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Comparison of State of Water in Various Starch-water Systems after
High Pressure Treatment or Heat Treatment

Akira Yamazaki, Akihiko Sasagawa® and Akifumi Yamada

(Received July 11, 1996)

In this study, we measured by DSC the latent heat of fusion of ice in various starches
(A-type crystalline structure ; corn starch, rice starch, waxy corn starch, and glutinous rice
starch, B-type crystalline structure ; potato starch) whose moisture contents were adjusted to
50 %, immediately after and a few days after the high pressure treatment of 600 MPa, or af-
ter the heat treatment of 80 C and 120 C. We examined the state of the water in the starch-
water systems through the comparison of the DSC curves.

The results were as follows : according to the thermograms of the starch-water systems
after the high pressure treatment, the endothermic heat flows of starches of A-type crystalline
structure varied more greatly than those of B-type crystalline structure, whereas, according to
the thermograms of the starch-water systems after the heat treatment, starches of B-type crys-
talline structure were more strongly affected by heat. Regardless of the kind of starch, starch-
water systems subjected to high pressure treatment showed peaks at round 0 TC in the thermo-
grams, which shows that the water component in the starches in mainly free water. On the oth-
er hand, the peaks of the thermograms of the starch-water systems subjected to heat treatment
were under 0 C, which shows that the water component in the starches includes more restricted
water. In addition, the waxy starches (waxy corn starch, and glutinous rice starch) , which are
considered to have high crystallinity, showed that the amount of unfreezable water in the starch-
es remarkably increased with time after the high pressure treatment or the heat treatment, as
compared with normal starches.

From the above-mentioned results, we consider that the starches gelatinized by heat treat-
ment or denatured by high pressure treatment are different with respect to the mechanisms of
water penetration into starches as well as the distribution of the molecular networks formed by
gelatinized starches.
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Fig.1 Typical DSC thermogram showing manner of de-
termination of Ty, To, Tp, Tm and T..
T, starting temperature; T,, extrapolated tem-
perature ;

T,, peak temperature : Tn, peak end

temperature ; T, conclusion temperature.
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Fig.2 Changes in the DSC thermograms of corn starch-water systems in relation to various treatment and storage
times. P, pressurization at 600 MPa ; H-80, heat-treatment at 80 C; H-120, heat-treatment at 120 C ; C, non-
treatment ; 0 day - 5 days, storage time at 5 C.
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Fig.3 Changes in the DSC thermograms of rice starch-water systems in relation to various treatments and storage
times. P, pressurization at 600 MPa; H-80, heat-treatment at 80 C ; H-120, heat-treatment at 120 C ; C, non-

<

treatment ; 0 day - 5 days, storage time at 5C
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Fig.4 Changes in the DSC thermograms of potato starch-water systems in relation to various treatments and stor-

age times. P, pressurization at 600 MPa ;

non-treatment ;
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H-80, heat-treatment at 80 C ; H-120, heat-treatment at 120C ; C,
0 day - 5 days, storage time at 5C.
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Table 1 The analysis data of DSC thermograms of various starch-water systems.

Sample Ty C TJC Tw/T Tm-To/C TJC AHIJ - g1 UW./%
Water 0.0 —1.8 1.4 3.2 —3.8 334 0.0
Com C —-0.8 —2.6 0.9 3.5 -109 268 19.8
P-0 0.0 —24 1.2 3.6 -10.3 259 225
P-1 0.0 —42 1.2 5.5 —11.4 250 25.3
P-5 0.0 —22 1.9 4.1 11.3 242 21.5
80-0 —12 —4.1 0.0 41 —11.7 269 19.5
80-1 —14 —42 —0.2 4.0 -129 272 18.6
80-5 —12 —3.0 0.3 33 —15.0 254 24.0
1200 —1.1 —-53 —-0.3 5.0 —13.1 239 28.4
1201 —19 —6.6 —-0.3 6.3 —14.2 236 29.3
1205 —2.0 —5.0 —0.6 4.4 —16.1 232 30.4
Rice C —0.4 —23 1.8 4.1 —-10.5 267 20.1
P-0  —0.6 —4.0 0.9 4.9 —9.4 262 215
Pl —12 —4.2 1.0 5.2 -10.8 259 223
P-5 —20 —33 0.6 3.9 —11.0 249 25.5
800 —19 —-55 0.0 5.5 —11.0 266 20.4
80-1 —17 —4.4 0.3 4.7 -123 267 20.1
80-5 —1.6 —4.2 0.1 4.3 —128 241 27.8
1200 —14 —4.6 0.5 5.1 —11.8 260 222
1201 —19 —-53 0.3 5.6 —15.3 251 24.7
120-5  —13 —6.1 0.4 6.5 -12.0 246 26.3
Potato C -1.2 —2.7 0.4 3.1 —13.6 242 27.5
P-0  —07 —2.1 0.7 2.8 -10.2 234 29.9
P-1  —07 —29 0.0 2.9 -12.9 204 38.9
P-5  —1.1 —2.4 0.1 2.5 -123 208 377
80-0 —13 —-5.0 -0.7 4.3 —14.2 254 26.9
80-1 —1.8 —46 —-0.5 4.1 —14.4 245 26.5
80-5 —1.1 —3.4 0.0 3.4 —17.3 237 29.0
1200  —2.1 —6.2 -1.0 5.2 —12.4 233 30.3
1201 —1.6 —59 —0.2 5.7 —12.3 225 32.6
1205  —22 -55 1.0 6.5 —14.0 211 36.8

Ty, To, Tm, Tm-To, Ts, AH, see the text ; U.W., unfreezable water, C, non-treatment ; P, pressurization at 600 MPa ;
80, heat-treatment at 80°C ; 120, heat-treatment at 120C ; —0, —1, —5, the days of storage time at 5°C.
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Fig.5 Changes in the DSC thermograms of waxy corn starch-water systems in relation to various treatments and
storage times. P, pressurization at 600 MPa; H-80, heat-treatment at 80 C ; H-120, heat-treatment at 120C;
C, non-treatment ; 0 day - 5 days, storage time at 5TC.
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Fig.6 Changes in the DSC thermograms of glutinous rice starch-water systems in relation to various treatments and

storage times. P, pressurization at 600 MPa; H-80, heat-treatment at 80 C ; H-120, heat-treatment at 120C;
C, non-treatment ; 0 day - 5 days, storage time at 5C.
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Table 2 The analysis data of DSC thermograms of varous starch-water systems.

Sample Tp/C T4/ C Tm/C Tm-To/C TJC AH/J - g U.W./%
Water 0.0 —1.8 1.4 3.2 —38 334 0.0
Waxy C —0.9 —2.8 0.9 3.7 —15.5 264 20.9
corn P-0 0.0 —4.0 2.2 6.2 —11.2 253 244
P-1 0.0 —52 25 7.7 —10.8 254 24.0
P-5 —02 —4.6 1.2 5.8 —10.3 170 49.1
80-0 —14 —4.1 0.9 5.0 —1238 255 23.7
80-1 —138 —4.5 —-03 42 —122 251 249
80-5 —1.5 —3.7 0.0 3.7 —11.2 212 36.5
120-0 —1.38 —54 0.3 5.7 —13.2 265 20.7
120-1  —22 —54 —0.5 4.9 —149 123 63.1
120-5 —1.7 —43 —0.5 3.8 —134 79 76.4
Glutinouss C —1.2 —3.1 1.8 49 —125 272 18.4
rice P-0 —1.1 —4.5 1.2 5.7 —11.5 263 21.2
P-1 —11 —43 0.9 52 —10.8 249 253
P-5 —05 —3.7 L5 5.2 —11.7 214 35.9
80-0 —25 —64 -0.3 6.1 —14.6 272 18.5
80-1 —12 —43 1.5 5.8 —12.0 226 323
80-5 —16 —4.0 0.3 43 —10.8 209 374
120-0 —1.9 =54 0.0 0.0 —12.6 264 21.0
120-1  —2.0 —5.1 0.2 0.2 —12.2 245 26.6
120-5 —1.2 —4.6 0.0 0.0 —143 152 54.6

Ty, To, Tm, T To, T, AH, see the text ; U.W., unfreezable water, C, non-treatment ; P, pressurization at 600 MPa ;
80, heat-treatment at 80°C ; 120, heat-treatment at 120°C ; —0, — 1, —5, the days of storage time at 5°C.
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Fig.7 Comparison of the DSC thermograms of potato
starch depending on water contents. A, 16.3 %
water (non-treatment) ; B, 50 % water (non-

treatment) ; C, 100 % water.
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