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Three Dimensional Mathematical Simulation for Predicting the
Shelf Life of Tofu Packaged in a Semi-rigid Plastic Container

Jai Neung Kim* and Youn Suk Lee

Department of Packaging, Yonsei University

Abstract In this research, three dimensional mathematical models were developed to predict the shelf life of tofu
packaged in a semi-rigid plastic container. A model combining oxygen transfer through the package and oxygen
consumption within the package was considered. According to the results, the model simulations estimated that the number
of microorganisms in the filled water was higher than that in the tofu, suggesting the shelf life of packaged tofu was not
affected by the number of microorganisms in the tofu product, but rather by the number of organisms in the filled water.
Additionally, the effects of the physical properties of the packaging material, such as oxygen permeability through the
package, oxygen diffusion coefficient, the initial oxygen concentration in the filled water, and the depth of the filled water

in the packaged tofu, were also observed.
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Fig. 1. Oxygen diffusion mechanism in packaged tofu system.
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Fig. 2. The three-dimensional oxygen diffusion diagram.
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Fig. 3. Diagram of the computer programs.
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Table 1. The parameters used in computer program

Parameters Symbol
Oxygen diffusion coefficient of the filled water (D)
Oxygen solubility in the filled water H)
Oxygen permeability of packaging material 19

Package dimension*
Tofu dimension*
Porosity of tofu*

(Lw,, Lw,, Lw))
(Lt, Lt, Lt)
€

*Pre-determined

Table 2. Values of parameters used in the mathematical modeling
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Fig. 4. The amount of oxygen consumed by Acinetobacter
calcoaceticus in tofu packages at 25°C.
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Fig. S. Predictive model curve for growth of Acinetobacter
calcoaceticus in tofu packages at 25°C.
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Parameters Values References
Diffusion coefficient of oxygen in the filled water 2.1x107° cm/sec? )
Solubility of oxygen in the filled water 24.6 atm - mL/mg )
Permeability of oxygen through the polyethylene packaging material 4.1x107° mg - cm/cm’- sec - atm (10)
Kinetic reaction rate constant 0.000005 sec™ ®)
Ratio of the bacteria growth to the amount of oxygen consumed by microorganisms 3000 CFU/mg ®)
Initial concentration of oxygen 0.0023 mg/mL measured
Initial load of the filled water 10 cm’ measured
Porosity of tofu 0.85 Pre-determined
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