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Effect of Sucrose on the Rheological Properties of Corn Starch

Yoon-Hyuk Chang, Seung-Taik Lim' and Byoungseung Yoo*

Deptartment of Food Science and Technology, Dongguk University
'Graduate School of Biotechnology, Korea University

The steady and dynamic shear rheological properties of gelatinized corn starch dispersions containing different
concentrations (0, 10, 20, and 30%) of sucrose were investigated. Power law, Casson, and Herschel-Bulkley models
were used to fit the flow behavior of starch dispersions. All the starch dispersions exhibited shear-thinning behavior
(n=0.37-0.58). The presence of sucrose resulted in the decrease in consistency index (K, K,), apparent viscosity
(M, 100)> and yield stress (6,, ©,). Apparent viscosity followed the Arrhenius temperature relationship, indicating that
the magnitudes of activation energy (Ea) were in range of 10.80-15.59 kJ/mole. The magnitudes of Ea decreased
with increase in sucrose concentration. Dynamic frequency sweeps indicated that starch dispersions exhibited weak
gel-like behavior with G' higher than G". The Cox-Merz rule with the application of the shift factor (o) was
followed by starch dispersions at sucrose concentrations in the range of 0-20%.
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Fig. 1. Dependence of apparent viscosity of corn starch
dispersions on shear rate.
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Table 1. Effect of sucrose concentration (%) on power law model parameters (n, K), Casson model parameters(c,., ) and Herschel-

FAEAeA A 33 A4 65 (200)

Bulkley model parameters (n,, K,, ;) of corn starch dispersions at 10, 25, 40, 55°C

Sucrose Power law Casson Herschel-Bulkley
concentration Temperature
o) n K R? O, Ne R? n, o, R?
(%) () (Pa-s) (P)  (Pas) () (@a-s) (P
10 043 16.33 0.99 37.60 0.160 0.99 0.52 9.40 27.72 0.99
0 25 0.38 14.23 0.99 31.18 0.088 0.99 0.52 6.06 2048 0.99
40 0.36 13.09 0.99 25.33 0.073 0.99 0.45 6.19 11.79 0.99
55 0.39 7.88 0.98 16.51 0.057 0.99 0.59 2.02 10.60 0.97
10 0.43 15.64 0.99 36.22 0.157 0.99 0.51 9.09 19.17 0.99
10 25 0.40 13.94 0.99 30.60 0.108 0.99 0.52 6.06 19.03 0.99
40 0.40 10.57 0.99 22.04 0.829 0.99 0.50 5.58 11.20 0.99
55 0.43 6.42 0.98 14.27 0.066 0.99 0.56 2.48 10.14 0.98
10 043 14.72 0.99 33.54 0.151 0.99 0.52 7.83 18.98 0.99
20 25 0.44 11.10 0.99 26.21 0.118 0.99 0.57 4.16 18.54 0.99
40 043 8.66 0.98 19.10 0.084 0.99 0.56 3.32 10.39 0.98
55 048 4.60 0.98 11.14 0.076 0.99 0.57 2.50 6.29 0.98
10 0.56 5.96 0.99 16.41 0.178 0.99 0.63 3.58 10.13 0.99
30 25 0.56 4.68 0.99 1471 0.142 0.99 0.67 2.56 9.72 0.99
40 0.51 3.96 0.98 13.85 0.112 0.99 0.61 2.19 9.16 0.98
55 0.54 3.64 0.99 9.62 0.096 0.99 0.61 1.91 4.89 0.99
g o] A uet AF g 8] 7243 vERin T AL = (absolute temperature, K), R 7] (gas
8l Okechukwu®} Rao®, Rao 5490 dxAAM = HH A constant, 8.3144 J/mole), 2251 Bax 431l A] (activation
EAALe]) A7y Zaghel wE 2= A7t 248e o energy, kJ/moley2 YUERITh Eac I, TS #AE =
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Fig. 2. Apparent viscosity (1, ,,) at 100 s” as a function of
temperature for a corn starch dispersion (no sugar).
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Table 2. Activation energies of corn starch dispersions with
different sucrose concentrations

Sucrose A Activation
concentration ®a - 5) energy R’
(%) (kJmol™")
0 0.0016 15.59 0.98
10 0.0020 14.89 0.99
20 0.0019 14.87 0.98
30 0.0085 10.80 0.97
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Fig. 3. Thixotropic flow curves for corn starch dispersions with
different sucrose concentrations at 25°C: (a) 0%, (b) 10%, (c)
20%, (d) 30%.
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Table 3. Slopes and intercepts (Pa - s) of In (G', G"') versus In
frequency (rad - s') data of corn starch dispersions with
different sucrose concentrations at 25°C

Sucrose G' G"

concentration

(%) n' K R? n" K" R?

0 008 7024 097 0.21 5.67 0.99

10 009 41.80 097 0.21 544 0.99

20 0.10 3552 096 0.28 482 0.99

30 0.98 0.65 0.99 0.54 2.89 0.99
Y 718718 vehitk®, w2bA sucrose?] H7ll o3
G AEFAS S o AT e F2A JAL v
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Fig. 5. Comparison of steady flow viscosity (n,) and complex
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