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The Effects of Taste Substances on the Physical Properties
of Corn Starch Pastes. II.
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The effects of sucrose on the rheological properties of corn starch paste was studied by static and
dynamic viscoelasticity measurements, DSC measurements and microscopic observation. The sucrose
concentration was varied between 0% and 55% by weight. The viscosity of the paste increased with
increasing sucrose concentration up to 20 wt% and then decreased with increasing sucrose concentra-
tion above 20wt%, although the viscosity of the samples containing sucrose was higher than that of
the control at higher shear rate; i. e., the shear thinning behavior became less pronounced. A lower
content of sucrose enhanced the swelling of starch granules, while a higher content of sucrose
decreased the rate of swelling and resulted in a higher gelatinization temperature to higher tempera-
ture. No effect on the viscoelasticity of corn starch paste containing more than 20wt% sucrose was
apparent when the sucrose was added after gelatinization. The viscoelasticity of corn starch paste to
which sucrose had been added after gelatinization increased with increasing sucrose concentration.
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Fig 1. Sucrose concentration dependence of shear

viscosity for sucrose solution. Measurements
were made at 25.0°C.
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Fig 2. Heating DSC curves of sucrose solu-
tions with different concentrations.
Sucrose concentrations were 20, 30,
40 and 50 wt%. Heating rate was 1.0
°C/min. Inset: Changes in the enth-
alpy for exothermic peak at around
140°C. The enthalpy for mJ/mg su-
crose solution was calculated.
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Fig 3. Shear viscosity of 3wt% corn starch
paste with or without sucrose as a
function of sucrose concentration. Su-
crose concentrations were varied
between 0 and 55 wt%. Sucrose was
added before gelatinization. Mesh illus-
trates the shear viscosity of control (3
wt% corn starch paste).
ments were made at 25.0°C.
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Fig 4. Sucrose concentration dependence of
shear viscosity 71, 710 and 7100 for 3 wt
% corn starch pastes at the shear rates
1, 10 and 100 s, respectively. Sucrose
was added before gelatinization. Mea-
surements were made at 25.0°C.
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Microscopic photographs of starch granules of 3 wt% corn starch dispersions with or

without sucrose. Pictures of the control were taken before and after gelatinization

and sucrose were added before and after gelatinization. Image size is 390 m X 725 pm.
Pictures were taken at ambient temperature.
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Fig 6. Heating DSC curves of 3 wt%
corn starch in the presence of
sucrose with different concen-
trations. Characters beside
each curve represent sucrose
concentrations. Heating rate
was 1.0°C/min.
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Fig 7. Effects of sucrose on the gelatinization temper-

ature of 3 wt% corn starch. 7, : onset tempera-
ture, Tp: peak temperature, 7¢': conclusion
temperature for amylopectin gelatinization,
T2
complex disintegration,

conclusion temperature for amylose-lipid
AT . gelatinization
range T¢—T,, 4H: enthalpy for mg starch.
Heating rate was 1.0°C/min.
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Fig 8. Frequency dependence of G’ and G” for 3 wt% corn starch paste with or without

sucrose. Sucrose concentrations were A) 0 wt% (control), B) 1 and 15wt%, C) 20
and 22.5wt%, D) 27.5 and 50 wt%. Strain of control, 1, 15, 20, 22.5, 27.5 and 50 wt
% sucrose concentrations, was 30, 15, 5, 3, 8, 15 and 20%, respectively. Sucrose was
added before gelatinization. Measurements were made at 25.0°C.
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Fig 9. Dynamic viscosity for 3 wt% corn starch

paste with or without sucrose as a func-
tions of sucrose concentration. Sucrose
concentrations were varied between 0
and 55 wt%. Mesh illustrates the
dynamic viscosity of control (3wt%
corn starch paste) . Strain of control, 1,
5, 10, 15, 20, 25, 30, 35, 40, 50 and 55 wt%
sucrose concentrations, was 30, 15, 20, 15,
5, 3, 10, 10, 15, 30, 20 and 30%, respective-
ly. Sucrose was added before gelatiniza-
tion. Measurements were made at 25.0°C.
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Fig 10. Relative increase index of shear vis-

cosity for 3wt% corn starch pastes
with sucrose to viscosity for sucrose
solutions at the shear rates of 1, 10
and 100 s™*, respectively. Sucrose was
added before gelatinization.
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Fig 11.  Shear viscosity of 3 wt% corn starch
pastes as a function of sucrose concen-
tration. Sucrose concentrations were
varied between 0 and 50 wt%. Sucrose
was added after gelatinization. Mesh

illustrates the shear viscosity of control

(3 wt% corn starch paste). Measure-
ments were made at 25.0°C.
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Fig 12. Sucrose concentration dependence of

shear viscosity 71, 710 and 7100 for 3 wt
% corn starch pastes at the shear rates
of 1, 10 and 100 s™', respectively. Su-
crose was added after gelatinization.
Measurements were made at 25.0°C.
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Relative increase index of shear vis-
cosity for 3wt% corn starch pastes

Fig 13.

with sucrose to the viscosity for su-
crose solution at the shear rates of 1,
10 and 100 s7!, respectively. Sucrose
was added after gelatinization.
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Fig 14. Differences between the shear viscosity

and dynamic viscosity at the shear rate
50 s~ and the frequency 50 rad s™' of 3
wt% corn starch pastes. Solid and da-
shed lines represent 7s and |7*|se for
pastes to which sucrose was added
before gelatinization, respectively. Cir-
cle and square symbols denote 7s0 and
|7*s0 for pastes to which sucrose was
added after gelatinization, respectively.
Measurements made at 25.0°C.
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