. ¾Ì] €|3T Er» = ,<Y. ,Ê°Ì<Z°» >Y1? ¾ÌÌX4 ÉY�],

|<|/� ¾Ì/ÌX4 E/r» = )/�1_ Ê´-zÌ�/U ;=�/� ÉY�/] Ãƒ/Ë= C°� �ÌÌr4 = )�°� É=�Ì< �Ë.Z:» = |<|� É$Y%U$Z] É�Y1» Ÿ)z4 .
»�B�ËZ ÉY�] Z# RS� =. $. €|3T 5%=10%,ËZ_ �])]1A$ RS� $. Er» ÉY�] = ,�4 5%ËZ_ �],$. É$Y%/U$Z] )//m ,� $. = �4

ÉZ#$1v» .Y|-»YXeYoZ)T�U &Z6<Y .Z/4 Ãƒ/Ë= C°/��ÌÌr4 = )�/°� É=�/Ì< ,É$Y%U$Z] )/m = )]1A$ ,+ .Y. LZD< ZËZ-<
 Ê3X» $1S] Y$ €|3T ,<Y. Ê´-zÌ�U É$Y.)P<0.01(Ê» $Y�' �ÌY“4 )v4 |#. .�#Z/+ ,/<Y. )�/°� É=�/Ì< )/]1A$ �ËYE/TY Z]

Ê» Ê» �ËYETY )�°� ÃƒË= C°� �ÌÌr4 ,+ Ê2Z@ $. ,)TZË |]ZË .)//m $. W/Ì4�4 ,/] €|/3T E/r» = ,/<Y. )�°� É=�Ì< ¾Ë�-DÌ]
 $1v» .Y|-»Y $. É$Y%U$Z]x= Z#z.1] Z# .É$Y%U$Z] )/m ,� $. €|3T ,<Y. )�°� É=�Ì< O�1-» ],,l@!» C]Z' $1A �-D/Ì] ÉY

.1] €|3T Er» ÉY�] LB $Y|:» �Y.

Ã#YÁ|Ì$¯:r» ,€|3T ,)�°� É=�Ì< ,Ê°Ì<Z°» >Y1? ,Ê°ËEÌT >Y1?€|3T E

1-¾Ë=E' LZ-�Y ÊXÌHA G]Z3» = É�$=ZD+ hZ:Ì:v4 E+�» ÊD#=ƒ_ $ZË.Z-�Y ^Ì<=�-°2Y )�_ ,:a_m_kermani@yahoo.com 



7LF

Ä&|'& 
Ê<ZHcZ] h(1�v» �Y Ê°Ë €|3T //.$Y. LZ�<Y ,Ë%r4 $. ÊË(Z] ÊËY%c m�$Y ,+ )�Y É$ZH°D? .m�$Y V1�v» ¾ËY ‹Z35j

$Y. ÊË(Z] Ê4Y$.Z".,=14 CÌ2. ¾Ì5# ,]=5#Y �Y LB É$=B�T = |Ì214 |<=$ .1H/] = ,X�14 ,] ,m)�Y $Y.$1?�] Ê"Z? )Ì .LY�ËY $1D+
<Z/m 763_ ,H4$ Z°Ë�»B = ZÌ<Z~�Y ,ZÌ2Z-ËY ,,Ì+�4 ÉZ#$1D+ �Y u_)�Y Y$Y. Y$ ZÌ<. $. €|3T |Ì214 Ê.5�Ã|,] V1�v» ¾ËY hY$.Z" 

ZÌ¸? ,Ì�Z@ ÉZ#$1D+ )�Y Ã.1] N$ZT .�YCv» h152Y ,:S3» €|3T |Ì214 Ã|5� ÉZ# $. G'Y=Ã1+ ,-�$ = ¾Ë=E' LZ-�Y VZ5� ÉZ#

)�Y ��H2Y.=14 Z] .Y|X-�Y ,] ,m EÌ< = V1�v» ¾ËY )D+ �Ë� RS� ,X�14 LZ°»Y ,,:S3»7-�Ì� ,,-�]Y= ÊËY%c GËZ3" .Z6ËY ÉZ#

�T ,-�] = É$=B .$Y. Y$ Ê<Z/m ÉZ#$Y�Z] ,] .=$= $1l3» ,] É|3]]3[.¾ËY �Y=$,$. ªÌT14 )/m = |Ì214 ¾ËY )D+ �Ë� RS� ,X�14
 V1�v» ,] ,m=14ÃZ´-�. .Z6ËY )�Y �Ë%_Z< 8Z3-mY (Z] )Ì*Ì+ Z] = 81c�» V1�v» Èj�� )/m W�Z3» É$=B�T ÉZ#]2[.

¾Ì�Z» )?Z� = Ê@Y�A ÉY�] ÊËZ3H» LY13� ,] É�$=ZD+ h(1�v» Ê°Ì<Z°» = Ê°ËEÌT >Y1? ¾ÌÌX4 YEÌ/64 = Z# ,VZ:-<Y h
,m$. =14 .$1» ,DÌ5# É�$=ZD+ h(1�v» É$=B�T = É|3])�Y Ã.1] ,m .¾Ì�Z» Ê@Y�A ‹(1"Y =14 L=|] É�$=ZD+ ÉZ#¾ËY ,] ,m 

|Ë.�U |#Y1? dÌXj ZËZ-< ,] �63» = f'Z< Z#�-»Y$Z_ .,C°� �Y |34$ZH� É�$=ZD+ .Y1» )]1A$ ,] ,-�]Y= Ê°ËEÌT >Y1? �Y ÊiX] 
Ã�Y|<Y).ZX]Y(,&�m ,d¸-z»  1S� É=$ gZ°S"Y WË�j = Cz¸z4 ,Ê:Ì:@ Ê2Z´Q ,Ã.14 Ê2Z´Q]14[.$. ZÌ<. $. É.ZË� hZ:Ì:v4

)�Y ,-T�U h$1" É�$=ZD+ d¸-z» h(1�v» ^Ì<Z°»1Ì] >Y1? ¾ÌÌX4 ,3Ì»�.Ê» h(1�v» ¾ËY ,¸5m �YLY14 &1U$1� ,<Y. ,],

$Z<Y ,<Y. ,.1z<,EH� .1z< ,N|� ,,Ì»Z] ,<Y. ,YE¸+ ,<Y. ,].$!

1
,LB Er» = &Y.Z] ,.15< Ã$Z�Y mEr» = ,-�_ ]15,12,13,16,6,22,

1,9,8,19,20,21=11[.Ã.Y. LZD< €1T hZX2ZS» ÈÌ¸+ Ã.1] V1�v» )]1A$ �ÌY“4 )v4 h|D] Ê°ËEÌT >Y1? ,+ |<Y |<Y.
)�Y Ã|� &Z6<Y Ê°Ì<Z°» = Ê°ËEÌT >Y1? ¾ÌÌX4 ÉY�] ªÌ:v4 ¾Ë|3Q €|3T Z] ,S]Y$ $..¾Ë|ËB 2)2002 (>Y1? �Ë.Z:»

 Ê°ËEÌT)Ê2Z´Q ,Ê¸°� = É.ZX]Y hZÌ"1�? Cz¸z4 = Z#(7'$ €|3T Er» = €|3T ¾-�°� É=�Ì< = |@ )��� ,gZ°S"Y WË�j ,
Tombul )]1A$ RS� ,� $. Y$ )�Y €|3T |Ì214 Ç|5� LZU|33+|Ì214 �Y ,+ ,Ì+�4 3%,9=20%|<.�+ ¾ÌÌX4 �4 ÈËZ_ �] ]7[.
�<1U

3
$Z°5# =LY)2003(|<.�+ Ê�$�] )z4 Èv*" =. ¾Ì] É$ZDT É$Y%U$Z] )v4 Y$ LB Er» = €|3T Ê°Ì<Z°» $Z-T$ .$. LZ<B

 É$Y%U$Z] $1v» ,� $. Y$ )�°� É0�<Y = )�°� ÈS:< $. ÊH�< C°��ÌÌr4 ,=�Ì< ÉZ#�-»Y$Z_ ªÌ:v4 ¾ËYX,Y=ZC°� ª]ZS» 
1|<.�+ ,X2ZS» .T$ ,+ .Y. LZD< Ê°Ì<Z°» L1»�B ZËZ-< $1v» .Y|-»Y $. É$Y%U$Z] $. €|3T Ê°Ì<Z°» $Z-X=YÊ´-�] )]1A$ ,] 

Ê4$1" $. ,)�Y. $1v» .Y|-»Y $. ,+ZÊ3X» {ZH4$Y .Y|< LZD< )]1A$ Z] É$Y. .ÈS:< Z4 C°��ÌÌr4 ,+ |<.�+ m$YEU ¾Ì3n5# LZ<B
Ê» �ËYETY )]1A$ �ËYETY Z] ‹Z»15� ,-�1_ )�°� É0�<Y = )�°� Ê2Z@ $. ,)TZË < ,+ �#Z+ ,)]1A$ �ËYETY Z] )�°� É=�Ì

Ê3X» .Y. LZD< É$Y. .Ê3X» k!-?Y 7# Z] d¸-z» &Z'$Y ,+ .Y. LZD< Ê°ËEÌT >Y1? ZËZ-< Ê�$�] Z] Ã|� ¾ÌÌX4 �Ë.Z:» = |<$Y. É$Y.
 ¾Ë|ËB ªÌ:v4 ZËZ-<)2002(,-�Y. ):]ZS» |<Y ]10[.
¾Ì+B = �Ì».�=Y ÊQ

4)2004 (3T 7'$ $Z/Q ÊËY%c = Ê°ËEÌT >Y1?|<.15< ,�ËZ:» = ¾ÌÌX4 Y$ ,Ì+�4 É$Z64 €| .ªÌ:v4 ZËZ-<
)�Y h=Z*-» 7# Z] É$Z»B �l< �Y ,X2ZS» .$1» &Z'$Y Ê°ËEÌT >Y1? &Z54 Ê¸+ $1S] ,+ .Y. LZD< LZ<B ]17[.

•Ì-�Ì¸_

5
LY$Z°5# =)2006(�Y ÊX]Z4 h$1�] Y$ Ê�Y=�+ $1D+ Ê¸v» 7'$ €|3T Er» = €|3T ¾-�°� É=�Ì< = Ê°ËEÌT >Y1? 

)]1A$ Ç.=|v» $. )]1A$ RS� $Z/Q $. )]1A$2/6%Z47/28%LB ÉY�] = Ã.�+ ¾ÌÌX4 �4 ,ËZ_ �]|<.�+ ,†Y$Y Ê<1Ì��U$ O]Y=$ Z# .
e$E] 7'$ ¾ËY ,+ .Y. LZD< LZ<B ÈX2ZS» .$1» 7'$ €|3T É.ZX]Y >Y1? ZËZ-< ,Ì+�4 &Z'$Y �Y �4 ¾Ë|ËB ,+ )�Y ÉY)2003 (¾ÌÌX4

.1] Ã.�+ .ZËZ-< ¾Ì3n5#Ã|ÌD+ Ê�Y=�+ $1D+ 7'$ ,+ .Y. LZD< €|3T Er» É.ZX]Y >Y1? ¾/_ = �4,Ì+�4 &Z'$Y �Y �4= ÉY ,-H2Y
ž+ ÉY$Y.7+ )Ë=� )�Y É�4 ]18[.

1. Cashew nut 
2. Aydin 
3. Guner 
4. Ozdemir & Akinci 
5. Pliesic 
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6°71:dVm Á s|À9 SB& Ms|À9 {ZF]Y M)�Y~=�Z] )Z/Tn ; Wn ; LnÁ s|À9 d&ZKm Á ZÀVW M,-� DÌe�e Ä] Tk ; Wk ; Lk{ZF]Y 
SB& )Y�] �uZÀf& Á s|À9Fx ; FY ; FZdVm Ä� )�Y~=�Z] .

Ê�$�] ªHA )�Y Ã|D< &Z6<Y €|3T Ê°Ì<Z°»1Ì] >Y1? L1»Y�Ì_ Ê:Ì:v4 Ã|� &Z6<Y ÉZ# .¾ËY �Y L1Ì�YEÌ<Z°» ÉZ-�Y$ $. ,=$
 €|3T É$=B�T hZÌ¸5� $.�jZ@ ªÌ:v4Ê°ËEÌT1Ì] ÉZ#�-»Y$Z_ Ê?�] //Ê°Ì<Z°» LBÊ» ¾ÌÌX4 ..�U .�Y k|# NZ�Y ¾ËY �]&Z6<Y

Ê» �Ë� h$1�] LB Er» = €|3T Ê°Ì<Z°» = Ê°ËEÌT >Y1? Ê?�] ¾ÌÌX4 ,ªÌ:v4 ¾ËY |�Z]:
1-€|3T Ê°ËEÌT >Y1? ¾ÌÌX4 .ZX]Y C»Z� Ê3Ë=E' Ê¸v» 7'$ €|3T Er» =))»Zzj = Z3/_ ,V1A(,)Ë=�ž+ ,Ê�|3# O�1-» �S' ,

,<Y. |@Y= &�m=Ê-]1A$ Ç.=|v» $. €|3T )�1_ )H�< 5%Z420.%
2-C»Z� LB Er» = €|3T Ê°Ì<Z°» >Y1? ¾ÌÌX4 :�Ì r4 EÌ< = LB Er» = €|3T )�°� É0�<Y = =�Ì< C°� Z4 LB Er» = €|3T É�Ë%_

 Ê-]1A$ RS� =. $. )�°� ,S:<5%=10%€|3T Ê¸"Y $1v» ,� .Y|-»Y $. É$Y%U$Z] $..

�Á� Á {Y-& Z/

.=|@15¡4 €|3T &�U1¸Ì+ |� ,Ì/4 h152Y È:S3» �Y.€|3T )�1_ Ê-�. h$1�] �l< .$1» ÉZ# ,<Y. ,Ã|� É�ÌU ,N$Z< ÉZ#
|Ë.�U }$Z? LB �Y |†Y� .Y1» = ,-�°� .,]ZD» V1�v» ÉY�] .1m1» C5X2Y$1-�. �Y €|3T ÈÌ2=Y )]1A$ ¾ÌÌX4 ÉY�])Ê3Ì»� &Y.Z] (

|� Ã.Z*-�Y .2Y$1-�. ª]ZS»XC5ASAE S410.1 C°� $Y.15< =2$Y�' ªË�A �Y €|3T ,Ì2=Y )]1A$ È<15< ,� L.Y.70$. Ê»�U 
ÉZ».130N1Ì�¸� Èm$. h|» ,] 6.=|@ )�Z� 23%|Ë.�U ¾ÌÌX4 �4 ÈËZ_ �]]5[.
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6°72:3Z&* �Y{-50 1:y )Y�] O*{ )Z/ Ä0-50 •Ì·ÁY d]-�� EÌÌFe )Y�] )Y�] 3Á8 �{ Ä0-50 3{�¯ Ã*Y|0Y Z] )Z/ L$fK& )Z/]5.[

Ê°2SÌ9 pY-y 
3T Ê°ËEÌT >Y1? ¾ÌÌX4 ÉY�] RS� $Z/Q )]1A$ W�@ �] LB Er» = €|5,10,15=20|� ,-T�U �l< $. �4 ÈËZ_ �] |"$. .

)]1A$ d¸-z»  1S� �l< .$1»,<Y. ^D? ªË�A �Y Z# L.�+ .Y�B ÉY1# $. =¾Ë�14 ÈH�Zv» = Ê_ $. Ê_ ÉZ# Z4 L�= �#Z+

 .Z6ËY 81¸S» RS� ,] L|Ì�$�|.
Ã�Y|<Y ÉY�] É�ÌU É.ZX]Y ÉZ#r» = ,<Y. €|3T E)C°� ª]ZS»2(,,<Y. |@Y= &�m =.Z-D# �Y ^Ë�# $. �l< .$1» 7'$ �Y ,<Y. 

Ê2Z-Ì6Ë. uÌ21+ ^5+ ,] Ã|� 8Zz-<Y ÊT.Z�4 $1A ,] Ê-]1A$ RS� $Z/Q))¢'. Z]01/0Ê¸Ì» �-» (Ê<=�-°2Y É=�Y�4 =)ZË )¢'. Z]
01/0&�U(|� &Z6<Y .76@(V),�S'Ê�|3# O�1-»1(Dg)=)Ë=�ž+(I)€|3T Er» =LBÊ-]1A$ RS� �# $.WÌ4�4 ,] O]Y=$ �Y
1Z43,H�Zv» Ê»..�U]14[.

)1(6/LWTV S

)2(3
1)(LWTDg 

)3(100)( 3
1

L
LWT

I

,+LB $.Z#:
V=,76@

3mm 
Dg=,Ê� 3# O�1-» �S' mm 
I=|"$. ,)Ë=�ž+ 
L=,V1Amm 
W=,Z3/_mm 
T=,)»Zzjmm 

)�1_ )H�<(Rs))�1_ Ê»�m |"$. ZË 2
)�1_ L�= )H�< ÈH�Zv» = €|3T È<Y. �# )�1_ L�= ¾Ë�14 �Y(Ms)L�= ,] 

C»Z+ €|3T(M)ÈS]Y$ ª]ZS»4|Ë.�U ¾ÌÌX4 ]20.[

)4(
M
MR s

s 

1. Geometric mean diameter 
2. Shell mass percentage or shell ratio 
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RS� )@Z�»1
,,Ë=$(S)GS:» RS� = ,2

,(Sp)€|3T Er» = ,<Y. ,WÌ4�4 ,]ž+ RS� )@Z�» �]Y�] Ã�Ã�ËY. =YZ] É�S' V.ZX» É
LB Ê�|3# O�1-» �S' Z#= |� ,-T�U �l< $.$ �YO]Y= 5=6|Ë.�U ,H�Zv»]1=19.[

)5(2
gDS S

)6(2
gp DS S

Ê°Ì0Z°& pY-y 

L1»�B €|3T Ê°Ì<Z°» ÊUƒË= ¾ÌÌX4 ÉY�] |� &Z6<Y LB Ê´-�°� ,] )»=Z:» ÉZ# .»�B�ËZ ¾Ì/�Z  È¸Ì/�= ,/] Z# .Y1/» L1/»�B
Hounsfiled V|» H5K-s |� &Z6<Y LZ-�¸´<Y )?Z� .&�< ªË�A �Y = )�Y C�-» ,<ZËY$ ÃZ´-�. ^Ë ,] ¾Ì�Z» ¾ËY ,/A1]�» $YETY

 = Ã|� VZ5�Y �ËZ»�B hZ5Ìl34 $Y.15<=�Ì< Ê» )HY �ËZ»�B �# ÉY�] C°��ÌÌr4 // ..�U.
)]1A$ RS� =. $. €|3T È<Y. ÉY�] É$ZDT Ê°Ì<Z°» L1»�B5%=10%�4 ,ËZ_ �] =ÉY�] €|3T Er» Z/34 )]1A$ RS� $.5%

|Ë.�U &Z6<Y .¾ËY ,] ,m14 Z] .=|@ É$Y|/´< ÉY�] V1�v» )]1A$ ,+6-5€|3T hZÌ¸5� = |"$. )]1A$ $. Ê3°�10%&Z6<Y

Ê» Ê» $Y�' Ê�$�] .$1» = ¾ÌÌX4 RS� =. ¾ËY $. €|3T Ê°Ì<Z°» >Y1? ªÌ:v4 ¾ËY $. ,.�ÌU .�ÌU .» = €|3T LB Er Èv*" =. ¾Ì]
 C°� ª]ZS» )/m ,� $. É�Y1»1ÉZ#$1v» .Y|-»Y $. Ê¸"YX)Ê21A $1v»(,Y)Z3/_ .Y|-»Y $. (=Z))»Zzj .Y|-»Y $. (Z]

)���mm 24/1)v4 É$ZDT É$Y%U$Z] �YY.�ÌU Ê» $Y�' .Ã.Y. �ËZ»�B �# ÉY�] ÉZ# ÈS:< Z4 C°� �ÌÌr4 ,)�°� É=�Ì<
 )�°� =�Ì< Ê3v3» �Y//r4|Ë.�U ¾ÌÌX4 C°��ÌÌ .ÃƒË= C°��ÌÌr4)ÊH�< (ÈS:< Z4 C°��ÌÌr4 7Ì�:4 �Y É$Y%U$Z] )/m �# $.

ÈS]Y$ ª]ZS» �oZ3-» $1v» .Y|-»Y $. ,<Y. �S' Ç�Y|<Y �] )�°�7|Ë.�U ,H�Zv» .

)7(100
L
L'

H

LB $. ,+:
H=ÃƒË= C°��ÌÌr4)ÊH�<(|"$. ,)|X] L=|](
L=�Y|<YÇÈÌ2=Y |X] ,<Y.É$Y%U$Z] )v4 ,mm 
'L=,É$Y%U$Z] )/m $. )�°� ÈS:< Z4 C°��ÌÌr4 Ç�Y|<Y mm 

L1»�B �l< .$1» Ê°Ì<Z°» ÉZ#D# $. $Z5Ì4 �# ÉY�] )$Y�°4 &Z6<Y |�|<.¾ËY �Y�ËZ» B .Y|X4 ,=$ È<Y. ÉY�] Ê°Ì<Z°» ÉZ#
 €|3T48€|3T Er» ÉY�] =24)�Y Ã.1] �ËZ»�B .‹!»Z+  �A W2Z' $. CË$1-+ZT �ËZ»�B h$1�] Ê°Ì<Z°» L1»�B ÉZ#�-»Y$Z_ ZËZ-<

 u<ZË$Y= ÈËE64 ÊT.Z�4�|.¾Ì <ZÌ» È�ËZ:» ,3»Y. |3Q L1»�B ^5+ ,] Z# °<Y. ÉY|� &Z6<Y ¾.Ã.Y. ^5+ ,] ªÌ:v4 �Y C"Z@ ÉZ#
&�< É$Z»B $YETYMSTAT-C|3-T�U $Y�' CÌ¸v4 .$1» .È»Z<�] ^5+ ,] Ê°ËEÌT d¸-z» >Y1? ÉY�] Ê<1Ì��U$ h(.ZX»

MS Excel 2003|»B )�|] .

G@] Á H2Zf0 
Ê°ËEÌT >Y1? 

V=|m1ÊUƒË= O�1-» �Ë.Z:» ZËZ-< ,É.ZX]Y ÉZ#L�=S' ,76@ ,ž+ = Ê�|3# O�1-» �)Ë=� È<Y. E/r» = €|/3T LB $Z//Q $. Y$ 
Ê» LZD< ,X2ZS» .$1» Ê-]1A$ RS� |#..

1. Surface area 
2. Projected area 



7O˺

 ,Á|m1:d]-�� q`� �ZV" �{ s|À9 SB& Á Ä0Y{ Ê�|À/ Á ){ZF]Y pY-y f�-f& �2{Z'& )|0�ZÌF& rY�@0Y Z/Sf0Y�W 3Á�{ {Y|]Y(
Ê°ËEÌT È�zD» 

)]1A$|"$. ,
)�4 ÈËZ_ �](

L�= 
(g) 

V1A 
(mm) 

p��)Z3/_(
(mm) 

)»Zzj);Z*4$Y(
(mm) 

76@ 
)3(mm 

�S' O�1-»
Ê�|3# (mm)

ž+)Ë=� 
%

5
95/1

)34/0(
92/16

)00/1(
51/17

)11/1(
33/15

)03/1(
10/2395

)50/373(
55/16

)90/0(
52/93

)70/1(

10 07/2
)32/0(

08/17
)00/1(

00/18
)05/1(

69/15
)93/0(

55/2540
)26/368(

89/16
)84/0(

34/93
)04/2(

15 
18/2

)35/0(
38/17

)07/1(
36/18

)08/1(
05/16

)98/0(
80/2700

)38/402(
23/17

)90/0(
26/93

)04/2(

È<Y.

€|3T 

20 32/2
)33/0(

42/17
)96/0(

43/18
)10/1(

09/16
)90/0(

43/2705
)19/363(

25/17
)79/0(

19/93
)18/2(

5
92/0

)15/0(
55/13

)96/0(
59/13

)02/1(
89/11

)91/0(
46/1162

)73/187(
00/13

)74/0(
85/92

)11/3(

10 95/0
)12/0(

62/13
)96/0(

67/13
)94/0(

93/11
)81/0(

44/1174
)51/160(

00/13
)61/0(

99/91
)35/3(

15 
99/0

)16/0(
72/13

)97/0(
68/13

)20/1(
04/12

)91/0(
30/1184

)37/195(
09/13

)74/0(
98/91

)50/3(

Er»

€|3T 

20 14/1
)17/0(

98/13
)90/0(

00/14
)02/1(

94/11
)92/0(

27/1231
)99/197(

26/13
)74/0(

63/91
)10/3(

Ã.Y. NZ�Y �] V=|m ÉZ#1ÊUƒË= ÈÌ¸+ �Ë.Z:» p�� ,V1A C»Z� É.ZX]Y ÉZ#)Z3/_ ()»Zz/j =);Z/*4$Y (Ê/�|3# >Y1/? =
Ê» �ËYETY ,)]1A$ �ËYETY Z] mEr» = €|3T È<Y. Ê�|3# O�1-» �S' = 76@ C»Z� |3]ZË .)]1A$ Ç.=|v» $.5%Z420) %ÈËZ_ �]

�4 (È<Y. )»Zzj = p�� ,V1A O�1-» �Ë.Z:» �Y WÌ4�4 ,] €|3T92/16Z442/17,51/17Z443/18=33/15Z409/16Ê¸Ì» �/-»

 �Y WÌ4�4 ,] €|3T Er» ÉY�] =55/13Z498/13,59/13Z400/14=89/11Z409/12Ê¸Ì» Ê» �ËYETY �-» |3]ZË .)/]1A$ �ËYETY Z]
 LB 76@ ,,<Y. .ZX]Y �ËYETY ,] ,m=14 Z] )ÈS]Y$ �Y Ã|� ,H�Zv»1(<Ê» �ËYETY EÌ |]ZË .,] €|3T Er» = ,<Y. )Ë=�ž+ ,)]1A$ �ËYETY Z]

 �Y WÌ4�452/93,]19/93= |"$. 85/92,]63/91Ê» �#Z+ |"$. |]ZË .&Z/'$Y Z/] Ê3Ë=E' Ê¸v» €|3T Ê°ËEÌT >Y1? È�ËZ:»
 ,Ì+�4 ÉZ#$1D+]9[Ê� =�+ =]17[Ê» LZD< Ê3Ë=E' €|3T |@Y= ^Ë ,L�= �l< �Y ,+ |#.)$ $.)]1A5(%L�= O/�1-» Z]95/1

,Ì+�4 É$Z64 7'$ $Z/Q O�1-» �Y &�U)91/1)]1A$ $. &�U 6(%¾Ì´3� Ê2Z@ $. ,)�Y �4Ê/�Y=�+ €|/3T |/@Y= ^/Ë d�/< ,+
)88/3)]1A$ $. &�U 6(%)�Y .�]Y�  =. ‹Y.=|@ Ê�Y=�+ $1D+ 7'$ Ê56@ �l< �Y)3cm 88/4(Ê3Ë=E' €|3T)3cm 40/2()/�Y .

€|3T )Ë=�ž+ Ê3Ë=E' ÉZ#)52/93(%,Ì+�4 &Z'$Y �Y �-DÌ] Ê¸Ì? ÉY)35/89(%Ê�Y=�+ =)86/82(%)/�Y .Ê/�Y=�+ $1D/+ &Z/'$Y
 e$E] Ê¸Ì? Ê¸"Y �S' ÉY$Y. = Ã|ÌD+ É�4)mm 32/25)]1A$ $. 6(%,Ì+�4 &Z'$Y ,] )H�< ÉY)mm 31/19)/]1A$ $.6(%=

Ê3Ë=E' 7'$)mm 92/16)]1A$ $. 5(%|3-�#.
Z#$Y.15< C°� É3Ê3v3» )]1A� $. Y$ €|3T Er» = ,<Y. Ê¸"Y $ZS'Y Ç�Y|<Y Ê<Y=Y�T GË�14 ÉZ#10%Ê» LZD< |#. .Ê3v3» �YZ#

Y|Ì_ Ê» LZD< VZ»�< GË�14 ,] CËZ5-» É|<=$ €|3T Er» = ,<Y. .ZX]Y Ê<Y=Y�T GË�14 ,+ )�Y |#. .Ã$Y|/<Y È<15< $. .=|/@ Ã|/� É�/ÌU
68 %,<Y. 21A ÉY$Y. €|3T ÉZ#Ê.Ç.=|v» $mm18-16.=|@ ,64%Ç=|/v» $. ÊËZ3/_ ÉY$Y.mm 19-17.=|/@ =66%ÉY$Y.

 Ç.=|v» $. Ê-»Zzjmm 17-15|<.1] ..=|@ €|3T Er» ÉY�]69%=68%Ç.=|v» $. ÉZ3/_ = V1A Ç�Y|<Y ÉY$Y. WÌ4�4 ,]mm 
15-13.=|@ =71%LBÇ.=|v» $. Er» )»Zzj Ç�Y|<Y �l< �Y Z#mm 13-11$Y�' |3-�Y..
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)d2Y) (8(

6°73:ÊÀ@À& Ê0YÁY�9 X2*-e )Z/ ‚*Y|0Y {ZF]Y SB& Á Ä0Y{ s|À9)Ê$.Y �`\ Ä� (d]-�� �{10%�e •2ZW �].

C°� $.43# O�1-» �S' hY�ÌÌr4 €|3T Er» = ,<Y. Ê�|)ÈS]Y$ �Y Ã|� ,H�Zv»2(Ê/  LZD/< )/]1A$ Z] �ËYE/TY ,/+ |/#.
 Ê» €|3T Ê�|3# O�1-» �S' �ËYETY Wm1» )]1A$ ..�U .V1¸� L|� &$1-» Wm1» €|3T )]1A$ �ËYETY Ê/» LB ÉZ# �Y = ..�/U

¾ËY LB �S' Ç�Y|<Y =$Ê» � ETY ,<Y. �S' ,6Ì-< $. = Z# |]ZË .L1Ì��U$ h(.ZX» C°� É=$ �] 7Ê» LZD< �ËYE/TY WÌ/� ,/+ |#.
)�Y Ã.1] €|3T Er» ÉY�] LB $Y|:» �Y �-DÌ] €|3T )�1_ Ê�|3# O�1-» �S'.

Ã.Y. ¾Ì3n5# V=|m ÉZ#1Ê» LZD< RS� )@Z�» ,|#. (S) GS:» RS� =(Sp)Er» = ,<Y. €|3T O/]Y=$ �Y WÌ4�4 ,] ,+5=
6Ê» �ËYETY ,)]1A$ �ËYETY Z] ,|<|� ,H�Zv» |]ZË .,/6Ì-< ¾Ì/3Q Ê/�|3# O/�1-» �S' ÊS? ‹ZHË�:4 �ËYETY ,] ,m=14 Z] C/]Z' ÉY

)�Y dÌ"14.

Dg (Kernel) = 0.0852 MC + 12.873 ; R2 = 0.81

Dg (Nut) = 0.2443 MC + 16.371 ; R2 = 0.91

5
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19
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(�4 ÈËZ_ �]) |"$. ,)]1A$

m
m
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Ç
�
Y|
<
Y

6°74:Ä0Y{ Ê�|À/ f�-f& �`\ ‚*Y|0Y �] d]-�� �PY )B(s|À9 SB& Á)C(.

Z] ÈS]Y$ �Y Ã.Z*-�Y 4O�1-» ,X2ZS» .$1» Ê¸v» 7'$ €|3T )�1_ )H�< 81/52%$Z/ÌX» kY�/v<Y Z]18/4|/� ¾Ì/ÌX4.O/]Y=$ 
V=|m $. Ê�$�] .$1» Ê°ËEÌT >Y1? ÉY�] Ê<1Ì��U$2)�Y Ã.Y. LZD< .
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 ,Á|m2:duZQ& Md2Á�„¯ M[Uu Md&ZKm MZÀVW M,-� M3*Á )Y�] 3-Ì��=� I{{ZF& �{ s|À9 SB& Á Ä0Y{ X`'& Á Ä2Á� q`� )Z/
 d]-�� ‚Á|@&5%Ze20%

€|3T È2.ZX» 2R€|3T Er» È2.ZX» 2R

M = 0.12 MC + 1.82 99/0m = 0.07 MC + 0.83 83/0
L = 0.18 MC + 16.75 93/0l = 0.14 MC + 13.67 91/0
W = 0.31 MC + 17.30 91/0w = 0.12 MC + 13.43 79/0
T = 0.27 MC + 15.13 92/0t = 0.07 MC + 11.81 97/0
V = 109.12 MC + 2312.7 90/0v = 21.63 MC + 1134 86/0
S = 25.85 MC + 843.88 91/0s = 7.07 MC + 521.89 80/0
Sp = 6.46 MC + 210.97 91/0sp = 1.77 MC + 130.47 80/0
I = - 0.11 MC + 93.60 94/0J = - 0.39 MC + 93.15 96/0

Ê°Ì<Z°» >Y1?€|3T ,<Y. 
C°�5,<15< =�Ì< ÉZ#$Y.15< �Y ÉY //Ê» LZD< É$ZDT É$Y%U$Z] $. €|3T C°� �ÌÌr4 |#. .LZ5# Ê» Ã #ZD» ,+ É$1A ,..�U

 =�Ì< Ê3v3» ,Ê´-�°� �=�] �Y u_//Ê» )TY Ê4Z/UZ< $1S] C°� �ÌÌr4 |3+ .�ËZ» B �w+Y $. )2Z@ ¾ËY Z#|Ë.�U ,l@!» ..Y|X4 $.
 Ê» ,»Y.Y ‹Y.|6» Y$ É.1X" )2Z@ $Y.15< ,Ì2=Y )�°� �=�] �Y u_ É.=|v» .Y. .É=�/Ì< LY1/3X] )�/°� È/S:< ¾Ì-�z< ,VZ@�/]

)T�U $Y�' Ã.Z*-�Y .$1» = |Ë.�U )HY ,<Y. )�°�.

6°75:Á�Ì0 �Y{-50 //�ÌÌBe )�Z:9 )�Y~=�Z] �{ s|À9 6°7.

V=|m3= ,ËE64 ZËZ-< €|3T Ê°Ì<Z°» >Y1? u<ZË$Y É$ZDT É$Y%U$Z] $. Ê» LZD< Y$ |#. .{�/� =. L.15< Ã.$=B�] $1l3» ,]
 u<ZË$Y= L.1] LZ�°Ë = �-»Y$Z_ GË�14 L.1] VZ»�< CË|H4 Z#$Z5Ì4 ÉZS? 81¸S» )Ln(Ã.Y. É=$ �] |/� ,-T�U &Z6<Y �-»Y$Z_ �# ÉZ# 

]4[.V=|m 3Ê» LZD< ,+ |#. É$Y%U$Z] )/m = )]1A$ VZ5-@Y RS� $.1%$Y�/' �ÌY“/4 )/v4 Y$ €|/3T )/�1_ )�°� É=�Ì<
Ê» |#. .Ê3X» EÌ< €|3T )�1_ )�°� ÈS:< Z4 ÃƒË= C°� �ÌÌr4 �] ,<Y. )]1A$ = É$Y%U$Z] )/m �YY )�Y $Y..
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 V=|m3:É$ZDT É$Y%U$Z] $. €|3T )�1_ Ê°Ì<Z°» >Y1? �Ë.Z:» u<ZË$Y= ÈËE64 ZËZ-< 

IZF]�& _-5U&(MS) 

IY�ÌÌBe X4À& 
Äm�{

){Y*8 
)Á�Ì0

dQ°7 

•`'0 Ze Ê4Q0 6°7 �ÌÌBe

dQ°7 

d]-�� 1**315/0*120/0

)�Y~=�Z] dVm 2**399/0**243/0

dzzz]-��×dzzzVm 

)�Y~=�Z] 
2ns022/0ns063/0

Z`y 42019/0056/0

IY�ÌÌBe D2�m(C. 

V.) 
zz 40/2%16/9%

*Ê3X» VZ5-@Y RS� $. $Y.5%,**Ê3X» Y.VZ5-@Y RS� $. $1%,
ns VZ5-@Y RS� $. 5%Ê3X» )�Ì< $Y..

V=|m4Ã.Y. ¾Ì´<ZÌ» È�ËZ:» ZËZ-< )//m $. Y$ €|/3T )/�1_ )�/°� ÈS:< Z4 ÃƒË= C°� �ÌÌr4 = )�°� É=�Ì< ÉZ# ÉZ/#

 Ê» LZD< Y$ d¸-z» É$Y%U$Z] |#. .C°� $Y.15<6Ê» LZD< $. €|/3T )/�1_ )�/°� É=�Ì< ,)]1A$ �ËYETY Z] ,+ |#. ,/� �/# 
Ê3X» É$1S] É$Y%U$Z] )/m É$Y.)V=|m4(Ê» �#Z+ |]ZË .$1v» )/m $. €|3T )�1_ )�°� É=�Ì<x�ËZ/� �Y �-DÌ] Ê¸Ì? Z#

 $1v» )/m $. = )�Y É$Y%U$Z] hZ/mz7+ Z# $Y|:» ¾Ë�4)V=|m4(.$Y. Y$ .C°� $Y.15<7Ê/» LZD< Ãƒ/Ë= C°/��ÌÌr4 ,/+ |/#.
)ÊH�< (] €|3T )�1_ )�°� ÈS:< Z4Ê» �ËYETY ,)]1A$ �ËYETY Z|]Z .C°� �ÌÌr4 $Y|:» )�1_ L|� &�< )¸X] )]1A$ �ËYETY Z]

 Ê» É�-DÌ] ..�U VZ5�Y )�ËZ] .Ê3X» �YY É$Y%U$Z] )/m É$Y.)VZ5-@Y RS� $.5(%,/<Y. )�/°� È/S:< Z4 C°� �ÌÌr4 LYEÌ» �]
.$Y. .::v» hZ:Ì:v4ZL�´Ë. ,+ )�Y Ã.Y. LZD< Y|:» )]1A$ �ËYETY Z] Ê/» �#Z/+ ,/<Y. )�/°� É=�Ì< $|/]Z]10,17=18.[

$1v» É$Y%U$Z] )/m $. = .$Y. �Ì4“4 )�1_ )�°� É=�Ì< �] É$Y%U$Z] )/m ¾Ì3n5#xZ#$E]e�4.$Y. Y$ $Y|:» ¾Ë]18[.

,Á|m4:EÌ´0ZÌ& •Q2Z'& °7�ÌÌBe Á dQ°7 )Á�Ì0 )Z/6Ãi2Á )Ê4Q0 (s|À9�{dVm Ä� )�Y~=�Z] 
É$Y%U$Z] )/m <)�°� É=�Ì,(N) )�°� ÈS:< Z4 ÊH�< C°� �ÌÌr4 ,)-(

$1v»xZ#A×77/372 A46/2
$1v»yZ#B22/291 A55/2
$1v»zZ#B04/279 B96/1

×
¾Ì´<ZÌ» RS� $. ¾°<Y. L1»�B ÉZ3H» �] g�-D» k=�@ ÉY$Y. ÉZ#5%Ê3X» É$Z»B h=Z*4 |<$Y|< $Y..
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6°76:] dVm Á d -�� �PY s|À9 •f�-W dQ°7 )Á�Ì0 �] )�Y~=�Z.
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6°77:s|À9 •f�-W dQ°7 •`'0 Ze Ãi2Á 6°7 �ÌÌBe �] )�Y~=�Z] dVm Á d]-�� �PY.

V=|m5Ê» LZD< )/m ÈÌ¸+ $. )�°� É=�Ì< O�1-» ,+ |#. �Y )]1A$ �ËYETY Z] ÉZ#5%,]10%�Y �Ì/] �4 ,ËZ_ �]14%
)�Y ,-TZË �#Z+ .�$�] �z] ZËZ-< ,m=14 Z] C°� $Y.15< = Ê°ËEÌT >Y1? Ê4Z/  €|/3T Er» = ,<Y. Ê�|3# O�1-» �S' CjZ*4 ,
�Y )]1A$ �ËYETY5%,]10%.=|@ �4 ÈËZ_ �]9%.1] .ÊËZ6<B �YÊ» �ËYETY EÌ< ÃƒË= C°� �ÌÌr4 ,)]1A$ �ËYETY Z] ,+ C/Ì2. |/]ZË

 €|3T hZÌ¸5� ,°3ËY (Z] )]1A$ $. Ê3°�).=|@10(%Ê» &Z6<Y Z/34 .�ÌU )/]1A$ �ËYE/TY Z/] ,/<Y. )�°� É=�Ì< �#Z+ �AZz] 
)�Y .)�Y �Y’» ÊT��» É0�<Y EÌ< = Er» �] hZ»|" �#Z+ ,6Ì-< $. = ,<Y. �] Ã|� VZ5�Y É=�Ì< �#Z+ $. ;1j1» ¾ËY.

,Á|m 5:dQ°7 )Á�Ì0 f�-f& �2{Z'& d�-W �{ s|À9 dVm Ä�)�Z:9 )�Y~=�Z] 
)]1A$5) %�4ÈËZ_ �]()]1A$ 10) %�4ÈËZ_ �](

Ê°Ì<Z°» >Y1? 
¾Ì´<ZÌ» $ZÌX» kY�v<Y ¾Ì´<ZÌ» $ZÌX» kY�v<Y 

,)�°� É=�Ì<(N) 42/338 01/5126/290 60/52
Z4 ÊH�< C°� �ÌÌr4

 ,)�°� ÈS:<(-) 
022/0005/0025/0004/0
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€|3T Er» Ê°Ì<Z°» >Y1? 
V=|m6)]1A$ Z] €|3T Er» Ê°Ì<Z°» >Y1? u<ZË$Y= ÈËE645$ �4 ÈËZ_ �] |"$. Ê/» LZD/< É$Y%/U$Z] )//m ,� $. Y|/#. .

LZ5# É$1A Ê» Ã|#ZD» ,+ Ê3X» �YY É$Y%U$Z] )/m ,..�U É$Y.)RS� $.1(%�/ÌÌr4 = ,/<Y. )�/°� É=�/Ì< �]È/S:< Z/4 C°/�
.$Y. €|3T Er» )�°�.

V=|m6:Ê°Ì<Z°» >Y1? �Ë.Z:» u<ZË$Y= ÈËE64 ZËZ-< Er»É$ZDT É$Y%U$Z] $. €|3T 

IZF]�& _-5U&(MS) 

IY�ÌÌBe X4À& 
Äm�{

*8){Y dQ°7 )Á�Ì0 
•`'0 Ze Ê4Q0 6°7 �ÌÌBe

dQ°7 

)�Y~=�Z] dVm 2**295/0**594/0

Z`y 21044/0048/0

IY�ÌÌBe D2�m(C. 

V.) 
zz 12/5%59/14%

**Ê3X» VZ5-@Y RS� $. $Y.1.%

.15<YC°� ÉZ#$8C°� �ÌÌr4 = )�°� É=�Ì< �Ë.Z:» hY�ÌÌr4 É$Y%/U$Z] )//m ,/� $. Y$ €|/3T Er» )�°� ÈS:< Z4 ÃƒË=
 Ê» LZD< Ã|� &Z6<Y |#. .e$E] 7+ = ¾Ë�4 ÉZ/#$1v» É$Y%/U$Z] )/m $. WÌ4�4 ,] Er» )�°� É=�Ì< $Y|:» ¾Ë�4z=x.1/] Z/# .

$1v» .Y|-»Y $. )�°� ÈS:< Z4 C°��ÌÌr4x)�Y. Y$ $Y|:» ¾Ë�-DÌ] Z# .�/# $. E/r» )�/°� É=�/Ì< O�1-» h=Z*4 )//m ,/� 
É$Y%U$Z])N13/61(€|3T È<Y. )�°� É=�Ì< ,] )H�<)N34/314(7+ Ê¸Ì? )�Y �4.€|3T �ËYE/TY Z/] )/2Z@ ¾/ËY $. Ê3°/�

|� |#Y1? ,mY1» hZXËZj.
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Some Physical and Mechanical Properties of Hazelnut 

A. M. Kermani 

Abstract 
In this study, several physical and mechanical properties of hazelnut and its kernels 

were evaluated as a function of moisture content in range of moisture content of 5-20% 
(w.b.). The physical properties of nuts and kernel such as dimensional characteristics 
(length, width and thickness), unit mass and geometrical properties (the geometric mean 
diameter, volume, surface area and projected area) increased with increasing moisture 
content. The sphericity of nuts and kernels decreased with increasing moisture content. 
The average of length, width, thickness, unit mass, the geometric mean diameter, 
volume, surface area and projected area and sphericity of nuts were 16.92, 17.51, 15.33, 
16.55 mm, 1.95 g, 2.40 cm3, 8.63 cm2, 2.16 cm2, 93.52%, the respected value for 
kernels were 13.55, 13.59, 11.89, 13.00 mm, 0.92 g, 1.16 cm3, 5.02 cm2, 1.26 cm2,
92.85%. The shell ratio percent obtained 52.81%. In the mechanical test, hazelnut and 
its kernel were loaded between two parallel plates to determine the rupture force and 
specific deformation required to initiate shell and kernel rupture. These tests were 
carried out at two moisture contents of 5% and 10 % (w.b.) for nuts and 5% (w.b.) for 
kernel, and three axes (X, Y, Z) directions. The results show that moisture content and 
loading direction have significant effects (P < 0.01) on the rupture force and specific 
deformation. By increasing of the moisture content, rupture force decreased, while the 
specific deformation increased in magnitude. The maximum force for nut cracking 
occurred in the x-axis, while rupture force for kernel were in the z-axis loading 
directions. The average of rupture force at all loading directions for nuts was very 
higher than for kernels. 

Key words: Physical properties, mechanical properties, rupture force, hazelnut, kernel. 


