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ABSTRACT ARTICLE INFO  

In this research, the influence of microwave power on drying 

behavior and moisture diffusivity of faba bean (dehulled) was 

investigated. The fresh samples were dried as single layers at four 

different power levels (220, 330, 440, and 550 W). The results 

showed that the processing time was significantly decreased with 

increasing power (p<0.05). Six kinetic models were examined to 

simulate the experimental drying kinetics and the Midilli model 

showed the best performance. The average values of effective 

moisture diffusivity were calculated to be in the range of 1.92×10-

9 m2/s to 5.16×10-9 m2/s, and increased significantly with 

increasing microwave power (p<0.05). The average rehydration 

ratio of dried faba beans changed from 239.12% to 325.05%, and 

increased with increasing microwave power. In addition, in this 

study a genetic algorithm-artificial neural network method was 

used for prediction of the moisture ratio of faba beans. This 

network structure has two inputs of microwave power and 

treatment time. The optimal network contained 10 neurons in 

hidden later was able to predict the moisture ratio of faba beans 

with a coefficient of determination (r) of 0.994. Sensitivity 

analysis results showed that treatment time is the most sensitive 

factor in predicting the moisture ratio of faba beans. In summary, 

the predictions of the genetic algorithm-artificial neural network 

model have high agreement with the testing datasets and they are 

useful for understanding and controlling the factors affecting the 

drying rate of faba beans during microwave drying. 
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1. INTRODUCTION 

Legume crops, a sustainable source of high-

protein food, are grown widely throughout the 

world. Among legumes, faba bean (Vicia faba 

L.), also known as fava bean, broad bean, and 

horse bean, is one of the oldest crops cultivated 

worldwide [1]. Probably faba beans are one of 

the best-performing crops under global 

warming and climate change scenarios because 

of their unique ability to excel under almost all 

types of climatic conditions coupled with their 

wide adaptability to a range of soil 

environments [2]. Faba bean, a nutritious 

leguminous cool tolerant crop, is widely 

cultivated throughout the world. Southwestern 

Asia, China, Ethiopia, Australia, and France are 

the main producers of faba beans. Faba beans 

are a rich source of lysine-rich proteins, 

carbohydrates, minerals, vitamins, and 

numerous bioactive compounds [3]. There is 

growing interest in pulses such as faba bean for 

the development of foods with enhanced 

nutrition, functionality, and health benefits [4]. 

Faba beans can be used as a vegetable, green or 

dried, fresh, or cooked/canned [2, 5]. 

Drying is the most popular technique for food 

preservation, which involves the removal of 

moisture to extend the shelf life of food 

products and help prevent microbial and 

enzymatic deterioration [6, 7]. Conventional 

thermal processing methods, such as hot-air 

drying are fundamentally based on the principle 

of heat conduction and convection, where 

thermal energy is transferred from the surface 

of the material to its interior [8, 9]. As an 

efficient thermal processing method, 

microwave heating has faster heating rates and 

high energy efficiency compared to 

conventional processing methods [10]. 

Microwaves are electromagnetic waves with 

frequencies ranging from 300 MHz to 300 

GHz, which can penetrate the material being 

processed and cause polar molecules, such as 

water, in the material to rotate violently and 

collide with each other, generating volumetric 

heat under the alternating microwave field [8]. 

Microwaves are based on dielectric heating by 

electromagnetic waves and offer advantages 

such as lower drying temperatures, faster 

drying speeds, more uniform energy 

distribution throughout the material, shorter 

drying times, and better quality of the final 

product [11]. 

The most common artificial neural network 

(ANN) architecture is associated with the 

general multi-layer perceptron, which consists 

of an input layer, a hidden layer, and an output 

layer with different numbers of neurons in each 

layer. The optimization of ANN parameters can 

be improved using genetic algorithms and 

stochastic global search algorithms, thereby 

achieving better performance. Genetic 

algorithms simulate the survival of the fittest 

principle of nature and search for an objective 

function that serves the natural optimization. 

Genetic algorithms are used for optimization 

based on weights and biases obtained ANN. 

Genetic algorithm–artificial neural network 

(GA-ANN) model is a useful tool for fruit and 

vegetable monitoring, crop grading and 

classification, drying rate modeling, and 

prediction and modeling of food quality 

attributes [12, 13]. Taheri-Garavand, et al. [14] 

confirmed that with an optimized ANN 

topology using genetic algorithm, the intelligent 

model may show a good ability to predict the 

moisture content of Savory leaves. 

Increased consumption of pulses worldwide is 

driven in part by growing consumer demand for 

new foods with enhanced nutrition and health 

benefits. Pulses such as faba bean have 

significant potential in the development of 

value-added foods and ingredients [4]. In 

recent years, microwave drying has received 

increasing attention. Currently, most 

microwave heating research has primarily 

focused on investigating the effects of 

microwave power and duration on various 

materials [15-17]. Therefore, the main 

objectives of this study were to investigate and 

mathematical modeling of microwave drying 

curves and moisture diffusivity of dehulled 

faba beans. In addition, the GA-ANN method 

was used for prediction of the moisture ratio of 

faba beans. 

 

2. Material and methods 
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2.1. Drying experiments and measurements 

Fresh faba bean pods (Vicia faba L.) harvested 

from farms located in Hamedan, Iran were 

purchased, removed their pods, and stored in a 

refrigerator at 6°C. 

Before to each drying experiment, about 60 g 

of the faba beans was taken out of the 

refrigerator, washed with water, placed at the 

ambient temperature for 30 min for temperature 

stabilization and hand hulled. 

A domestic microwave oven (Gplus, Model; 

GMW-M425S.MIS00, Goldiran Industries 

Co., Iran) was used to dry the dehulled faba 

beans. The experiments were carried out at 

different microwave powers of 220, 330, 440, 

and 550 W. The samples were uniformly 

distributed as a single layer on a tray inside the 

microwave oven and moisture loss was 

monitored accurately to 0.01 g (laboratory 

scale, LutronGM-300p, Taiwan) at regular time 

intervals of 20 s. It is worth noting that each 

drying experiment was replicated three times 

and the average values were used. 

 

2.2. Mathematical modeling of drying 

kinetics 

For mathematical modeling of the experimental 

drying curves, first of all, the moisture ratio 

(MR) was calculated by using Eq. (1): 

0M

M
MR =      

     (1) 

Then, the 6 commonly used semi-theoretical 

mathematical models including Quadratic (Eq. 

2), Page (Eq. 3), Newton (Eq. 4), Midilli (Eq. 

5), Logarithmic (Eq. 6), and Henderson and 

Pabis (Eq. 7) were fitted to the experimental 

MR results using Matlab software (version 

R2012a) and applying nonlinear regression 

method.  

MR= a+bx+cx2    

     (2)
 

MR= exp(-ktn)     

     (3) 

MR= exp(-kt)     

     (4) 

MR= aexp(-ktn)+bt    

     (5) 

MR= aexp(-kt)+c    

     (6) 

MR= aexp(-kt)     

     (7) 

Where MR and t are moisture ratio and 

treatment time, respectively. Also, the a, b, c, k, 

and n are coefficients of models. The accuracy 

of the models was evaluated by using three 

well-known statistical criteria including sum of 

squared error (SSE), coefficient of 

determination (r), and root mean square error 

(RMSE) defined as follows [18]: 
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Where Oi is the ith actual value, Ti is the ith 

predicted value, N is the number of data, σ is 

the standard deviation, and Tm is given by: 

N

O
T

N

1i
i

m


= =

    

     (13) 

2.3. Determination of effective moisture 

diffusivity coefficient 

Thin layer drying of agricultural products can 

be described by one-dimensional diffusion and 

using Fick’s second law. The effective 

moisture diffusivity coefficient (Deff) of fresh 

faba beans during microwave drying was 

estimated following the procedure described by 

Salehi, et al. [10] and Azimi-Nejadian and 
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Hoseini [17]. By plotting the experimental data 

in terms of ln(MR) against the process time (t), 

a straight line was obtained for each experiment 

and the effective diffusivity was calculated as 

follows (Eq. 14): 

2

2



SL
Deff


−=     

     (14) 
Where Deff is the effective moisture diffusivity 

coefficient (m2/s), S is the slope of the line, and 

L is the thickness of samples.  

 

2.4. Rehydration ratio 

The mass change of dried faba beans after 

rehydration was calculated following the 

procedure described by Salehi, et al. [19]. The 

dried faba beans were submerged in 250 ml 

glass beakers containing distilled water at 

90°C. The beakers were transferred into the 

water bath (R.J42, Pars Azma, Iran) and the 

rehydration process (cooking process) was 

conducted at 90°C. The cooked faba beans 

mass after the rehydration time (3 h) was 

recorded by a laboratory balance (LutronGM-

300p, Taiwan). The rehydration percent of 

dried faba beans was calculated as the ratio of 

the weight of cooked faba beans divided by the 

weight of dried faba beans × 100. 

 

2.5. Genetic algorithm–artificial neural 

network (GA-ANN) modeling 

In this study, the Neurosolution software 

(release 5, NeuroDimension, Inc., USA) was 

used for making the GA-ANN model. The 

microwave power and treatment time (2 inputs) 

were used as inputs and moisture ratio data of 

faba beans were used as output. The 

experimental data order was first randomized 

and then total data were randomly separated 

into 3 partitions: training (30%), validating 

(20%), and testing data (50%). The testing data 

were used for the prediction of the trained 

network performance on unseen data. In the 

hidden layers and output layer a sigmoid 

activation function was used (due to the highest 

r-values in comparison to the other functions, 

hyperbolic tangent and a linear) (Eq. 15). 

xe1

1
f(x)

−+
=     

     (15) 

The Levenberg–Marquardt (LM) optimization 

method was applied to network training. The 

crossover probability and the mutation 

probability operators were adjusted equal to 0.9 

and 0.01, respectively. Also, a sensitivity 

analysis was done to supply the measure of 

relative significance between the inputs of the 

ANN model and to show how the model output 

changed in response to input changes. 

 

2.6. Statistical analysis 

The obtained data from the experiments was 

statistically analyzed using SPSS 21 software. 

The Duncan multiple range test was practiced 

and significance was assumed at p < 0.05. 

 

3. Results and Discussion 

3.1. Drying characteristics 

Typical drying curves of the dehulled faba 

beans at different power levels are shown in 

Figure 1. The minimum process duration of the 

dehulled faba beans was obtained for the power 

level of 550 W while the maximum value 

belonged to the microwave power of 220 W. 

The higher power enhances both kinetic energy 

and absorbed energy causing more vapor 

pressure difference between the center and 

surface of the samples and consequently 

increasing the moisture removal rates [17]. In 

this study, the high moisture content of the 

dehulled faba beans caused high friction 

against the bipolar rotation and subsequently 

high levels of heat inside the slices. The 

phenomenon resulted in quick vapor movement 

and forced the water to be diffused towards the 

slice's surface. Maleki, et al. [20] investigated 

the effective parameters in drying rate of faba 

beans. Their results show that the shortest 

drying time of faba beans during hot-air drying 

was 29 min (at 75°C and air velocity=2 m/s). 
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Figure 1. Typical moisture removal curves for microwave-dried dehulled faba beans at different power levels. 

 

 

 

3.2. Evaluation of mathematical thin-layer 

models 

The kinetic assessment of a reaction involves 

the study of the rate and mechanism by which 

one chemical species is converted to another. 

For most food products, time-dependent 

relationships are described using zero-order or 

first-order models [21, 22]. The obtained 

experimental moisture ratio values were fitted 

to the mathematical thin layer models and the 

results of statistical analysis are presented in 

Table 1. From the result and based on the 

statistical criteria including SSE, r, and RMSE, 

of all the practiced models, the Midilli model 

was found as the more suitable model to 

describe the microwave thin layer drying 

curves of the dehulled faba beans. 

 

Table 1. The statistical analysis of the practiced thin-layer models for prediction of the faba beans drying 

curves (microwave power=330 W) 

Model name 
Sum of squared 

error 

Coefficient of 

determination 

Root mean 

squared error 

Quadratic 0.0022 0.9989 0.0088 

Page 0.0013 0.9993 0.0067 

Newton 0.0188 0.9909 0.0250 

Midilli 0.0007 0.9996 0.0049 

Logarithmic 0.0008 0.9996 0.0055 

Henderson and Pabis 0.0082 0.9960 0.0169 

 

The drying constant and coefficient for the 

Midilli model obtained from fitting the 

moisture removal curves at different 

microwave power levels are shown in Table 2. 

Furthermore, to examine the Midilli model 

capability to simulate the drying curves, the 

experimental moisture ratio data was compared 

with those estimated by the model, and the 

results for one randomly selected drying curve 

are shown in Figure 2. As can be seen from this 

figure, the points were generally banded around 

the 45° straight line declaring that the Midilli 

model had a good capability to describe the 

microwave drying behavior of the faba beans. 

The purpose of Kusuma, et al. [23] study was 

to evaluate the drying of clove leaves with 

microwave-assisted drying using six 

mathematical models. Their results showed that 

the Midilli model became the most accurate 

model to show the drying characteristics of 

clove leaves compared to 5 other confirmed 

mathematical models with SSE values ranging 

from 0.0001 - 0.0034. 
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Table 2. The constants and coefficients of the Midilli model obtained for drying curve fitting of the faba 

beans 

Microwave 

power 
a k n b  

Sum of 

squared 

error 

Coefficient of 

determination 

Root mean 

squared 

error 

220 W 1.0170 0.1321 1.0800 0.0273 0.0035 0.9981 0.0108 

330 W 0.9988 0.1333 1.0061 0.0068 0.0017 0.9993 0.0076 

440 W 0.9996 0.2257 1.0197 0.0182 0.0015 0.9994 0.0080 

550 W 1.0053 0.3402 1.0320 0.0180 0.0013 0.9996 0.0074 

  

 
Figure 2. Comparison between experimental data and predicted moisture ratios (MR) values by Midilli model 

(microwave power=550 W) 

 

3.3. Effective moisture diffusivity coefficient 

Microwave technology has been widely 

applied in food processing and food service due 

to its efficacy and safety [16]. The calculated 

average values for the effective moisture 

diffusivity coefficient of the faba beans at 

various microwave power levels from plotting 

the graph of ln(MR) versus process time and 

using Eq. (14) are presented in Table 3. Based 

on statistical analysis, microwave power has a 

significant effect on moisture diffusivity 

(p < 0.05), and an increase in power increases 

the moisture diffusivity coefficient. As the 

results show, the moisture diffusivity changed 

from 1.92×10-9 m2/s to 5.16×10-9 m2/s. Azimi-

Nejadian and Hoseini [17] found that 

increasing microwave power increases the 

temperature within the sample during drying, 

decreases the water viscosity, results in more 

water activity, and consequently leads to eased 

diffusion of the water molecules. Maleki, et al. 

[20] investigated the effective parameters in 

hot-air drying process of faba beans. Their 

results show that the highest moisture 

diffusivity of faba beans during hot-air drying 

was 4.53×10-8 m2/s. The changes in effective 

moisture diffusivity and activation energy 

during drying of apple in a microwave and an 

oven were studied by Hashemi, et al. [24]. 

Their results showed that increasing 

microwave power increased the drying rate and 

effective moisture diffusivity. Also, two-stage 

drying results in better moisture removal. 

 
Table 3. The values of effective moisture diffusivity coefficient values for the faba beans under microwave 

power drying 
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Microwave 

power 

Effective moisture diffusivity 

coefficient (m2/s) 

Coefficient of 

determination 

220 W 1.92×10-9±7.62×10-11 d 0.9834 

330 W 2.98×10-9±2.09×10-10 c 0.9976 

440 W 3.92×10-9±2.03×10-10 b 0.9862 

550 W 5.16×10-9±4.38×10-10 a 0.9667 

 

3.4. Rehydration ratio 

During the drying process, as the moisture 

content of the material decreases, changes such 

as the destruction of the internal pore structure 

occur, which in severe cases leads to volume 

contraction of the material [25]. Rehydration 

capacity is a crucial characteristic of 

dehydrated foods. The porous structure of the 

material directly influences its characteristics 

such as rehydration capacity, hardness, and 

crispness. The calculated average values for the 

rehydration ratio of the dried faba beans at 

various microwave power levels are presented 

in Table 4. Based on statistical analysis, 

microwave power has a significant effect on the 

rehydration ratio (p < 0.05), and an increase in 

power increases the rehydration ratio of dried 

faba beans. As the results show, increasing 

microwave power from 220 W to 550 W 

increased the rehydration ratio from 239.12% 

to 325.05%. Salehi, et al. [5] investigated the 

effect of ultrasonic pretreatment on the 

rehydration ratio of cooked faba beans. Their 

results showed that the mean rehydration ratio 

of dried faba beans after cooking significantly 

increased from 308.4 % to 327.1 % when the 

extension of processing time increased from 0 

to 15 min (p < 0.05). 

 
Table 4. The rehydration ratio values for the faba 

beans under microwave drying 

Microwave power Rehydration ratio (%) 

220 W 239.12±7.98 c 

330 W 282.09±6.93 b 

440 W 294.62±2.93 b 

550 W 325.05±10.75 a 

 

3.5. Genetic algorithm–artificial neural 

network (GA-ANN) modeling results 

The genetic algorithm is applicable to solve a 

variety of optimization problems specifically 

the discontinuous, no differentiable, stochastic 

or highly nonlinear objective function [12]. In 

this study, the GA-ANN model was developed 

for the estimation of the moisture ratio of faba 

beans during microwave drying. In this 

research, the ANN model was trained using the 

genetic algorithm to find the best network 

structure. It was found that GA-ANN with 10 

neurons in 1 hidden layer could estimate 

moisture ratio with a high r-value (r=0.994). 

The calculated r-values for the estimation of 

moisture ratio during microwave drying of faba 

beans show a high correlation between 

estimated and experimental values. Parvaneh, 

et al. [26] used olfaction machine and ANN 

method to assess the freshness of chicken meat. 

Their results showed that an optimal ANN with 

a general structure of 10-6-3 could determine 

the freshness of chicken meat at different 

storage dates. 

The error values (MSE, NMSE, and MAE) 

calculated by the optimized GA-ANN model 

for prediction of the moisture ratio of faba 

beans during microwave drying are reported in 

Table 5. In addition, the estimation 

performance of the GA-ANN model for unseen 

data of moisture ratio is presented in Figure 3. 

As can be seen from this figure, the points were 

generally banded around the 45° straight line 

declaring that the GA-ANN model had a good 

capability to describe the microwave drying 

behavior of the faba beans. The results showed 

that a satisfactory agreement between the 

predicted and experimental data could be 

achieved by using the GA–ANN model. 

Taheri-Garavand, et al. [14] used the GA–ANN 

method to predict the moisture content of 

savory leaves during the drying process under 

different drying conditions. The results showed 

that the optimized GA-ANN had two hidden 

layers, with 9 and 17 neurons in the first and 

second hidden layers, respectively. The MSE 

value (0.000095) and r-value (0.999) of the 

GA–ANN experiment showed that it could 
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accurately predict the moisture content based 

on the input variables. In another study, 

Maftoonazad, et al. [27] used ANN technique 

to predict mass transfer during the osmotic 

dehydration of black fig fruits in a ternary 

system. Their results showed that a properly 

trained ANN model was more accurate than a 

response surface methodology model in 

predicting this parameter. 

 
Table 5. Error values calculated by optimized 

genetic algorithm–artificial neural network model 

for estimation of moisture ratio of faba beans 

during microwave drying 

Performance Moisture ratio 

Mean squared error (MSE) 0.00062 

Normalized mean squared 

error (NMSE) 
0.01251 

Mean absolute error 

(MAE) 
0.01932 

Minimum absolute error 0.00001 

Maximum absolute error 0.08874 

Correlation coefficient (r) 0.99377 

 

 
Figure 3. Comparison between experimental data and predicted moisture ratios (MR) values by genetic 

algorithm–artificial neural network model 

 

The best GA-ANN network weight and bias 

values for moisture ratio changes of faba beans 

during microwave drying are reported in Table 

6, which could be used in a computer program 

for the prediction of this parameter. 

Kalathingal, et al. [28] integrated a ANN with 

a genetic algorithm to predict the optimized 

process parameters required for fluidized bed 

drying of green tea leaves. Their network had 

one layer each for input and output with a linear 

activation function and two hidden layers with 

a sigmoid function. Their results showed that 

the weights and bias values of the trained ANN 

were used by the genetic algorithm to estimate 

a fitness function that maximized the total 

phenolic content and minimized the drying 

time and total color difference. 

The results indicated that the developed GA-

ANN drying model can efficiently estimate the 

moisture ratio of faba beans during microwave 

drying. Also, in this study the sensitivity 

analysis was used to examine the sensitiveness 

of GA-ANN structures toward various inputs 

(Figure 4). Sensitivity analysis results 

demonstrated that the treatment time was the 

major sensitive input for the estimation of 

moisture ratio of faba beans during microwave 

drying. 

 
Table 6. The weight and bias data of the best model structure for estimation of moisture ratio. 

Hidden 

neurons 
Bias 

Input neurons Output neuron 

Microwave power 

(W) 

Treatment time 

(min) 
Moisture ratio 

1 -1.2458 0.6739 -24.8332 14.2091 

2 -0.5395 0.2143 3.5352 -8.3790 

3 -7.1327 5.7902 0.3979 -4.0351 
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4 -0.8388 6.5620 7.3833 -4.9471 

5 2.0536 -6.9468 -0.7186 2.2697 

6 -0.1076 -3.9393 5.2421 1.0975 

7 -0.5459 1.3343 0.4717 1.5311 

8 0.0827 -0.9229 -0.4489 -1.0586 

9 -0.0319 1.1414 0.4141 1.6961 

10 -1.3950 6.5081 4.8930 4.9697 

Bias    3.3939 

 

 
Figure 4. Sensitivity analysis result for estimation of moisture ratio of faba beans during microwave drying . 

 

4. Conclusion 

In this study, the influences of microwave 

power level on drying characteristics of single 

thin layer drying of dehulled faba beans via a 

microwave oven dryer were investigated. The 

curves of moisture removal rate included a 

short accelerating rate period in the beginning 

followed by a long falling rate period. The 

minimum process duration of the dehulled faba 

beans was obtained for the power level of 550 

W while the maximum value belonged to the 

microwave power of 220 W. Among different 

mathematical models fitted to the experimental 

moisture ratio data, the Midilli model was 

found as the best one to describe the curves. By 

increasing the microwave power level from 220 

W to 550 W, the effective moisture diffusivity 

coefficient significantly increased from 

1.92×10-9 m2/s to 5.16×10-9 m2/s (p < 0.05). 

Based on statistical analysis, microwave power 

has a significant effect on the rehydration ratio 

(p < 0.05), and an increase in power increases 

the rehydration ratio of dried faba beans. The 

optimal network with a general structure of 2-

10-1 was constructed to estimate the moisture 

ratio of faba beans during microwave drying. 

The modeling results indicated that the GA-

ANN approach could give a good estimation of 

the moisture ratio of faba beans during drying. 

Overall, the use of new modeling approaches 

such as GA-ANN is recommended to 

investigate the drying kinetics of other 

agricultural products. 

 

5. Acknowledgements 

We acknowledge Bu-Ali Sina University 

Research Council for its financial support of 

this research. 

 

6. Funding information 

This research was supported by a grant from the 

Bu-Ali Sina University, Hamedan, Iran (Grant 

No. 402174). 

 

6.References 

[1] Mínguez, M. I., Rubiales, D. 2021. Chapter 

15 - Faba bean, in: V.O. Sadras, D.F. Calderini 

(Eds.) Crop Physiology Case Histories for 

Major Crops, Academic Press, pp. 452-481. 

[2] Singh, A. K., Bharati, R., Manibhushan, N. 

C., Pedpati, A. 2013. An assessment of faba 

bean (Vicia faba L.) current status and future 

0.00

0.02

0.04

0.06

0.08

0.10

0.12

Microwave power

(W)

Treatment time (min)

S
en

si
ti

v
it

y

 [
 D

O
I:

 1
0.

22
03

4/
FS

C
T

.2
1.

15
5.

21
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 f
sc

t.m
od

ar
es

.a
c.

ir
 o

n 
20

25
-0

7-
27

 ]
 

                             9 / 12

http://dx.doi.org/10.22034/FSCT.21.155.213
https://fsct.modares.ac.ir/article-7-76484-en.html


JFST No. 155, Vol. 21, January 2025                                        Journal of Food Science and Technology (Iran) 

222 

prospect, African Journal of Agricultural 

Research. 8, 6634-6641. 

[3] Dhull, S. B., Kidwai, M. K., Noor, R., 

Chawla, P., Rose, P. K. 2022. A review of 

nutritional profile and processing of faba bean 

(Vicia faba L.), Legume Science. 4, e129. 

[4] Johnson, J. B., Collins, T., Skylas, D., 

Quail, K., Blanchard, C., Naiker, M. 2020. 

Profiling the varietal antioxidative contents and 

macrochemical composition in Australian faba 

beans (Vicia faba L.), Legume Science. 2, e28. 

[5] Salehi, F., Amiri, M., Ghazvineh, S. 2024. 

Effect of ultrasonic pretreatment on textural 

properties and sensory attributes of cooked faba 

beans, Ultrasonics Sonochemistry. 110, 

107040. 

[6] Salehi, F. 2023. Recent progress and 

application of freeze dryers for agricultural 

product drying, ChemBioEng Reviews. 10, 618-

627. 

[7] Khodadadi, M., Rahmati, M. H., Alizadeh, 

M. R., Rezaei Asl, A. 2017. Investigating the 

effect of air temperature and paddy final 

moisture on the crack percent and conversion 

coefficient of Iranian rice varieties in fluidized 

bed dryer, Journal of Food Science and 

Technology (Iran). 13, 81-91. 

[8] Liang, X., Xu, Z., Li, X., Kong, B., Xia, X., 

Zhang, Y., Liu, Q., Shen, L. 2023. Effect of 

microwave drying on the brittleness quality of 

pork chip snacks: Perspectives on drying 

kinetics and microstructural traits, LWT. 185, 

115147. 

[9] Khodadadi, M., Masoumi, A., Sadeghi, M. 

2024. Drying, a practical technology for 

reduction of poultry litter (environmental) 

pollution: methods and their effects on 

important parameters, Poultry Science. 103, 

104277. 

[10] Salehi, F., Goharpour, K., Razavi Kamran, 

H. 2024. Effects of different pretreatment 

techniques on the color indexes, drying 

characteristics and rehydration ratio of 

eggplant slices, Results in Engineering. 21, 

101690. 

[11] Ozcelik, M. M., Aydin, S., Aydin, E., 

Ozkan, G. 2024. Preserving nutrient content in 

red cabbage juice powder via foam-mat hybrid 

microwave drying: Application in fortified 

functional pancakes, Food Science & Nutrition. 

12, 1340-1355. 

[12] Dil, E. A., Ghaedi, M., Asfaram, A., 

Mehrabi, F., Bazrafshan, A. A., Ghaedi, A. M. 

2016. Trace determination of safranin O dye 

using ultrasound assisted dispersive solid-

phase micro extraction: Artificial neural 

network-genetic algorithm and response 

surface methodology, Ultrasonics 

Sonochemistry. 33, 129-140. 

[13] Salehi, F. 2020. Recent advances in the 

modeling and predicting quality parameters of 

fruits and vegetables during postharvest 

storage: A review, International Journal of 

Fruit Science. 20, 506-520. 

[14] Taheri-Garavand, A., Meda, V., Naderloo, 

L. 2018. Artificial neural network-genetic 

algorithm modeling for moisture content 

prediction of savory leaves drying process in 

different drying conditions, Engineering in 

Agriculture, Environment and Food. 11, 232-

238. 

[15] Shao, Z., Song, Y., Hong, Y., Tao, S., Sun, 

J., Liu, C., Wu, Z., Cao, L. 2023. The extension 

of vacuum microwave drying time improved 

the physicochemical properties, in vitro 

digestibility and antioxidant activity of brown 

rice flour, LWT. 184, 115023. 

[16] Chen, X., Liu, Y., Xu, Z., Zhang, C., Liu, 

X., Sui, Z., Corke, H. 2021. Microwave 

irradiation alters the rheological properties and 

molecular structure of hull-less barley starch, 

Food Hydrocolloids. 120, 106821. 

[17] Azimi-Nejadian, H., Hoseini, S. S. 2019. 

Study the effect of microwave power and slices 

thickness on drying characteristics of potato, 

Heat and Mass Transfer. 55, 2921-2930. 

[18] Salehi, F., Satorabi, M. 2021. Influence of 

infrared drying on drying kinetics of apple 

slices coated with basil seed and xanthan gums, 

International Journal of Fruit Science. 21, 519-

527. 

[19] Salehi, F., Razavi Kamran, H., Goharpour, 

K. 2023. Effects of ultrasound time, xanthan 

gum, and sucrose levels on the osmosis 

dehydration and appearance characteristics of 

grapefruit slices: process optimization using 

response surface methodology, Ultrasonics 

Sonochemistry. 98, 106505. 

 [
 D

O
I:

 1
0.

22
03

4/
FS

C
T

.2
1.

15
5.

21
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 f
sc

t.m
od

ar
es

.a
c.

ir
 o

n 
20

25
-0

7-
27

 ]
 

                            10 / 12

http://dx.doi.org/10.22034/FSCT.21.155.213
https://fsct.modares.ac.ir/article-7-76484-en.html


Fakhreddin Salehi et al                                                                           Investigating the effect of microwave … 

223 

[20] Maleki, A., Ahmadi Chenarbon , H., 

Movahhed, S. 2018. Investigation of effective 

parameters in drying process using hot air on 

some qualitative properties of common bean, 

Journal of Food Science and Technology 

(Iran). 15, 39-56. 

[21] Hesarinejad, M. A., Amiryousefi, M. R. 

2021. Modeling of kinetic changes of ostrich 

meat color during deep fat frying by image 

processing, Journal of Food Science and 

Technology (Iran). 18, 361-369. 

[22] Rezaiyan Attar, F., Sedaghat, N., Pasban, 

A., Yeganehzad, S., Hesarinejad, M. A. 2022. 

Modeling the respiration rate of chitosan coated 

fresh in-hull pistachios (Pistacia vera L. cv. 

Badami) for modified atmosphere packaging 

design, Journal of Food Measurement and 

Characterization. 16, 1049-1061. 

[23] Kusuma, H. S., Lantip, G. I. A., Mutiara, 

X., Iqbal, M. 2023. Evaluation of mini 

bibliometric analysis, moisture ratio, drying 

kinetics, and effective moisture diffusivity in 

the drying process of clove leaves using 

microwave-assisted drying, Applied Food 

Research. 3, 100304. 

[24] Hashemi, S. J., Ranjbar Nedamani, A., 

Abdi, N. 2022. Changes in effective moisture 

diffusivity and activation energy during the 

drying of apple fruit (yellow delicious) with 

microwave and oven, Journal of Food Science 

and Technology (Iran). 19, 281-289. 

[25] Li, G., Li, L., Liu, W., Cao, W., Chen, J., 

Ren, G., Law, C. L., Duan, X. 2024. Effects of 

multiphase microwave drying on the 

microstructure of Chinese yam: A study based 

on X-ray micro-computed tomography 

technology, LWT. 203, 116327. 

[26] Parvaneh, A., Taheri-Garavand, A., 

Shahbazi, F. 2023. Evaluation of chicken meat 

freshness using olfaction machine and artificial 

neural networks, Innovative Food 

Technologies. 10, 319-333. 

[27] Maftoonazad, N., Jokar, A., Zare, M. 

2023. Prediction of mass transfer during 

osmotic dehydration of black fig fruits (Ficus 

carica) in ternary systems: comparison of 

response surface methodology and artificial 

neural network, Innovative Food Technologies. 

11, 61-75. 

[28] Kalathingal, M. S. H., Basak, S., Mitra, J. 

2020. Artificial neural network modeling and 

genetic algorithm optimization of process 

parameters in fluidized bed drying of green tea 

leaves, Journal of Food Process Engineering. 

43, e13128. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 [
 D

O
I:

 1
0.

22
03

4/
FS

C
T

.2
1.

15
5.

21
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 f
sc

t.m
od

ar
es

.a
c.

ir
 o

n 
20

25
-0

7-
27

 ]
 

                            11 / 12

http://dx.doi.org/10.22034/FSCT.21.155.213
https://fsct.modares.ac.ir/article-7-76484-en.html


 1403 دی، 21، دوره 155ران، شماره  یا ییع غذایمجله علوم و صنا

 

224 

 

 

 

 

 ی سازمدل  و  یشگاهیآزما مطالعه: باقل  ن شد ک خشک ینتیسنفوذ رطوبت و  بر وی کروویما توان ریتأث یبررس

   3، مصطفی امیری2 نهیسارا قزو، *1فخرالدین صالحی

 .ایران همدان، سینا، بوعلی دانشگاه ،ییغذا عیصنادانشکده  یی،غذا عیگروه علوم و صنا دانشیار،-1

 . رانیهمدان، ا  نا،یس یدانشگاه بوعل ،ییغذا عیدانشکده صنا ،ییغذا عیگروه علوم و صنا کارشناسی، دانشجوی-2

 ایران.   همدان،  سینا، بوعلی دانشگاه ،ییغذا عیصنادانشکده  یی،غذا عیصناگروه علوم و  کارشناسی، دانشجوی-3

 دهیچک اطلعات مقاله                        

 مقاله :   یخ هایتار

 19/5/1403افت: یخ دریتار

 8/8/1403رش: یخ پذیتار

(  بدون پوست)  باقلا  رطوبت   نفوذ  و  دنشخشک  رفتار  بر  و یکروویما  توان  ریتأث  ،این پژوهش  در

  440  ،330  ،220)  مختلف  توان   سطح  چهار  در  هیلا  تک  صورتبه  تازه  هاینمونه.  شد  یبررس

 ، توان  شیافزا   بای  داریمعن  طوربه  ندیفرآ  زمان  که  داد  نشان  ج ینتا.  شدند  خشک(  وات  550  و

 کردنخشک  کی نتیس  سازیشبیه  یبرا  سینتیکی  مدل  شش.  (p<0/ 05)  ابدییم  کاهش

  مؤثر   نفوذمیانگین  .  داد  نشان  را  عملکرد  نیبهتر  میدیلی  مدل  و  ندشد  بررسی  آزمایشگاهی

 و  شد  محاسبه  مترمربع بر ثانیه  5/ 16×10-9  مترمربع بر ثانیه تا  1/ 92×10-9  محدوده  در  رطوبت 

میانگین نسبت آبگیری  .  (p<0/ 05)  افت ی  شیافزا  داریمعنی  طوربه  و یکروویما  توان  شیافزا  با

 توان  شیافزا   با  و  کرد  رییتغ   درصد  325/ 05  به  درصد  12/239  از  شدهخشک  باقلای  مجدد

 یعصب  شبکه-کیژنت  تمیالگور  روش  از  مطالعه   نیا  در  نی همچن.  افت ی  شیافزا  و ی کروویما

  توان  یورود  دو  ساختار این شبکه.  شد  استفاده  باقلا  رطوبت   نسبت   ینیبشیپ  یبرا  یمصنوع

  بینی پیش  به  قادردر لایه پنهان    نورون  10  بهینه دارای  شبکه.  داشت   تیماردهی  زمان  و  و ی کروویما

  زمان   که  داد  نشان   ت ی حساس  آنالیز   جی نتا.  بود  0/ 994  بیین برابر ت  ب ی ضر  با   باقلا  رطوبت  نسبت 

  ی هاینیبشیپ  ،در مجموع.  است   باقلا رطوبت   نسبت   ینیبشیپ  در  عامل  نیترحساس  دهیماریت

  شتدازیادی    مطابقت   ارزیابی  ی هاداده  مجموعه  با  یمصنوع  یعصب  شبکه-کیژنت  تمیالگور  مدل

  ویکروویما  با  کردنخشک  طول  در  باقلا  شدنخشک  سرعت   بر  مؤثر  عوامل  کنترل  و  درک   یبرا  و

 .است  دیمف

 : یدیکلمات کل

 آبگیری مجدد،

 ، کیژنت تمیالگور

 ی، مصنوع یعصب شبکه

 میدیلی،  مدل

 . رطوبت  مؤثر نفوذ

DOI:10.22034/FSCT.21.155.213. 

  مسئول مکاتبات 

F.Salehi@Basu.ac.ir  

 

 

  رانی ا  ییع غذایمجله علوم و صنا                          

 

www.fsct.modares.ac.ir :سایت مجله   

 ی پژوهش_ ی مقاله علم

 [
 D

O
I:

 1
0.

22
03

4/
FS

C
T

.2
1.

15
5.

21
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 f
sc

t.m
od

ar
es

.a
c.

ir
 o

n 
20

25
-0

7-
27

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

mailto:F.Salehi@basu.ac.ir
http://www.fsct.modares.ac.ir/
http://dx.doi.org/10.22034/FSCT.21.155.213
https://fsct.modares.ac.ir/article-7-76484-en.html
http://www.tcpdf.org

