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Abstract

In order to investigate the compression and decompression properties of cucumber, radish, garlic, ginger and
potato, edible parts of samples were prepared to size of ®5 mmXH 5 mm, and force deformation re-
lationships during application and removal of force were observed. Compositions of sample and cell charac-
teristics were measured, and correlations between them were investigated. Deformation rate was large in in-
itial stage of compression and decreased afterward, but the reverse trends were observed in the decompression.
The time and deformation to 9 N were large of 5.30 sec and 1.344 mm in potato, and small of 4.62 sec and
0.896 mm in garlic, respectively. Force(y)-deformation(x) curve between compression and decompression
were clearly showed hysteresis loop and relationship of x and y were as follows: y=exp (a+b log(x)). The
maximum work was 3.888~5.099x 10" J for potato in compression and 2.09x 107 J for garlic in decom-
pression. Irrecoverable work were large as 77~96% in cucumber, radish and potato, and small as 36~42% in
garlic. Compression deformation were large as 1.016~1.344 mm in potato, and small as 0.656~0.896 mm in
garlic. Degree of elasticity were large as 0.756~0.777 in garlic, and small as 0.301~0.465 in radish and potato.
Compression and decompression characteristic values were showed high correlation with moisture, viscosity

of juice, cell size, density and regularity.
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Table 1. Characteristics of samples and sample cells

Common Name Cucumber Radish Garlic Ginger Potato
Scientific Name Cucumis Solanum Allium Zingiber Raphanus
sativus L. tuberosum sativum L. officinale R. sativus L.
Moisture (%) 95.6 93.7 62.8 75.6 84.8
Fiber (%) 0.5 1.0 0.8 19 0.4
Viscosity (centipoise) 10.4 8.0 25.6 7.6 8.8
Specific Gravity 0.97 1.00 1.02 1.03 1.09
Cell length (um) 299 256 149 184 250
Cell width (um) 209 206 100 142 215
Cell area” 0.064 0.056 0.016 0.027 0.055
Cell roundness (Ap/Ac)” 0.465 0.607 0.426 0.745 0.648
Cell density” 20-24 32-36 76-80 60-64 40-44
Cell regularity” 0.007 0.008 0.033 0.018 0.027
”Lenglh X width.
"A area of largest mscrlbmg circle, A.: area of smallest circumscribing circle.
"A number of cell per 1 mm".
“Standard deviation of size.
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Fig. 1. Force-deformation curves on compression and
decompression at the crosshead speed of 60 mm/min
at 9 N. B—M: cucumber, A—A: radish, +—+: garlic,
[ — I ginger. X—X: potato.
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Fig. 2. Force-deformation curves on compression and
decompression at the crosshead speed of 120 mm/min
at 9 N. B—M: cucumber, A—aA: radish, +—+: garlic,
[—{J: ginger, X—2X: potato.
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Table 2. Time and deformation to reach compression
force of 9 N

u)ek2

Crosshead speed (mm/min)

Samples 60 120
Time  Deformation Time  Deformation
(sec) (mm) (sec) (mm)
Cucumber 5.15 1.084 25 0.935
Radish 5.08 1.009 25 0.918
Garlic 4.62 0.896 2.5 0.656
Ginger 5.00 0.935 2.5 0.905
Potato 5.30 1.344 2.5 1.016
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Table 3. Values of a and b on the force-deformation
curve of compression and decompression at the cross-
head speed of 60 mm/min

Compression Decompression

Samples - - -
a" b’ r a b r
Cucumber 2057 1.452 0991 0.880 12.126 (.664
Radish 2164 1422 0992 2.020 7455 0.805
Garlic 2,378 1.522 0990 2.602 3.105 0.900
Ginger 2.208 1.599 0.986 2.539 8501 0.838
Potato 1.778 1.348 0.994 -1.793 13.114 0.820
“Constant.

“Slope of force-deformation curve.

Table 4. Values of a and b on the force-deformation
curve of compression and decompression at the cross-
head speed of 120 mm/min"

Compression Decompression

Samples - - -
a” b r a b r
Cucumber 2278 1.275 0.996 3.013 11.784 (.683
Radish 2296 1.170 0.998 3.156 10.574 0.734
Garlic 2752 1411 0994 3.606 3.337 (.897
Ginger 2382 1.736 0981 3.007 8.368 0.819

Potato 2124 1.157 0999 2.069 8.043 0.809

YRefer to Table 2 for abbreviations.
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Table 5. Work on compression and decompression cal-
culated by Simpsen's rule
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Table 6. Degree of elasticity of samples in compression
and decompression test

Crosshead speed of
120 mm/min

Crosshead speed of

Samples 60 mm/min

Comp’ Decomp” Irre” Comp Decomp Irre

Crosshead speed of
120 mm/min

Crosshead speed of

Samples 60 mm/min

3

e" e € € € e/e

Cucumber 4.013 0.627 8437 3.679 0.674 81.68
Radish 3915 0.780 7985 2.587 0.091 96.48

Garlic 3.242 2000 3553 2352 1361 4213
Ginger 2.939 0.699 7622 3.013 0839 7215
Potato 5.099 0.810 8563 3.888 0.880 77.37

Cucumber 1.084 0.540 0.498 0935 0.391 0418
Radish 1.009 0422  0.418 0918 0314 0.342
Garlic 0.896 0.696  (.777 0.656 0.496 0.756
Ginger 0.935 0391 0418 0905 0361 0399
Potato 1.344 0.404 0301 1.016 0472 0465

"Work on compression (X 107 J)
W()rk on decompression (% 107 ).
Irrecoverable work (%).

e: Total deformation.

Yg,: Recovered deformation.
1) .
€/e: Degree of elasticity.
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Table 7. Correlation coefficient among sample characteristics and compression and decompresion properties at the
crosshead speed of 120 mm/min"

CL CWwW AR CR DE RE MC FI VI SG RD CB DB Iw ED
CL 1.00 0.94** 0.99** -0.03 -0.99** -0.74 0.96** -0.51 -0.69 007 0.75 -0.63  0.89* 0.80* -0.69

CwW 1.00  0.98** 021 -0.93** -0.62 0.93** -046 -078 011 0.88* 068 0.83* 0.87* -0.75
AR 1.00 0.03 -0.98** -0.69 096** -053 070 003 079 -071 0.86* 083* -0.69
CR 1.00 -0.01 -0.11 012 062 068 078 0.60 036  0.25 043 -0.62
DE 1.00 0.80* -0.99** 043 073 -0.13 -0.75 0.60 -0.93** -0.85* .74
RE .00 -0.85* -0.10 071 051 -050 0.16  -0.93** -(1L.83* (1.82*
MC 1.00 -031 079 024 077 056 0.95*%* 0.92** -(.82*
FI 100 -0.18 081 -0.12 0.86* -0.06 -0.02 -023
VI 1.00 070 -0.93** 010 -0.87* -0.89* 0.97**
SG 1.00 019 002 -047 -019 016
RD 1.00 032 077 082* -0.84*
CB 1.00 029 -042 012
DB 1.00 0.91** -0.90**
W 1.00 -0.95*%=
ED 1.00

"CL: Cell length, CW: Cell width, AR: Area of cell, CR: Cell roundness, DE: Amount of cell/area, RE: Regularity, MC: Mois-
ture content, FI: Fiber content, VI: Viscosity of juice, SG: Specific gravity, RD: Deformation to reach 9 N, CB: Slope of force-
deformation in compression, DB: Slope of force-deformation in decompression, IW: Irrecoverable work., ED: Degree of elas-
ticity, *: Significant at p<0.10, **: Significant at p<0.01.
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