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Water Clustering in Wheat Flour and Its Role in Water Diffusion: Observation Based on Sorption Isotherm
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Abstract: This study was performed in order to investigate water clustering and its contribution to water diffusion in wheat
flour. Based on the water adsorption and desorption isotherms of wheat flour at 20, 30 and 40 C, the water clustering
properties were explored using the Park isotherm model, the Zimm-Lundberg method and the Brown method. Consistently,
the results of the three methods suggested that water clustering occurred at high water activity (a,,) levels, while the critical
a,, for clustering obtained from the three methods were only slightly different, ranging from 0.70 to 0.75, from 0.73 to 0.79
and from 0.56 to 0.68, respectively, which varied with temperature and the water sorption process. The predicted mean
cluster size at a,, of 0.95 was approximately 3.5, 4.5 and 6.5 from the three approaches, respectively. The number of water
clusters kept almost unchanged at a,, not lower than 0.90. Water diffusivity sharply decreased when a,, was over 0.62-0.70.
Furthermore, based on thermodynamic factor and self-diffusivity, it was found that water molecules were more likely to
interact with themselves, leading to water clustering, which could be the major contributor to the sharp decrease of water
diffusivity. When a,, was equal to or more than 0.90, the strong self-diffusion capacity brought about by high water content
could counteract the negative effect of water clustering, resulting in an almost constant water diffusivity.
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Fig.1  Water adsorption isotherm data of wheat flour and its

fitting to the Park model
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Fig.2  Water desorption isotherm data of wheat flour and its
fitting to the Park model
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desorption of wheat flour

Fatii M, X 10 k. ky k, n R

20°C, Wi 02231 740888  0.0794 03396 138223 0.9996
20°C, % 04621 230894  0.1671 03639 163665 09999
30°C, Wi 02303 502813 0.1638 03046 121555 09995
30°C, % 04446 202896  0.1485 03309 143037 09999
40°C, Mg 01628  49.8836  0.1704 04180 166531 09990
40°C, fiEW 03332 215534 0.1541 04096 162588  0.999 5
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