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Thermal Properties of Starch-Water System

Toshiko Shiotsubo

Thermal properties of starch-water system which were mainly studied in our laboratory are

reviewed. The heat of swelling, the differential heat of swelling, the heat of gelatinization and

the change of heat capacity with gelatinization were estimated by calorimetry. The heat of

gelatinization and characteristics of gelatinization were determined by thermal analysis. At a

heating rate slower than (.5K min™

gelatinization state is in equilibrium, accordingly, excess

heat-capacity curve were obtained by thermal analysis in this condition. From excess heat

- capacity curve, van't Hoff enthalpy of gelatinization of starch was determined, and from the

rate of the calorimetric enthalpy and the van't Hoff enthalpy. the size of cooperative unit was

estimated.
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Fig. 1 Effect of water contents on heat of swelling

of potato starch. Samples with various
water contents were thrown into 30 cm?® of
water at 30°C and heat eat evolution were
measured.
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Fig. 2 Reciprocal plots of @, and W, with swell-
ing of potato starch with various water
contents.

Qb == Qo — G
Q,  heat of swelling of dry starch
@,  heat of swelling of starch when
initial water content of starch is
W
W, : initial water content of starch
Table 1 Heat of hydration and value of A and B

of potato starch.
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| Heat of hydration —174 kJ (mol glucose resuiue)

at W, =20 41074 kJ (g starch)™’

T ri
1.60 mol I*bO(mol glucose re51due) Y

—184 kdJ (mol H:0)"!
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Fig. 3 Recordings of calorimeter signal observed

upon mixing of starch with water at vari-
ous temperatures. Conditions were ; (a)
starch (0.6464g) +H,0 (30cm?®) at 30.0°C ;
(b) starch (0.5867g) +H,O (30cm?®) at 49.
7°C ; (c) starcg (0.4155g) + H,O (30cm?)
at 55.3°C ; (d) starch (0.6761g)+H,O
(30cm®) at60.2°C; (e) starch (0.5303g) +
H,O (30cm®) at 73.2°C. The calorimeter
sensitivity under the steady heat effect was
A=23.62 W V! at 30.0°C.
Calorimeter signal is shown by V per 1.
00mg of starch.
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Fig. 5 Effect of heating rate on DSC thermogram.

The endothermic curves have been redr-
awn after substraction of the baseline.
Starch concentration, 10mg in 50mm® H,O.
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Fig. 6 Effect of heating rate on DSC peak tem-
perature. The arrow indicates the tem-
perature below which 7} is independent of
the heating rate. Starch concentration,
10mg in 50mm?® H,O.
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Fig. 7 Endotherm characteristics as a function of

heating rate. &, T2 ; A, 1, @, T, ; O, T..
They are independent of the heating rate at
rates slower than 0.5 K min~!. Starch con-
centration, 10mg in 50mm?® H,O.
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Fig. 8 Effect of heating rate on heat of gelatin-

ization. The average value was estimated
to be Ak, =17.07+092] (g starch)
Starch concentration, 10mg in 50mm? H,O.
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The transition curve of starch gelatin-
ization derived a DSC thermogram with a

heating rate of 0.05 K min~'. Here, -5
denotes the fraction of ungelatinized and f
the fraction of gelatinized starch granules
at temperature 7 .
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Table 2
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Thermodynamic parameters of potato starch gelatinization.

\,7 Gelatinization temperature

(half-conversion temperature)

A]_Ical

AHVH

AS
(at half-conversion temperature)

Cooperative unit

—

61.44°C

277+0.15 kJ (glucose residue)™!
666 +36 cal (glucose residue y !

816 +8 kJ mol™!
195+2 kcal mol™!

8.27+0.45 JK~! (glucose residue)™!
198+0.11 cal K ! (glucose residue)™!

295 (glucose residue) mol™!

48,000
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size of cooperative unit (g/mol) =

AHy(k]/mol)
Aheay (k)/g)
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Excess heat-capacity curves for the starch
gelatinization, drawn on the basis of the
van't Hoff relation by differentiating the
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Fig. 11

the isothermal calorimetry. The coopera-
tive unit sizes used for the calculation of
curves are ; fa; g=48,000, ‘b 8=24.000,
and (¢c; £=96.000. The open circles are the
excess heat-capacity values experimen-
tally observed for the starch-water suspen-
sion in chapter 4.
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Fig. 12 Effect of phosphorus content on thermo-
gram temperature, heat of gelatinization
and size of cooperative unit of potato
starch gelatinization. ®, start temp. ; A,
peak temp. ; O, conclusion temp. ; ©, heat
of gelatinization ; A, size of cooperative
unit. Heating rate, 0.5K min~. Starch con-
centration, 10mg in 50 mm?® H,O.
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Fig. 13 Dependences of T, (@), T, (O), and T,
{A) on the heating rate for warm water
treated potato starch (A) and untreated
potato starch (B). Vertical bars represent
standard deviations of six different measur-
emnets. Starch concentration, 10 mg in 50

mm?® H,O.
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Fig. 14 Heats of gelatinization of untreated (@)

and warm water treated (O) potato starchs.
Vertical bars represent standard deviations
of seven and six different measurements
for untreated and treated starches, respec-
tively. Starch concentration, 10 mg in 50
mm?® H,0. A ke, of untreated starch is 18.
0+0.71 Jg=' and A J. of warm water
treated starch is 19.70.71 Jg".

THE»IzEmML Tv5 (Fig. 14), TR &b,
HOKMLEEIC L5 TEBENO S ARl (T
== 7)), BRRoEE A ML T E %,
L= EEIC BT A L ARl TV B,

§. 3. BEORL IEBBORSIT

BN, RO 2N oD TFE L LT,
SHEHLRT, BIEVEE T, LOIREBTRE TS
BEORMSH S DIz, —REIZIKCHL TR S,
Lo L, Btk o FiBEEEEIZ L - TS
BIERHRL D20, VHEBEERL O LENH D, B
MOBIRIRIE, FoREIZLY, #kiEE, DSC
ORI B T2 TH 5 (Fig. 15). A E2Zhn
FCICHESNTOLERBSOL WET L L, 7
EEEVCTRLEYy, ZoBERIE, LbhAHARBOM
fE, ANNECILZERLS DD, BiREREMECIC
LEELTWE, §4bb, TRETIZHEXNTY
DL, 11 EAE 2 ~10K/min O FIEHE T#l
EENTEBY, 207212, EEOBLEE L V<
BEEAND, AFEIZ L, EEYSC, B LI L B
Hid D, BFEER O DSC, Bz I EED
BII K BOREBEIZI OWTIHN LTV 575 F
EREEIZOWTIE ST VEBS LT ENThn, 85
Mriz & » TIFS Lo BERE 2 ey 2 72di2 13, A
EIHE DR T GIREE T L 2T AU ERR D T
His, G- LTWLEYRBD I,

#]

T/°C
60 70 80

T T T T

v rice
v taploca

red bean

v potato

barley

waxy rice

corn

Vgr een pea

’\/waxy corn
—_\Aeet potato)

I 40 W

<€—T¥Endothermic heat flow

Fig. 15 DSC curves of gelatinization of various

kinds of starch. Heating rate, 0.2 K min '
Starch concentration, 10mg in 50mm?® H,O.
Vertial axis shows endothermic heat per 10
mg starch.

1. by

Bob = KOS AEIKIEIS 51T B BRI O T
S reht, ZAUBISMZ L, SIREEO BN KA E
Bhiz o THML AT STV RP 9L, Bk
BAEO K VBB L T LBRED S B BHOMIE, 57

FARBEIZ DO TR SA %Y, FM AR 217
G EIDE T BMIE, BN L - THEIZE (D
EHRIHELND LD EHET B

X 13

1) T. Kanemitsu, K. Miyagawa, Cereal Chem. 51,
336 (1974)

2) T. Kanemitsu, K. Miyagawa, Cereal Chem. 53,
821 (1976)

3) T. Shiotsubo. Agric. Biol. Chem. 47,2421 (1983)

4) T. Shiotsubo, Agric. Biol. Chem. 48, 1 (1984)

Netsu Sokutei 18(1) 1991



5)

6)

11)
12

13)

14)

15)
16)

17)

18)

19)

20)

BT LORDOMBEARRIZ BT 5 85 0E

T. Shiotsubo, K. Takahashi, Agric. Biol. Chem.

48,9 (1984)

T. Kuge, S. Kitamura, T. Shiotsubo, J. Jpn. Soc.

Starch Sci. 32, 61 (1985)

T. Shiotsubo, K. Takahashi, Carbohyd. Res. 158,

1 (1986)

FEA, NN, WIRL, B e, 1
(1968)

R, WONSEME ILTIERS, BUINEE ra{r48,

570 (1969)

3 T. D. Wheelock, E. B. Lancaster, Stirke 22, 44

(1970)
J. R. Katz, Kollvidchem. Beih. 6, 62 (1914)
WIS A4, oG8, 530 MBI i s
pl48 (1973)
K. E. Kelsey, L. N. Clarke, Australian J. Appl.
Sei. 7, 160 (1956}
P. L. Privalov, Adv. Protein Chem. 33, 167
(1980)
P. L. Privalov, Adv. Protein Chem. 35,1 11982;
K. Takahashi, J. L. Casey, J. M. Sturtevant,
Biochemistry 20, 4693 (1981}
K. Takahashi, J. M. Sturtevant, Biochemistry
21, 6185 (1981)
Y. T. Tsong, R. P. Hearn, D. P. Wrathall, J. M.
Sturtevant, Biochemistry 9, 2666 (1970:
P. L. Privalov, Adv. Protein Chem. 32, 167
(1979)
R L, RO
33, 337 {(1988)

g BEE 20,1169(1975) ;

21) P. L. Privalov, Pure Appl. Chem. 47. 293 (1976}

Netsu Sokutei 18(1) 1991

22)
23)
24)
25)
26)
27}

28)
29;

31
32
33!
34}

35)
36)

38)

39
40

+ K. Wada,

P. L. Privalov, E. L. Tiktopulo, Biopolymers 9,
127 (1970)

J. M. Sturtevant, G. Velicelebi, R. Jaenicke, M.
A. Lauffer, Biochemistry 20, 3792 ( 1981)
RIRE, #kE, FAE, & g e
20, 51 (1973)

AVE, New Food Industry 19, 33 (1977)

B. M. Gough, J. N. Pybus, Stirke 23, 210 (1971)
K. Yamamoto, M. Kaji, T. Onogaki, J. Jpn. Soc.
Starch Sci. 30, 276 (1983)

D. J. Stevens, A. H. Elton Stirke 23,8 (1971}
G a), EEER, FUHSCS, wrAdan, paf £52,
201 11978

K. Takahashi, K. Shiral, A.
Kawamura, /. Food Sci. 44, 1366 (1979;

A R, BEL4, 33 (1987)

J. W. Donovan, Biopolymers 18, 263 (1979;

M. Wootton, A. Bamunuarachchi, Stirke 31, 262
(1979

D. J. Burt, P. L. Russell, Stirke 35, 354 (1983)

J. W. Donovan, K. Lorenz, K. Kulp, Cereal

Chem. 60, 381 (1983)

o C.G. Biliaderis. C. M. Page, T. J. Maurice, B. O.

Juliano, J. Agric. Food Chem. 34, 6 (1986)

K. J. Zeleznak, R. C. Hoseney, Cereal Chem. 64,
121 (1987

D. Paton, Cereal Chem. 64, 394 (1987)

F. Nakazawa, S. Noguchi, J. Takahashi, M.
Takada, Agric. Biol. Chem. 48, 201 (1984)





