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Abstracts

In order to investigate the punch properties of some vegetables-cucumber, radish, garlic, ginger and potato-
force, distance, and time were measured with a texturometer, and the correlations between compositions and
cell characteristics of samples were characterized. Many reflection and rupture points on the force-distance
and distance-time curve were observed, and these points appeared when the cells of sample were resisted and
vielded against the applied force. They were big and clear at the slow crosshead speed. The regression
analysis for force-time and distance-time to the rupture point showed R*>0.95. The rupture time and rupure
force were 5.63 sec, 4.88 N in ginger and 4.15 sec, 2.00 N in cucumber. The rupture forces become large
values at the fast crosshead speed. As cell sizes were increased, the moisture content and rupture distance
were increased, while the viscosity of juice, density, regularity of cell, and slope of force-time were decreased.
Rupture force, time and distance were decreased at the large specific gravity of samples. The slopes of dis-
tance-time curve were inversely proportional to slope of force-time curve.
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Table 1. Characteristics of samples and sample cells
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Common Name Cucumber Radish Garlic Ginger Potato
Scientific Name thc‘umis Solanum Allium Zingiber Raphanus
sativius 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 1.9 0.4
Viscosity (centipoise) 10.4 8.0 25.6 7.6 8.8
Specific Gravity (.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 (.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

"Length width.

“"Ap: area of largest inscribing circle, A.: area of smallest circumscribing circle.

“A number of cell per 1 mm.
YStandard deviation of size.
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Fig. 1. Force-distance curves at the crosshead speed of
60 mm/min. A: decrease or constant of force, B: increase
of force, C: rupture point, li-——M: cucumber, A~—A: rad-
ish, +—-+: garlic, (L I: ginger, X—X: potato.
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Fig. 2. Force-distance curves at the crosshead speed of

120 mm/min. M—M: cucumber, A—aA: radish, +—+:

garlic, [ M7t ginger, X—X: potato.
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Fig. 3. Distance-time curves at the crosshead speed of 60
mm/min. A : decrease or constant of distance, B : increase
of distance, M—M: cucumber, A—A: radish, +—+:
garlic, CH{: ginger, X—2X: potato.
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Fig. 4. Distance-time curves at the crosshead speed of
120 mm/min. @—M: cucumber, A—aA: radish, +—-:
garlic, TH{J: ginger, X—X: potato.
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Table 2. Slopes in regression equations of force and
distance as a function of time to reach rupture point

Force-Time (N/sec) Distance-Time (mm/sec)

Sample
60" 120% 60 120
Cucumber 0.488 0.806 0.770 1.626
Radish 0.631 1.114 0.832 1.472
Garlic 0.518 1.541 0.755 1.271
Ginger 0.839 1.771 0.595 1.018
Potato 0.714 1.311 0.657 1.097

“Crosshead speed: 60 mm/min.
“Crosshead speed: 120 mm/min.

Table 3. Force, distance and time to reach rupture
1)
point

Force (N)
60" 1207 60 120 60 120
Cucumber 2.00 1.96 3.21 3.91 4.15 2.41

Distance (mm) Time (sec)

Samples

Radish 244 316 308 413 375 281
Garlic 212 304 288 228 389 188
Ginger 488 556 327 333 563 323
Potato 408 488 367 432 563 388

YRefer to table 2 for abbreviation.
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Table 4. Correlation coefficients among sample characteristics and punch properties at the chrosshead speed of 120

mm/min"

CL CWwW AR CR DE RE MC FI VI SG GF GD RF RD RT
CL 100 094** 0.99** -0.03 -0.99** -0.74 0.96** 51 -().69 007 -089* (.63 -040 0.85* 0.27
CwW 1.00 0.98** (.21 -0.93** -0.62 0.93** 046 -0.78 011 -0.73 0.38 -0.14 0.97**  0.55
AR 1.00 0.03 -098** -0.69 096** -053 070 003 -086* 057 -0.34 0.90** 0.36
CR 1.00 -0.01 011 0.12 0.62 -0.68 0.78 047 -0.66 087 0.43 0.82*
DE 1.00 0.80* -0.99** 043 073  -0.13  087* -0.64 040 -0.86* -0.26
RE 1.00 -0.85* -0.10 071 -0.51 0.64 -0.65 037 -0.58 -0.00
MC 1.00 031 -0.79 0.24 -081* 0.60 -0.33 0.88* 0.30
FI 1.00  -0.18 0.81 0.69 -048 0.56 -0.29 0.07
VI 1.00  -070 030 -0.03 -029 -087* 070
SG 1.00 028 028 0.51 0.26 0.40
GF 1.00  -0.88* .77 -).56 .16
GD 1.00  -0.94** 0.19 -(0.56
RF 1.00 0.08 0.75
RD 1.00 0.70
RT 1.00

ICL: Cell length, CW: Cell width, AR: Area of cell, CR: Cell roundness, DE: Amount of cell/area, RE: Regularity, MC: Moisture

content, FI: Fiber content,

VI: Viscosity of juice, SG: Specific gravity, GF: Gradient of time-force curve, GD: Gradient of time-dis-

tance curve, RF: Rupture force, RD: Rupture distance, RT: Rupture time, *: Significant at p<0.10, **: Significant at p<0.01.
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