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Force — Deformation Characteristics of the Fruit Flesh
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Summary

The force — deformation relationship gives the basic physical properties of the fruits such as the bioy-
ield point, the rupture point, and the deformations at the bioyield point and the rupture point. These
informations are very important to study the stress— strain relationships of the fruits.

This study was conducted to analyze those physical properties according to the sampling position of
the fruits, and to determine the bioyield point,the rupture point, and the deformations at the bioyield
point and the rupture point of the fruits for two different storage conditions(low temperature and no-
rmal temperature) and the storage period, and to investigate the effect of loading rate on those physical
properties, the hysteresis on the loading — unloading condition and the degree of elasticity of the fruits.

The results of the study were as follows :

1. The physical properties(BS, US, BD, and RD) of the test specimen selected from the different sa-
mpling positions were quite different.

The values of the physical properties were shown smallest ones at the cheek of the fruits, and the
statistical test results of the physical properties between the cheek from the other two positions of the
fruits showed that there were significant difference at the 1 % level between them.

2. The effect of loading rate on the physical properties of the fruits was relatively large, all the consi-
dered physical propertis of the fruits increased with the loading rate, but the hysteresis loss decrea-
sed with it.

3. The physical properties of the fruits according to the storage conditions and period showed diffe-
rent, and the bioyield deformation and the rupture deformation of the fruits increased with the storage
period, but the bioyield strength and the ultimate strength of the fruits decreased with it. The effect
of the storage conditions on the those physical properties showed that the normal temperature storage
condition was a little higher than the low temperature storage condition.

4. As a whole, it was shown that the bioyield strength and the ultimate strength of the pear dec-
reased a little faster than those of the apple, and the bioyield deformation and rupture deformation

of the pear increased a little faster than those of apple at the two storage conditions.
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Table 1. Agronomic data and physical characteristics of the fruits used in the quasi— static comp-

ression tests.

Date of Grade*
Fruits Cultivar ° Volume Vgeig t e
full bloom harvest m’ Kg;
Apple Fuji 19915. 1 1991.11.7 }3.129X107* 0.2625 56
Pear Niitaka 1991.4.23 1991.10.1 | 3.830X107* 0.3801 38
Note :

% . No. of fruits per 15 kg{with standard corrugated shipping box)*’
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Fig. 1. Schematic and block diagram of compre-

ssion test apparatus.
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Table 2. Specifications of compression test apparatus and measuring system.

Items Specifications Remarks
Micro— computer 32bit, CPU 2MB memory Model, 386—DX
' (with 100MB Hard disk)
A/D converter 16 channels, resolution 12bit PCL—712
Dynamic strain 6 channels, 2V excitation Kyowa, CO—50ET
Amplifier
Load cell 50kg capacity Kyowa, LU~ 50KE

Linear Variable

Differential Trans—

0.01(1/100) mm readability

Kyowa, DT—20D
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Universal Testing 500kg: capacity, 0.05mm/min Daeyoung
Machine(UTM) loading rate accuracy
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Fig. 2. Force — deformation characteristic cur-
ves for biomaterials.
(a)with bioyield point, (b)without bioy-
ield point
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Fig. 3. Sampling position of the fruit.
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Table 3. The results of statistical analysis of the bioyield strength, the ultimate strength, the bioyield

deformation, and the rupture deformation of the fruit flesh according to the sampling posi-

tion.
Sampling F — test Duncan’ s multiple range test
Fruits Items| position F—value £0.05(2,8) LSD—value |Ranked order
A 5.8512
BS B 43.26 (85139) C AB
C
A 4.9887
Us B 26.45 4.46 (7.2589) C AB
APPLE c (8.65)
A 0.0652
BD B 15.88 (0.0949) C AB
c = =
A 0.0461
RD B 945 (0.0671) CAB
C
A 5.8770
IBS B 26.14 (8.5513) C A B
C
A 4.5383
us B 42.00 (6.6036) C A B
C 4.46
Pear A (8.65) 0.0652
IBD B 18.34 (0.0949) C A B
C
A 0.0652
RD B 19.05 (0.0949) C A B
c =
Note : @ underline : not significant at 5% level, @ ( ) 1% level

® A . cavity shoulder, B :

cheek, C ! calyx end

® (DBS : (Imaged) Bioyield Strength, US . Ultimate Strength,
(DBD : (Imaged) Bioyield Deformation, RD : Rupture Deformation
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Fig. 10. Effect of the storage condition and the
storage period on the bioyield and the
ultimate strength of the apple flesh at
the loading rate of 25mm/min.(NS :
Normal Temperature Storage, LS : Low
Temperature Storage)
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Fig. 11. Effect of the storage condition and the
storage period on the imaged bioyield
and the ultimate strength of the pear

flesh at the loading rate of 25mm/min.
(NS : Normal Temperature Storage, LS :

Low Temperature Storage)
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Fig. 12. Effect of the storage condition and the
storage period on the bioyield and the
rupture deformation of the apple flesh
at the loading rate of 25mm/min.
(NS : Normal Temperature Storage,
LS . Low Temperature Storage)
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Fig. 13. Effect of the storage condition and the
storage period on the imaged bioyield
and the rupture deformation of the
pear flesh at the loading rate of
25mm/min.(NS : Normal Temperature
Storage, LS ¢ Low Temperature
Storage)
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