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ABSTRACT: Crop quality in agricultural production is one of the most important indexes. Therefore, 
during production, measuring and investigating properties affecting on quality are necessary. One of the 
qualify characteristic in agricultural products is their toughness. In this research, sample’s toughness 
was investigated based on completely random design by penetrometer. Texture analyzer was equipped 
with a probe with   mm diameter and penetration rate was  .  mm. The purpose of this study was to 
investigate the skin effect on toughness of kiwi and also mechanical properties of this fruit. Based on 
results of variance analysis of penetration force, transformation and Young Modulus, there was no 
significant differences between peeled and unpeeled kiwi in probability level of   . So it is indicated that 
kiwi peel was not tough enough to protect the fruit texture against loading. Matching of Bio yield and 
rupture point in derived curves of unpeeled kiwi showed that kiwi had no tight peel. On the other hand, 
Bio yield and rupture points of texture curves were not matching. So it was concluded that kiwi texture 
was tight and almost completely resisted against loading. 
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INTRODUCTION 
 

 Kiwi fruit, avocado, water blueberry and macadamia were introduced to the world people in   
th
 century which 

origin was forests in southern china. For the first time, in     , they were cultured under Ramsar (Iran–
Mazandaran) agricultural Station. 
 ABased on FAO statistics published in     , Iran had an annual production of       ton which was placed on 
 

th
 grade of production in the world, and based on economic values, it was in   

th
 place. Economic value for   ton 

kiwi in Iran was just     $ which was only    percent of world economic value. Published statics was showing that 
in addition to quantity of agricultural production, quality index is also one of the most important factors in 
production. Therefore, measuring and investigating properties of crop that influence on production quality is a need. 
On the other hand, designing and fabricating of machinery and equipments for harvest, transportation, storing and 
packing is not possible without enough information about mechanical properties. Therefore, determining different 
pattern in Kiwi fruit is necessary for using in machinery design and improving production lines along with lowering 
wastes and increasing production quality. Toughness has an important role in kiwi fruit quality. In some people’s 
point of view, Toughness is used to describe biomaterial properties and most people use it for evaluating quality of 
a production. Toughness is a characteristic of fruit texture which could be measured by sensory panels.  
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 When fruit are soft, toughness could be measured by viscosity or their strength. Fruits with middle toughness 
could be measured by low pressure forces. And for tough crops, pressure test by a circular probe or needle like 
probe could be used which is penetrating inside of fruit (Roth et al.,     ).  
 In general, conventional ways for tightness test of fruit is based on pressure test. In pressure test, a probe will 
be pushed inside the fruit and force-deformation curves are gained by software and will be recorded in computer 
memory which is jointed to tester device. Resulted test diagrams are used to indicate different properties in fruit. In 
general, the base of this work is to determine the amount of bio yield point and rupture point or the amount of force-
deformation during load or pressure applied. Bio yield point and rupture point could have different mode toward 
each other. In some cases fruit skin is not tight and powerful but its texture will be strong after decaying or fruit 
have a powerful skin with a soft texture. Finally perhaps, fruit has a tight skin and texture which could show much 
resistance against entering probe. Creep, relaxation and recovery could be investigated by result of deformation. 
So far many researches have been done in this field. (Fecket et al.,     ) were investigated toughness of some 
fruits like Kiwi, Tomato, Apple and pear. Their survey showed that Kiwi fruit has a soft texture and skin, Tomato has 
soft texture but tight skin, Apple and pears have tight skin and texture. (Varith and Barrilete,    ) determined the 
amount of contusion threshold of apple fruit by two ways of falling with increasing height and dynamic one-axle 
pressure and they resulted that with increasing height and pressure, contusion would increase.(Mathew and Hyde 
,    ) investigated potato’s contusion threshold in different temperature and contact surface and resulted that in 
lower temperature, the amount of contusion in potato was lower and also the amount of injury would decrease 
using fender in contact surface. Besides, increasing the height of falling will increase contusion and also change 
the type of it. (Masoudi et al.,    ) performed a research about mechanical properties of apple with penetration 
test and single-axes test and found the amount of elasticity, penetration force and energy. (Garcia and Ruiz.,    ) 
determined the factors effecting on mechanical properties and injuries of pears and resulted that fruits which are 
harvested sooner, have lower sensitivity to contusion so they have lower toughness. For evaluations of an 
undestroyed toughness sensor, (Pitts et al.,    ) performed a research for testing pressure, tension, and 
sensitivity on two kinds of apples. They resulted that modulus of elasticity in apples are not fixed and would change 
by a function of strain and also modulus of elasticity in apple texture is not equal for tension and compression. 
Tensional modulus of elasticity was three times more than compression one. The purpose of this research was to 
investigate the amount of resistance in fruit’s peel and texture and determine the mechanical properties of kiwi fruit 
by TA.XT.PLUS texture analyzer. 
 

MATERIALS AND METHODS 
 

 In this research, compression tests were performed in completely random design with two treatment of 
unpeeled Kiwi (texture and skin) and peeled Kiwi with four repetitions by TA.XT.PLUS texture analyzer (Figure  ) 
equipped with probe,   mm diameter and penetration rate of  .  m/s to investigate toughness and skin affect 
against loading. This research was performed in agricultural college in Urmia University. Hayward variety samples 
were elected which were equal in appearance, physical properties, humidity percentage, and growth conditions. 
Average diameter of samples was measured by a digital caliper meter which was    mm. Then samples were 
placed on a fixed jaw without and with vibration. In peeled kiwi test, fruit skins were picked in a way that there were 
no injury to Kiwi texture, with penetration of probe, deformation-force curves (Figures  & ) were stored by a 
computer. Then by resulted curves, mechanical properties of each sample were calculated (Mohsenin,     ). 

 
Figure  . TA.XT.PLUS. Texture Analyzer. ( ) mobile jaw- ( ) Prob- ( ) Fix jaw 
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    (2)   

 (3)  
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Figure  . Changed the process incurred the treatment full force to break the fruit skin 

 

 
Figure  . Change process the incoming force to penetrate tissue treatment probe inside the fruit 

 
 The sample deformation or probe penetration could be calculated by rupture time and penetration rate which is 
shown in equation ( ). 
Def = u. t                                                                                                           ( ) 
 In this equation, Def is the sample deformation, u is the speed of probe penetration (m/s) and t is the time 
when fruit will rupture by force (s).  
 To investigate the Young modulus (E = σ. ε

- 
), the amount of strain (ε) and stress (σ) are found by following 

equations ( & ):  
ε = Δh. ho

- 
                                                                                                         ( ) 

 Where h  is the initial height of fruit in direction of force and Δh is the depth of probe penetration in rupture 
time. 
σ = F. g. A

- 
                                                                                                        ( ) 

 Where F is the force of the probe based on Kg, g is the gravity acceleration; A is the probe surface on m
 
.  

Bio yield point in agricultural products is a point of force-deformation diagram in which increasing shifts will 
decrease force amount or they don’t change (Anon,     ).  
 Statistical analysis were performed in MSTACT C software and data preparation and quantity determination 
were performed by excel software. 
 

RESULTS AND DISCUSSION 
 

 Variance analysis results, table ( ), were showing that between two treatments of peeled and unpeeled fruit, 

there was no significant difference in probability level of   . Resulted deformation for both state of perfect kiwi fruit 

and its texture indicated that there was no significant difference on probability level of    and deformation was 

almost equal in both modes. Table ( ) is showing that skin effect against loading in Kiwi fruit is not meaningful. 

Results of this table were an approval for that’s in table ( ). Calculated Young Modulus of elasticity clarified that 

there was no significant difference for both treatments. Analysis of variance revealed that Kiwi fruit texture could 

greatly resist against loading and prevent from rupture. Also results demonstrated that toughness in texture was a 

little lower than perfect Kiwi fruit and this indicated that there was no necessary forces for breaking Kiwi fruit peel. 

The main work was just for disjointing its texture. 
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 In compression test, it is possible to investigated mechanical properties of fruits by TA.XT.PLUS.Texture 

Analyzer set, because of specifying bio yield and rupture point. 

 

Table  . Variance analysis results for penetration force 

Change resource df SS MS F P 

Between      .      .    .   
ns 

 .     

Within      .     .      

Total      .       

     C.V. =   .   % 

     ns,  is showing the lack of meaningful differences (non-significant) 

 

Table  . Variance analysis results for deformation 

Change resource df SS MS F P 

Between    .   .   .   
ns 

 .    

Within    .     .      

Total    .       

     C.V. =  .   % 

ns,  is showing the lack of meaningful differences (non-significant) 

 

Table  . Variance analysis results for elasticity modulus 

Change resource df SS MS F P 

Between     .     .    .  
ns 

 .     

Within     .    .     

Total     .     

                C.V. =   .  % 

       ns,  is showing the lack of meaningful differences (non-significant) 

 

 In resulted force-deformation curves, in unpeeled kiwi fruit, bio yield and rupture point were matched which 

revealed that Kiwi fruit didn’t have a tough peel. On the other hand, in resulted force-deformation curves of texture 

of kiwi fruit, Bio yield and rupture points were not matched indicated that kiwi fruit had tough texture. 

 Comparison of Young's modulus results between two treatments; it could be concluded that kiwi fruit have a 

tough texture and could show resist against loading. The result was caused by little effect of kiwi fruit skin against 

loading. Therefore, kiwi skin was not tough enough and didn’t show a great resistance against loading. These 

results were accordance with (Fecket et al.,    ) results. 

 

REFERENCES 
 
Anonymous.     . Compression tests of food materials of convex shape. ASAE Standard. S   .   MAR  . 
Fekete A, Nagy M, Kantor D.     . Analysis of force–deformation relationship with fruits. paper number:      . written for presentation at the 

ASAE Annual international meeting. 
Garcia JL, Ruiz- Altisent M.     . Factors Influencing Mechanical Properties and Bruise Susceptibility of Pears. J Agric Eng Res      -  . 
Masoudi H, Tabatabaeifar SA, Borghei L, Shahbyk M.     . Determine the mechanical properties of apple cultivars for export after five months 

of storage, J Agric Eng Res   :   -  . (In Farsi). 
Mathew R, Hyde GM.     . Potato Impact Damage Thresholds. Trans ASAE.   ( ):    -   . 
Mohsenin NN.     . Physical Properties of Plant and Animal Materials.  

nd
 Ed. Gordon and Breach Science Publishers. N. Y. 

Pitts M, Cavalieri R, Drake S, Fellman j.     . Measuring Physical Properties in Evaluating Apple Firmness Sensors. Tree Fruit Post harvest j 
 ( ):   -  . 

Roth E, Kovacs E, Felfoldi j.     . Investigation the firmness of rtored apples by nondestructive method. Acta Alimentaria   .( ):  -  . 
Varith j, Barritelle.     . Fruit and Vegetables Bruise Threshold Prediction Using Theory of Elasticity and Tissue failure. 
 
 


