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Diffusion Coefficient of Sodium Chloride and Prediction of the Change in Sodium
Chloride Concentration in Root Vegetables during Cooking Process
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The diffusion coefficient and change in NaCl concentration of root vegetables during cooking were studied. Japanese
radish, carrot and potato cut in 2-cm cubes were soaked in a 0.2 M brine solution at 20, 50 and 70C for 16, 8 and 6
hrs, respectively, for measuring the NaCl diffusion coefficient. The value for the diffusion coefficient of NaCl was in
the order of Japanese radish, carrot and potato, suggesting that vegetables obtaining more water had higher diffusion
coefficient. The diffusion coefficient of a 2-cm cube of radish soaked in 0.2-0.8 M brine solutions showed little depen-
dence on the concentration of brine solution. The predicted and experimental values for the average NaCl concentra-
tion of each volume element agreed with each other when using the obtained diffusion coefficient under different
temperature; brine concentration and time conditions. It was possible to predict the average or distribution in con-
centration of NaCl of a sample treated as a set of | mm® of volume element by using the finite difference equation.
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Fig. 2. Changes in NaCl concentration of 2 cm cube Japanese radish, potato and carrot soaked in 0.2 M

brine solution

<, Japanese radish (20C); [J, Japanese radish (50T ); &, Japanese radish (70T ); @, potato (20T); Il
potato (50T); &, potato (70C); @, carrot (20C); M. carrot (50C); A, carrot (70C)
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Fig. 3. Arrhenius plots of diffusion coefficient (D) of NaCl in Japa-
nese radish, potato and carrot soaked in 0.2 M brine solution

100C @ 0.1 M NaCl /KB Thgh L /-0 EuRie: £
NFEN4.0x107°% 3.3x10 % cm¥/s EMELTH Y, K
iz EN o 0E & 3IF—FK L7, &61, Liuldyvyar
1 £ NaCl ILER B O FE LT # L F— % 20~24 k]/
mol EHELTHNY, KFROY ¥ M EDMEIIINE
BIF—HLTWwb, T, F4ay, =TI 2220w Th
Liu & ZIZRIBENEIE SNz, —#2IZ, BERAPOHAK
B DILEFRRITE LA O BRI /- SN/KEERF %

(11) 11

NI | -El ectronic Library Service



The Japan Soci ety of Cookery Science

ANELE

H AR E R

Vol. 46 No.1 (2013)

I
Table 1. Apparent activation energy (E) and frequency factor
(A) of the diffusion coefficient (D) of NaCl in Japanese
radish, potato and carrot
A (cm¥/s)  E (J/mol) D (x107 cm?s)
cm?/s 7 (J/mol) ——
90T 95T 99.5TC
Radish 0.0196 18,706 4.00 4.35 4.68
Potato 0.0147 20,224 1.81 1.98 2.15
Carrot 0.0151 19,003 2.79 3.04 3.28
3.0E-05 A
@ 20E-05 o
£
Ch A
o 1005 { ¢ o
°
0.0E+00 - T T . ,
80 85 90 95 100

Water content (%)

Fig. 4. Relationship between diffusion coefficient (D) and water
content of sample at various temperatures

<>, Japanese radish (20T); [J, Japanese radish (50C); &, Japanese

radish (70C); @, potato (20T ); B, potato (50T ); &, potato (70T);

@, carrot (20C); M carrot (50C); A, carrot (70C)
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ERF Q) LR2rTOER b AV - (B) x v, &
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HI5E L7z HIEDHER% Fig 5127 ¢ . NaCl KBRS
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BEWITEREIVWI EE2ME L TENY, RWFZETIX Liu
RO REREON o7, FOHME LT, REH

12

(12)

50 -
F

40 - =

@ Y

g
4 F 3

330

o F 3

> a @ .

220 -

% ]

" . s o *
0 . : ,
0 2 4 6

Soaking time (h)

Fig. 5. Changes in NaCl concentration of 2 cm cube Japanese radish
in brine solution with various kinds of concentration at 70C

9.0.2M NaCl; I 0.4 M NaCl; &, 0.8 M NaCl

Table 2. Concentration dependence of diffusion coefficient (D)
of NaCl in Japanese radish at 70C

NaCl concentration Diffusion coefficient at

of solution 70C (x107° cm¥s)
0.2M 2.78
0.4 M 2.70
0.8M 2.39

DHEEIEHETH Y, BHIRRE &R BOBREIRZ 5
ZENEELWOEEZ ONL, X512, BEEOEYEE
SELTE, BITOAEBEIZ 1~ 2%EETHHZ2?, 0.8 M
(4.68%) ZEBORHEAEE LA IILIETES, 22
TABIETIE, EBOFRBL L THENEEZONS0.2
BLU0.4 M NaClAREERHTHE L7251 3 > DR
FREIRBETHLZ LM, FETHE) 1-2%DEHET
&, 51 P ORIEOIERBOBREKFEEIEERL %
CTEwZEEL, UWFOTFRITIZO0.2M NaCl KiBEHH
(ZIRE LB OWBRBAEREEL LTHWDEZ L E L,
3. EEOREEETLAREREOTA

Tabel 1 1Z7R L7228 E R T & R ot s L F—
W2 & 0RO LR Y T, SRiticr Ry
572507 (2) & ) B ek T RIREE O 21T
WV, FEME S OB EITo 72,

2cm ARET 0.34 M (2.00%) NaCl kiEif b TRiEy
gL, REEFHLCEEOMWMSIZ25 L) ML
BORAH RO THERBEOEIIZOVWTHHEAIEL 5
mm OERFENM 1 cm AZNZFNOEEOERE & 7l
fEIZDTWC, Fig 6a 24812 & % FillfE & £, Fig 6b
CABEERICLAFHUMEE ENEEL R L2, 2B, &K%
FMALZHETHY), BRI S EE0, M
BUZ X B NaCl KIS OREEEIEA b N> 72, Fig 6a
WORLAEIZE 2 FHMEE Fig. 6 b IR LB ERICE
HPMELR TS L, HIZXATFHMEIIAEESRICLS
FHMEL D b 1~3 g/kg /& <, M2 & B FHIEILSREE
BT AEREL D QAL NENE B, TRtk
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Fig. 6. A predicted value and experimental value of NaCl concentration in the outer part and
the inner part of 2 cm cube of Japanese radish after soaking in 0.34 M brine solution

A predicted value (a) point, (b) volume element and experimental value (n=30).

X, outer part of experimental value; O, inner part of experimental value; —, outer part of predicted

value; ---, inner part of predicted value.

Edorze —7, Fig 6bIRT &5 IHEBERIC L 2T
X, FEoSME, ENE b FRIMEIFSERE & ) RO T
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(1.17%) NaCl KEWRITRE L 720 THICBRILL, BT
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Fig. 7. Simulation of distribution of NaCl concentration in cylinder
sample (a diameter of 6cm and 2cm in height) of Japanese
radish after soaking in a 0.2 M brine solution at 99.5C, 1 h
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