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2.1 X HFEREXRY v

2. 1. 1 g FEROIL KB 2R EHBEICO> VT DR

BRENE Bl BLUMMEKHE Be.2 My s AEROULLHKITH D

ZEEBEEICOWTOM%E Eq.3 IR L 213,

W& € (x,y,z.t) Ci, x=L,y=+1,z=41, t>0 (Eq.1)

MWM&t: C (x,y.z,t) Ce, ~-L<x<L, -L<y<L, -L<z<L, t=0 (Eq.2)

Cl - C(l) oc oc oc 1

=g £ L L
Ci - Co =0 n=0 p=0  (n+1/2)2(n+1/2)%(p+1/2)%m °

x exp [~ ((n+1/2)2 + (n+1/2)2 + (p+1/2)%) = 2Dt/ L%} ] (Eqa.3)

C(t): ¥ Lh i mE, REABM. LIl khko—To1/20K% S, D i
i 1R £

2.1 2N FHRERYVOoOREY, RABLIUCPHRERHGE

EXR (BMEAY RE) Y VEFRXOBECHEL (Fig. 1) . BEKE
EEREEMIC—DOE &1, 2. 3. 5. 1B XU 10cnd LA K IKUIW L 7o
BETMRELEILERACE 5. RAT O INRE (FR(LE RBEHR)IKE
W0~ 1505, MMAGKRKY VoL REL SHEBMBELS LI KREL K. &
KR A -5-THB L (120rpn). ERIISCEBMATIT » 7o BB, 1B
BHMIEDEERGRc L R FRBE2+1Cica vy te—rL, BREKE
WOERDDOBELEIR25+0.8°CTH » 7o RIMIBIEHRY KL TIT » T
ERMEEE. AEARERY VEAROVBL, ¥HoRXBEAVWTISA
EOKNESBEAREEBRECLOMEL o /. B OFHOAKIR KT
A XBRBEEEL. ALABEB O LBA EFyT/EKBEIC KD RAEL.
FricBALLAEEERO T, YL P OoRBETHBE C(t) ZHEH L /o
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2.2 MPRE AR T v

2.2 1B O FEIRBRE ki B B MR

—REOWMIC o WT I} Bl BXU B.5 OBRB L MM &I > 0
TOLHAEERXDHE Eq.6 TR VLD,

ER&M: C (x.t) = Ci, x =0 £50 (Eq. 4)
MME&: ¢ (x.t) = Ce, x>0 1=0 (Eq. 5)
C(x .,t)-Cy X
= er f ——— (Eq. 6)
Ce-C1 2 DT

2.2 2¥MUBEBEIGKREXRY VOB, BESLIULTHREEN S &

R (BIE L RE) Y VIREBUSFGRERY VEIR SO B ECHE L.
AFyVABIAEZESR (EEE R 10en. & 10cnic & S iCThidivi: EHicE W T,
B ldenic Lcbo) i L. REKEKBEENCL%cn® YIN L TE
BRic it L 7o

ZHAMO0. IMBEKBHICI, 3. 6. IB XU 12 MR EK. Fig. 21 /R ¢ #k
KEHERY vOhREYD —RLDILiFOAIBELTWEHY EL T, BRIt
EHE&LDO.ScnoBESsoMBIRAK 6 >ZMo LA (Fig.2'b) o &MHAIK
R RrsorwFEQiclLT, —ATKkDERZ, LB VOENTARAERAR
A, USBREESYVOBELAROFETMEL., SHRREK D 0 KK
P BEEErEH Lk BEKBERIBAI-7-TH P L (120rpn). BRI 2SCHER
BMATIT-> o BEAWRIBEDLEL TIT » %o

Eq.6 ODRME x kK3, REABGEBLI »ZARRKRAMES >0 RE TCOE
BE (0.25. 0.75. 1.25. 1.75. 2.25% & U2.75cm) %&. HBIRE C(x,t) T,
EHAMREHToORBEEHREEZRAL, B C <R 749 P 5L
BM—RuxoLiMEE D ERD
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. BEBBECNTASTSBPORETIME O, (Concentration
Ratio (Cr)) OEEKZE{ ZFig.3Ic /R L 7o

3.2 1-Cr & t/L2 oM

1-Cr BXU t/L2oME4A2Fig dick Lo 757k, FTHEEDOL
Cr WM FEo K3 ickod. t/L2ofHléLTRENB EDBEDLN
2o

3.3 R0 MicBI 2RI OMBEREDR

AEBR TR, BEXYVHOREVHIBE Cod 070D T, Fig. diT B 5 it
i ®1-Cr OMED Bq.3 OEBDIKHEYT 5, Lk ->T, Eq3 CEHRAME t.
L XU 1-Cr DfEARAT B ERDPTOLEERZEZRD B I EHTE 3,
COB., ChooZH. t. L BXU Cr ot RV O HEROBEKRLZR
He sovic., 25 — % H4s@ (Fig.4) it>WwWT, Cr BXU t/L2 2K 4
LABOLEBRAS CERERNMESR Eq.3 KRR +7 4 » b &RBFETREDLI
DILEBEHREER Lk COB, "X b7 49 b d250FEH. 2RI
O HMBEBROLENEMPCIRABZIENTEBEVWIBAID, 1-Cr DK
EVWEHDPOLA4SDOEAEE—2DDORHELT. Ed T OB AREKRD ko
ZLTC. Cosrv—7odho t/L2 BAKEEBRE., FILIKRODO t/L2 ZHE
EMA. iR 4207 v—=T %20, BHRCE»ITOLNHABHEZEL T 3
EWSFHFET, Rr0oilSBEHZEZERBICKRD 72 (Fig.5) o XA P T 4 vy
PiIcBE L T Bq.3 OB HAn. n. pid. 8LLET Dwp DEMPIE L 76
Fig. sz, AP o BEHELOEOER 7 v— 7D Cr FHER2ERL
TWw3, B> oi#FEHER Cr oFmicE b wEH L, Cr=0.6ff:ETH
KEARLZHE. BROTEER TS 7o £ IT. BONNLE» T OB
Biex2 b7 490 b T2 BEHMBERDALFER. Dw B Cr D2RAE LT
Eq. T O XSl d 5 &P TE T

Desp = A X Cr? + B x Cr + C (Eq. T)

T, A=—1.064 X 1075, B= 1.236 x 1075, C= 6.738 X 10°% T
5, COBOBT— s HIB.EDLTOIMEHRDZRMME ( Dewexp )
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(Fig.5@ O H) CEq.T» 5RO LEHEME ( Dawcal ) L OHBEBEHI
R=0.831. Dapexp / Dapcal =1 ¢ 52RERZEW 4.431 X 1072T 5 -
7o (Fig.6) o IR Eq.7 L DRD7 D OB AKMEI Cr=0.580 B
Dap=1.033 X 107%cm?/sT & » 720

3.4 1-Cr & Dwp-t/L2 @B iR
Eq.7T ORDELBHPIOILEBEHEZREWT 1-Cr & Dsw -t/L2 OB &% % 5
TEHEREERKRL K (Fig. 1) o

3.5 ¥MMEBIGKERY VIO BB OILHEYR (—KRxToikH)

FYHEMBEFERER Y VPO RR (REBEB L 00,25, 0,75, 1.25, 1.75,
2.258 L 2. 75¢cm) BB Cr BItZFig. 8ic/R Lo EHMMEZE Eq.6 iT
2 b7 4y PEETESOLILBAEEIZ. D=1.12x10"5%cn?/sTH » 7o
Fig.8 TR Fy P BEREZ. T/, BonLHER%: Ea.6 WRALTKE
BEEEZEHR TR LI

4 . EK
4. 1 ZRTEBEBI2EPITOLHERIIODVT
VUFHEGBRERFYVPORBO=ZRTILHBIKBYT 2 Ao OIMBEKIR Cr.
TRbLE t/L2 TKETH2ILEHBOON, TOESH OB FIdFig. 51K L
ok 4. Cr=0.58iC T Dy DMAME 1.03 X 107 %n?/s%2HFET 3bDTH
5t FLT. WFHD Cr fHEBVWT b, ZRTLBicBT 300
BEBER., —RaTHiicBd 5E 1.12 X 107%n2/s& b db/h&EL, Zo0B
EEld., Cr=0.580 R AMEICEBWVWT b, BLZI2%TH - 1o

4.2 1-Cr & Dap-t/L2 ORI Z R T HRE

1-Cr & Dap-t/L2 OBFEZRTHK (Fig.7) THVWB I ELitkb, Bx
BRPTOBAMEOCRBIC>VWT, BP0 0NBERS2VIEER t b
3% Cr 2FRI 2 IENBTESE, 1-Cr & t/L2 OBBERIAFHOKE S
KRBESB VWO T (Fig. d) . 2 BEEZEMICDVWT, —BEHOK&E S D Cr
BEEZ{ERD, Fig. TOBRKEIDE t BT 2E» T OMLEEE ( Daw )
AEHL. D & Cr OBBEREMEEL LIt LD, ERBZRESOIAEI
B A Cr 2TFRFT 5 ENTE B,
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4.3 Cr f{id Dw fli~DkEFH

KK R S A h ORI (BE 0.IM) OEMIKOVTRE L, =R
DELTOLHBFRABAMERET S LB SN, T DK Cr= 0.1~
VIDHIMTEI O M ERIEBELE 0.8 x 10 %n2/s ~ 1.03 x 107°
en2/sOBAZT LM, RBEhr P OMMEMN—EMEMS & LLBA,
LEMMEE .3 KWKRALTRDEED T OB EHIE 0.98 x 10 %cn?/s
THoto BELPTONLBERN—FELTEMT S Cr O HER, E» 3
DEHEROZEHEZE LI L Sichb~, RATE XL £65FN 5 & W3R
» 5Nt

5.4%@ﬂﬁ

Sk, FRBEORBBEFYNV (23 —VvRF9—FFN, BTALT I VT N) %
ARV, FAREELA IS LBEOZRTERIEDVWTRET 5. F 7o,
Mmiasst o 5 28K (KRB E) 0BE SR T %0
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Agar powder 60g

T
— deionized water 2940g at 20°C for 60min.

|
|— dissolved at 70°C for 30min then, at 90" C

| for 30min using reflux condenser.

|
— degassed for 15min.

|
l— solidified 1n vat.

|
— left at 25°C for 12h.

|
Gel

Fig.1l Preparation for Agar Gel
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Vo .
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Fig.2 Schematic diagram of the measurement of concentration
gradlent in a seml infinite gel slab. The unit in the figure is
[em].

a:Stainless steel container in which the agar gel slab was
contained

b:Cut out cylinder sample which had offered for the measurement

of the concentration gradient of sodium chloride

o Tz 26 3 48 60 72
Time (h)

Fig.3 Changes in the C. of various agar gel cubes after soaking

in a 0.1M sodium chloride solution

The solld curves reprecsent the calculated value from the relation
between C. and Dupp shown in Fig.7. -Symbols in the flgure are as
follows; ® lcm, O 2cm, A 3cm, o S5cm, B 7cm, O 10cm in slde

length of the cubes.
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1.0 v T v T T T v T
0.8 ] i
T 0.6% -
S [ 8 §
Lol iy i
0.2 3 > -
- 4 o N o
N 1 N 1 2 1 " |
0 1X10*  2X10*  3X10*  4X10*

t/L% (s/cm?)

Fig.4 Relationship between 1-C. and t/L2

Symbols are the same as shown in Fig.3. The value of 1-C. 1s the

function of the value of t/L2 regardless of the sizes of the cubes.

o
N
1

Deslcm2/s)X105

0.6 - |\ v g

Fig.5 The change of Dupp for the three-dimenslonal diffusion.
Dots are the value Dapp obtalned by substituting the value t/L2
and C. in Eq.3. The calculated value of Dapp is shown In the solid

curve as the quadratlc equation of C.. Dapp' A X Cr2 +
B X Cp + C where A=-1.064 X 1075, B=1.236 X 1075, Cc=6.738 x 1076.
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°
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e
w0

Calculated Duw by . (7 km?s) XI0°

e
~

1 1 I |
0.7 0.8 0.9 1.0 1.1 1.2

E xperimental Dapplem?/8) XI0°

Fig.8 Correlation between the calculated and the experimental

value of anp .

Total number of the data, correlation coefficlent and standard

error are n=45, R=0.8314 and SE=4.431 X 10'2, respectively.

1.0 T T

0.6 -

1-Cr (=)

0.4

0.2 -

0 1 |
0.1 0.2 0.3
Dn”t /L2 [_]

Fig.7 The relationshlp between 1-C. and anpt/Lz

The calculated value of Dapp from Eq.7 is adopted.
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LO 71— T T T

1 3 6 9 12
Time (h)

Flg.8 Changes in the C. In a scml Infinfte agur slab after

souking in a 0.1M sodlum‘chlorlde solutlion.

Experimental value was shown by symbols, as follows; ®O0.26cm,
00.75cm, A 1.25cm, a1.75cm, ® 2,25cm, ‘0 2,75cm, which
represent the distance from the surface contact with the sodium
chloride solution to the center of each sliced sample. The solid

curves represent the calculated value from Eq.6 using D=1.12 X

10" 5cm?/s .
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Mechanism for Permeation of Sodium Chloride into Food
Atsuko SHIMADA, Keiko HATAE,‘Yoko SHIMIYA and Sachiko ODAKE
Department of Food & Nutritioﬁ. Faculty of llome Economics,
Ochanomlzu University
Summary

Cubes of 2% agar gel, side length (2L) of 1,2,3,5,7 and 10cm
were soaked in a 0.1M sodium chloride solution at 25°C. After
soaking for 0-75 hours (t), the amount of sodium chloride and
water in the gel were measured, and the mean concentration of
sodium chloride in the gel cube was calculated. The ratio of the
mean concentration to the boundary concentration (Cp) depended on
the value of t/Lz. The value of apparent diffusion coefflcient

(D yielded by substituting the values of t/I_.2 and C,. into

app) ’
the solution of diffusion equation, depended on t/L2 and C. and
reached the maximum (1.03 X 10_50m2/s) at near Cr=0.60. The
relationship between C,. and Dappt/Lz. which is shown 1in this

report, can be applied to the diffusion of any substances in

various food materials other than agar gels or sodium chloride.
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