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A Mechanical Model for Texture Changes and Rheological
Properties of Radish During Salting

Seung-In Lee, Byung-Yong Kim and Jae-Sun Cho

Department of Food Processing, Kyung Hee University

Abstract

The amounts of salt diffused into radish after immersing in various concentrations of salt solution
at different temperatures were measured and the changes of radish texture by the salt diffusion
were estimated with the viscoelastic constants of a 3 element solid model determined by a stress
relaxation test. The amount of salt diffused through radish was increased with increasing the salt
concentration and soaking temperature. While the instantaneous stress, equilibrium elastic solid content
and viscoelastic constants of radish were decreased as salt concentration and soaking temperature
increased, the stress relaxed fast. Viscoelastic constants as well as the diffusivity were influenced
by salt concentration more than by soaking temperature. The rheological equations for the predictable
stress changes of radish after immersed in the salt solution at various conditions (temperature, salt
concentration and impure salt) were suggested as a function of time.
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Fig. 1. Typical stress relaxation curve and correspon-
ding mechanical model of radish
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Fig. 2. Changes in salt concentration in radish after
soaking in various salt solutions for 1hr at 15°C
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Fig. 3. Changes in salt concentration in radish after
soaking in 1 M NaCl solution for 1 hr at various tem-
perature

dExo ual Adg HiA(D) o 2=t BAE
Fig. 4o vebgich odwbde g 2wol 23k gairs2

Wb 24 v 93 QA A% nged
ARAl7lE Lolrol weh Dol Wk Yrsh 2
Aoz vhebel,
o zo| Ro| T s

A A EE ofglo] dAG F7)(1emX2cmX2 cm,
1 292 ARE A2 e AR eEdlA 147§
Az A7l & F3e Halo] s S2otslaAkS A

Bekeh(Fig. 5). 15C o F A A172 7% 460 KPas] %7
ke Holom £wv) 20, 25 30C 2 Zehitel
ube} b7k 402, 294, 226 KPax dofzi4] da4]e &
27} Zohatell whep &71 Sl gk 24 vpEe] of
she wol ok w4 AAE strainel wet §3 4345
3087 HAstded AAewst Svhdes SHo] ¢
shelts dmis e or] 30 Fof kel S (elastic
solid) <% 7“\‘_ }031:}

Fig. 63 % A2 (15C ) ol 4] LA %
ZAIZL F- 3 x7istkel A
gk Azfelet. 1M °iii°J
He g wxvt I
e gleml 3 M74=] LLEJP =
) bl Frel 30w (167 KPa), 3
153 A9 FabshAl el dubges
FE7h Fobgel weh 27)8He) A ke

o oX d
o

H

“-{)oﬁ‘..\?‘.l’ﬁ

ol &
o
o
to
o %
>
i
L
o2 o e Ju Ho 1o aj

)
o
2=

2
©.

&)

;JL
I
e
o
L
i o2
.\_J,ulot

}

.
o
C

yoox
Ly
h
ol
-
A
H
o0 o
N

Z

i

rJYI'aof‘,'L.
O

'y
o
o
o
bl

|



338
*—e 1M
A—a2M
o—o3M
18 +—a4M
A
M
16+ _° g0
(a]
o 05*”:_,,/'/"
] °
I .
149
? LJ ] Ad
3.30 3.36 341 347
1 x16
T

Fig. 4. Relationship between diffusion coefficient and
temperature at the various salt concentrations
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Fig. 5. Stress relaxation corve of radish after soaking
in 1M NaCl solution for 1hr at various temperatu-
res
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Fig. 6. Stress relaxation curve of radish after soaking
in various NaCl solution for 1 hr at 15°C

Table 1. Changes in initial instantaneous stress (c,), series elastic element kconstant (E,), parallel elastic element
constan (E;), viscous element constant (n) and rheological equation relating stress changes as a function of

time
[salt] in Ga E,
sample (M) (KPa) (KPa)
Not immersed 588 11768
1M 15C £0.265] 461 9219
20C [0.420] 402 8042
25C [0.538] 294 5884
30C [0.819] 226 4511
15¢ 1M £0.265] 461 9219
2M [0.422] 294 5884
3M [0.838] 167 3334
4M [1.208] 142 2884

Es n o after time t
(KPa) (Pa-sec) (KPa)
8694 1.11x10° 954338 ¢ U541
2025 7.08 X 108 834373 ¢ 1630
1874 476X 10° 76-+326 e V480

522 2.88x10° 24+ 270 V0

81 1.95% 107 4+999 e-vz
2025 7.08 X 10° 83+378 e V630
846 1.62 X 10 374957 o U0
22 3.60% 107 1+166 e V108
22 3.82X 107 1~ 141 e U168
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Table 2. Changes in viscoelastic element constants of radish after soaking in different salt solutions, and rheological

equation relating stress changes as a function of time

O, E, E, n o after time t
Pure NaCl 294 5884 222 3.207 % 108 114284 e~ U540
Mixed NaCl 309 6178 6219 4463 X 10° 24307 e V360
o—o Pure NaCl 2M d-8og Bl 30C oA 2 3027 AAF o}
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0 10 20 30 neous stress, E;, E,, n 2 A] 7} tef] 4] o] A} stressE
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Fig. 7. Stress relaxation curve of radish after soaking
in pure 2M NaCl solution, and 2M NaCl solution

containing 3% Ca’* and Mg’* ions for 30 min at 30
°C
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