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Compressive Behavior of Some Vegetables
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Abstract

In order to investigate the compression characteristics on the some vegetables - cucumber, garlic, ginger, potato, and radish
- compression force, distance, and time were measured with a Struct-O-Graph and correlations between them were investig-
ated. Force distance and distance-time curves were showed simply and reflection points were showed rarely. The time to rup-
ture point was long of 11.7sec at the compression speed of 60mm /min and of 6.16sec at the compression speed of 120mm /min
in potato, and short of 9.65, 4.55sec at the different compression speed in garlic, respectively. The rupture force was large of
16.64 ~20.00N at the different compression speed in potato and radish, and the sample at rupture point was showed crushing
behavior under probe. These phenomena were sugested because compression strength of sample was different. In the result of
regression analysis for force-time and distance-time to the rupture point, the correlation coefficients were above 0.96, and dif-
ference of among samples was small. The slopes of force-time were large of 1.772~3.385 in cucumber and small of 1.743~3.338
in potato, and the slopes of distance-time were obtained with reverse results,
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vhEo] 62.8%2 FSith AlE &

A8t o] A% vhgo] 25.6 cPR 7Hy 3en, thE AlEx

AdEAEE AEE RIREES cork borer2 A AR o] FF2] Aol 20]7} 299um= 7t
s5mm, ¥°] 5mme| $EY 08 e AME-Ec) A zen, MEe HaE Qo] F9, 7k Xk Al
¥o] ZaAEE JeR)E roundnessE A 43 2h=ot

2. E5dy 242y 0,745 2 0.648% o, H]£°] ZUE = oy
Struct-O-Graph(Model No.603, Brabender) 2 WHY AEZFE AXY A3 dEo] 22 ulEo]

plated] A8g LelEn BT SR FHARAA 76802 7PF Bkt

t} €32 cylinder type probe( 15mm)-& A5+

a1, compression speed+ 60 2 120mm /min, chart 2.8 -He| M
speed¥ 390mm /ming &la] calibration spring dE:Al g B gP-Agle] 2+ Fig, 1, 29
20N& AHg-3t3 Tt Zol &9 f3E Uetle F44e] 328 wsh=
s E 7R A& 22 272 G o] RS AR
3. &-0|3H2|-AlZh 2| & mha|y o] 2o} Al X2 T o, o]Fo] &E.2 27

AE P& 7HE o 7z g L g e olFE A £ RbEste] YeEh e A3t AZbEn

g A3l it SAskn -0l A 34 28 o]F 7hatk gofl A gslx] Zela st wofi= §lo] A
AY-Ar wHes FH3P L, o FAT Hag o sta gl F43] SNk #APA Al8e &
A FA4% S AdeR et a9 8] A %?.ﬂ l *}%EJ Alg B5F 93] H-L FH
3, A 2 Az A s AT AE 2 Z YR %‘ﬁ’lﬁk ] o]
kA s lh«l A AdEEEI =d 5 o
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A1 g ol F AR AR BAAS 2l gy 2w Algo o] FASA 2H&atH g glo] AlE W)

oMol &, A, At AR o] FABAE F 2 A e v
A= 1Y (SAS, Statistical Analysis System) o F9] g-78l F44el=

1ol )] Wz Azac, 4
W} WaAtolol] uld BA7L

= g4sach Ysts 2R, AR FRHR A Ao]s] FEA
MEE Uehls 2, 394 olF 93 5E Agel U
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LAIREN
A &% Table 13 gt} FEEHS 2017} 95.6%
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 1.9 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 areal 0.064 0.056 0.016 0.027 0.055
Cell roundness? 0.465 0.607 0.426 0.745 0.648
Cell density® 20~24 32~36 76~80 60~—64 4044
Cell regularity? 0.007 0.008 0.033 0.018 0.027

1) Length width 2) A, : area of largest inscribing circle A : area of smallest circumscribing circle 3) A number

of cell per Imm? 4) Standard deviation of size
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Fig. 1. Force-distance curves at the com-
pression speed of 60mm/min. @l : cucumber, A :
radish, + : garlic, [] : ginger, X : potato.
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Fig. 2. Force-distance curves at the com-
pression speed of 120mm/min. ll : cucumber, A
radish, + : garlic, [] : ginger, X : potato.
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Fig. 3. Distace-time curves at the compression
speed of 60mm/min. M : cucumber, & : radish, +
. garlic, [ : ginger, X : potato.
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Fig. 4. Distace-time curves at the compression
speed of 120mm/min. @ : cucumber, A : radish, +
: garlic, [] : ginger, X ! potato.
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Table 2. Slope constant of regression equation of force and distance as a function of time

Force-Time(N /sec)

Distance-Time(mm /sec)

Samples
P 60Y 120® 60 120
Cucumber 1.772 3.385 0.128 0.353
Radish 1.746 3.349 0.141 0.354
Garlic 1.796 3.611 0.116 0.223
Ginger 1.754 3.578 0.137 0.239
Potato 1.743 3.338 0.143 0.313
1) Compression speed : 60mm /min, 2) Compression speed : 120mm /min
Table 3. Force, distance and time to rupture point in compression test!
Force(N) Distance{mm) Time(sec)

Samples

60 120 60 120 60 120
Cucumber 18.00 15.20 1.60 1.72 10.45 4.55
Radish 20.00 16.64 1.96 2.01 11.79 5.09
Garlic 16.92 16.00 1.32 1.24 9.65 4.55
Ginger 19.20 15.60 1.81 1.44 11.25 4.55
Potato 19.80 19.92 2.06 2.21 11.79 6.16

1) Refer to table 2 for abbreviation
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Table 4. Correlation coefficients among physical properties at the compression speed of 120mm/min?

MC FI VI SG GF GD RF RD RT
MC 1.00 ~0.37 —0.78 —0.44 —0.50 0.51 —0.22 0.72 —0.10
FI 1.00 —0.14 0.13 0.45 —0.42 0.13 —0.47 0.03
VI 1.00 0.05 0.26 —0.25 0.01 ~0.65 —0.09
SG 1.00 0.38 0.47 0.65 0.26 0.70
GF 1.00 —0.99* 0.84* —0.34 0.73
GD 1.00 —0.88* 0.28 —0.78
RF 1.00 0.20 0.98**
RD 1.00 0.36
RT 1.00

1) MC :moisture content, FI:fiber content, VI:viscosity of juice, SG:specific gravity GF:gradient of time-force cur-
ve, GD:gradient of time-distance curve RF:rupture force, RD:rupture distance, RT:rupture time * : Significant at
p<0.05, * : Significant at p<0.01
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