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1- Artificial neural network (ANN)
2- Genetic algorithm (GA)
3- Multiple linear regression (MLR)
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1- Girmi, Italy.
2- Laboratory, Ultrasonic, vVCLEAN1-L6, Backer, Iran.
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1- Weight reduction
2-Solid gain (SG)
3-Water loss (WL)
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1- Perceptron

2- Neurosolution software (Excel software release 6.0),
NeuroDimension, Inc., USA

3- Hyperbolic tangent function

4- Levenberg—Marquardt (LM)

5- Topology

6- Correlation coefficient (r)
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Table 1- The impacts of sonication power levels and osmotic solution concentrations on the weight reduction
(%),water loss (%), soluble solids gain (%) and rehydration (%) of Kiwifruit slices

Sonication Concentration Weight Water loss Soluble solids Rehydration
power (W) (°Brix) reduction (%) (%) gain (%) (%)
0 20 10.27+0.48 % 13.29+0.78" 3.02+0.31f 242.76+2.852
75 20 10.65+0.27 % 18.01+0.81° 7.36+0.54¢ 187.78+9.47"
150 20 9.99+0.49°¢ 18.43+1.23% 8.44+0.77 % 160.85+3.93«
0 30 11.47+0.51% 20.60+0.66 % 9.13+0.27 157.94+2.31
75 30 11.87+0.444¢ 21.32+0.73¢ 9.45+0.32 167.70£1.45°¢
150 30 13.9040.25°¢ 23.85+0.88°¢ 9.95+0.65°¢ 171.46+15.65°¢
0 40 20.34+1.36° 32.01+2.74" 11.67+1.41° 148.70+4.52 %
75 40 21.29+1.51° 33.72+2.89" 12.43+1.39% 150.02+8.91 %
150 40 26.54+1.35% 40.25+1.882 13.71+0.66° 137.10+8.10°¢

*Means within a column with different superscripts are significantly different (P<0.05).
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1 - Mean squared error (MSE)

2 - Normalized mean squared error (NMSE)
3 - Mean absolute error (MAE)

4 - Correlation coefficient (r)
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Table 2- Optimal values of genetic algorithm-artificial neural network parameters

Tvpe of The number
Number of Learning rule act)i/\Eation of hidden Training Validating  Testing
hidden layers g functi layer data% data% data%
unction
neurons
1 Levenberg— Hyperbolic 8 40% 20% 40%

Marquardt tangent

S 53GIPA L g (o8 st oo Al S ad ) oS s 3 (sl slauls (S o e paalle Y J gua
olenp Y
Table 3- The error values in prediction of testing data by optimal genetic algorithm-artificial neural network
with 8 neurons in a hidden layer

Error Weight Water loss Soluble solids Rehydration
reduction (%) (%) gain (%) (%)
Mean squared error 1.531 2.873 0.451 259.64
Normalized Mean squared error 0.034 0.027 0.028 0.045
Mean absolute error 0.910 1.240 0.516 10.301
Minimum absolute error 0.016 0.056 0.012 0.349
Maximum absolute error 4.183 4.290 1.701 71.446
Correlation coefficient (r) 0.983 0.989 0.992 0.979
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Figure 1- Best fitness of mean square error (MSE) versus generation during training and validation by genetic
algorithm-artificial neural network
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Figure 2. Predicted values versus experimental data of weight reduction (A), water loss (B), soluble solids gain
(C) and rehydration (D) of Kiwifruit slices during osmotic dehydration
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Table 4- The weight and bias values of optimized genetic algorithm-artificial neural network (3-8-4)

Input neurons

Output neurons

Hidden Bias Sonication  Concentration Sonication ~ Weight Water Soluble Rehydration
neurons time (min) (°Brix) power reduction  loss (%)  solids gain (%)
(W) (%) (%)
1 2.9325 0.2155 2.2134 1.8993 0.5227 -0.3176 2.4881 -1.5945
2 1.1920 0.7835 0.0177 0.1127 0.0765 -1.0240 -1.0989 1.1510
3 -2.1057 0.2753 1.9258 0.5436 0.5768 -0.1414 2.0271 -1.5294
4 -7.3181 -7.8955 0.0425 -0.0935 0.1352 -0.7878 -0.8217 1.0545
5 1.9596 4.0765 -3.4499 0.6691 0.6808 1.2787 1.2195 -1.4732
6 0.7249 0.0311 -1.1066 1.7060 0.2343 -0.3645 -0.3296 0.9527
7 -0.6170 0.0025 2.8398 -1.5264 -0.5972 -2.0516 0.0716 -3.0870
8 0.6022 0.3763 0.2325 -0.0506 0.0207 -0.0718 -0.2689 0.8734
Bias -0.1980 -0.6658 -1.5574 -0.8975
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Figure 3- Sensitivity analysis results by optimized genetic algorithm-artificial neural network
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Introduction: One of the most important applications of artificial neural networks is to design a
model based on which the value of one or more dependent variables can be predicted using
independent variables. A genetic algorithm is one of the methods for optimizing problems and
models, based on natural selection and some essential concepts of genetics. The performance of
artificial neural networks (ANN) was reported by some researchers. They said that these approaches
can estimate the characteristics of various fruits and vegetables with high precision. It has been
shown that nonlinear techniques based on ANN are far better in generalization and estimation than
empirical models. Determination of the best number of neurons in hidden layers of ANN models is
generally carried out by trial and error. The genetic algorithm optimization method can be used to
overcome this inherent limitation of ANN (Hafezi et al. 2020; Amini et al. 2021; Satorabi et al.
2021). Osmotic dehydration is an easy method for removing water from fruit and vegetable
particles. At the same time, the correct term is “osmotic dewatering” while the final product still has
high water content (Salehi et al. 2015). Ultrasound (sonication) treatments support the removal of
intracellular water from fruit or vegetable particles to the surroundings as a result of a quick series
mechanism of compressions and expansions (the phenomenon of cavitation). The use of continuous
high-frequency ultrasound improves the mass transport rate during osmo-concentration. Also, the
reduction of dehydration time and, as a result, processing costs have lately been reported at the
laboratory scale after research conducted on some fruit and vegetable particles (Fernandes et al.,
2008; Awad et al., 2012; Mohsen et al., 2017; Azarpazhooh et al., 2019; Salehi, 2020b; Salehi et al.,
2022). In this study, the genetic algorithm-artificial neural network method was used to predict the
weight reduction percentage, water loss percentage, solids gain percentage and rehydration
percentage of Kiwifruit slices dehydrated by the osmosis-ultrasound way.

Material and methods: Fresh kiwifruits of the Actinidia deliciosa variety were harvested in a patch
located in Sari, Mazandaran Province, Iran. Before the experiments, the fresh and uniform-size
kiwifruits with no external damage were selected, and with the aid of an industrial slicer (Girmi,
Italy), cut into 0.5 cm thickness slices. The fresh kiwifruit slices moisture content (MC) was 84%
w.b. (was calculated at 105°C for four hours, in an air forced oven, Shimaz, Iran). The ultrasonic
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treatments were carried out using an ultrasonic bath. The operating frequency of the bath was 40
kHz. The temperature of the osmotic solutions was maintained at 50°C. Treatments were structured
in combinations of 8-time intervals: 10, 20, 30, 40, 50, 60, 70, and 80 min; three osmotic solutions
concentrations: 20, 30, and 40 °Brix; and three sonication power levels: 0, 75, and 150 watts.
Treatments performed at 0 W were not subjected to sonication and were considered as control
samples. The osmotic solutions were prepared by adding food-grade sucrose to water until
concentrations of 20, 30, and 40 °Brix (% w/w) were attained. Each kiwifruit slice was immersed in
the ultrasonic bath filled with 4L of treatment solution. Neurosolution software (version 5,
NeuroDimension, Inc., USA) was employed for making the genetic algorithm-artificial neural
network (GA-ANN) model. In the hidden layers and output layer a hyperbolic tangent activation
function was used. The Levenberg—Marquardt 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. Genetic algorithm structure-artificial neural network with three inputs of
ultrasound treatment time (in eight times of 10, 20, 30, 40, 50, 60, 70 and 80 minutes), sucrose
solution concentration (in three levels of 20, 30 and 40 °Brix) and ultrasound power (at three levels
of 0, 75 and 150 watts) was developed to predict the characteristics of dehydrated kiwifruit slices.
Results and discussion: It was considered that the weight reduction of kiwifruit slices increased
with the enhancement in sonication powers. Also, it was observed that weight reduction increased
with the enhancement in osmotic solution concentration from 20% to 40%. With increasing the
ultrasonic power to 150 W, the average moisture loss percentage of the samples increased by
27.51% (P<0.05). With increasing the osmotic solution concentration from 20 to 40%, the average
moisture loss percentage in the samples increased significantly from 16.58% to 35.33% (P<0.05).
The results of modeling showed that a network with eight neurons in a hidden layer and using the
hyperbolic tangent activation function could predict the dehydration process parameters of kiwifruit
slices. The values of coefficients of determination (r) calculated to indicate the weight reduction
percentage, water loss percentage, solids gain percentage and rehydration percentage of kiwifruit
slices dehydrated using the genetic algorithm-artificial neural network method were 0.983, 0.989,
0.992 and 0.979, respectively.

Conclusion: Based on the results of the sensitivity analysis test, the rehydration parameter was the
most sensitive parameter to changes in osmotic solution concentration and increasing the ultrasonic
treatment time. The results obtained from this method show that the genetic algorithm-artificial
neural network method is a suitable solution for modeling the kiwifruit dehydration process by the
osmosis-ultrasound technique.
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