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FEE T CHEZERE L CRIE) T, Na'™1 4 > &80 3100 ppm. K14 & EH% 100 ppm
THolz, Fle i N KO ERMEZERET 2 I EIX DEKED 0.048 kg/kg of sample
Ok L 2VE5 Nz,
U 7 ¢ IV DOFREY

FEROY I F U HEDOUERRE Micro Acilyzer S1 (Asahi Chemical Industry Co.) % F\VTHi
B U BT L T, Na 14 228D Lppm LT OREIME SN, 2 OB 0%
BT DWTIEBIE 7 ¢ )V DS ERIFRICE 2R R F TOUE T /o, BB ORI Z
2z, 7N OFKEEFIFFBEOE/KE 0.137 kg/kg of sample TH Dkt EflE D &L
TESWMERIEERITH N, :
[KCL &#IN7 ¢ )V L DFRE]

Bt 5 F A 0.1%DEAEN ) D A EMA. RO T 4 VA SRR, T 4
WL BEz, DT 4 )VAIIDNWTE I A RAETOERAEZTo 72,
[H o AEBR T, DRE]

T, P DSC (Perkin Elmer; DSC?) 12k DfFo/z, /15 AGHIRE T, OEIGFHE
NBEOFE D T60C, &k L TIE117CEinolz, Fzo BRO KA #IN7 4 )V A
D T, DEI 60CTH 7z, | |

2.3 BRWIERIEE

BEMIMEDRIEIL LCR A — % — (Hewlett-Packard Japan; 4284A, 4285A)C K0, JEHGE
i, 20Hz-1MHz T, REEZESE, /T RIvI VA, O NMHEEZRELZ. FER,
HEER I T ORD SHE L, | |

—265—



L (sin®)g ‘ o (YosB)g
2nfe, S (5) 2nfe, S 6

3. BREER

EEKEBOYITF T 4 )i BN BLUOHE D IOWT, #HEBRKIIEAE
EERITARICHEN L, -7 b bBEEMRRIS NN/, TIT, ¢ BE
O ¢ R BSHERICEHR L, BN BLUGE D IKDWT, MOREEKEE
% Fig. 6 1279 . WTNOFEHIOWTS MO E—7 372D BIEMABRRIE 41, {REN
FET 3 ONTENTNORBO E— 7 3@ ERACEE L. 58 N OE—70%,
£l D OFNL D HEVDIL. T N OFVESGEENKOZDFERLK 2 BT
HEMETHS (3) R, T, Wkl Tto M OE—7 2R FEREIIR—RE
BETIEIFR U &/aof. Fig 6 1GRT MPOF—4 % (4) R CHIR L CEMIEE 1, At
BHxhiz.

Fig. 7(a) 1CBEF N BEUD IDWT 14, OF L= AT 0y MEFT, &9 7IER
E72D, BED 5RO D NBEIHETR)LF— E, OEE, ## N 21119 ki/mol, #Ek D
110 kJ/mol TH oo KIZ Fig. 7(b) 12, TNENORAEHI DWW TRD 1= EimEEE,
OF7 L2 Tay hERT, BiveEEe, OEIL. 7k NOFNEE D KDHREWN
2, 2T BROE S ICEE N OBSEEEOFHE D OELD BRENZDTH D,
EHEOEZ D 5K b NE LT RV F— B OfER. #E N A% 123kI/mol € U Tkt

D Y111 kI/mol &7207z, '

ESAKEORE LICBEL T, ¢ OREWEKFES Fig. 8 (2)Ic. M OREIEERAEFNLZ Fig.
BMITTFET. Mk LICBAL TE M DHR5 e IZDWTHE—I RISz, 20
Z X3 BB AROREEOHRS, BREEDBEINADTGNKTIIRN I EZRLTND,
Fig. 8 IZR T LD ICHEIER ¢ BXOMOT T TId, a0 70— R7aghRE2 0,
I ERERETT—Y DIXB DENH 2 DB ORI L D EIFDEE L 572D T,
757 DY — I NED bR B K Uy, 23KD7z,

Fig. 9 IZ38} L IOV T, BEHINEEMREROMROY Lo X7y &Rd. &
ATV F— B BLEJL, T, 50.7 kI/mol BEUX55.5kI/mol £7Eo7z,

Table 2 1758} N, 58l D BILOGE L OFFHEZRIVF—DEZRFZET 2. 5F N
BLUREE DICELTE EOENEDELIZF-HL TS, OIS, #Ft D
BLOBE N ICBIL TERAEIINZEMNT A AEICERT 5 Z 2Rl TS,
L I2DWTi, E,& B IHEEANMELZ> TV, Fig. 8 1TRTLDIT, &7 O E—oh
M? OE—2 D OFFEETERASNEZEbEBRT L L, (KEKETHLOHE L T
Bl S N BEEEROBEIES BT OERABICER T2 ST 5B N &
HE D ETHEEEIRIVF—OEMNITTFEL VWO, Z0 2 DDFREHIT, 2L W (B

—266—



HAERENE LW EEBET 2) DIESNE A A 2B EIT 2RO %)L F—[EEEN
ELWI ERRLTNS,

Fig. 10 IC KA ZFMMLEEETF > OH I B RHEICB TS 1y T LU0
v N ETRT . A T RAREED 5 TN—RENDZABITHEMEENELL T 2. Ko T T, i
FEIC BT BEH TRV F—2E T2 2 SIIREEDN, 1D AEBITED 1 42 OES)
VeI REHIT 5 & SIXTIRETH 5.

BEORMERE RV, RARDTEREN ST SN S AL TRIFEEA
ERZF 5NN, FHFEOMKEIL. BREIFHEHIEE SN T I RAITBNTH, B
WA R W OVERI R Z AR LT WS, TRbbMtEERETH B NI ER
BEEDIIRENTEE TNFUEPLER) OA T DRERDBESFEIEIRIT K DT
OWREMICRE N EEZ BNS,

4. F&¥
e T, @BEEETEYIF UICEL T, BEXHEEREAWEH T X8 O
Wefrolz. TR, WFOMEIMFE NIz,
1) £BESEDH I AT DN THBSHERERWBITOVERN ThH 5 T EAVRE N,
2) EEAKROATA GRED 1B TERREE: M ORI, BEXEIC, EKEKERD
S TEIRIE N BRI ESUR T OELAISER T2 Z R S 1.

253
1) Blanshard, J. M. V., Lillford, P. J., Eds., “The Glassy State in Foods”, Nottingham

University Press: Leicestershire, U.K., 1993.
2) Maxwell, JC., “A Treatise on Electricity and Magnetism. London”,
Clarendon Press, 1873.3)
3) McCrum NG, Read BE, Williams G., “Anelastic and Dielectric Effects in Polymeric
Solids”, London, John Wiley and Sons, Ltd., 1967. |
4) Higgins, T.J., Macedo, P.B., Volterra, V., J. Am. Ceram. Soc., 55, 488 (1972).
5) Provenzano, V, Boesch, P, Volterra V, Moynihan, C.T ., Macedo, P.B., J. Am. Ceram. Soc.,
55,492 (1972). -
6) Ambrus, J.H., Moynihan, CT., and Macedo, P.B., J. Phys. Chem., 76, 3287 (1972).
7) Macedo, P.B., Moynihan, CT, Bose, R., Phys. Chem. Glasses, 13, 171 (1972).
8) Iwamoto, S., H. Kumagai, H., and Miyawaki, O., Inz. J. Biol. Macromolecules. 26, 345 (1999).
9) Havriliak, S.; Negami, S. J. Polymer. Sci. Part C, 1966, 14, 99-117. \‘

—267—



dielectric constant &'

electric conductivity ' _ —
— -—

7~

e SR
7

NN Q
=z

- .
/ T —

— e _

Flectric field
. e 1 /
dielectric loss € s
(= 0'/(2nfep) 77
7 / Ve

fm Frequency f

Fig. 1 Dielectric relaxation phenomena.

Arrhenius plot

g > logt| =Aexp(E,,/RT) T relaxation time [s]
Tt A: frequency factor [s]
E, .: activation energy
| act
| | B [J/mol]
% ¢ * R: gas constant
Slope: E,./R  (_
fn frequency P Fact (=8.31 [J/K/mol])
T: temperature [K]
=1/(2nify)

1/T [1/K]

Fig. 2 Evaluation of Activation Energy E, from Dielectric Relaxation Data.

Table 1 Type of Dielectric Relaxation in Glassy and Rubbery States.

Iei;;;i’ﬂon state activation energy Eact molecular motion
a-relaxation rubber 100~1000 kJ/mol micro-Brownian motions of main chain
. ) local motion of main chain
B-relaxation |(mainly) glass  10~100 kJ/mol motion of side chain
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Fig. 3 Conversion of the Complex Permittivity ¢* to the Electric Modulus M*.
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Fig. 4 An Example of Conversion of the Complex Permittivity e*
to the Electric Modulus M* for Gelatin.

Gelatin concentration was 0.854 kg/kg. Temperature was 30°C
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Fig. 5 Analysis by Electric Modulus in This Study.
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Fig. 6 Frequency dependence of M" for gelatin-water systems.
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Fig. 7 Arrhenius Plots of 1/gy (a) and o (b) for Gelatin Films.
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Fig. 9 Arrhenius Plots of 1/v and 1/t for Sample L.

Table 2 Activation energies of Gelatin Films.

E‘E EO' Eact
[kJ/mol] [kJ/mol] [kJ/mol]
Sample N 119.0 1230 -
Sample D 110.0 111.0 -
Sample L 555 - 50.7
10° .
%9 :
O 1
o !
10° [ o
o |
Q
1 O
= 1
L 10 O
: 0
10° F -
Rubbery E Glassy
1021111|1|1|.|||11||1'1
2510° 310° 3510°
1T (K)

Fig. 10 Arrhenius plots of 1/t for gelatin film containing

KClI (0.001kg/kg of dry mattter).
Water content: 0.150 kg/kg of sample. Tg : 60°C.
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Analysis of Glass Transition of Food Containing Metal Ions
Using Electric Modulus

Hitoshi Kumagai
Department of Applied Biological Chemistry, The University of Tokyo

Summary

The glass transition temperature T, for many foods has been determined by DSC, but DSC
does not provide information about the molecular or ion motions. Dielectric spectroscopy is widely
used to study molecular dynamics in polymeric solids. With increasing frequency, f, the dielectric
constant, ¢”, often decreases, and the dielectric loss, €7, shows a peak due to the delay in the dipole
moments. This phenomenon is the so-called dielectric relaxation, which reflects the chain motions in
materials. However, at low high temperature, the peak of ¢” for materials containing electrolytes
and/or water is often masked due to the large dc conductivity; the ionic conductivity makes it difficult to
measure the dielectric relaxation. In these cases, an electric modulus M* (= 1/(g' - ie") = M'+iM” ; i,
the imaginary unit) is often effective for analysis. In this study, we examined the dielectric properties
of the gelatin films using the electric modulus M*. In addition, the mechanism of the observed
relaxation of M* was discussed.

¢’ and £” for samples were measured over a frequency range from 20 Hz to 10 MHz and then
transformed into the M* formalism. A non-desalted gelatin film with a water content of 0.146kg/kg of
sample (Sample N; T,, 60 °C) showed the peak of M” (relaxation of electric modulus), although fhe
peak of ¢” was masked. The value of the activation energy, E, evaluated from the Arrhenius plot of
the electrical relaxation time, T, agreed well with that of the activation energy, E,, evaluated from the
dc conductivity, oy, for Sample N, indicating that the relaxation observed for Sample N was ascribed to
ionic conduction. In addition, the value of the activation energy of Sample N was close to that of the
desalted glassy gelatin with a water content of 0.137 kg/kg of sample (Sample D; T, 60 °C).  On the
other hand, a glassy gelatin containing metal ions with a water content of 0.0450kg/kg of sample
(Sample L; T,, 117 °C) showed a peak for both the ¢” and M” data.  The value of E, agreed well with
that of the activation energy, E,,, evaluated from the ¢” spectra, indicating that the relaxation observed

for Sample L was considered to arise from a dipole orientation. -
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