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Abstract

The purpose of this study was to investigate the effect of withering on mechanical proper-
ties for optimizing the condition of transportation and storage of fresh leafy vegetables which
they would be easily able to be suffered the physical damage.

Experimental material used were spinaches and leeks which were easily apt to be withered,
The breaking stress, elastic modulus and viscosity were measured in the range of temperature
3~37C and water content 70~95%
made by author,

by the four element model, being used the creep tester

As a result of this study, while water content was decreased, breaking stress was increa-
sed. The elastic modulus and viscosity of the specimens were not influenced on temperature,
but on water content.

In reversibility test of the withering, the appearance, water content and elastic modulus

of the specimens were completely recovered to the initial freshness, but the viscosity was not,
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Fig. 1. Schematic illustration of apparatus
made by author for creep test.
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Fig. 2. Typical creep curve and four-element model combining the Maxwell

and Voigt models.
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Table 1. Bulk density of the spinach and leek.
- Spinach Leek
Water Degree Bulk Water Degree Bulk
content of density content of density
(% W.B.) withering (kg d. m/m)] (% W.B.J withering (kg d. m/m' ]
84 - 16 92 —_ 15
82 + 20 90 + 20
78 -+ 27 86 ++ 23
~.-Fresh 4 e Withered v Partially dried
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Fig. 3. Effect of water content on breaking
stress of Maxwell body for the spinach.
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Fig. 4. Effect of water content on apparent
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Fig. 5. Effect of water content on breaking Fig. 7. Correlation between elastic modulus
stress of Maxwell body for the leek. of Maxwell body and water content of the
spinach measured at 25C.
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Fig. 9. Correlation between elastic modulus
of Maxwell body and water content of the
leek measured at 25C.
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Fig. 10. Correlation between viscosity of
Maxwell body and water content of the
leek measured at 25C.
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the spinach measured at temperature both
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Table 2. Effect of temperature change on
contraction and extension of the spinach
and leek.

Water 3t—37C 37t—-3C
content Contraction Extension
(%W.B) (mn]) ()
Spinach 83 0.06 0.15
84 0.13 0.25
87 0.15 0.25
87 0.13 0.18
88 0.15 0.26
90 0.07 0.20
Leek 89 0.17 0.21
90 0.13 0.30
93 0.14 0.21
90 0.17 0.29
93 0.02 1.60
93 0.02 0.06

Table 3. Effect of withering and reversible rehydration on viscoelastic properties

change of the spinach.

Fresh 24hr 24hr 48hr 24hr
Exposing Soaking Exposing Soaking
Water content(% W.B.) 86 82 87 76 88
ruldyn/erd X 107] 20 0.85 2.2 1.4 2.7
7uldyn, s/cd X107} 7.4 0.83 4.2 0.65 5.9

Table 4. Effect of withering and reversible rehydration on viscoelastic properties
change reversible rehydration of the leek.

24hr 24hr 48hr 24hr

Fresh Exposing ~ Soaking Exposing Soaking
Water content(% W.B.) 91 90 93 86 93
Tuldyn/ed X 107] 1.6 0.17 1.4 0.22 1.1
nuldyn. s/cd X 107) 24 1.6 8.8 2.1 19
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P, : Initial stress [dyn/cn]

€ @ Strain[-]

t : Time [s]

7x ¢ Elastic modulus of Maxwell body [dyn/cd]
7u : Viscosity of Maxwell body [dyn.s/en]
7s ¢ Elastic modulus of Voigt body [dyn/cnf]
Ny @ Viscosity of Voigt body [dyn.s/cd]

zr ¢ Time lag [s]
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