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Cracking of Rice Caused by Moisture Migration during Storage
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Abstract

Cracking of rice caused by moisture migration during storage under different relative humidity conditions was
investigated for the establishment of safe storage condition of rice. Rice was cracked when a large difference
in equilibrium relative humidity (AERH) between the rice and the environment was present. Extemal and
internal cracks were generated as the results of moisture desorption and adsorption, respectively. The external
cracks by moisture desorption generated in all directions and shaped irregularly, while the internal cracks by
moisture adsorption did in radial direction and showed a typical shape. The cracking trend could be analyzed
by the Weibull function, and the cracking constant increased with AERH. The frequency of cracked rice
increased linearly with In (AERH). The critical crack-inducing AERH was 11.3~16.4% during desorption
and 10.8~17.1% during adsorption. A diagram for the safe storage of rice was developed with respect to the

initial moisture content and the water activity of rice.
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Fig. 1. Experimental set-up for cracking of rice under
different RH conditions.

Table 1. Supersaturated salt solutions used and their
relative humidities at 25°C

Salt solution RH (%)
Potassium phosphate 93.5
Magnesium sulfate 89.0
Potassium chloride 843
Sodium chloride 75.3
Sodium chromate 64.5
Magnesium nitrate 529
Potassium carbonate 432
Magnesium chloride 328
Potassium acetate 225
Lithium chloride 11.3
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Fig. 2. Moisture adsorption isotherms of rice at different
temperatures.

Table 2. Constants of the G.A.B. equation for adsorption
isotherms of rice at different temperatures

Temperature (°C)

Constants
15 25 35
A -7.3181 -8.2050 -9.2612
B 9.5484 10.4902 11.4912
C 0.7254 0.1793 0.7941
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Fig. 3. Two types of cracks in rice. (A: external cracks
caused by moisture desorption, B: internal cracks caused
by moisture adsorption)
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Table 3. Degree of cracking of rice of different Aw under
various RH conditions

Aw
RH (%)
0.353 0.460 0.532 0.660

11.3 +H4+t +H+++ +H+44+ +H4++
225 + +++ ++4++ ++4+++
328 - - +++ ++4++
432 - - - 4+
52.9 + - - +
64.5 ++4 ++ + -
753 +HH++ +HH++ +H+
84.3 +++++ +++++ +++++ +
89.0 +++++ +++4+4+ ++++4 ++
93.5 444+ +4t++ +4+4+ 4+

-: Not cracked

+ : Less than 20% cracked

++ : 20~40% cracked
+++  : 40~60% cracked
++++ : 60~80% cracked
+++++: More than 80% cracked
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Fig. 4. Cracking of rice (Aw 0.532) under desorption
conditions.
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Fig. §. Cracking of rice (Aw 0.532) under adsorption
conditions.
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Fig. 6. Validity of the Weibull fupction for cracking of
rice (Aw 0.532) during adsorption at RH 84.3%.

Table 4. Constants of the Weibull function describing

cracking trend of rice of Aw 0.532
RH  Crack F;nfal percent  Cracking Shape
(%)  types cracked  constant g
rice (%) (min")

11.3  external 100.0 0.1008 21.5939
225 external 88.0 0.0265 1.7145
32.8 external 52.0 0.0173 22036
432 - 0 - -
52.9 - 0 - -
64.5 internal 8.0 0.0159 2.2361
75.3  internal 440 0.0174 2.4298
84.3 intemnal 88.0 0.0218 2.0388
89.0 internal 96.0 0.0227 1.7618
93,5 internal 100.0 0.0352 1.8601
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Fig. 7. Plots of final numbers of cracked rice against
(A ERH).
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Table 5. Critical crack-inducing ERH gradient and
safe RH range for rice storage

Aw Moisture Critical crack-inducing  gufe RH range

of  content AERH (%) for storage
rice (%, db.) desorption adsorption (%)
0353 1243 12.055 17.123 23.2~52.4
0.460 14.07 16.400 14.336 29.6~60.3
0532 1541 11.302 10.788 41.9~64.0
0.660 18.70 11.774 16.772 54.2~-82.8
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Fig. 8. Diagram of safe storage RH for rice of different
moisture content (A) and Aw (B).
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