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Measurement of mechanical behavior
of fruits and vegetables

under compression loading
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Figure 1. Apparatus for measurement of density pand volume of specimen (a) for p>1
and (b) for p < 1. '
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Table 1. Agronomic data and test conditions of fruits and vegetables used in the

compression test.

Date of .
Item . Test conditions
harvest experiment
Apple 1987. 10. 14 1987. 10. 25 167C 64%RH
Pear 1987. 9. 22 1987. 9. 28 20C 66%RH
Peach 1987. 9. 8 1987. 9. 12 25T 70%RH
Potato 1987. 8. 24 1987. 9. 21 23T 68%RH
Sweet—potato 1987. 9. 29 1987. 10. 12 18T 65%RH
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Figure 2. Schematic diagram for specimen samplers.
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Table 2. Physical characteristics of fruits and vegetables for the quasi-static
compression test.

Jtem Dimension Weight Volume Density

L1 Lo 13 (g) (ml) (g/ml)

Apple 805 33.3 72.0 240.2 285.2 0.848
(3.73) (3.60) (4.18) (23.3) (26.5) (0.010)

Pear 93.7 96.3 80.1 441.2 4339 1.017
(2.68) (2.58) (3.99) (29.5) (29.0) (0.005)

Peach 70.7 745 68.0 380.8 370.5 1.028
(3.25) (3.04) (3.27) (247 (26.4) (0.003)

Potato 524 65.4 73.9 1555 145.6 1.068
(3.96) (4.62) (6.86) (26.4 (24.6) (0.008)

Sweet-potato - - - 3826 301.3 1.270
- - - (123.4) (93.7) (0.008)
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Figure 3. Schematic diagram of compression test apparatus.
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Table 3. Rupture parameter values of fruits and. vegetables at various deformation rate.

External tissue Internal tissue
Apple
Deformation rate | 125 | 250 | 37.5 | 50.0 | 625 | 125 | 250 | 375 | 500 | 625
(mm/min) R
Force, kg 47* 45| 45| 43| 47| 38| 35| 41 | 40 | 38

Energy, kg -mm 731 67 65| 60| 72| 40 | 31 | 43 | 33 | 28
Deformation, mm | 34 | 32| 31| 30| 32| 21 | L7 21| 21| 18

Pear

Deformation rate | 125 | 250 | 375 | 500 | 675 | 125 | 250 | 375 | 500 | 675
(mm/min)

Force, kg 40 42 42 40 41 34 36 3.2 39 36

Energy, kg -mm 61 | 66 | 60 | 55| 58 | 34 | 36 | 25| 37 | 61
Deformation, mm | 31 | 32 | 30 | 29| 30 | 22 | 22 | 18 | 22 | 38

Peach

Deformation rate | 125 | 250 | 375 | 500 | 625 - - - - -
(mm/min)

Force, kg 49 | 51 | 55 | 54 | 53 - - - - -

Energy, kg - mm | 197 | 210 | 213 | 21.2 | 21.7 - - - - -
Deformation, mm | 7.9 79 76 79 79 - - - - -

Potato

Deformation rate | 125 | 250 | 375 | 500 | 625 | 125 | 250 | 375 | 50.0 | 625
(mm/min)

Force, kg 86| 92| 96 | 94| 96 | 64 | 65| 61 | 62 | 66

Energy, kg mm | 27.1 | 280 | 281 | 283 | 269 | 176 | 16.0 | 153 | 134 | 163
Deformation, mm | 6.9 6.8 6.6 6.7 64 | 64 57 58 5.1 58

Sweet potato
Deformation rate | 125 | 250 | 375 | 500 | 625 | 125 | 250 | 375 | 500 | 625
(mm/min)

Force, kg 135 | 133 | 134 | 131 | 134 {169 | 174 {174 | 163 | 162
Energy, kg-mm | 364 | 355 | 342 | 30.1 {300 | 569 | 534 | 542 | 444 | 395
Deformation, mm| 5.8 5.7 56 51 5.1 6.6 6.6 6.4 5.7 53

+ Average of ten measurements
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