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Abstract

The consumption of pre-treated vegetables (including fresh-cut vegetables) that are washed,
peeled, and trimmed has been significantly increased because of their easy use for cooking.
Vegetable cutting machines have been widely utilized for producing fresh-cut vegetables or
agricultural products of different sizes; however, the design standard is not established for
specific types of agricultural products. Therefore, this study was conducted to determine
mechanical properties (compressive and shear forces) of targeted agricultural products (radish,
carrot, squash, cucumber, shiitake mushroom, and sweet potato) for developing a multipurpose
vegetable cutting machine. According to ASAE standard (s368.3), compressive and shear
forces of targeted agricultural products were measured by using a custom built UTM (universal
testing machine). Shape type of samples and speed ranges (5 - 15 mm/min) of loading rate on
bioyield and shear points varied depending on the targeted agricultural product. The range of
averaged bioyield points of targeted agricultural products were between 7.89 and 146.98 N.
On the other hand, their averaged shear points ranged from 22.50 to 53.47 N. Results clearly
showed that the bioyield and shear points of targeted agricultural products were thoroughly
affected by their components. As measuring compressive and shear forces of a variety of
agricultural products, it will be feasible to calculate blade cutting force for designing multipurpose
vegetable cutting machine.
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Fig. 1. Sample preparation for compression and shear tests: (a) and (b) carrot, (c) and (d) squash, (e) and (f)
Shiitake mushroom.
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Fig. 2. Universal testing machine.
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(a) Compression test (b) Shear test
Fig. 3. Force-deformation curve plot.
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(b) Shear test probe
Fig. 4. Test probes of compression and shear.

(a ) Compressmn test probe
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Fig. 5. Compression force-deformation curves of the samples: (a) radish, (b) sweet potato, (c) carrot, (d) squash,
(e) cucumber and (f) Shiitake mushroom.
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Table 1. Mechanical property values of compression test for the selected samples.

Radish ~ Sweet potato  Carrot Squash Cucumber  Shiitake mushroom

Loading rate (mm/min) 15 15 15 10 10 5
Bioyield point  Max. 108.43 177.76 14414 58.10 48.27 12.89
(N) Min. 93.74 124.73 76.18 21.96 37.22 3.1
Avg. 100.56 146.98 116.65 37.15 42.72 7.89

SD 3.95 14.59 15.61 6.81 2.54 2.51

Bioyield Max. 2053.18 3366.05 2729.36 1100.08 914.08 244.07
strength Min. 1775.05 2361.83 1442.54 415.75 704.79 58.89
(kPa) Avg. 1904.23 2816.59 2208.83 703.45 808.90 149.33
SD 74.79 295.50 295.58 129.01 48.02 47.61

Rupture Point  Max. 130.76 198.58 167.91 72.51 79.60 30.17
(N) Min. 108.14 168.44 130.97 46.42 64.85 10.09
Avg. 119.66 181.35 149.11 61.32 70.86 18.96

SD 6.62 9.05 9.71 7.14 3.09 5.42

Rupture strength  Max. 2476.03 3760.29 3179.43 1373.01 1507.25 571.21
(kPa) Min. 2047.73 3189.55 2479.93 880.94 1227.92 189.55
Avg. 2265.83 3433.95 2823.43 1161.32 1341.75 360.43

SD 125.38 171.39 183.82 135.44 58.43 104.15

where, Max. = Maximum, Min. = Minimum, Avg. = Average, SD = Standard deviation.

Table 2. Composition of selected samples.

Moisture (%) Fiber (%) Protein (%) Other components (%)
Radish 90.3 2.1 1.4 6.2
Sweet potato 66.3 35 14 28.8
Carrot 89.5 3.3 1.1 6.1
Squash 93.0 1.2 0.9 4.9
Cucumber 96.3 0.6 0.8 1.6
Shiitake mushrooms 90.8 9 0.2

Source: Rural Development Administration National Institute of Agricultural Sciences Agri-Food comprehensive
information system (http:/koreanfood.rda.go.kr/).
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Table 3. Mechanical property values of share test for the selected samples.

Radish ~ Sweet potato  Carrot Squash Cucumber  Shiitake mushroom
Loading rate (mm/min) 15 10 10 10 15 10
Share point  Max. 64.65 78.08 33.28 37.37 67.62 83.73
(N) Min. 31.37 30.79 12.84 21.00 34.61 29.76
Avg. 42.89 50.88 22.50 28.00 51.64 53.47
SD 7.46 11.69 4.92 4.03 7.41 13.22

Max. = Maximum, Min. = Minimum, Avg. = Average, SD = Standard deviation.
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Fig. 6. Share force-deformation curves of the samples: (a) radish, (b) sweet potato, (c) carrot, (d) squash, (e)
cucumber and (f) Shiitake mushroom.
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