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Introduction: Adaptive neuro-fuzzy inference system (ANFIS) is an advanced method for modeling and
studying mass and heat transfer kinetics during food processing. Sprouting is an effective way to enhance
the nutritional value of quinoa seeds, and quinoa sprouts are a rich source of protein, essential amino acids,
vitamins, phenolic compounds, and antioxidants. Convection drying is the most widely used method for
preserving agricultural crops and food materials, helping to extend their shelf life. Recently, extensive
research has been focused on the use of microwave pretreatment to improve mass transfer rates and reduce
processing time during the convective drying of agricultural products. Modeling the drying process serves
as a valuable tool for process optimization and dryer design. The aim of this study was to employ kinetic
models and the Adaptive Neuro-Fuzzy Inference System (ANFIS) method to predict mass transfer during

the convective drying of microwave-treated quinoa sprouts.

Materials and methods: To prepare quinoa sprouts, quinoa seeds were soaked for 1 hour and then left at
25°C for 72 hours to sprout. This study investigated the effects of microwave treatment time on the
moisture loss rate, effective moisture diffusivity coefficient, and rehydration of quinoa sprouts. The mass
transfer rate was modeled using both kinetic models and the Adaptive Neuro-Fuzzy Inference System
(ANFIS). For the pretreatment, quinoa sprouts were placed in a microwave device for 0, 30, 60, and 90
seconds. After microwave treatment, the sprouts were dried in a thin layer in a hot air dryer at 70°C until
a constant weight was reached. To model the effect of microwave treatment time on the moisture removal

rate from quinoa sprouts, the ANFIS toolbox in MATLAB software was used.
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Results and discussion: The results of this study indicate that microwave pretreatment for 30 seconds

enhances the moisture removal rate, increases the effective moisture diffusivity coefficient, and reduces
the drying time of fresh quinoa sprouts. After microwave pretreatment for 30 seconds, the effective
moisture diffusivity coefficient significantly increased from 5.73x10™ m2s™t to 10.49x107* mZs™t
(p<0.05). Based on the findings from the analysis of various kinetic models, the logarithmic kinetic model
is recommended for studying the drying process of microwave-pretreated quinoa sprouts. With microwave
pretreatment of quinoa sprouts for 30 seconds, the rehydration of dried sprouts significantly increased from
196.27% to 253.86% (p<0.05). The overall structure of the ANFIS network in this study included two
inputs (microwave pretreatment time and heating time), 20 input membership functions, 10 rules in the
middle layer, 10 output membership functions, and one output response (moisture loss of quinoa sprouts).
The Gaussian membership function was found to be suitable for modeling the data in this study, and good
results were achieved using this function. The results from the ANFIS modeling method demonstrated
that, by employing the optimal ANFIS structure, the moisture loss percentage of microwave-treated quinoa

sprouts during convective drying can be predicted with high accuracy.

Conclusion: Increasing the microwave treatment time to 60 and 90 seconds reduces the mass transfer rate,
lowers the effective moisture diffusivity coefficient, and prolongs the drying time for fresh quinoa sprouts,
while also reducing the rehydration capacity of dried quinoa sprouts. In general, the optimal condition for
drying fresh quinoa sprouts is a 30-second microwave pretreatment followed by hot air drying. The ANFIS
modeling method effectively predicts the moisture loss of microwave-treated quinoa sprouts during hot air

drying with low error and a coefficient of determination (R2) of approximately 0.99.

Keywords: ANFIS, Gaussian membership function, Hot-air dryer, Logarithmic model, Modeling,
Rehydration.
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V. Artificial intelligence techniques
v Artificial Neural Network (ANN)
*.Adaptive Neuro-Fuzzy Inference System (ANFIS)
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Fig 1. Microwave-treatment and drying steps of quinoa sprouts, and process modeling using the ANFIS method
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Fig 2. Moisture loss of microwave-treated quinoa sprouts during convective drying
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Fig 3. Effective moisture diffusivity coefficient of microwave-treated quinoa sprouts during convective drying

Different letters above the columns show significant difference (p<0.05)
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Table 1. Coefficients and errors of the Logarithmic model for fitting experimental data
Microwave treatment time a k ® SSE? r? RMSE®
0 0/8552 0/0948 0/1496 0/0006 0/9996 0/0074
30s 0/9471 0/1149 0/0548 0/0009 0/9995 0/0090
60s 0/6920 0/0909 0/3043 0/0011 0/9990 0/0094
90s 0/5931 0/1026 0/4051 0/0009 0/9988 0/0084

1- SSE: Sum of squares due to error; 2- r: Coefficient of determination; 3- RMSE: Root means square error
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Fig 4. Comparison of fitted data by Logarithmic model with experimental results of moisture ratio
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Fig 5. Effect of microwave-treatment time on the rehydration of dried quinoa sprouts
Different letters above the columns indicate significant difference (p<0.05)
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Fig 6. Error values as a function of the learning cycles during training of ANFIS for prediction of the moisture loss of microwave-treated
quinoa sprouts during convective drying
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Fig 7. The ANFIS model structure for prediction of the moisture loss of microwave-treated quinoa sprouts during convective drying
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Fig 8. Graphical representation of fuzzy rules for prediction of the moisture loss of microwave-treated quinoa sprouts during convective
drying: Microwave pretreatment time (MPT), convection heating time (CHT), and moisture loss (ML)
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Fig 9. Fuzzy rules for prediction of the moisture loss of microwave-treated quinoa sprouts during convective drying: Microwave
pretreatment time (MPT), convection heating time (CHT), and moisture loss (ML)
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Fig 10. Predicted values by ANFIS model versus experimental data of moisture loss of microwave-treated quinoa sprouts during convective drying
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