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Abstract

Supercritical fluid extraction technique is widely used in food industry because this
technique is well known as a green separation process. The supercritical carbon dioxide
is normally used as solvent because it is non-toxic, non-flammable and easy to remove.
To extract isoflavone which consists of both polar and non-polar substances, adding
methanol aqueous as co-solvent can increase the solubility of isoflavone. However, this
technique has a high cost due to its high operating condition. Therefore, the study of
optimization of supercritical fluid extraction of isoflavone from soybean meal can help
find the optimum operating condition which provides the maximum profitability.

The objective of this study is to develop a mathematical model used to predict the yield
of isoflavone from soybean meal in a supercritical extraction process using carbon
dioxide and aqueous methanol as a co-solvent and to optimize the process using genetic
algorithm (GA). To generate the mathematical model, a partial differential equation
based on mass conservation was used to predict the yield of isoflavone extraction. The
model parameters such as the density, the viscosity, the binary diffusion coefficient, the
film mass transfer coefficient, the effective diffusivity, and the axial dispersion
coefficient were estimated using available correlations, and the solubility was estimated
using the Mohsen-Nia-Moddaress-Mansoori (MMM) equation of state. Moreover, finite
difference was used to solve the partial differential equations in the model. The
mathematical model was successfully validated with experimental data.

In the optimization, the operating conditions of isoflavone extraction process were
identified as the decision variables and a profit function was maximized. Using GA, the
optimum was found under the condition in which the carbon dioxide flow rate is 5.88
kg/h and the particle diameter is 0.68 mm, while the temperature is 323.15 K, the
pressure is 59.45 MPa, and the extraction time is 283 minutes. The maximum
profitability found under this optimal condition is 46.18 $ per batch.

Keywords: Isoflavone extraction/ Supercritical extraction/ Mathematical modeling/
Genetic algorithm/ Optimization
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