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Flow Properties of Red Flower Cabbage Pigment Solutions

Jong-Whan Rhim* and Jung-Ju Lee
Department of Food Engnieering, Mokpo National Universit

Flow properties of red flower cabbage pigment solutions were determined over a wide range of temperatures (20-
50°C) and soluble solid concentrations (1-65%) using a cone and plate rotational viscometer. Flow properties of
the pigment solutions were adequately described by the simple power law model. Within the tested ranges of
concentration, temperature and shear rate, the flow behavior index (n) and the consistency index (K) of the solu-
tions were in the ranges of 0.841-0.998 and 0.008-31.525 Pa-s", respectively. The effect of temperature on the
apparent viscosity of the solutions followed an Arrhenius type relationship. Activation energy of flow varied from
9.36 to 52.48 kJ/mol depending on the solid concentration and shear rate. The combined effect of temperature
and concentration on the apparent viscosity at the shear rate of 100 s* could be represented by a single equation

as In 1,=6.11 - 3103.94(1/T) - 0.03C.
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Fig. 1. Shear stress as a function of shear rate and temperature

for the flow of red flower cabbage pigment solution with 35%
soluble solid
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Table 1. Flow behavior parameters as a function of solid
concentration and temperature of red flower cabbage pigment
solution

Solid conc. o L on
%) Temp. (°C) n K(Pa-s" r

1 20 0.932 0.016 0.98
30 0.929 0.014 0.99

40 0.928 0.013 0.99

50 0.935 0.011 0.99

5 20 0.910 0.021 0.98
30 0.952 0.014 0.98

40 0.993 0.010 0.99

50 0.999 0.008 0.99

15 20 0.996 0.022 0.99
30 0.990 0.016 0.99

40 0.987 0.013 0.99

50 0.999 0.010 0.99

25 20 0.982 0.050 0.99
30 0.992 0.031 0.99

40 0.981 0.023 0.99

50 0.977 0.017 0.99

35 20 0.980 0.208 0.99
30 0.998 0.126 0.99

40 0.998 0.088 0.99

50 0.998 0.063 0.99

45 20 0.942 1.370 0.99
30 0.968 0.718 0.99

40 0.968 0.454 0.99

50 0.976 0.291 0.99

55 20 0.864 32.525 0.99
30 0.841 16.109 0.99

40 0.932 6.210 0.99

50 0.909 3.611 0.99
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Fig. 2. Temperature dependency of apparent viscosities for the
flow of red flower cabbage pigment solutions determined at
shear rate of 100 s
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Fig. 3. Apparent viscosity of red flower cabbage pigment
solution as function of solid concentration and temperature
determined at the shear rate of 100 s™
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Table 2. Kinetic parameters for flow of red flower cabbage pigment solutions determined at three different shear rates

¥=505" ¥=100s"
Solid conc. (%)
B(Pa - s") Ea(KJ/mol) r2 B(Pa - s") Ea(KJ/mol) 2
1 2.5x10* 943 0.99 2.4x10* 9.40 0.99
5 1.7x107 16.52 0.99 3.1x10° 14.81 0.99
15 3.6x10° 21.20 0.98 3.6x10° 21.17 098
25 4.5x107 28.32 0.99 4.2x107 28.20 0.99
35 1.1x10* 29.50 0.99 1.2x10°® 29.20 0.99
45 2.6x107 37.16 0.99 3.1x107 36.60 0.99
55 8.3x10” 52.48 0.99 1.2x10° 51.24 0.99
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Fig. 4. Kinetic compensation effect between activation energy
(Ea) and pre-exponential factor (ho) for the apparent viscosity
of red flower cabbage pigment solution
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Fig. 5. response surface representing the effect of temperature
and soluble solids on the apparent viscosity of red flower
cabbage pigment solution determined at shear rate of 100 st
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